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ABSTRACT
This safety evaluation report (SER) documents the
technical review of the U.S. Advanced Boiling Water
Reactor (ABWR) standard design by the U.S. Nuclear
Regulatory Commission (NRC) staff. The application for
the ABWR design was initially submitted by the General
Electric Company, now OE Nuclear Energy (GE), in
accordance with the procedures of Appendix O of Part 50
of Tide 10 of the Code of Federal Regulations (10 CFR
Part SO). Later GE requested that its application be
considered as an application for design approval and
subsequent design certification pursuant to
10 CFR § 52.45.

ABWR design features that are substantially the same as
those previously considered. The SERs for the other BWR
designs have been published and are available for public
inspection at the NRC Public Document Room,
2120 L Street, N.W., Washington, D.C. 20037. Unique
features of the ABWR design include internal recirculation
pumps, fine-motion control rod drives, microprocessorbased digital logic and control systems, and digital safety
systems.
On the basis of its evaluation and independent analyses, the
NRC staff concludes that, subject to satisfactory resolution
of the confirmatory items identified in Section 1.8 of this
SER, GE's application for design certification meets the
requirements of Subpart B of 10 CFR Part 52 that are
applicable and technically relevant to the U.S. ABWR
standard design. A copy of the report by the Advisory
Committee on Reactor Safeguards required by
10 CFR § 52.53 is provided in Chapter 21. A final design
approval, issued on the basis of this SER, does not
constitute a commitment to issue a permit or license, or in
any way affect the authority of the Commission, the
Atomic Safety and Licensing Board, and other presiding
officers, in any proceeding pursuant to Subpart G of
10 CFR Part 2.

The U.S. ABWR design is similar to the international
ABWR design, which was being built at the Kashiwazaki
Kariwa Nuclear Power Generation Station, at the time of
the staffs review, by the Tokyo Electric Power Company,
Inc. The ABWR is a single-cycle, forced-circulation,
boiling water reactor (BWR) with a rated power of
3926 megawatts thermal (MWt) and a design power of
4005 MWt. Many features of the ABWR design are
similar to those of BWR designs that the staff had
previously approved.
To die extent feasible and
appropriate, the staff relied on earlier reviews for those
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1 INTRODUCTION AND GENERAL DISCUSSION
1.1

Introduction

Item F l . 1-1. This final SER documents the results of the
staffs safety review of the U.S. ABWR standard design
against the requirements of Subpart B of 10 CFR Part 52
(design certification) and delineates the scope of the
technical details considered in evaluating the proposed
design. The principal matters of the staffs review are
summarized in Section 1.5 of this report.

On September 29, 1987, the General Electric Company
applied for certification of the U.S. advanced boiling water
reactor (ABWR) standard design with the U.S. Nuclear
Regulatory Commission (NRC) (hereinafter referred to as
the NRC, the Commission, or the staff). The application
waa made in accordance with the procedures of
Appendix O to Part 50 of Title 10 of the Code of Federal
Regulation* (10 CFR Part 50) and the Policy Statement on
Nuclear Power Plant Standardization, dated
September 15, 1987. The application was docketed on
February 22, 1988 (Docket No. STN 50-605). On
December 20,1991, OE Nuclear Energy (OE) (hereinafter
referred to as OE or the applicant) requested that its
application be considered as an application for design
approval and subsequent design certification pursuant to
10 CFR 52.45. Accordingly, the staff assigned a new
docket number (52-001), which became effective on
March 13, 1992.

The staff gave the status of its initial review of the ABWR
SSAR in a series of "draft" SERs. These draft SERs and
the chapters of the SSAR that were evaluated were
submitted to the Commission as follows:
rnmmimrinn Papar

SECY-91-153
SECY-91-235
SECY-91-294
SECY-91-309
SECY-91-320
SECY-91-355

The NRC's licensing project managers that are currently
assigned to the U.S. ABWR design review are Thomas H.
Boyce, Son Q. Ninh, and David T. Tang. They may be
reached by calling (301) 415-7000 or by writing to the
Office of Nuclear Reactor Regulation, Mail Stop O-l 1 H3,
U.S. Nuclear Regulatory Commission, Washington, D.C.
20555.

ro»tol

(May 24, 1991)
(August 2, 1991)
(September 18, 1991)
(October 1, 1991)
(October 15, 1991)
(October 31, 1991)

SSARCfagtCT

2-6, 17
3, 9-11, 13
7
19
18
2, 3, 5, 6,
8-10, 12-15

The staff also issued a "draft final" SER (DFSER) for the
ABWR design, SECY-92-349, on October 14, 1992, and
an advance copy of the SER related to certification of the
ABWR design on December 30, 1993.
In a letter dated November 9, 1993, the NRC directed GE
to revise the SSAR and CDM to conform with NRC's
metrication policy, which was published in the Esdejal
Register (57 FR 46202) on October 7, 1992. The NRC
requested that these revised documents be submitted before
March 4, 1994. As stated in the November 9, 1993,
letter, the staff used dual units in the final SER. The staff
verified that the SSAR and CDM conformed with the
NRC's metrication policy.

GE's application, the ABWR standard safety analysis
report (SSAR), describing the design of the facility, was
originally submitted in modular form between
September 1987 and March 1989. Subsequently, OE
supplemented the information in the SSAR through an
amendment process. Amendment 35, which was submitted
to the Commission on May 25, 1994, was the last
amendment. GE also submitted the ABWR certified
design material (CDM) on August 31, 1993. The CDM
contains the so-called Tier 1 design information that GE
proposes to have certifUjd during the design certification
rulemaking. GF submitted Revision 4 to the CDM on
May 25, 1994.
The application with all SSAR
amendments and CDM revisions is available for public
inspection at the NRC Public Document Room,
2120 L Street, N.W., Washington, D.C. 20555. A
summary of the U.S. ABWR standard design is provided
in Sections 1.2 and 1.3 of this report. Section 1.4
identifies agents and contractors.

In its application, GE stated that it was developing the
ABWR design to meet the requirements in the Electric
Power Research Institute's (EPRI's) Advanced Light Water
Reactor Program. The Commission requested, in a staff
requirements memorandum (SRM) dated December 15,
1989, that the staff evaluate deviations in the vendor
designs from the EPRI "Advanced Light Water Reactor
Utility Requirements Document." This was identified as
Open Item 1.1-1 in the DFSER. GE stated in a letter
dated April 29,1993, that the SSAR satisfies the objectives
of the policy guidance set forth by the Commission in the
above SRM. The Commission designated this response to
be acceptable in COMSECY-93-040,
dated
August 10, 1993. This resolved DFSER Open Item 1.1-1.

This safety evaluation report (SER) documents the staffs
review of the ABWR SSAR, up to and including
Amendment 35, and the CDM, up to and including
Revision 4. The staff also reviewed the SSAR, CDM, and
final technical specifications to ensure that this information
was internally consistent. This resolved Confirmatory

This SER references information in the SSAR that GE had
requested to be withheld as proprietary in accordance with
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Kariwa Nuclear Power Generati* a Station, Units Nos. 6
and 7 (K-6/7), by the Tokyo Electric Power Company,
Inc. OE summarized differences between the U.S. ABWR
design and the K-6/7 project in a letter to the staff dated
February 20, 1992. Since that time, it has made design
changes to the U.S. ABWR standard design.
OE
committed to update the list of differences in its letter of
February 20, 1992, and incorporate the final summary of
design differences in the SSAR. This was identified as
Confirmatory Item 1.2-1 in the DFSER. OE provided the
updated list in SSAR Amendment 31. The staff finds this
acceptable. This resolved Confirmatory Item 1.2-1.

10 CFR 2.790. The staffs determination regarding GE*s
request was provided in a letter to OE dated June 7,1994.
This resolved Open Item Fl. 1 -1. Several references to OE
topical reports are also made k this SER. Some of these
topical reports contain information that the Commission
authorized to be exempt from public disclosure, as
provided by 10 CFR 2.790. For each such topical report
and SSAR amendment containing proprietary information,
a nonproprietary version, similar in content except for the
omission of the proprietary information, is submitted to the
NRC and is also available at the NRC Public Document
Room. Reference to topical reports and SSAR information
throughout this SER is made to the proprietary version.

The design of the K-6/7 project is a cooperative effort
between OE, Hitachi, and Toshiba. All three parties
review and sign off on the ABWR common engineering
design documents for the K-6/7 project, which are generally upper-level design documents. OE has the lead for the
reactor vessel and internals, the recirculation system, the
control rod system, and the nuclear boiler system. Differences between the K-6/7 design and the U.S. ABWR
design are identified and maintained, by an internal OE
review process, in a controlled list for future design action
and application (DAL). In addition to the design changes,
this DAL process identifies other required changes for the
ABWR common engineering documents (CEDs), such as
U.S. code and regulatory requirements. OE plans to
incorporate the DALs into the supporting design
documentation for the U.S. ABWR design after design
certification, possibly during a first-of-a-kind engineering
activity.

Plant-specific applicants who reference the U.S. ABWR
standard design in the future will retain architect-engineers,
constructors, and consultants, as needed. As part of its
review of an application for a combined license (COL), the
staff will evaluate, for each plant-specific application that
references the certified ABWR design, the technical
competence of the applicant and its contractors to manage,
design, construct, and operate a nuclear power plant. The
plant-specific applicants will also be required to satisfy the
requirements of Subpart C of 10 CFR Part 52 and the
requirements resulting from the staffs review of this
standard design, including the applicable regulations and
exemptions identified in Section 1.6 of this report. OE
identified additional requirements for the plant-specific
applicants in the SSAR and identified them as "COL
license information." The staff finds this acceptable. This
resolved Open Item Fl.9-1 and Confirmatory Item Fl.9-1.
An applicant for a COL will be required to discuss the
COL license information in its application.

A significant portion of the detailed K-6/7 design
information used in developing the SSAR is retained at the
offices of Hitachi and Toshiba in Japan. OE has stated
that the contractual terms between OE and its associates
allow QE access to the supporting design record files in
Japan through October 29,2001. In addition to the design
information in GE's SSAR submittal, the staff has, in areas
such as seismic, tornado, and high wind design, reviewed
additional detailed design information that is not typically
provided as part of a licensing submittal. Detailed design
information determined to be necessary to support the
staffs review findings was formally incorporated into the
SSAR application.

A list and definition of the abbreviations used throughout
this report are provided in Appendix A. Appendix B gives
the references for this report. A chronology of the
principal actions related to the processing of this
application and the submittal dates of the SSAR
amendments is given in Appendix C. Appendix D lists the
principal reviewers who evaluated the SSAR and CDM.
Appendices E, F, and O give staff positions on shell
buckling, steel embedments, and safety-related structures,
respectively. Appendices H and I contain the staffs
evaluation of structural walls and the ABWR pump and
valve inservice testing plan, respectively. The "Human
Factors Engineering Program Review Model and
Acceptance Criteria for Evolutionary Reactors" is given in
Appendix J and a list of PRA-based safety insights is given
in Appendix K.

1.2

The staff assessed GE's ABWR design process from
March 30 through April 3, 1992, and summarized its
assessment in a letter to GE dated May 15, 1992. It
performed a subsequent inspection of the ABWR design
process in September 1993. This inspection is addressed
in Section 17.1.3 of this report. On June 16, 1992, GE
responded to the staffs request for information in the
May 15, 1992, letter on the following five issues:

General Design Description

The U.S. ABWR design is similar to the international
ABWR design, which is being built at the Kashiwazaki
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1.2.1 GE's Design Process for the U.S. ABWR

1.2.3 The role of the COL Applicant or Licensee

GE stated in its letter of June 16, 1992, that "GE and its
associates control the review and approval of ABWR
Common Engineering design documents with a procedure
using the Engineering Review Memorandum . . . .
Evidence of deaign verification ia entered into the design
records of the responsible design organization." GE also
stated thatforengineering documents prepared uniquely by
GE for the U.S. ABWR, changes to engineering
documents are entered into the GE design record files. A
COL applicant or holder must establish the design,
including the supporting detailed design documentation,
consistent with the ABWR design control document (DCD)
referenced in the certified design rule. The required
design process to establish the detailed design documentation in conformance with the DCD is the responsibility of
the COL applicant or licensee. This was identified as
COL Action Item 1.2.1-1 in the DFSER. GE provided
this requirement in Section 1.1.4 of the SSAR. This is
acceptable.

In its letter of June 16, 1992, GE discussed the change
process for the so-called Tier 1 and Tier 2 information
available to a COL applicant or licensee. The staff
proposed a change process for Tier 1 and Tier 2
information in an advanced notice of proposed rulemaking
(ANPR) that was published in the Efidenl Register
(58 FR 58664) on November 3, 1993. If a final rule
certifies the ABWR design, then it will explicitly state the
change process to be followed for the Tier 1 and Tier 2
information.

1.2.2 Ptecertification and Postcertification
Control Procedures

1.2.4 Control of Design Documentation in Support of
the Certified Design
GE stated in its letter of June 16, 1992, that "GE will
apply its QA [quality assuranse] process throughout the
development of first-of-a-kind engineering phase (as well
as subsequent phases of design definition), and will insure
that all commitments made in the Design Certification
(i.e., Tier 1 and Tier 2) are satisfactorily being
implemented."

Design

GE stated in its letter of June 16, 1992, that "the same
design control procedures described above apply to both
Common Engineering and GE documents issued before as
well as after certification of the U.S. ABWR." The staffs
position is that GE must certify to the NRC, before final
design approval (FDA), that the U.S. ABWR DCD has not
been affected by any changes to the ABWR common
engineering design documents. This was designated as
Open Item 1.2.2-1 in the DFSER. In a letter dated
June 11, 1993, GE stated that after the completion of the
DCD, GE will certify that the Tier 1 and Tier 2
information has not been affected by any subsequent
changes made in the common engineering design
documents since the final Tier 1 and Tier 2 submittals.
This letter changes DFSER Open Item 1.2.2-1 to
Confirmatory Item Fl.2.2-1.

1.2.5 GE's Agreement With the Japanese
GE stated in its letter of June 16, 1992, that "in general,
GE's agreement with the Japanese for design information
exchange and availability falls under the Technical
Cooperation Agreement (TCA) which has recently been
renewed through October 29, 2001. Under the TCA, GE
has been able to obtain detailed design information with a
lead time of about two months."
1.2.6 Scope of Certified Design
The regulation in 10 CFR 52.47(b)(1) requires an applicant
for certification of an evolutionary nuclear power plant
design to provide an essentially complete design scope.
Therefore, the scope of the U.S. ABWR design must
include all of the plant that can affect safe operation except
for its site-specific elements, such as the service water
intake structure and the ultimate heat sink. This was
identified as Open Item 1.2.6-1 in the DFSER. GE
submitted a description of the ABWR standard plant scope,
including the site-specific design elements that are either
partially or completely outside the scope of the ABWR
standard design, in Section 1.1.2 of the SSAR. The staff
finds this acceptable. This resolved Open Item 1.2.6-1.

Also, GE must provide to the staff a list of the ABWR
common engineering design documents and DALs that
apply to the U.S. ABWR design and their effective dates.
This was identified as Open Item 1.2.2-2 in the DFSER.
In a letter dated June 11, 1993, GE stated that after the
completion of the DCD, GE will finalize the design action
list and provide the corresponding effective dates of CEDs
and DALs. This letter changes DFSER Open Item 1.2.2-2
to Confirmatory Item Fl.2.2-2.
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from the bottom of the reactor core, will perform dual
functions of power distribution shaping and reactivity
control. Manipulation of selected patterns of rods will
control power distribution, while electro-hydraulic drive
mechanisms or hydraulic rapid scram insertion will control
reactivity.

1.2.7 Summary of U.S. ABWR Standard Design
The ABWR is a single-cycle, forced-circulation, boiling
water reactor (BWR) with a rated power of
3926 megawatts thermal (MWt) and a design power of
4005 MWt. This power level exceeds the guidance in
Regulatory Guide (RG) 1.49, "Power Levels of Nuclear
Power Plants," which states that licensed power levels
should be limited to a reactor core power level of
3800 MWt or less until January 1, 1979, at the earliest.
The intent of this regulatory guidance was to stabilize the
maximum size of nuclear plants until sufficient experience
was gained with design, construction, and operation of
large plants. Since the issuance of RG 1.49, Revision 1,
in 1973, the staff has reviewed sufficient operating
experience and has determined that licensing the ABWR at
a rated power of 3926 MWt is acceptable.

Reactor Coolant System
The reactor coolant system (RCS) includes the nuclear
boiler system; the main steam, feedwater, recirculation
system; the reactor core isolation cooling (RCIC) system;
the residual heat removal system; and the reactor water
cleanup system. The design is different from current
BWR designs in that 10 reactor internal pumps (RIPs)
located within the reactor vessel will forcibly circulate
reactor coolant.
This will eliminate large piping
connections to me reactor vessel below the core and also
eliminate reactor recirculation system piping. Eighteen
safety/relief valves in six groups will provide RCS overpressure protection.

Unique features of the ABWR design include the internal
recirculation pumps, fine-motion control rod drives, microprocessor-based digital control and logic systems, and
digital safety systems. The reactor building includes the
containment, drywell, and major portions of the nuclear
steam supply system, steam tunnel, refueling area, diesel
generators, essential and nonessential power, emergency
core cooling systems (ECCSs), and heating, ventilating,
and air conditioning (HVAC) systems. The control
building includes the control room, the computer facility,
the cable tunnels, some essential switchgear, some essential power, the reactor building cooling water system, and
the essentia] HVAC system. The service building houses
the technical support center, the operational support center,
and the counting room for analyzing post-accident samples.
The turbine building includes all equipment associated with
the main turbine generator. The radwaste building
includes all equipment associated with the collection and
processing of solid and liquid radioactive waste generated
by the plant.

Reactor Protection System
The reactor protection system (RPS) will initiate a rapid,
automatic shutdown of the reactor to prevent fuel cladding
damage and any nuclear system process barrier damage
due to an abnormal transient. The RPS scram logic inputs
are from the neutron monitoring system (NMS). The
NMS is a system of in-core neutron detectors and out-ofcore electronic monitoring equipment.

Containment
The ABWR has a pressure suppression primary containment system. The primary containment includes a drywell
and a wetwell. The drywell consists of two volumes, an
upper dryweJ surrounding the RPV and a lower drywell
that houses RIPs, control rod drives, and service
equipment. The wetwell consists of a suppression pool
and an air volume that will serve as a heat sink during
normal and accident conditions. A secondary containment
surrounds the primary containment and permits monitoring
and treating of all potential radioactive leakage from the
primary containment.

Reactor
The reactor design consists of the reactor pressure vessel
(RPV), pressure containing appurtenances (control rod
drive housings, in-core instrumentation housing, head vent
and spray assembly) and internal components. The
internal components include the core, the core support
structure, the shroud head and steam separator assembly,
the steam dryer assembly, the feedwater spargers, the core
spray, and the core flooding spargers. Except for zircaloy
in the reactor core, the internals will be made of stainless
steel or other corrosion-resistant alloys.

Electrical Power PfctrftutiPff Supply
The electrical power distribution system is a complete
three load group distribution system with two independent
offsite power sources, the main turbine generator, three
onsite standby power sources (emergency diesel generators), and a combustion turbine generator located on site.
During normal plant operations, the main generator will
supply power to the main power transformer (MPT) and

The reactor core will consist of 872 fuel bundles in an
8-by-8 array and 205 control rods operating at a power
density of 50 kW/liter. The control rods, which will enter
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approved, some features are unique, as discussed in
Section 1.2.7 of this report. To the extent feasible and
appropriate, the staff has relied on earlier reviews for
those ABWR design features that are substantially the same
as those previously considered. Where this has been done,
the appropriate sections of this report identify the other
designs. The SERs for the other designs have been published and are available for public inspection at the NRC
Public Document Room, 2120 L Street, N.W.,
Washington, D.C. 20037.

three unit auxiliary transformers (UATs) through the main
generator output breaker and an isolated phase bus. When
the main generator is off line, power will be supplied to
the UATs and the MPT by the preferred offsite power
source.

Emergency Core Cwliag gygftn
In the event of a breach in the reactor coolant pressure
boundary that results in a loss of reactor coolant, three
independent divisions of the ECCS will maintain fuel
cladding below the temperature limit as defined by
10 CFR 50.46. Each division contains one high-pressure
and one low-pressure inventory makeup system. The
following systems make up the ECCS:
•
•
•
•

1.4 Identification of Agents and Contractors
The ABWR common engineering design documents for the
international ABWR design were developed by OE and its
associates, Hitachi and Toshiba. The U.S. ABWR design
is being developed by OE.

high-pressure core flooder (HPCF) system
RCIC system
low-pressure flooder (LPFL) system
automatic depressurization system (ADS)

1.5

The procedure for certifying a design is described in
Subpart B of 10 CFR Part 52 and is implemented in two
stages. The technical review stage begins with an application filed in accordance with the requirements of 10 CFR
52.45, continues with reviews by the NRC staff and the
ACRS, and concludes with the issuance of a final SER
related to design certification and notification that the
applicable requirements of 10 CFR 52.47, 52.48, and
52.53 have been met. The administrative review stage
begins with a Egkml Register notice that initiates a
rulemaking, in accordance with 10 CFR 52.51, and
provides a proposed standard design certification rule. The
rulemaking will be conducted by the Commission and also,
in the event that there is a request for a hearing and the
request is granted, by an Atomic Safety and Licensing
Board. The rulemaking will culminate with the denial or
issuance of a design certification rule. An advance notice
of proposed rulemaking on design certification was
published in the Federal Register (58 FR 58664) on
November 3, 1993.

Control Room
The main control room incorporates monitoring and
control functions for normal and emergency plant
operations. It consists of a single integrated control
console staffed by two operators. The console has a low
profile so that the operators can see over it from a seated
position. A plant process computer system will drive onscreen control video display units (VDUs) for safety
system monitoring and non-safety system control and
monitoring. Two separate sets of on-screen control VDUs
will be used for safety and non-safety system control and
monitoring independent of the plant process computer
system. Dedicated function switches are also provided on
the control console. A large display panel with fixed
position display of key plant parameters and major
equipment status will be used by the entire control room
operating staff. A supervisors console has "monitoring
only" capability.

The staffs technical review of GE's application for
certification of the U.S. ABWR standard design was
performed in accordance with Commission guidance and
the applicable requirements of Subpart B of
10 CFR Part 52. This final SER documents the results of
the staffs technical review. The staffs evaluation of the
technical information required by 10 CFR 52.47(aXl)(i)
was performed in accordance with the standard review plan
(SRP, NUREG-0800) and is discussed throughout this
report.
The evaluation of the technically relevant
unresolved safety issues, generic safety issues, and Three
Mile Island requirements (10 CFR 52.47(a)(l)(ii) and (iv))
is given in Chapter 20 of this report. Site parameters
required by 10 CFR 52.47(a)(l)(iii) are evaluated in Chap-

Power Conversion
The power conversion system is designed to convert the
heat energy generated in the reactor to electrical energy.
This system includes the main steam system, main turbine
generator system, main condenser, condenser evacuation
system, condensate cleanup system, and condensate
feedwater pumping and heating system.

1.3

Comparison With
Designs

Similar

Summary of Principal Review Matters

Facility

While many features of the ABWR design are similar to
those of BWR designs that the staff had previously
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are applicable to the ABWR design and justified
exemptions from existing regulations to complete the
regulatory framework of safety standards. An index of
these safety standards is contained in Section 1.6 of this
report.

ter2 and listed in Section 2.6. The design-specific
probabilistic risk assessment (10 CFR 52.47(a)(lXv)) is
evaluated in Section 19.1. Inspections, tests, analyses, and
acceptance criteria (ITAAC), as required by 10 CFR
S2.47(aXlXvi) and (viii), are evaluated in Section 14.3.
Interface requirements and representative conceptual
designs (10 CFR S2.47(»)(lKvii) and (ix)) are evaluated in
Chapters 8 and 9 and are also discussed in Section 14.3.
The ABWR technical specifications are evaluated in
Chapter 16 of this report. The staff also implemented the
Commission's Severe Accident Policy Statement, dated
August 8, 1985, and the Commission's SRMs on
SECY-90-016 and SECY-93-087 in its resolution of severe
accident issues. The staffs evaluation of severe accident
issues is given in Section 19.2 of this report.

In the DFSER and advance copy of the SER, the staff
identified many unresolved or open items. These open
items were resolved as described throughout this report.
After issuance of this report on the Staffs review of the
SSAR and CDM, the applicant will submit a design control
document (DCD) for the staffs review.
This is
Confirmatory Item Fl.5-1. The DCD will consist of the
CDM and Tier 2 information as described in Section 14.3
of this report. Applications that reference the certified
ABWR design will be required to conform with the DCD.
The DCD will be available for public inspection at the
NRC Public Document Room when the proposed rule for
design certification is published in the Esdfilll BfiUfiSfit*

The regulations in 10 CFR 52.47(a)(2) describe the level
of design information needed to certify a standard design.
Determining the acceptable level of design detail necessary
for the staff to make its safety findings was one of the
most challenging aspects of the staffs review. The SRM
for SECY-90-377, "Requirements for Design Certification
Under 10 CFR Part 52," sets forth the Commission's
position on what level of design information is required for
a certification application, and the staff has followed that
guidance in preparing this report. The staff determined
that GE did not provide sufficient detail in the SSAR for
the following four areas of the review: pipe stress
analysis, radiation shielding and airborne concentrations,
instrumentation and controls (I&C), and control room
design. The staff based its safety decisions for these areas
of the design on the use of design acceptance criteria
(DAC). The staffs evaluation of the level of design
information to be certified, including DAC (certified
design material - CDM) is given in Section 14.3 of this
report. As part of its technical review, the staff also made
numerous requests for additional information to provide
sufficient bases tor its safety findings and to meet
10 CFR 52.47(aX3). Its evaluation of the scope of the
design to be certified (10 CFR 52.47(b)(1)) is given in
Section 1.2.6. The requirement in 10 CFR 52.47(b)(2)
does not apply because the ABWR is an evolutionary
reactor design and 10 CFR 52.47(b)(3) does not apply
because the ABWR is not a modular design.

1.6 Index of Applicable Regulations and
Exemptions
In accordance with 10 CFR 52.48, the staff used the
applicable regulations in 10 CFR Parts 20,50,73, and 100
in performing its review of GE's application for design
certification. During this review, the staff identified
certain regulations for which application of the regulation
to the ABWR design would not serve or was not necessary
to achieve the underlying purpose of the rule. These
exemptions to the above regulations are discussed in the
sections of this report identified below.
In the SRM pertaining to SECY-91-262, "Resolution of
Selected Technical and Severe Accident Issues for
Evolutionary Light Water Reactor Designs," the
Commission approved the staffs recommendation to
proceed with design-specific rulemakings as part of design
certification rulemakings to establish selected technical and
severe accident issues as "applicable regulations" for the
ABWR and System 80+ standard designs. These issues
included staff positions that deviated from or were not
embodied in current regulations applicable to the standard
designs.
These issues were proposed in various
Commission papers, such as SECY-93-087, "Policy,
Technical, and Licensing Issues Pertaining to Evolution
and Advanced LWR Designs."
The "applicable
regulations" that are specific to the ABWR design are identified and evaluated in this report. The proposed design
certification rule will include these "applicable regulations"
for the ABWR design for the purposes of 10 CFR 52.48,
52.54, 52.59, and 52.63. These "applicable regulations"
are discussed in the sections of this report identified below.

The staff used the safety standards in 10 CFR 52.48 as the
basis for its review of the U.S. ABWR standard design.
It also followed Commission guidance given in the SRMs
for various Commission papers referenced throughout this
report and identified in Appendix B. As a result of this
guidance, the staff proposed design-specific regulations that
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1.7

Index of Tier 2* Information

3.1.1

Exemption from operating basis earthquake
design requirement

3.9.3.1.1

Applicable regulation for intersystem toesof-coolant accident

3.9.6

Applicable regulation for inservice testing of
pumps and valves

The staff determined that certain SSAR commitments
discussed in the following sections of this report, if
considered for a change by an applicant or licensee that
references the certified ABWR design, will require prior
NRC review and approval before the change is
implemented.
These SSAR commitments (so-called
Tier 2* information) will bu identified in the design control
document. This is Confirmatory Item Fl.7-1.

3.11.1

Exemption from 10 CFR 50.49(bX3)

Ssstisn

Description of Commitment

7.2.6

Applicable regulation for digital
instrumentation and control systems

3.8.1

American Society of Mechanical Engineers
Boiler and Pressure Vessel Code 1989 Edition for structural design and construction
(referenced twice)

8.2.2.9
and 8.2.3.4 Applicable regulations for electric power
system
9.3.2.2

Exemption from postaccident sampling

3.8.3,3.8.S American Concrete Institute 349
structural design and construction

9.5.1

Applicable regulation for fire protection

3.8.4

17.3

Applicable regulation for design reliability
assurance program

American National
Standards
Institute/American Institute of Steel
Construction N690 for structural design and
construction

18.3.2.2

Exemption from safety parameter display
console

3.9.6.2.2

Design, qualification, and preoperational
testing for motor-operated valves

Applicable regulation for analysis of external
events

3.10.1

Equipment seismic qualification methods

19.2.2.1.2

Applicable regulation for station blackout

3.12

Piping DAC

19.2.3.3.2

Applicable regulation for core debris cooling

4.2

First cycle fuel, control rod and design, and
methods used to analyze these components

19.2.3.3.3

Applicable regulation for high-pressure core
melt ejection

7.2.2.1

Essential multiplexing system design criteria

7.2.2.5

Self-test system design testing features

7.2.7

Instrument setpoint methodology

7.2.8

Electromagnetic interference protection
criteria and standards; computer development

18.9.3

Human system interface
implementation process

19.1.2

19.2.3.3.7

Applicable regulation
survivability

19.2.4

Applicable regulation
performance

for

for

equipment

for

containment

19.3.2

Applicable regulation for shutdown risk

20.5.44

Exemption from dedicated containment
penetration requirement
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1.8

Index of Confirmatory Items

liern Nufwhar

Description of Item

la the DFSER and advance copy of the SER, the staff
identified many confirmatory itema. Moat of theae
confirmatory itema were reeolved aa described throughout
this report. The following itema with an F before the item
number are confirmatory at the time of issuance of this
final SER. Theae itema wiU be resolved during the etaff a
review of the ABWR design control document.

Fl.2.2-1

Certification that DCD not affected by
changes to CEDs

Fl.2.2-2

Submittal of list of CEDs and DALa

Fl.5-1

Submittal of DCD

Each confirmatory item wee assigned a unique number that
identifies the section in this report where the item is
discussed. For example, Confirniatory Item Fl.5-1 ia
discussed in Section 1.5 of this report.

Fl.7-1

Identify Tier 2* information

F14.3.7.5-1

Reliability Assurance Program
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2.1.3 Population Distribution

The atari reviewed the site related parameters in Standard
Safety Analysis Report (SSAR) Section 2, including die
envelope of advanced boiling water reactor (ABWR)
bounding site parameters listed in 1SAR Table 2.0-1.
The staff rinds that OB Nuclear Bnergy'a (OB's) list of site
characteristics is consistent with that contained in
appropriate sections of the Standard Review Plan (SRP)
Chapter 2 and 10CFR Parts 50, 52, and 100. In
its review of the ABWR standard design, the staff finds
thai the acceptance criteria in the SRP for the review of
site suitability for the site parameters shown in SSAR
Table 2.1*1 are sufficient. The staff has not identified any
unique features or* the ABWR design that would require
additional limitations for the selection of sites compatible
with the ABWR design. Therefore, the combined license
(COL) applicant may use the applicable SRP guidelines to
evaluate the suitability of its site for the construction of the
ABWR. To ensure that the ABWR design is enveloped by
the site-related parameters, *he staff will review site
characteristics in detail during the COL application phase.
The site-specific information to be provided by COL
applicants referencing the ABWR design is discussed
below.

The COL applicant should provide population data for the
site environs. This was DFSBR COL Action Item 2.1.3-1.
OB haa included this action item in Section 2.3.2.3 of the
SSAR. This is acceptable.

2.2 Nearby Industrial, Transportation, and
Military Facilities
The COL applicant should provide site-specific information
on identifying potential hazards in the site vicinity and
evaluating potential accidents. These items are discussed
in detail in Sections 2.2.1, 2.2.2, and 2.2.3 below.
2.2.1 and 2.2.2 Identification of Potential Hazards in
Site Vicinity
The COL applicant should provide information on
industrial, military, and transportation facilities and routes
to establish the presence and magnitude of potential
external hazards.
This was DFSER COL Action
Item 2.2.1-1. OE has included this action item in
Section 2.3.2.4 of the SSAR. This is acceptable.

It should be noted that the site-specific characteristics,
which are discussed here as required at the time of a plantspecific COL application, may also be submitted to and
considered by the Nuclear Regulatory Commission (NRQ
in connection with an application for an early site permit
under 10 CFR Part 52, Subpart A.

2.2.3 Evaluation of Potential Accidents
The COL applicant should identify potential accident
situations in the vicinity of the plant and give the reasons
why these potential accidents were or were not
accommodated in the design. This was DFSER COL
Action Item 2.2.3-1. OE has included this action item in
Section 2.3.2.S of the SSAR. This is acceptable.

2.1 Geography and Demography
The COL applicant should provide site-specific information
on site location and description, exclusion area authority
and control, and population distribution.

2.3 Meteorology

2.1.1 Site Location and Description

In SSAR Table 2.0-1, OE originally proposed that the
maximum tornado wind speed of 418 km/hr (260 mi/hr)
and the tornado recurrence interval of 1 million years
(tornado strike probability of 10E-6 per year) be used for
the design-basis tornado (DBT). These parameters are
based on American National Standards Institute/American
Nuclear Society (ANSI/ANS)-2.3 (1983), "Standard for
Estimating Tornado and Extreme Wind Characteristics at
Nuclear Reactor Sites." The current NRC regulatory
position with regard to the DBT is contained in
WASH-1300, "Technical Basis for Interim Regional
Tornado Criteria (1974)," and Regulatory Guide
(RG) 1.76, "Design Basis Tornado for Nuclear Power
Plants," Revision 0. WASH-1300 states that the probability of occurrence of a tornado that exceeds the DBT should
be on the order of 10E-7 per year per nuclear power plant,
and the RO specifies maximum wind speeds of 386 km/hr

2.3.1 Regional Climatology

The COL applicant should provide site-specific information
on site location, including political subdivisions, natural
and man-made features, population, highways, railways,
waterways, and other significant features of the area. Tnis
was draft final safety evaluation report (DFSER) COL
Action Item 2.1.1-1. OE has included this action item in
Section 2.3.2.1 of the SSAR. This is acceptable.
2.1.2 Exclusion Area Authority and Control
The COL applicant should provide site-specific information
on activities that may be permitted within the designated
exclusion area.
This was DFSER COL Action
Item 2.1.2-1. OE has included this action item in
Section 2.3.2.2 of the SSAR. This is acceptable.
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(240 mi/hr) to 579 km/hr (360 mi/hr) depending on the
regions.

aa general aviation or nearby explosions. This
DFSER COL Action Item 2.3.1-1. Section 2.3.2.6 of the
SSAR includes this action item. This is acceptable.

The ataff haa not endoraed ANSI/ANS-2.3. However, in
1986, the regulatory position* in RG 1.76 waa reevaluated,
using the considerable quantity of tornado data that waa
available.
The reevaluation ia discussed in
NUREG/CR-4461. At the heart of this study ia the
tornado data tape prepared by the National Severe Storm
Forecast Center with 30 years of data, 1954 through 1983.
This tape contains die data for the approximately 30,000
tornados that occurred during the period.

On the basis of updated tornado data and the analysis in
NUREG/CR-4461, the ataff concluded that it ia acceptable
to reduce the DBT wind speeda to 322 km/hr (200 mi/hr)
for the United States west of the Rocky Mountains and to
483 km/hr (300 mi/hr) for the United States east of the
Rocky Mountains. In SECY-93-087, the staff gives its
position on the tornado design basis. The Commission in
its ataff requirements memorandum of July 21, 1993,
approved the staff-recommended position that a maximum
tornado wind speed of 483 km/hr (300 mi/hr) be used for
the DBT for advanced light water reactors. Aa a result,
Table 2-1 shows the DBT parametera that the staff
considers acceptable for the ABWR design. This table,
which ia baaed on data from NUREG/CR-4461, diaplaya
the geographical boundaries for the characteristics of the
DBT.

The reevaluation showed that the tornado strike
probabilities range from near 10E-7 per year for much of
the Western United States to about 10E-3 per year in the
Central States. As a result, wind speed values associated
with a tornado having a mean recurrence interval of
10E-7 per year were estimated to be about 322 km/hr
(200 mi/hr) for the United States west of the Rocky
Mountains and 483 km/hr (300 mi/hr)forthe United States
east of the Rocky Mountains.

In the DSER (SECY-91-355) and DFSER, the staff
requested that GE revise the DBT characteristics for the
ABWR to reflect the data in Table 2-1 of this report. This
waa DSER Outstanding Issue 146 and DFSER
Confirmatory Item 2.3.1-1. GE revised Table 2.0-1,
"Envelope of ABWR Standard Site Design Parameters," of
the SSAR to reflect the DBT characteristics specified in
Table 2-1 of this report. The maximum tornado wind
speed of 483 km/hr (300 mi/hr) is also specified in
Table 5.0, "ABWR Site Parameters," in the ABWR
certified design material (CDM). This is acceptable.
Therefore, DSER Outstanding Issue 146 and DFSER
Confirmatory Item 2.3.1-1 are resolved.

The DBT requirements have been used in establishing
structural requirements (e.g., minimum concrete wall
thicknesses) for the protection of nuclear plant safetyrelated structures, systems, and components (SSCs) against
the effects not covered explicitly in ROs or the SRP.
Specifically, the staff has routinely evaluated some aviation
(general aviation light aircraft) crashes, nearby explosions,
and explosion debris or missiles by considering the tornado
protection requirements. In the DFSER, die staff noted
that COL applicants should evaluate the effects on the
protection criteria of some external impact hazards, such

Table 2-1 Design-basis tornado characteristics

Rotational
apeed

Translations!
speed

111*
nil

Maximum
wind speed

Rac
msj
rota
a

Pressure
drop

Rate of pressure
drop

km/hr

mi/hr

km/hr

mi/hr

km/hr

mi/hr

m

ft

kPa

pai

kPa/sec

psi/sec

I

483

300

386

240

97

60

46

150

13.8

2.0

8.3

1.2

II

354

220

274

170

80

50

46

150

6.9

1.0

3.4

0.5

III

322

200

257

160

64

40

46

150

6.2

0.9

2.1

0.3

Region

4

•See Figure 2-1 (RG 1.76, "Design Basis Tornado for Nuclear Power Plants," Rev. 0) for a map of the tornado
intensity regions.
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2.3.2 Local Meteorology

10 CFR Part 50, Appendix I, and 10 CFRPart devaluation* for a COL application. The COL applicant should
provide to the NRC annual average atmospheric dispersion
values for routine releases. This was DFSER COL Action
Item 2.3.5-1. OE has included this action item in Section 2 3.2.10 of the SSAR. This is acceptable.

Since local meteorology it specifically site-related, the
COL applicant will provide local meteorology for review
by the staff on a case-by-case basis. This was DFSER
COL Action Item 2.3.2-1. Section 2.3.2.7 of the SSAR
identifies this action item. This is acceptable.

2.4

Hydrologic Engineering

2.3.3 Onsite Meteorological Measurements Program
2.4.1 Hydrologic Description
Details on the atmospheric diffusion characteristics of a
proposed nuclear power plant site are required to
determine if postulated accidental, as well aa routine
operational, releases of radioactive materials are within
NRC regulatory guidelines. The meteorological characteristics of a proposed site are determined by staff
evaluation of meteorological data collected at the site in
accordance with RO 1.23, "Onsite Meteorological
Programs," Revision 0.

The COL applicant should provide a detailed description of
all major hydrologic features on or in the vicinity of the
site. It should also provide a specific description of the
site and critical elevations of all safety-related structures,
exterior accesses, equipment, and systems from the
standpoint of hydrology considerations. This was DFSER
COL Action Item 2.4.1-1. OE has included this action
item in Section 2.3.2.11 of the SSAR. This is acceptable.
2.4.2 floods

The COL applicant should provide the onsite meteorological measurements program for review by the staff.
This was DFSER COL Action Item 2.3.3-1.
Section 2.3.2.8 of the SSAR identifies this action item.
This is acceptable.

The COL applicant should provide site-specific information
on historical flooding and potential flooding at the plant
site, including flood history, flood design considerations,
and effects of local intense precipitation. This was DFSER
COL Action Item 2.4.2-1. GE has included this action
item in Section 2.3.2.12 of the SSAR. This is acceptable.

2.3.4 Short-Term Dispersion Estimates for Accidental
Atmospheric Releases
The bounding atmospheric relative concentrations (x/Q) for
design-basis accident evaluations are listed in SSAR
Tables 15.6.3, 15.6.7, 15.6.13, 15.6.14, and 15.6.18.
The staff concludes, in Section 15.4 of this report, that
these values provide a reasonable basis for evaluating the
consequences of design-basis accidents. The COL applicant should provide site-specific short-term dispersion
estimates in accordance with RO 1.145, "Atmospheric
Dispersion Models for Potential Accident Consequence
Assessments at Nuclear Power Plants," Revision 1, so the
staff can ensure that the bounding values of atmospheric
relative concentrations are not exceeded. This was DFSER
COL Action Item 2.3.4-1. Section 2.3.2.9 of the SSAR
identifies this action item. This is acceptable. The
bounding x'Q values for the 2-hour exclusion area
boundary (EAB) and 2-hour low population zone (LPZ)
are specified in Table 2.0-1 of the SSAR and the CDM.

2.4.3 Probable Maximum Flood on Streams and Rivers
The COL applicant should provide site-specific information
used for determining design-basis flooding at the power
reactor sites and the extent of flood protection required for
safety-related SSCs. This was DFSER COL Action
Item 2.4.3-1. GE has included this action item in Section 2.3.2.13 of the SSAR. This is acceptable.

2.4.4 Ice Effects
The COL applicant should provide site-specific information
on ice effects and demonstrate that safety-related facilities
and water supply will not be affected by ice flooding or
blockage. This was DFSER COL Action Item 2.4.4-1.
OE has included this action item in Section 2.3.2.14 of the
SSAR. This is acceptable.

2.3.5 Long-Term Diffusion Estimates
The staff will evaluate annual average atmospheric
dispersion values for routine releases using the guidance in
RG 1.111, "Methods for Estimating Atmospheric
Transport and Dispersion of Gaseous Effluents in Routine
Releases From Light-Water-Cooled Reactors," Revision 1.
The staff will use these values to perform its
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2.4.5 Cooling Water Channels and Reservoirs
The COL applicant should provide the basis for the
hydraulic design of canals and reservoirs used to transport
and impound plant cooling water and for the protection of
safety-related structures. This was DFSER COL Action
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Item 2.4.5-1. OE hat included this action item in Section 2.3.2. IS pf the SSAR. This is acceptable.

information on vibratory ground motion, surface faulting,
stability of subsurface materials and foundations, slopes,
and embankments and dams as described in the following
sections.

2.4.6 Channel Di?ersion
The COL applicant should provide site-specific information
on channel diversion. This was DFSER COL Action
Item 2.4.6-1. OE has included this action item in
Section 2.3.2.16 of the SSAR. This is acceptable.

2.5.1 Basic Geologic and Seismic Infonnation
The COL applicant should provide site-specific information
on regional and site physiography, geomorphology,
stratigraphy, lithology, and tectonics. This was DFSER
COL Action Item 2.5.1-1. GE has included this action
item in Section 2.3.2.21 of the SSAR. This is acceptable.

2.4.7 Flooding Protection Requirements
The COL applicant should provide site-specific information
related to flooding protection requirements. This was
DFSER COL Action Item 2.4.7-1. OE has included this
action item in Section 2.3.2.17 of the SSAR. This is
acceptable.

2.5.2 Vibratory Ground Motion
In the DFSER, the staff noted that the COL applicant
should provide site-specific information on the seismicity,
geologic, and tectonic characteristics of the site and region;
correlation of earthquake activity with geologic structure or
tectonic provinces; maximum earthquake potential; seismic
wave transmission characteristics of the site; safe shutdown
earthquake (SSE); and operating basis earthquake (OBE).
This was DFSER COL Action Item 2.5.2-1.
The
Commission has approved the staff recommendation that
the OBE be eliminated as discussed in Section 3.1.1 of this
report. GE has modified SSAR Section 2.3.2.22 by stating
that the COL applicant will develop site-specific
geological, seismological, and geotechnical data and will
compare the site-specific SSE ground response spectra with
the design ground response spectra of SSAR Section 2.3.1.2. This is acceptable.

2.4.8 Cooling Water Supply
The COL applicant should identify natural events that may
reduce or limit the available cooling water supply and
ensure that an adequate water supply will exist to operate
or shut down the plant as required. This was DFSER
COL Action Item 2.4.8-1. OE has included this action
item in Section 2.3.3.18 of the SSAR. This is acceptable.
2.4.9 Accidental Release of Liquid Effluents
Ground and Surface Waters

in

The COL applicant should provide information on the
capability of the surface water environment to disperse,
dilute, or concentrate accidental releases. Effects of these
releases on existing and known future uses of surface
water resources should also be provided. This was
DFSER COL Action Item 2.4.9-1. GE has included this
action item in Section 2.3.2.19 of the SSAR. This is
acceptable.
2.4.10 Technical Specification
Operation Requirement

and

2.5.3 Surface Faulting
The COL applicant should provide detailed geological and
geophysical information related to the potential for surface
faulting affecting the site.

Emergency

The COL applicant should establish the technical
specifications and emergency procedures required to
implement flood protection for safety-related facilities and
provide assurance of an adequate water supply to shutdown
and cool the reactor. This was DFSER COL Action
Item 2.4.10-1. GE has included this action item in
Section 2.3.2.20 of the SSAR. This is acceptable.

Originally, GE imposed no limit for surface faulting
(SSAR Table 2.1-1). However, it is the staff position, as
stated in RG 4.7, "General Site Suitability Criteria for
Nuclear Power Stations," Revision 1, that "sites that
include capable faults, as defined in Appendix A to
10 CFR Part 100, are not suitable for nuclear power
stations." Therefore, in the DFSER, the staff noted that
the COL applicant should develop site-specific information
to ensure that no potential exists for surface faulting
affecting the site.
This was DFSER COL Action
Item 2.5.3-1. GE has included this action item in Section 2.3.2.23 of the SSAR. This is acceptable.

2.5 Geology, Seismology, and Geotechnical
Engineering
The COL applicant should provide site-specific, basic
geologic and seismic information and site-specific
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grade at the base of the reactor building foundation
basemat.
The intermediate water table was
assumed to be located at 12 m (40 ft) below grade,
approximately at the midheight of the reactor
building embedment.

2.5.4 S t a b i l i t y of S u b s u r f a c e M a t e r i a l s a n d
Foundations
In response to NRC staff Question 241.1a, C3E stated that
the COL applicant will provide site-specific geotechnical
data to demonstrate that they are comparable to the site
design parameters given in SS/R Table 2.0-1. The staff
requires that the COL applicant's submittals meet the
guidance in Section 2.S.4 of RO 1.70, "Standard Format
and Content of Safety Analysis Reports for Nuclear Power
Plants," Revision 3. A summary of appropriate guidance
is given below.

(3)

GE considered a range of soil profiles based on the
shear wave velocity profiles used in GESSAR II
(NUREG-0979, April 1983) and selected six
velocity profiles for the SSI analyses.
•

The first soil profile was assumed to consist of
seven horizontal layers.
The shear wave
velocity, V„ of the soil at a depth, y, below the
ground surface was calculated as a function of
the effective mean pressure at that depth and a
modulus parameter.

•

The second through the sixth soil profiles were
selected on the basis of three generalized soil
zones: a soil zone for the second profile (sands,
silts, clays, and gravelly soils), a transition zone
for the third and fourth profiles, and a soft rock
and well-cemented soil zone for the fifth and
sixth profiles.
Their velocity profiles are
smooth curves representative of the average
variation of shear modulus with depth.

•

The seventh profile represents an HR site with
a uniform V, of 1,525 m/sec (5,000 ft/sec).

•

The eighth profile represents an EHR site with
a uniform V of 3,050 m/sec (10,000 ft/sec).

The staff will review the geotechnical engineering aspects
of a COL applicant's design, design criteria, and design
bases related to the stability of subsurface materials and
foundations of safety-related facilities for an ABWR
standard plant in accordance with SRP Section 2.5.4.
In SSAR Appendix 3A, which deals with seismic soilstructure interaction (SSI) analyses, GE characterized the
site conditions in terms of (1) soil deposit depth above
bedrock, (2) ground water level, and (3) soil profile and
properties, and also gave parameter variations in each of
these three areas for establishing the site envelope.
(1)

OE accounted for the variations in soil deposit
thickness by considering three representative soil
deposit depths: (1) shallow soil deposits (46 m
(ISO ft)), (2) intermediate soil deposits (61 m
(200 ft)), and (3) deep soil deposits (91 m (300 ft)).
It assumed a minimum depth of embedment of
26 m (85 ft) for the case where the building will be
supported directly by rock.

t

GE considered the variation in shear modulus and material
damping of soil with shear strain for various soil profiles.
It assumed the best-estimate values of soil-shear modulus
to be not less than 40 percent of their low-strain values.
GE limited the values of hysieretic soil damping to a
maximum of 15 percent of critical as recommended by
SRP Section 3.7.2. On the basis of the above constraints,
GE developed the shear-modulus reduction factors and
damping ratios at various strain levels. The above
assumptions are acceptable.

Appendix 3A of the SSAR states that the SSI
analyses were performed using the same minimum
embedment depths for the different site categories.
Whether the reactor building will be supported
onrock or soil, the minimum embedment depth will
be 26 m (85 ft). GE stated that the ABWR design
•does not allow for depths of embedment less than
26 m (85 ft) even if competent rock will be available at a site at depths much less than 26 m (85 ft).
SSAR Tables 3A.3-2 and 3A.3-6 show that a 26-m
(85-ft) embedment depth will be used in SSI
analyses even when hard rock (HR) and extra hard
rock (EHR) are at ground surface.
(2)

In the DFSER, the staff noted that the COL applicant
should develop and submit to the NRC site-specific
geotechnical data to demonstrate that they are comparable
to the design assumptions. This was DFSER COL Action
Item 2.5.4-1. GE has modified Section 2.3.2.24 in the
SSAR by stating that the COL applicant will provide
information concerning the properties and stability of sitespecific soil and rocks under both static and dynamic
conditions including the vibratory ground motions
associated with the site-specific SSE. This is acceptable.

GE evaluated the effects of variations in water table
locations on structural response by considering
three water table locations: low, intermediate, and
high. It assumed the high water table will be
located at 0.6 m (2 ft) below grade, while the low
water table will be located at 26 m (85 ft) below
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2.5.4.1 Site and Facilities
The COL applicant should provide a detailed description of
the site conditions and geologic features. The description
should include site topographical features and the location
of various seismic Category I structures and appurtenances
(pipelines, channels, and so forth) with regard to the
source of normal and emergency cooling water. This was
DFSER COL Action Item 2.5.4.1-1. GE has included this
action item in Section 2.3.2.2S of the SSAR. This is
acceptable.

2.5.4.2 Field Investigations
The COL applicant should submit to the NRC a discussion
of the type, quantity, extent, and purpose of all field
exploration. Logs of all borings and test pits should be
provided. Results of geophysical surveys should be
presented in tables and profiles. Records of field plate
load tests, field permeability tests, and other special field
tests (e.g., bore-hole extensometer or pressuremeter tests)
should also be given. This was DFSER COL Action
Item 2.5.4.2-1. GE has included this action item in Section 2.3.2.26 of the SSAR. This is acceptable.

2.5.4.3 Laboratory Investigations

2.5.4.5 Excavation and Backfilling for Foundation
Construction
The COL applicant should provide site-specific information
on the thickness and properties of the soil between the base
of the foundation and the underlying rock.
The
configuration, along with detailed longitudinal sections and
cross-sections of other safety-related structures of the
plant, including the ultimate heat sink and seismic
Category I buried pipes and electrical ducts, should be
provided. The COL applicant should provide data on the
extent (horizontally and vertically) of all seismic
Category I excavations, fills, and slopes. The locations,
elevations, and grades for excavated slopes should be
described and shown on plot plans and typical
cross-sections. The COL applicant should discuss, as
appropriate, excavating and dewatering methods,
excavation depths below grade, field inspection and testing
of excavations, protection of foundation excavations against
deterioration during construction, and the foundation dental
fill work. The sources, quantities, and static and dynamic
engineering properties of borrow materials should be
described. The compaction requirements; results of test
fills; mf* fill properties, such as moisture content, density,
permeability, compressibility, and gradation also should be
provided. This was DFSER COL Action Item 2.5.4.5-1.
GE has included this action item in Section 2.3.2.29 of the
SSAR. This is acceptable.
2.5.4.6 Effect of Ground Water

The COL applicant should provide tables of the number
and type of laboratory tests and the location of samples and
discuss the results of laboratory tests on disturbed and
undisturbed soil and rock samples obtained from field
investigations.
This was DFSER COL Action
Item 2.5.4.3-1. GE has included this action item in
Section 2.3.2.27 of the SSAR. This is acceptable.

The COL applicant should analyze the ground water
condition for the specific site and evaluate the effect of
ground water level on such site geotechnical properties as
total and effective unit weights, cohesion and angle of
internal friction, and dynamic soil properties used in
dynamic response analysis. This was DFSER COL Action
Item 2.5.4.6-1. GE has included this action item in Section 2.3.2.30 of the SSAR. This is acceptable.

2.5.4.4 Subsurface Conditions

2.5.4.7 Liquefaction Potential

The COL applicant should investigate and define the
subsurface conditions and provide the engineering
classifications and descriptions of soil and rock supporting
the foundations. The information should include the
history of soil deposition and erosion, past and present
ground water levels, glacial or other preloading influences,
rock weathering, and any rock or soil characteristics that
may present a hazard to plant safety. Profiles through the
seismic Category I structures should be provided that show
the generalized subsurface features beneath these
structures. This was DFSER COL Action Item 2.5.4.4-1.
GE has included this action item in Section 2.3.2.28 of the
SSAR. This is acceptable.

GE stated in response to NRC staff Question 241.1c that
one of the eight conditions in Section 3A.1 of
Appendix 3A of the SSAR required that no potential for
liquefaction of soils shall exist at the plant as a consequence of the OBE and the SSE as reviewed and concurred
in by the NRC staff. That condition further required that
the liquefaction potential of the foundation and site soils be
investigated and reported for a long-duration, New
Madrid-type earthquake. GE clarified the statement
regarding the New Madrid-type earthquake by stating that
the maximum ground motion will be the same as the SSE
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and the actual duration of the earthquake chosen for a
specific site will be reviewed by the NRC staff and
approved at the time of an individual application. GE
further stated that, without knowing the exact site location
and its seismic hazard, it cannot specify the earthquake
magnitude and the number of strong motion cycles for the
liquefaction evaluation of a site.

on static equilibrium in the case of uplift would be very
conservative, GE used the energy balance method. GE
specified a minimum static soil bearing capacity of
0.72 megapascal (MPa) (15 kips/ft ). The maximum
bearing pressure for the ABWR standard plant, which is
due to dead load alone, as calculated by GE, is 0.63 MPa
(13.1 kips/ft ). In the DFSER, the staff noted that the
COL applicant should provide the site-specific maximum
soil pressures along with supporting calculations and
compare them with the allowable values. This was
DFSER COL Action Item 2.5.4.9-1. SSAR Table 2.0-1
lists the minimum static bearing capacity of 0.72 MPa
(15 kips/ft ) as the site design parameter. GE has revised
Section 2.3.2.33 of the SSAR by stating that the COL
applicant will demonstrate that the site has a minimum
static bearing capacity at the foundation level of the reactor
and control buildings. For other safety-related plant facilities, the COL applicant will demonstrate that the
foundation material has adequate bearing capacity to
withstand the site-specific loads. This is acceptable.
2

2

The COL applicant should justify the selection of the soil
properties used in the liquefaction potential evaluation
(e.g., laboratory tests, field tests, and published data), the
magnitude and duration of the site-specific earthquake, and
the number of cycles of earthquakes. This was DFSER
COL Action Item 2.5.4.7-1. GE has included this action
item in Section 2.3.2.31 of the SSAR. This is acceptable.

2

2.5.4.8 Response of Sofl and Rock to Dynamic Loading
In Appendix 3A of the SSAR, GE provides standard
curves showing the variation in shear modulus and material
damping with shear strain for the various soil and rock
profiles (except for the EHR profile) described in Section
2.5.4 of this report. Further, GE limits the reduced values
of the soil shear modulus to not less than 40 percent of
their low strain values and the values of internal
(hysteretic) soil damping to a maximum of 15 percent of
critical, as shown in SSAR Tables 3A.3.3 and 3A.3.4.
For the HR and EHR profiles, initial shear modulus and a
nominal material damping of 0.1 percent were used in the
SSI analyses.

2.5.4.10 Earth Pressures
The COL applicant should provide a site-specific
discussion and evaluation of static and dynamic lateral
earth pressures and hydrostatic ground water pressures
acting on plant safety-related facilities. This was DFSER
COL Action Item 2.5.4.10-1. GE has included this action
item in Section 2.3.2.34 of the SSAR. This is acceptable.
2.5.4.11 Soil Properties for Seianic Analysis of Buried
Pipes

In the DFSER, the staff noted that the COL applicant
should establish and document site-specific geotechnical
properties to demonstrate that they are comparable to the
conditions used for the seismic design envelope discussed
in Section 3.7.2 of this report. This was DFSER COL
Action Item 2.5.4.8-1. GE has revised Section 2.3.2.32
determine dynamic soil properties of the site in terms of
shear modulus and material damping as a function of shear
strain. These strain-dependent properties will be used in
determining the site-specific SSE ground motion. This is
acceptable.

The COL applicant should provide and justify the soil
properties used for the seismic analysis of seismic
Category I buried pipes and electrical conduits. This was
DFSER COL Action Item 2.5.4.11-1. GE has included
this action item in Section 2.3.2.35 of the SSAR. This is
acceptable.
2.5.4.12 Static and Dynamic Stability of Facilities
The COL applicant should perform stability evaluation or
analysis of all safety-related facilities. These analyses
should include foundation rebound, settlement, differential
settlement, and bearing capacity. Assumptions made in
stability analyses should be confirmed by as-built data.
This was DFSER COL Action Item 2.5.4.12-1. GE has
included this action item in Section 2.3.2.36 of the SSAR.
This is acceptable.

2.5.4.9 Maximum Soil-Bearing Pressures
In Appendix 3H of the SSAR, GE gives a method for
calculating maximum bearing pressure under the reactor
building foundation mat for three load cases. Load Case
1 considers dead load, live load, and a combination of
horizontal and vertical SSE components with the vertical
component acting downward. Load Case 2 is the same as
Load Case 1 except that the vertical seismic component
acts upward and the live load is omitted. Load Case 3 is
the same as Load Case 2, except for the addition of the
buoyancy effect. Because the soil bearing pressure based
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2.5.4.13 Subsurface Instrumentation
The COL applicant should describe instrumentation, if any,
proposed for monitoring of the performance of the
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foundations for safety-related structures. The type,
location, and purpose of each instrument and significant
details of installation methods should be provided. For
example, the location and the installation procedures for
permanent benchmarks and markers required for
monitoring the settlement of Category I structures should
be described. In the case of safety-related, water-control
structures (such as dams, slopes, canals), the installation of
instrument such as piezometers, slope indicators, and
settlement plates should be described in detail. A schedule
for installing and reading all instruments and for
interpreting the data should be given. Limiting values for
continued safety should be identified. This was DFSER
COL Action Item 2.5.4.13-1. GE has included this action
item in Section 2.3.2.37 of the SSAR. This is acceptable.

documentforevolutionary plants when developing the final
list. This waa DFSER Open Item 2.6-1.
As part of this open item, the staff also requested that GE,
in its revision to SSAR Table 2.0-1 and Table 5.0 of the
CDM, include the following changes:

•

All units and dimensions in these tables should be in
the metric system with English units or dimensions
provided in brackets.

•

The following information should be added to the
bounding site parameter for tornado:
-

rate of pressure drop: 8.3 kPa (1.2 lb/in /sec)
2

2.5.4.14 Stability of Slopes
•
The COL applicant should provide information about the
static and dynamic stability of all soil and rock slopes, the
failure of which could adversely affect the safety of the
plant. The staff will evaluate the stability of all slopes at
the site, using the state-of-the-art procedures available at
the time of the application. This was DFSER COL Action
Item 2.5.4.14-1. GE has included this action item in
Section 2.3.2.38 of the SSAR. This is acceptable.

The following additions or changes should be made for
the seismology bounding site parameter:
-

Note (10) should be added to the fourth bullet and
modified to read: "SSE Time History: Envelope
SSE Response Spectra "
(10)

-

Note (9) should be changed to read: "The
minimum bearing capacity should be referred to as
the static bearing capacity."

-

New Note (10) should read: "The response spectra
of the SSE time history to be used in the free field
must envelop the free field design response spectra
for all damping values to be used in the response
analysis. In addition, the time history should also
be justified to show its adequacy by demonstrating
sufficient energy at the frequencies of interest
through the generation of the power spectrum
density (PSD) function, which is greater than the
target PSD function throughout the frequency range
of significance."

2.5.4.15 Embankments and Dams
The COL applicant should provide information about the
static and dynamic stability of all embankments and dams
(if used) that will impound water required for safe
operation and shutdown of the ABWR plant. This was
DFSER COL Action Item 2.5.4.15-1. GE has included
this action item in Section 2.3.2.39 of the SSAR. This is
acceptable.

2.6 Site Parameter Envelope
The staff reviewed GE's analysis and evaluation of the
ABWR design in terms of the bounding site parameters in
SSAR Table 2.0-1. In the DFSER, the staff noted that the
list of bounding site parameters in Table 2.0-1 should be
comprehensive and include any additional items from the
ABWR certified design material (CDM). Since this
document was still being developed, the staff also noted in
the DFSER that GE should ensure that the final list of site
parameters in Table 5.0 of the CDM agrees with SSAR
Table 2.0-1. Since GE had adopted the bounding site
parameters identified in Table 1.2-6 of Electric Power
Research Institute's (EPRTs) "Advanced Light Water
Reactor (ALWR) Utility Requirements Document Evolutionary Plant Designs," the siaff also asked GE to
adequately address the issues identified in Section 1.4
(Open Issue 1) of the SER on EPRI's ALWR requirements

GE responded to this open item by letters to the staff dated
April 16 and June 16, 1993. The staff and GE also
discussed it in several conference calls and in the meeting
on ITAAC (inspections, tests, analyses, and acceptance
criteria) on July 27 through 29, 1993. To provide a
comprehensive list of site parameters, the following site
parameters were added to SSAR Table 2.0-1, "hazards in
site vicinity," and "tornado, rate of pressure drop." This
is acceptable.
To address the issues identified in
Sections 1.4 and 4.5.2 of the SER on EPRI's ALWR
requirements document for evolutionary plant, SSAR
Table 2.0-1 defines minimum "static" bearing pressure and
establishes a requirement, "SSE time history: envelope
SSE response spectra." TTus is acceptable. The staff also
reviewed the enveloping meteorological dispersion values
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in Table 2.0-1 of the SSAR. The staff finds that GE
determined these enveloping values using acceptable
methodology given in ROs 1.111, "Methods for Estimating
Atmospheric Transport and Dispersion of Gaseous
Effluents From Light-Water-Cooled Power Reactors,"
Revision 1, and 1.145, "Atmospheric Dispersion Models
for Potential Accident Consequence Assessments at
Nuclear Power Plants," Revision 1. The methods used by
GE for determining these enveloping values are described
in Sections 2.6.7 and 15.4 of this report. The staff finds
the enveloping meteorological dispersion values acceptable.
SSAR Section 3.7 addresses the issue noted in suggested
Note (10) above. The staffs evaluation of this subject is
discussed in detail in Section 3.7.1 of this report. The
staff reviewed Table 2.0-1 of the SSAR and determined
that it provides an adequate amount of information in
support of Table 5.0 of the ABWR CDM. This is
acceptable. In its letter of April 15, 1993, GE explained
the use of only the Japanese metric units for the SSAR.
Subsequently, GE agreed to use the International System
of Units for the SSAR in accordance with the Commissionapproved staff recommendations on implementing the
metrication policy for evolutionary and revolutionary
reactors. This is acceptable. On the basis of the above,
DFSER Open Item 2.6-1 is resolved. The site parameter
evaluation is summarized in the following sections.

•

Mffiimwn Atmospheric Pressure Prop: 13.8 kPa
(2.0 lb/in )
2

•

Missile Spectra: SRP Section 3.5.1.4, Spectrum I

The staff concludes in Sections 3.3.1, 3.3.2, and 3.5.1.4
of this report that the ABWR standard plant has been
adequately designed for the above bounding site
parameters.
2.6.2 Water Level (Flood) Design Site Parameters
The staffs review of the ABWR water level (flood) design
is contained in Section 3.4 of this report. The bounding
site parameters mat were considered in the staffs
evaluation are as follows:
•

Elflfids: The ABWR should be located on the site so
that the level of the design-basis flood is no higher than
30.5 cm (1 ft) below the plant grade.

•

Potential gam Failures (gejsmjcajly forced): Failure
of existing and potential upstream or downstream water
control structures should not contribute to the water
level exceeding 30.5 cm (1 ft) below grade nor
compromise the ultimate heat sink.

2.6.1 Wind and Tornado Design Site Parameters

•

The staff 8 review of the wind and tornado loadings for the
ABWR design is contained in Section 3.3 of this report.
The bounding site parameters that were considered in the
staff 8 evaluation are as follows:

Profrafrle Mftxjmum. gurge and Se|che flooding: The
probable maximum surge and seiche flooding should be
no higher than 30.5 cm (1 ft) below grade (see SSAR
Table 2.1-1).

•

Profrflfrlc MftXinwm Twmmh The probable maximum
tsunami flooding should be no higher than 30.5 cm
(1 ft) below grade (see SSAR Table 2.1-1).

•

Ground Water: The ABWR is intended to be
compatible with ground water levels up to 61 cm (2 ft)
below plant grade.

•

Basic Wind Speed: For the design of ABWR nonsafety-related structures, the basic wind speed for a
50-year recurrence interval is 177 km/hr (110 mph).
An "importance factor" of 1.0 should be used in
accordance with the velocity pressure formula of SSAR
Section 3.3.1.1. For the design of safety-related
structures, the basic wind speed for a 100-year
recurrence interval is 197 km/hr (122.1 mph). This
value is obtained by multiplying the 50-year speed of
177/km/hr (110 mph) by an importance factor of 1.11,
as noted in Appendix 3H of the SSAR.

•

Maximum Tornado Wind Speed:

483 km/hr
(300 mi/hr)

•

Translation^ Velocity:

97 km/hr
(60 mi/hr)

•

The staff concludes in Sections 3.4.1 and 3.4.2 that the
ABWR standard plant has been adequately designed for the
above bounding parameters.
2.6.3 Seismology Site Parameters
The staffs review of the seismic design of ABWR
structures, systems and components (SSCs) is contained in
Section 3.7 of this report. The bounding site parameter
that was considered in the staffs evaluation is as follows:
•

Radius of Maximum RototiQlMl SPWf: 45.7 m
(150 ft)
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specifies the 0.3g peak ground acceleration (PGA)
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response spectra. The SSE response spectra are con-
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structed in accordance with RO 1.60, "Design
Response Spectra for Seismic Design of Nuclear Power
Plants," Revision 2.
Although the SSE POA of 0.3$ anchoring RO 1.60 design
response spectra could generally be considered an adequate
envelope for many sites in the Central and Eastern United
States, the NRC staff knows that localized seismic activity
exceeding this envelope cannot be ruled out categorically.
Therefore, the staff will require that site-specific
geological, geotechnical, and seismological factors be
reviewed for each application to ensure that no site-specific
seismic hazard will cause the RO 1.60 spectrum anchored
at 0.30g to be exceeded.

•

Maximum Rainfall Rate: 49.3 cm/hr (19.4 in./hr)

•

Maximum Snow Load: 2.35 kPa (50 lb/ft )
2

The staff concludes in Section 3.8.4 of this report that the
design of the ABWR SSCs to accommodate the
precipitation site parameters is acceptable.
2.6.6 Design Temperature Site Parameters
The bounding site parameters that were considered in the
staffs evaluation are as follows:

• Ambient lfl Ereeedaace V a t o

2.6.4 Soil Properties Site Parameters

-

The staffs review of the soil properties considered in the
seismic design of ABWR SSCs is contained in Sections
2.5.4 and 3.7 of this report. The bounding site parameters
that were considered in the staffs evaluation are as
follows:

Maximum: 37.8 °C (100 °F) dry bulb/25 °C
(77 °F) coincident wet bulb and 26.7 °C (80 °F)
noncoincident

-

Minimum: -23.3 °C (-10 °F)

•

•

^inimuqi Shear Wave Velocity; The minimum
embedment depth for the reactor building should be
26 m (85 ft). The minimum shear wave velocity of
soil should be 305 m/sec (1,000 ft/sec).

•

LiqwfativnP9toflM: No liquefaction potential should
exist for soils under and around all seismic Category I
structures, including seismic Category I buried pipelines and electrical ducts.

•

Minimum gearing Capacity (fcvmti)- The minimum
(demand) bearing capacity of soil should be 0.72 MPs
(15 kips/ft ).
2

As discussed in Section 3.7.1 of this report, the staff
concludes that the ABWR standard plant design has
adequately defined the above bounding parameters.

Ambient 0% Exceedance Values (Historical Limitt:
-

Maximum: 46.1 °C (115 °F) dry bulb/26.7 °C
(80 °F) coincident wet bulb and 27 2 °C (81 °F)
noncoincident

-

Minimum: -40 °C (-40 °F)

•

Emergency Cooling Water Inlet: 35 °C (95 °F)

•

Condenser Cooling Water Inlet: <37.8 °CC<.100 °F)

The staff concludes in Sections 9.4 and 9.5 of this report
that the ABWR SSCs to accommodate the design
temperature bounding site parameters are acceptable.

2.6.7 Atmospheric Dispersion (x/Q)
The staffs review of the use of the x/Q dispersion factors
for the exclusion area boundary (EAB) and the low
population zone (LPZ) is given in Chapter 15 of this
report. The bounding site parameters considered in the
staffs evaluation are listed in Table 2-2.

2.6.5 Precipitation (for Roof Design) Site Parameters
The bounding site parameters that were considered in the
staffs evaluation are as follows:

Table 2-2 EAB and LPZ Atmospheric dispersion characteristics (Chi/Q)
0-2 Hours

0-8 Hours

1
8-24 Hours

1-4 Days

4-30 Days

EAB

LPZ

LPZ

LPZ

LPZ

1.37E-3

1.95E-4

1.22E-4

4.69E-5

1.12E-5
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Site Characteristics
The Table 2-2 bounding atmosphericrelativeconcentration
values for the LPZ (the 8-hour period from 0 to 8 hours,
the 16-hour period from 8 to 24 hours, the 3-day period
from 1 to 4 days, and the 26-day period from 4 to
30 days) were also determined by the most limiting design
basis accident loss-of-coolant accident (LOCA) not to
exceed the dosereferencevalues given in 10 CFR Part 100
3E+3 MSv (300 rem) for the thyroid and 2.5B+2 MSv
(25 rem) for the whole body. As shown in Table 2.0-1 of
the SSAR, the 2-hour LPZ atmospheric relative
concentration value and an annual average (8760 hours)
concentration value were obtained by logarithmic

NUREG-1503

extrapolation of these calculated LPZ bounding atmospheric relative concentrations.

Hie staff concludes in Section 15.4 of this report that GE's
proposed bounding atmospheric relative concentrations
(X/Q) for the BAB and for the LPZ of the ABWR plant,
in conjunction with the engineered safety features systems
provided in the ABWR design, are sufficient to provide
reasonable assurance that the radiological consequences of
a postulated LOCA will be within the dose reference
values in 10 CFR Part 100.
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3 DESIGN OF STRUCTURES. COMPONENTS, EQUIPMENT, AND
SYSTEMS
3.1 General

ground motion. However, Appendix A to Part 100 also
requires that these SSCs are designed to withstand the SSE
and remain functional. Thus, when these SSCs are
designed to remain functional for the SSE, they will also
remain functional at a lesser earthquake level (one-third the
SSE) provided all design functions at the OBE are
accounted for. The basis for selecting one-third the SSE
as the earthquake level at which the plant will be required
to shutdown and be inspected for damage was that at this
level the likelihood of damage and the frequency of
earthquakes occurring was judged to be low based on
actual earthquake experience. It should be noted that
certain design functions had been only verified for the
OBE loads in the past. These design functions were the
evaluations of (1) fatigue damage caused by earthquake
cycles and (2) relative seismic anchor motions in piping
systems. With the elimination of the OBE from design,
these design functions would not have been explicitly
verified. Consequently, for the ABWR these design
functions will be verified in conjunction with the SSE
using applicable stress and deformation limits as described
in Section 3.1.1.2 of this report.

The staff reviewed the information in SSAR Section 3.1 to
verify that the ABWR standard plant meets the ODC of
Appendix A to 10 CFR Part 50.
To review the design of structures, components, equipment, and systems, the staff relied heavily on industry
codes and standards that represent accepted industry
practice. The staff found those codes and standards cited
in this report acceptable unless otherwise noted.
The staff evaluated the use of a single-earthquake design
(i.e., elimination of operating basis earthquake (OBE)) for
structures, systems, and components (SSCs). Originally,
implementation of the OBE was included in applicable
sections of the ABWR SSAR. After many discussions
with the staff, OE stated that it might opt to use the singleearthquake design approach. In a letter to GE dated
September 11, 1992, the staff gave preliminary guidance
concerning what types of analyses and information would
be required in the SSAR for the staff to approve design of
SSCs for the ABWR without the OBE. This was Open
Item 3.1-1 in the DFSER. The staffs evaluation of this
issue is discussed in the following sections.

Accordingly, the special circumstances described by
10 CFR 50.12(a)(2)(ii) exist in that the regulation need not
be applied in this particular circumstance to achieve the
underlying purpose of the rule because OE has proposed
acceptable alternative analysis methods that accomplish the
intent of the regulation. On this basis, the staff concludes
that the exemption is justified because the alternative
analyses performed for the SSE and the need to perform an
inspection of the plant following an earthquake at or above
one-third the SSE accomplish the design objectives of the
OBE design analyses.

3.1.1 Elimination of Operating Basis Earthquake from
Design Consideration
Appendix A to 10 CFR Part 100 requires, in part, that all
SSCs of the nuclear power plant necessary for continued
operation without undue risk to the health and safety of tbe
public shall be designed to remain functional and within
applicable stress and deformation limits when subject to an
OBE. The NRC is proposing changes to Appendix A to
Part 100 to redefine the OBE to such a level such that the
function of the OBE can be satisfied without performing
explicit response analyses. In addition, Appendix A to
Part 100 requires that the maximum vibratory ground
acceleration of the OBE be at least one-half the maximum
vibratory ground acceleration of the SSE. When the OBE
is redefined to an inspection level earthquake for the
ABWR, the maximum vibratory ground acceleration of the
OBE will be established at one-third of the maximum
vibratory ground acceleration of the SSE.

3.1.1.1 Background
In SECY-90-016, "Evolutionary Light Water Reactor
(LWR) Certification Issues and Their Relationship to
Current Regulatory Requirements," the staff requested the
Commission's approval to decouple the level of the OBE
ground motion from that of the safe-shutdown earthquake
(SSE). The Commission approved the staffs position in
its staff requirements memorandum (SRM) of June 26,
1990.
In SECY-93-087, "Policy, Technical, and Licensing Issues
Pertaining to Evolutionary and Advanced Light-Water
Reactor (ALWR) Designs," the staff further requested that
the Commission approve eliminating the OBE from the
design of SSCs in both evolutionary and passive advanced
reactors designs.
The proposed amendment to
10 CFR Part 100, Appendix A, would allow, as an option,
that the OBE be eliminated from design certification when

There exist special circumstances for granting these
exemptions from the requirements of Appendix A to
Part 100 pursuant to 10 CFR 50.12. The purpose of
designing SSCs necessary for continued operation without
undue risk to the health and safety of tbe public to
withstand an OBE is to ensure that these SSCs remain
functional and within applicable stress and deformation
limits when subjected to the effects of the OBE vibratory
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the OBB it established at leas than or equal to one-third the
SSB. In this manner, the OBE serves the function as an
inspection-level earthquake below which the effect on the
health and safety of the public would be insignificant and
above which the licensee would be required to shut down
the plant and inspect for damage. The Electric Power
Research Institute (EPRI) requested the elimination of the
OBE from design and the Advisory Committee on Reactor
Safeguards (ACRS) also recommended OBB elimination in
its letter of April 26, 1990.

with Appendix D to IEEE 344-1987 when followed by
one full SSE.
•

The OBB will continue to be used as a threshold
criterion for conducting inspections following an
earthquake event.

The following sections contain the staffs evaluation of the
commitments specified in the SSAR to ensure that
appropriate measures and adequate safety margins are
maintained when the OBE is eliminated from the design.
The sections evaluate (1) American Society of Mechanical
Engineers (ASME) Code Class 1, 2, and 3 components
and core support structures, (2) concrete and steel
structures, (3) equipment seismic qualification, and
(4) preearthquake planning and postearthquake operator
actions.

In SECY-93-087, the staff discussed the safety impact of
eliminating the OBE as it pertains to civil structures,
piping systems, and equipment seismic qualification. The
staff made several recommendations to ensure that eliminating the OBE would not result in a significant decrease
in the overall plant safety margin. In its July 21, 1993,
SRM, the Commission approved and agreed with the
following staff positions:

3.1.1.2 ASME Code Class 1,2, and 3 Components and
Core Support Structures
•

Use two SSE events with 10 maximum stress cycles
per event to account for earthquake cycles in the
fatigue analyses of piping systems performed until the
new guidance is issued; alternatively, the number of
fractional vibratory cycles equivalent to that of 20 full
SSE vibratory cycles may be used (but with an
amplitude not leas than one-third of the maximum SSE
amplitude) when derived in accordance with
Appendix D to IEEE 344-1987.

•

The effects of anchor displacements in the piping
caused by an SSE be considered with the Service
Level D limit.

•

Eliminate the OBE from the design of SSCs. When the
OBE is eliminated from the design, no replacement
earthquake loading should be used to establish the
postulated pipe rupture and leakage crack locations.

•

The mechanistic pipe break and high-energy leakage
crack locations determined by the piping high-stress
and fatigue locations may be used for equipment
environmental qualification and compartment
pressurization purposes.

•

The dynamic analysis methods for seismic analyses of
ASME Code Class 1, 2, and 3 components and core
support structures in the ABWR use those methods
described in the ABWR SSAR as approved by the NRC
staff in Sections 3.9.2 and 3.12 of this report. The loads
and load combinations used for evaluating ASME Code
Class 1, 2, and 3 components and core support structures
are also stated in the ABWR SSAR and discussed in
Section 3.9.3.1 of this report. Conformance to existing
staff guidelines that ensure the operability of safety-related
equipment under SSE loading conditions are discussed in
Section 3.10 of this report. Similarly, the function of the
supported system has also been taken into account. As
specified in Regulatory Guide (RO) 1.124, "Service Limits
and Loading Combinations for Class 1 Linear-Type
Components Supports," Revision 1, to ensure that systems
— whose normal function is to prevent or mitigate
consequences of events associated with the SSE — will
operate adequately regardless of plant condition, the Code
Level B service limits of Subsection NF or other justifiable
limits approved by the staff have been used.
The elimination of the OBE from ASME Code Class 1, 2,
and 3 components and core support structure design
requires all current OBE design-related checks to be
performed for the SSE. With regards to primary stress
effects (seismic inertial stresses), the elimination of the
OBE from Service Level B could have a potential impact
on design in those cases where the load combination
includes other dynamic loadings (i.e., operational
transients) in Service Level B but not in Service Level D.
The staff explored this possibility specifically for piping
systems and found that when the OBE is established at

With the elimination of the OBE, two alternatives exist
that will essentially maintain the requirements provided
in IEEE 344-1987 to qualify equipment with the
equivalent of five OBE events followed by one SSE
event. Of these alternatives, the equipment should be
qualified with five one-half SSE events followed by one
foil SSE event. Alternatively, a number of fractional
peak cycles equivalent to the maximum peak cycles for
five one-half SSE events may be used in accordance
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For piping systems, the effects of SAMs caused by an SSE
are combined with the effects of other normal operational
loadings that might occur concurrently as specified in
Table 3.9.2 of the SSAR.

one-third of the SSE, the load combinations with the SSE
generally control the design. Therefore, for primary
stresses in piping systems, the staff finds that eliminating
the OBE from piping stress load combinations will not
cause a reduction in existing safety margins because the
load combination with the SSE loading is generally
controlling.

Piping Stress Limits
For ASME Code Class 1, 2, and 3 piping, GE needs to
meet the design requirements in the 1989 Edition of the
ASME Boiler and Pressure Vessel Code, Section III,
Subsections NB, NC, and ND. In addition, the following
changes and additions to paragraphs NB-3650, NC-3650,
and ND-3650 will be used for piping systems when the
OBE is eliminated from the design.

For cyclic and secondary stress effects (e.g., fatigue and
seismic anchor motion), the elimination of the OBE would
have a direct impact on the current methods used to
evaluate their adequacy in piping design. Because the
cyclic (fatigue) effects of earthquake-induced motions in
piping systems and the relative motion effects of piping
anchored to equipment and structures at various elevations
are currently evaluated only for OBE loadings, the elimination of the OBE from the load combination could lead to
uncertainty concerning how these effects should be
evaluated. The staffs evaluation of the ABWR guidelines
discussed in the SSAR for treating these effects is
discussed next.

ASME Code Class 1 Piping Stress Limits
(a)

For primary stress evaluation (NB-3654.2),
earthquake loads are not required to be evaluated
for consideration of Level B Service Limits for
Eq. (9).

(b)

For satisfaction of primary plus secondary stress
intensity range (NB-3653.1), in Eq. (10), M. should
be either (1) the resultant range of all loads
considering one-half the range of the SSE or (2) the
resultant range of moment owing to the full range
of the SSE alone, whichever is greater. The use of
the SSE is intended to provide a bounding design
for the cumulative effects of earthquakes of a lesser
magnitude and is therefore to be included in
consideration of Level B Service Limits for
Eq. (10). A reduced range (with an equivalent
number of fractional vibratory peak cycles) of the
SSE moment may be used for consideration of
Level B Service Limits (but with a range not less
than one-third of the maximum SSE moment
range).

(c)

For satisfaction of peak stress intensity
(NB-3653.2), the load sets developed in NB-3653.1
that are based on the preceding Position b should be
used in calculating the peak stress intensity, S , and
the alternating stress intensity, S , for evaluating
the fatigue effects and cumulative^fiamage.

(d)

For simplified elastic-plastic discontinuity analysis
(NB-36S3.6), if Eq. (10) cannot be satisfied for all
pairs of load sets, then the alternative analysis as
described in NB-3653.6 will be followed. For
treatment of seismic anchor motion moments, the

Fatigue
In order to ensure adequate design considerations for the
fatigue effects of earthquake cycles, GE needs to establish
a bounding load definition and the number of earthquake
cycles to account for the more frequent occurrences of
lesser earthquakes and their aftershocks.
In
Section 3.7.3.2 of the SSAR, OE used a cyclic load basis
for fatigue analysis of earthquake loading for ASME Code
Class 1, 2, and 3 components and core support structures
equal to two SSE events with 10 maximum stress cycles
per event (20 full cycles of the maximum SSE stress
range). This basis for analysis is acceptable because it is
equivalent to the cyclic load basis of one SSE and five
OBE events as currently recommended in SRP
Section 3.9.2. Alternatively, an equivalent number of
fractional vibratory cycles to that of 20 full SSE vibratory
cycles may be used (but with an amplitude not less than
one-third of the maximum SSE amplitude) when derived in
accordance with Appendix D to IEEE 344-1987.
Seismic Anchor Motion
For the ABWR, the effects of displacement-limited,
seismic anchor motions (SAM) that are due to an SSE are
evaluated for safety-related ASME Code Class 1, 2, and 3
components and component supports to ensure their
functionality during and following an SSE. The SAM
effects include (but are not limited to) relative
displacements of piping between building floors and slabs,
at equipment nozzles, at piping penetrations, and at
connections of small-diameter piping to large-diameter
piping.

3-3

NUREG-1503

Design of Structures, Components, Equipment, and Systems
following condition should be satisfied in consideration of Level D Service Limits:

S

^o
21

SAM" 2
C

where: S

( M

i

*
+

M

•* £.
i>

Upon reviewing these supplemental criteria to be used
when the OBE is eliminated from the design of piping
systems, the staff finds mat the criteria are intended to
maintain the existing design margins of the ASME Boiler
and Pressure Vessel Code, Section III, although some
criteria appear to be more stringent and others more
relaxed. The net effect results in safety margins equivalent
to that of the ASME Code, Section III, rules and provides
a more controlled check of piping system stresses in those
areas where actual failures of piping systems owing to
seismic loadings have occurred. The staff concludes that
the piping criteria for the ABWR meet the staff
recommendations in SECY-93-087 for considering
earthquake cycles in fatigue analyses and for evaluating the
effects of anchor displacements in the piping caused by an
SSE and are acceptable.

6.0 S

m

is the nominal value of stjtmk anchor
1

SAM motion etreei

*
*
M, is the name as M. in Eq. (12)
M. is the same as M. in Eq. (10), except that it
includes only moments can sod by seismic anchor
motion displacements mat are caused by an SSE
*

+*

The combined moment range (KL + M. ) should be
either (1) the resultant range of thermal expansion and
thermal anchor movements plus one-half the range of
the SSE anchor motion or (2) the resultant range of
moment owing to the full range of the SSE anchor
motion alone, whichever is greater.

3.1.1.3 Pipe Break Postulation Without OBE
The ataff recognizes that pipe rupture is a rare event that
might only occur under unanticipated conditions, such as
those that might be caused by possible design,
construction, or operational errors; unanticipated loads or
unanticipated corrosive environments. From observation
of actual piping failures, the stafffoundthat they generally
occur at high stress and fatigue locations, such as at the
terminal ends of a piping system at its connection to
component nozzles. Currently, in accordance with SRP
(NUREG-0800) Section 3.6.2, Revision 2, dated
June 1987, pipe breaks are postulated in high-energy
piping at locations of high stress and high fatigue usage
factor. The load combination used in calculating the high
stress and high usage factor includes normal and upset load
conditions (i.e., pressure, weight, thermal, OBE, and other
operational transient loadings).

ASME Code Class 2 and 3 Piping Stress Limits
(a)

For consideration of occasional loads
(NC/ND-3653.1), earthquake loads (i.e., inertia
and seismic anchor motion) are not required for
satisfying Level B Service Limits for Eq. (9).

(b)

For consideration of thermal expansion or
secondary stresses (NC/ND-3653.2), M in
Eq. (10) is not required to include the moment
effects of SAMs caused by an earthquake.

(c)

For consideration of secondary stresses in Level D
Service limit (NC/ND-3655), the following
condition will be satisfied:
S

M* + M
- i—

s

z

^
•*

3.0 Sv

Eq. (10b)

•

where: M is the range of moments owing to SAMs due
to anSSE
C

M is the range of moments owing to thermal
expansion
The combined moment range (M + M J should be either
(1) the resultant range of moments owing to thermal
expansion plus one-half of the range of moments owing to
the SSE anchor motions, or (2) the resultant range of
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moment owing to the full range of the SSE anchor motion
alone, whichever is greater.
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From a historical viewpoint, the criteria for postulating
high-energy breaks at specified locations were first
introduced in the early 1970s. The basis for the
mechanistic approach for selecting pipe break locations
was derived from the premise that although pipe breaks
could result from random events induced by unanticipated
conditions, the failure mechanism and the expected location
of failure would likely be caused by local conditions of
high stress or high fatigue in the piping. To ensure that a
sufficient number of pipe breaks would be postulated, the
staff recommended that breaks be postulated for a wide
spectrum of events to envelope the uncertainties of
unanticipated failure mechanisms. Breaks were postulated
at terminal ends of the piping, at high-stress and highfatigue locations, and, as a minimum, at two additional
intermediate locations when the stresses were below the
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high-stress threshold limit. The resulting criteria, which
were incorporated in SRP Section 3.6.2, resulted in many
postulated pipe break locations and csusod the installation
of numerous pipe rupture mitigation devices in nuclear
plants.

On the basis of the previous discussion, the staff concludes
establish postulated pipe break and leakage crack locations.
Instead, the criteriafairpostulating pipe breaks and leakage
cracks in seismically designed, high- and moderate-energy
piping systems should be based on factors attributed to
normal and operational transients only. SSAR Sections
3.6.1 and 3.6.2 conform to this staff position of pipe break
Decollation. However, for establishing pipe breaks and
leakage cracks caused by fatigue effects, the calculation of
the cumulative usage factor will continue to include seismic
cyclic effects. The revised criteria are intended to ensure
that breaks and leakage cracks are postulated to occur at
the moat likely locations and to reduce the number of pipe
rupture mitigation devices (e.g., pipe whip restraints and
jet impingement shields) that might hinder plant operation
without providing a compensatory level of safety.

In the mid-1980s, the NRCs Executive Director for
Operations (EDO) initiated a comprehensive review of
nuclear power plant piping to identify areas where changes
to the piping requirements could improve the licensing
process ss well as the safety and reliability of nuclear
power plants. The NRC's Piping' Review Committee
(PRC) in an integrated effort with the nuclear industry
under the Pressure Vessel Research Council conducted a
comprehensive study of piping criteria, including the
mechanistic pipe break postulation guidelines. The PRC
found that when an excessive number of pipe rupture
mitigation devices (i.e., pipe whip restraints and jet
impingement shields) are installed on high-energy piping
systems, the potential exists for piping systems to be
overly constrained. This condition was found in several
nuclear plants in which massive pipe restraints adversely
affected the ability of the high temperature piping to freely
expand during normal plant operation. The PRC also
found through numerous dynamic tests and field
observations of non-seismically designed piping systems
that had undergone high seismic loadings that butt-welded
piping possesses an inherent ability to withstand large
seismic inertia] loadings without failure.

The elimination of earthquake loads in the following
revised pipe break criteria is justified, in part, on the fact
that the equipment environmental qualification and
compartment pressurization analyses for the ABWR are
based on a worst-case break assumption in each
compartment and are not postulated at mechanistic break
locations. In addition, GE has committed in SSAR Section 6.6.7.2 to a monitoring program for erosion-corrosion
that provides assurances that procedures or administrative
controls are in place to ensure that the NUM ARC program
(or another equally effective program) is implemented and
the structural integrity of all high-energy (two-phase as
well as single-phase) carbon-steel systems is maintained as
discussed in Generic Letter (OL) 89-08 and NUREG-1344,
"Erosion/Corrosion-Induced Pipe Wall Thinning in U.S.
Nuclear Power Plants," April 1989.

As a result of the PRC's effort, the NRC staff recognized
that the mechanistic pipe rupture criteria for selecting
locations of pipe breaks resulted in an excessive number of
pipe rupture mitigation devices that could hinder the
normal operation of the plant and that may not contribute
significantly to the overall safety of the plant.
Accordingly, the SRP was revised to reduce the number of
postulated pipe breaks by (1) eliminating the need to
postulate pipe breaks at the two arbitrary intermediate
locations and (2) providing a leak-before-break (LBB)
approach in lieu of postulating pipe breaks when the
system and material specific information is adequate to
justify its application.

Consistent with this staff finding, the guidelines provided
in SRP Section 3.6.2, Branch Technical Position MEB 3-1,
"Postulated Rupture Locations in Fluid System Piping
Inside and Outside Containment," have been revised for
the ABWR as follows:
B.l.b.(l).(a): Footnote 2 should read, "For those
loads and conditions in which Level A and Level B
stress limits have been specified in the Design
Specification (excluding earthquake loads)."

Recent dynamic pipe tests, conducted by the EPRI and
NRC, have demonstrated that the piping can withstand
seismic inertial loadings higher than an SSE without
rupturing. Thus, the staff believes the likelihood of a pipe
break in a seismically designed piping system owing to an
earthquake magnitude of one-third SSE is remote.
Operating experience has shown that pipe breaks are more
likely to occur under conditions caused by normal
operation (e.g., erosion-corrosion, thermal constraint,
fatigue, and operational transients).

B.l.b.(l).(d): "The maximum stress as calculated by
the sum of Eqs. (9) and (10) in Paragraph NC-3652,
ASME Code, Section III, considering those loads and
conditions thereof for which level A and level B stress
limits have been specified in the system's Design
Specification (i.e., sustained loads, occasional loads,
and thermal expansion) excluding earthquake loads
should not exceed 0.8(1.8 S. + S J . "
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The ABWR criteria are consistent with this staff position
for postulating pipe breaks and cracks and are acceptable.
3.1.1.4 Concrete and Steel Structures
The current design practice for considering OBE and SSB
ground motion effects in the seismic design of nuclear
plant structures was established in the 1960s with
conceptual goals of (a) maintaining continued plant
operation without damage to the structures for OBB level
earthquakes and (b) ensuring safe shutdown of plant and
maintaining the plant in a safe-shutdown condition during
and after the occurrence of an SSE. To achieve these
goals, the structural responses are designed at or below the
material yield stresses to preclude the onset of plastic
deformation for load combinations owing to accident
conditions plus the SSE. For load combinations owing to
operating conditions plus the OBE, stresses are limited at
1/2 to 5/8 yield stress. The current load combinations
provided in SRP Section 3.8 were developed from this
design philosophy.

SSB Relative Displacements Between Structures
In Appendix 3A to the SSAR, the seismic response
(building displacements, structural member forces, floor
response spectra (FRS), etc.) of the reactor building (RB)
is discussed.
OE has considered the through-soil,
structure-to-structuie interaction effect under SSE loading
in the analyses of ABWR structures, including the control
building, ultimate heat sink pump house, radwaste
building, and turbine building. Therefore, a© staff
concludes that the effects of through-soil, structure-tostructure interaction under SSE loadings for all structures
housing seismically designed piping have been adequately
considered under SSE loadings to establish the relative
displacements between buildings (seismic anchor movement
for piping systems).
Seismic Instrumentation
OE committed in SSAR Section 3.7.4.4 to placing seismic
instrumentation in the free field so that the control room
operator can be immediately informed through the event
indicators when the response spectral level and the cumulative absolute velocity (CAV) experienced at this location
exceed the shutdown level and can take the necessary
actions. The staff concludes that the ABWR meets the
staffs recommendations for pre-earthquake planning with
respect to the location of seismic instrumentation.

For seismic Category I steel structures, the staffs guidance
on load combinations is provided in SRP Section 3.8.4.
The staffs review of the controlling load combinations
finds that, in general, the load combinations with the SSE
control the design of steel structures although there may be
specific cases where the load combinations with the OBE
control the design. Similarly, an examination of the
pertinent load combinations for concrete structures,
including the containment structure, should lead to the
same conclusion that the OBE loads, in most cases, do not
control the outcome of the structural design.

Use of Regulatory Guides 1.143 and 1.27
The staff guidelines in RO 1.143, "Design Guidance for
Radioactive Waste Management Systems, Structures, and
Components Installed in Light-Water-Coolul Nuclear
Power Plants," Revision 1, and in RG 1.27, "Ultimate
Heat Sink for Nuclear Power Plants," Revision 2,
recommend a seismic design of radwaste buildings and
ultimate heat sink features based on the OBE. With the
elimination of the OBE, GE committed to designing these
structures and features to withstand the SSE. The
structural design criteria, using the SSE loading, use the
corresponding loads and load combinations provided in
SRP Section 3.8.4. The staff finds that designing these
structures and features to the SSE provides a bounding
design comparable to that recommended in the regulatory
guides and is acceptable. The staff will review alternative
methods to ensure the seismic adequacy of these structures
and features on a case-by-case basis.

In the design of the containment, the staff reviewed the
extent to which the elimination of the OBE from the load
combinations would lead to a reduction of the safety
margin. An examination of the nuclear structural design
practice and the SRP load combination equations, however,
show that the major dynamic load for the overall design of
structures is either the OBE or the SSE. All other
potential dynamic loads are conservatively accounted for in
the definition of equivalent dead and live loads or only
produce local effects that are handled by local
reinforcement details. Therefore, the staff concludes that
no reduction in safety margins of concrete and steel
structures results from the elimination of the OBE as a
design requirement.

3.1.1.5 Equipment Seismic Qualification
The proposed elimination of OBE from explicit design
consideration affects different aspects of equipment
qualification in different manners.
In the area of
equipment qualification, the requirements in the regulations

For the ABWR, the following criteria for structures are
used to ensure that when the OBE is eliminated from
design, the structures will continue to be designed
appropriately for earthquake effects.
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(10 CFR Parts 50 and 100) are interpreted by the staff
through Section 3.10 of the SRP, which deals with seismic
and dynamic qualification of mechanical and electrical
equipment.
When the equipment qualification is performed by analysis,
the acceptance criteria are derived from the ASME Code.
The effect of eliminating the OBE on equipment
qualification by analysis should be negligible. It is well
known that mechanical equipment such as pumps and
valves are, in general, seismically rugged when adequately
anchored and that their operability limits are generally
established through maximum permissible moments and
forces or tolerance limits based on available clearances that
are controlled by the SSE rather than the OBE. Therefore,
for mechanical equipment, elimination of OBE from
qualification analysis should not reduce any safety margin.
Also, some electrical equipment are allowed to be qualified
by analysis that requires demonstration that five OBE
events followed by one SSE event do not cause iu> failure
to perform safety functions. With the elimination oi OBE,
analysis checks for fatigue effects may be performed at a
fraction of the SSE (e.g., 50 cycles at one-half of the SSE
peak amplitude or 150 cycles at one-third of the SSE peak
amplitude).

qualification when the OBE is eliminated from design are
acceptable.
3.1.1.6 Pre-EarthquakePUuuu^ and Post-Earthquake
Operator Actions
The design certification of the ABWR, using a singleearthquake SSE design, is predicated on the adequacy of
pro-earthquake planning and post-earthquake damage
inspections that are to be implemented by the COL
applicant.
The COL applicant will be required to demonstrate to the
NRC staff as a part of its application the procedures it
plans to use for pre-earthquake planning and postearthquake actions. For design certification, the NRC staff
reviewed the criteria developed by the EPRI in EPRI
Reports EPRI NP-5930, EPRI NP-6695, and EPRI
TR-100082 for evaluating the need to shut down the plant
following an earthquake and the commitments for the
ABWR for ensuring that these actions can be taken as
provided in SSAR Section 3.7.4.
3.1.1.7 EPRI NP-5930
The staff finds from its review of EPRI NP-5930 that this
report is adequate for and may be used by the COL
applicant with the following exceptions:

When equipment qualification for seismic loadings is
performed by analysis, testing, or a combination of both,
the staff recommends the use of the IEEE 344-1987 as
endorsed in RO 1.100, "Seismic Qualification of Electric
and Mechanical Equipment for Nuclear Power Plants,"
Revision 2. For analysis, the selection of the level of
service limit for different loading combinations should
ensure the functionality of the equipment during and
following an SSE. For testing, IEEE 344-1987 has
detailed requirements for performing seismic qualification
using five OBE events followed by an SSE event. Where
complex mathematical models are based solely on calculated structural parameters, verification testing should be
performed.

1. A free field instrument must be used for determining
the CAV and the spectral acceleration level.
2. The response spectrum check is as follows:
The 5-percent damped ground response spectrum for
the earthquake motion at the site exceeds (1) one-third
the corresponding SSE response spectral acceleration
between 2 and 10 Hz or it exceeds a spectral
acceleration of 0.20g between 2 and 10 Hz, whichever
is greater, or (2) one-third the corresponding SSE
response spectral velocity between 1 and 2 Hz or a
velocity of 15.24 cm/sec (6 in/sec) between 1 and
2 Hz, whichever is greater.

With the elimination of the OBE, and in order to maintain
the equivalent qualification requirements provided in
IEEE 344-1987 to qualify equipment with the equivalent of
five OBE events followed by one SSE event, the staff
recommended in SECY-93-087 that equipment be qualified
with five half SSE events followed by one full SSE event.
Alternatively, the staff recommended that a number of
fractional peak cycles equivalent to the maximum peak
cycles for five half SSE events may be used in accordance
with Appendix D to IEEE 344-1987 when followed by one
full SSE. In Section 3.7.3.2 of the SSAR, GE committed
to these staff recommendations as stated in SECY-93-087
and, thus, the criteria proposed for equipment seismic

3. The licensee shall consider as sufficient evidence to
shut down the plant the simultaneous exceedance of the
5-percent damped ground response spectrum
enumerated in Item 2 and the CAV exceedance of
0.16 g-sec for any one frequency on any one
component of the free field ground motion. The CAV
shall be determined in accordance with EPRI Report
TR-100082. Also, any evidence of significant damage
observed during the plant walkdown in accordance with
EPRI Report NP-6695 recommendations shall be
sufficient cause for plant shutdown.
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4. The instrumentation installed at the nuclear power plant
shall be capable of on-line digital recording of all three
components of the ground motion and of converting the
recorded (digital) signal into the standardized CAV and
the 5-percent damped response spectrum.
The
digitizing rate of the time history of the ground
motions shall be at least 200 samples per second and
the band-width shall be at least from 0.20 Hz to 50 Hz.
The pre-event memory of the instrument shall be
sufficient to record the onset of the earthquake.

Add Item 7, "Documentation"
The licensee must record the chronology of events and
control room problems while the earthquake evaluation
is in progress.
Section 4.3, "Guidelines" (p. 4-3)
Because earthquake-induced vibration of the reactor
vessel could lead to changes in neutron fluxes, the
licensee need to promptly check the neutron flux
monitoring instruments, which indicate whether the
reactor is stable. Therefore, this check should be
added to the checks listed in this section.

5. The system must be capable of routinely calibrating the
response spectrum check of 0.20g. Also, the CAV of
0.16 g-sec should be calibrated with a copy of the
October 1987, Whittier, California earthquake or an
equivalent calibration record provided for this purpose
by the manufacturer of the instrumentation. In the
event that an actual earthquake has been recorded at the
plant site, the above calibration shall be performed to
demonstrate that the system was functioning properly
at the time of the earthquake.

Section 4.3.4, "Pre-Shutdown Inspection"
Exceeding the EPRI criterion or evidence of significant
damage should constitute a condition for mandatory
plant shutdown, as the staff stated in its comment on
Section 3.1, Item 4, "Decision on Shutdown."
Section 4.3.4.1, "Safe-shutdown equipment" (p. 4-7)

In SSAR Section 3.7.4, GE committed to these guidelines.
This is acceptable.

In addition to the safe shutdown systems on this list,
containment integrity must be maintained following an
earthquake. Since the containment isolation valves may
have malfunctioned during the earthquake, inspection
of the containment isolation system is necessary to
ensure continued containment integrity.

3.1.1.8 EPRI NP-6695
The staff finds from its review of EPRI NP-6695 that this
report may be used by the COL applicant with the
following exceptions:

3.1.1.9 Conclusions
Section 3.1, Short-Term Actions
On the basis of the evaluation of the changes to the
existing seismic design criteria previously discussed, the
staff concludes that eliminating the OBE from the design
of SSCs in the ABWR standard plant will not reduce the
level of safety provided in current regulatory guidelines for
seismic design. On the contrary, the changes enhance
safety by refocusing current design requirements to
emphasize those areas where failure modes are more likely
to occur and by precluding the need for seismic design
requirements that do not significantly contribute to the
overall safety of the plant. The SSAR includes this
information in Sections 3.6.1 and 3.6.2 and Tables 3.9-1
and 3.9-2. The staff further concludes that the elimination
of the OBE from the design of SSCs in the ABWR
standard plant meets the Commission-approved staff
recommendations in SECY-93-087 and is acceptable. On
the basis of these conclusions, DFSER Open Item 3.1-1 is
resolved.

Item 3, "Evaluation of Ground Motion Records"
Within four hours, the licensee must determine if the
shutdown criterion has been exceeded. After an earthquake has been recorded at the site, the licensee must
provide a response spectrum calibration record and
CAV calibration record to demonstrate that the system
was functioning properly.
Item 4, "Decision on Shutdown"
Exceedance of the EPRI criterion as amended by the
NRC or observed evidence of significant damage as
defined by EPRI NP-6695 shall constitute a condition
for mandatory shutdown unless conditions prevent the
licensee from accomplishing an orderly shutdown
without jeopardizing the health and sailty of the public.
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3.1.2.5.2 Fracture Prevention
Boundary

of

Containment

The ABWR primary containment vessel is a reinforced
concrete structure with ferritic parts (the removable head,
personnel locks, equipment hatches, and penetrations)
made of materials that will have a nil-ductility transition
temperature (RT^j) of at least 17 °C (30 °F) below the
minimum service temperature. GDC 51 is only applicable
to parts of containment that are made of ferritic materials.
The staff requested that GE clarify the applicability of
GDC 51 because in the original SSAR it seemed that GE
intended to apply GDC 51 to the concrete parts of the
containment (Question (Q) 251.12). Subsequently, GE
responded that GDC 51 is applicable to the removable
drywell head, personnel locks, equipment hatches, and
penetrations that are made of ferritic materials and revised
SSAR Section 3.1.2.5.2 to reflect this clarification. The
staff reviewed the revision and concluded in the DFSER
that the applicable revision has satisfactorily complied with
the requirements of GDC 51 because ferritic parts in the
concrete structure will be made of materials that will have
NDT
°C (30 °F) below the minimum
service temperature. This ensures that the ferritic
materials in the containment structure will not undergo
brittle fracture and the probability of a rapidly propagating
fracture will be minimized. This is acceptable.
R T

3.2
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assurance (QA) requirements of Appendix B to
10 CFR Part 50 should be applied to all activities affecting
the safety-related functions of seismic Category I SSCs.
The staff reviewed the ABWR SSAR in accordance with
SRP Section 3.2.1, which references RG 1.29.
The SSC and equipment of the ABWR standard plant that
are required to be designed to withstand the effects of an
SSE and remain functional are identified as seismic
Category I in SSAR Table 3.2-1. In addition, piping and
instrumentation diagrams (P&IDs) in the SSAR identify the
interconnecting piping and valves and the boundary limits
of each system identified as seismic Category I. In
Section 3.2.1 of the DSER (SECY-91-153), the staff
reported that the seismic classifications of the main
steamline (MSL) between the seismic interface restraint
and the turbine stop valve and MSL branch lines up to and
including the first valve in the branch line were still under
review. This was DSER Outstanding Issue 3. The staffs
review also included quality group (QG) and safety class
(SC) designations and QA requirements for these same
components. The relationship between QG and SC is
discussed in Section 3.2.2 of this report. The resolution
of DSER (SECY-91-153) Outstanding Issue 3 is discussed
below.
The ABWR design eliminates the main steam isolation
valve leakage control system for the ABWR plant design.
Instead, the design relies on the use of an alternative
leakage path that takes advantage of the large volume and
surface area in the main steam piping, main steam drain
lines, turbine bypass line, and condenser to hold up and
plate out the release of fission products following core
damage. In this manner, the alternative leakage path and
condenser are used to mitigate the consequences of an
accident and are required to remain functional during and
after an SSE.

Classification of Structures, Systems,
and Components

3.2.1 Seismic Classification
GDC 2 requires, in part, that nuclear power plant SSCs
important to safety be designed to withstand the effects of
earthquakes without loss of capability to perform their
safety functions. Certain of these features that are safetyrelated are necessary to ensure (1) the integrity of the
reactor coolant pressure boundary (RCPB), (2) the
capability to shut down the reactor and maintain it in a
safe-shutdown condition, and (3) the capability to prevent
or mitigate the consequences of accidents that could result
in potential offsite exposures that are comparable to the
guidelines in 10 CFR Part 100. The earthquake for which
these safety-related plant features are designed is defined
as the SSE in Appendix A to 10 CFR Part 100. The SSE
is based on an evaluation of the maximum earthquake
potential and is that earthquake that produces the maximum
vibratory ground motion for which SSCs are designed to
remain functional. Those plant features that are designed
to remain functional, if an SSE occurs, are designated
seismic Category I in RG 1.29, "Seismic Design
Classification," Revision 3. In addition, regulatory Position C.l in RG 1.29 states that the pertinent quality

For this reason, the staff position, which was discussed in
Section II.E of SECY-93-087 and was approved by the
Commission in its SRM dated July 21, 1993, is that the
main steam piping beyond the outermost isolation valve up
to the seismic interface restraint and connecting branch
lines up to the first normally closed valve be classified as
QG B (SC 2) and seismic Category I. The MSL from the
seismic interface restraint up to but not including the
turbine stop valve (including branch lines to the first
normally closed valve) will be classified as QG B and
inspected in accordance with the applicable portions of
ASME Section XI. This portion of the steamline may be
classified as non-seismic Category I if it has been analyzed
using a dynamic seismic analysis method to demonstrate its
structural integrity under SSE loading conditions.
However, all pertinent QA requirements of Appendix B to
10 CFR Part 50 are applicable to ensure that the quality of
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the piping material is commensurate with its importance to
safety during normal operational, transient, and accident
conditions. To ensure the integrity of the remainder of
GE's proposed alternative leakage path, the staff position
is that (1) the main steam piping between the turbine stop
valve and the turbine inlet, the turbine bypass line from the
bypass valve to the condenser, and the main steam drain
line from the first valve to the condenser are not required
to be classified as safety-related or as seismic Category I,
but should be analyzed using a dynamic seismic analysis to
demonstrate their structural integrity under SSE loading
conditions, and (2) the condenser anchorage shall be
seismically analyzed to demonstrate that it is capable of
sustaining the SSE loading conditions without failure.
The seismic interface restraint shall provide a structural
barrier between the seismic Category I portion of the MSL
in the RB and the non-seismic Category I portions of the
MSL in the turbine building. The seismic interface
restraint shall be located inside the seismic Category I
building. The classification of the MSL in the turbine
building as non-seismic Category I is needed for
consistency with the classification of the turbine building.
Therefore, the staff positions related to the quality and
safety guidelines imposed on the MSL from the outermost
isolation valve up to the turbine stop valve are equivalent
to the staff guidelines in SRP Section 3.2.2, Appendix A
to 10 CFR Part 50, and RG 1.29.
In response to staff requests for additional information
related to this issue, Amendment 23 to the ABWR SSAR,
GE revised SSAR Table 3.2-1 to respond to the staffs
concerns. Table 3.2-1 of the SSAR contains the following
classifications:
•

The MSL, including supports, from the outermost
isolation valve to the seismic restraint, including branch
lines up to the first valve is SC 2, QG B; QA will be
in accordance with Appendix B to 10 CFR Part 50 and
seismic Category I.

•

The MSL from the seismic restraint to the turbine stop
valve, including branch lines up to the first valve is
QG B; QA will be in accordance with Appendix B to
10 CFR Part 50 and non-seismic Category I, but
dynamically analyzed for the SSE. Although not
explicitly stated in SSAR Table 3.2-1, the commitment
to QG B requires inservice inspections in accordance
with applicable portions of ASME Section XI.

•

The turbine stop valve, the MSL from the turbine stop
valve to the turbine, the turbine bypass valve, the
turbine bypass line from the bypass valve to the condenser and the main steam drain line from the first
valve to the condenser, are all non-safety class, non-
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seismic Category I, but dynamically analyzed for the
SSE.
•

The condenser is non-safety class, non-seismic
Category I, but the condenser anchorage is seismically
analyzed for the SSE. GE considers piping inlets to
the condenser as anchor points.

The commitment to dynamically analyze the above
components for the SSE is in Section 3.2.5.3, "Main
Steamline Leakage Path" of the SSAR. The components
are designed by using appropriate dynamic seismic
analyses to withstand the SSE design loads in combination
with other appropriate loads, within the limits specified.
The mathematical model for the dynamic seismic analyses
of the main steamlines and the branch line piping includes
the turbine stop valves and piping to the turbine casing.
The dynamic input for the analysis and design of the main
steamlines are derived from a time history analysis (or an
equivalent method) of the turbine building as described in
SSAR Section 3.7.
In the DFSER, the staff noted that, to demonstrate the
structural integrity of the main steam piping under SSE
loading conditions, a dynamic analysis method should be
used for this portion of the main steam piping. In
addition, GE should discuss how the turbine building
response spectra input to the main steam piping analysis
will be generated when, as discussed in the following
paragraph, no dynamic analysis method of the turbine
building is proposed. The staff position as delineated in
SRP Section 3.7.2.5 for the generation of floor response
spectra (FRS) is that the development of the FRS is
acceptable if a time history approach is used. Alternative
methods, other than the time history approach, used for
generating FRS shall be submitted to the staff for review
and approval on a case-by-case basis. This was DFSER
Open Items 3.2.1-1 and 3.7.2-6. The resolution of this
issue is discussed in the "Turbine Building" portion of
Section 3.7.2 in this report.
Note f in SSAR Table 3.2-1 and SSAR Sections 3.7.2.8
and 3.7.3.13 state that equipment, structures, and piping
in the ABWR that are non-seismic Category I but that
could damage seismic Category I items if their structural
integrity failed, are analyzed and designed to ensure their
integrity is maintained under seismic loading from the
SSE. At the interface between seismic and non-seismic
Category I piping systems, the seismic analysis for the
seismic Category I system will be extended to either the
first anchor point in the non-seismic system or to sufficient
distance in the non-seismic system so as not to degrade the
validity of the seismic Category I analysis.. In the DFSER,
the staff noted that this commitment is in conformance
with RG 1.29. However, as a part of the resolution of this
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issue, the staff noted that the turbine building and any
other applicable structure or equipment should be
seismically analyzed for the SSE (RO 1.60 ground
response spectrum anchored to 0 . 3 ; peak acceleration) to
ensure that an earthquake will not adversely affect the
structural integrity of the main steam piping, bypass line,
valves, and instruments mounted on these pipes, and the
main condenser. In Amendment 20 to the SSAR, GE
added Section 3.7.3.16, which described a static, in lieu of
dynamic, analysis for the turbine building. This proposed
analysis was in accordance with the Uniform Building
Code (UBC) Zone2A, but was substantially less
conservative than the specified SSE for which the main
steam and bypass lines should be analyzed. The staff
asked OE to provide a clear set of criteria for the turbine
building, which is designed to UBC criteria, so that it will
neither suffer no loss of function at the specified SSE nor
adversely affect safety-significant piping, pipe-mounted
equipment, or the condenser itself. This issue was DFSER
Open Items 3.2.1-2 and 3.7.2-7. The resolution of this
issue is discussed in the "Turbine Building" portion of
Section 3.7.2 in this report.

In addition, the staffs position is that plant-specific
walkdowns of non-seismically designed SSCs overhead,
adjacent to, and attached to the alternative leakage path
(i.e., the main steam piping, the main steam drain lines to
the condenser, the bypass line to the condenser, and the
main condenser) be conducted by the COL applicant before
commercial operation to assess potential failures. The
walkdowns, which should identify potential failure modes,
will provide high confidence that the alternative leakage
paths in ABWRs can retain their structural integrity during
and following an SSE. In the DFSER, the staff noted that
these walkdowns should be performed as a part of an
inspection, test, analysis, and acceptance criteria (ITAAQ
for verification of non-seismic/seismic interaction. This
was DFSER Open Item 3.2.1-3 and DFSER Confirmatory
Item 14.1.3.3.3.8-2. Upon further consideration, the staff
found that the design detail and as-built and as-procured
information for non-seismically designed SSCs in the
turbine building as they affect the alternate leakage
function of the main steam, bypass, and drain lines, and
main condenser are not required for design certification,
and the spacial relationship between these SSCs and the
main steam piping, bypass, and drain lines, and the main
condenser should be assessed to ensure compliance with
GDC 2. Subsequently, GE revised the SSAR and added
SSAR Section 3.2.5.3, which contains a commitment to
perform plant-specific walkdowns consistent with the
previously stated staff position. The commitment in SSAR
Section 3.2.5.3 to perform walkdowns is acceptable.
Therefore, DFSER Open Item 3.2.1-3 and DFSER
Confirmatory Item 14.1.3.3.3.8-2 are resolved. The

resolution of this issue is also discussed in Section 3.12.3.8
of this report.
The staff concludes that these ABWR commitments in
SSAR Section 3.2.5.3, including the plant-specific walkdowns, provide reasonable assurance that the main steam
piping from the outermost isolation valve up to the turbine,
including the turbine stop valve and branch lines to the
first normally closed valve, the turbine bypass line up to
the condenser, the main steam drain line from the first
valve to the condenser, and the condenser, will retain their
structural integrity during and following an SSE.
Therefore, from the structural integrity standpoint, the
elimination of the MSIV leakage control system in the
ABWR is acceptable, and the ABWR design meets the
Commission-approved staff recommendations related to the
classification of main steamlines in BWRs. The staffs
evaluation of the radiological analysis for this issue is discussed in Section 15.4.4.2 of this report. On the basis of
this evaluation, Outstanding Issue 3 in the DSER
(SECY-91-153) is resolved.
On the basis of its review of SSAR Table 3.2.1, the
applicable P&IDs, and other relevant information in the
SSAR, including the previous discussion related to the
elimination of the MSIV leakage control system, the staff
concludes that the safety-related SSCs of the ABWR are
properly classified as seismic Category I in accordance
with RG 1.29 or an acceptable equivalent to ensure the
structural integrity of the alternative leakage path. This
constitutes an acceptable basis for satisfying, in part,
GDC 2.
3.2.2 System Quality Group Classification
GDC 1 requires that nuclear power plant SSCs important
to safety be designed, fabricated, erected, and tested to
quality standards commensurate with the importance of the
safety function to be performed. This requirement is
applicable to both pressure-retaining and nonpressure-retaining SSCs that are part of the RCPB and
other systems important to safety, when reliance is placed
on these systems to (1) prevent or mitigate the
consequences of accidents and malfunctions originating
within the RCPB, (2) permit shutdown of the reactor and
maintain it in a safe-shutdown condition, and (3) retain
radioactive material.
In addition to the seismic classifications discussed in
Section 3.2.1 of this report, SSAR Table 3.2-1 identifies
the SC, QG, and QA requirements necessary to satisfy the
requirements of GDC 1 for all safety-related SSCs and
equipment. Applicable P&IDs identify the classification
boundaries of interconnecting piping and valves. The staff
reviewed Table 3.2-1 and the P&IDs in accordance with

3-11

NUREG-1503

Design of Structures, Components, Equipment, and Systems
SRP Section 3.2.2, which references RO 1.26, "Quality
Group Classification and Standards for Water-, Steam-,
and Radioactive-Waste<tataining Components of Nuclear
Power Plants," Revision 3, as the principal document used
in the staff review for identifying on a functional basis the
pressure-retaining components of those systems important
to safety as NRC QO A, B, C, or D. Conformance of
ASME Code, Section HI, Class 1 components that are part
of the RCPB to 10 CFR 50.55a is discussed in
Section 5.2.1.1 of this report. These RCPB components
are designated in RO 1.26 as QO A; certain other RCPB
components that meet the exclusion requirements of
10 CFR 50.55a(cX2) are classified QO B.
OE uses American Nuclear Society (ANS) SC 1,2, 3, and
non-nuclear safety (NNS) as defined in American National
Standards Institute (ANSI)/ANS 52.1-1983 for the
classification of system components as an alternative
method of meeting RO 1.26. SSAR Tables 3.2-2 and
3.2-3 provide a correlation between (1) ABWR SC 1, 2,
3 and NNS, (2) NRCQO A, B, C, andDinRO 1.26, and
(3)ASME Code Section III classes. The relationship
between the three methods of classification for pressure-retaining components in the SSAR is shown below.

NRCQQ
A
B
C
D

APWRSC
1
2
3
NNS

SficlionJU
1
2
3

All pre&>.<t>retiuning components classified as QG A, B,
or C are constructed in accordance with ASME Code,
Section III, Class 1, 2, or 3 rules, respectively.
Construction as defined in ASME Code, Section III,
Subsections NB/NC/ND-1110(a) and used herein is an allinclusive term comprising materials, design, fabrication,
examination, testing, inspection, and certification required
in the manufacture and installation of components.
Components classified as QG D are designed to the
applicable standards identified in SSAR Table 3.2-3.
Because the staff has not endorsed ANSI/ANS 52.1-1983,
it cannot rely on those safety classifications for
determining the acceptability of non-pressure-retaining
SSCs. Therefore, in performing the review of SSAR
Table 3.2-1 for non-pressure-retaining components, the
staff concentrated on an evaluation of QA in accordance
with Appendix B to 10 CFR Part 50 and seismic classifications.
In Section 3.2.2 of the DSER (SECY-91-153), the staff
stated its concern about the QA requirements of the new
and spent fuel storage racks and the storage container for
defective fuel.
This was Outstanding Issue 2 in
t
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SECY-91-153. The staffs position is that the new and
spent fuel storage racks are important to safety and, as a
minimum, should meet the applicable QA requirements of
Appendix B to 10 CFR Part 50, in addition to being classified as seismic Category I. This position is consistent
with RO 1.29. The storage containers for defective fuels
are designed to the same QA requirements as the fuel
storage racks. However, because these storage containers
are stored in the seismic Category I fuel storage racks,
they do not have to be seismic Category I. Note e in
SSAR Table 3.2-1 defines QA Category E, which is
applicable to the new and spent fuel storage racks and
the storage container for defective fuel. Category E states
that elements of Appendix B to 10 CFR Part 50 are
generally applied to these components, commensurate with
the importance of the component's function.
This
commitment satisfies the applicable guidelines in RO 1.29
and is acceptable. Therefore, DSER Outstanding Issue 3
is resolved.
In Section 3.2.2 of the DSER (SECY-91-153), the staff
reported a concern about the QG classification of the
containment spray piping, including the spargers,
within the outermost containment isolation valve. This
was identified as Outstanding Issue 1 in SECY-91-153.
SSAR Table 3.2-1, Item E1.4, classifies this piping as
SC 2 and QG B.
The staff agrees with these
classifications. However, SSAR Figure 5.4-10 originally
classified this portion of piping as SC 3 and QG C. In
response to Outstanding Issue 1, the SSAR, Figure 5.4-10,
Sheets 2 and 7, contains the classifications which agree
with those in Table 3.2-1. This is acceptable and resolved
DSER Outstanding Issue 1.
The reactor internal pump (RIP) recirculation motor
cooling subsystem is classified by GE as SC 2 and seismic
Category I. This subsystem is connected to the RIP motor
casing, which is classified as SC 1 and is part of the
RCPB. In response to a staff request for GE's basis for
the SC 2 classification, GE stated that in the event of a
postulated failure of the RMC subsystem piping, the small
annulus between the outside diameter of the RIP shaft and
the inside diameter of the stretch tube in the RIP assembly
acts as a flow restrictor to limit the flow of water from the
reactor pressure vessel to a low level. The reactor can be
shut down and cooled in an orderly manner, and reactor
coolant makeup can be provided by a normal make up
system (e.g., control rod drive (CRD) return or reactor
core isolation cooling (RCIC) system). Therefore, per
10 CFR 50.55a(c)(2), the RMC subsystem can be
classified as SC 2. This basis is acceptable.
The subject of safety and QG classification of the reactor
water cleanup (CUW) system has been included as a part
of several meetings between the Advisory Committee on
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Reactor Safeguards (ACRS), OB, and the staff. In the
SSAR Table 3.2-1 and Figure 5.4-12, "CUW System
P&ID," the piping up to and including the outermost
containment isolation valve is classified as Safety Class 1
and QO A. Beyond the outside isolation valve, the piping
is non-nuclear safety, non-seismic, but QO C.
In
accordance with the SSAR Table 3.2-3, QO C components
are designed to ASME Section HI, Subsection ND (ASME
Class 3) rules. Therefore, from the structural integrity
standpoint, this portion of the CUW piping is equivalent to
Safety Class 3. These criteria are consistent with the
acceptance criteria in SRP Section 5.4.8.H.3, and are
acceptable. The transition from QO A to C at the outside
isolation valve meets Position 2.c in RO 1.26, and is
acceptable because the two containment isolation valves in
this system are motor operated and are designed, qualified,
and tested in accordance with the criteria discussed in Sections 3.9.2.2, 3.9.3, 3.9.6.2.2, and 3.10 of this report.
The staff concludes that the QO classifications of all
pressure-retaining and non-piessiire-retaining SSCs
important to safety that are identified in SSAR Table 3.2-1
are in conformance with RO 1.26, and with staff positions
on previously licensed boiling-water reactor (BWR) plants
and are acceptable. Table 3.2-1, in part, identifies major
components in fluid systems (such as pressure vessels, heat
exchangers, storage tanks, pumps, piping, and valves) and
in mechanical systems (such as cranes, refueling platforms,
and other miscellaneous handling equipment). In addition,
SSAR P&IDs identify the classification boundaries or
interconnecting piping and valves. All of the above SSCs
are constructed in conformance with applicable ASME
Code and industry standards. Conformance to RO 1.26,
previous staff positions, and applicable ASME Codes and
industry standards provides assurance that component
quality will be commensurate with the importance of the
safety function of these systems. This constitutes the basis
for satisfying GDC 1 and is acceptable:

The importance factor provides basic wind speeds
associated with mean recurrence intervals of 100 and
25 years (annual probability of being exceeded equal to
0.01 and 0.04, respectively). The basic wind speed values
of the map in the ANSI/ASCE 7-88 Standard are for a
50-year mean recurrence interval (annual probability of
0.02). The standard recommends that the basic wind
speeds associated with a 100-year mean recurrence interval
be used for the design of buildings and other structures
where a high degree of hazard to life and property exists
and when these buildings or other structures are considered
to be essential facilities.
The guideline in SRP
Section 3.3.1, "Wind Loadings," refers to the design wind
speed as the 100-year return period fastest mile of wind.
Therefore, the use of importance factor of 1.11 is acceptable for the design of safety-related structures to result in
the basic wind speed of 197 km/hr (122.1 mi/hr) because
it accounts for the recurrence interval from 50 to
100 years.
An exposure category that adequately reflects the
characteristics of ground surface irregularities should be
determined for the site at which the building or structure
is to be constructed. Account shall be taken of large variations in ground surface roughness that arise from natural
topography and vegetation as well as constructed features.
In SSAR Appendix 3H, all seismic Category I structures
are specified to be assessed by exposure D which represents flat, unobstructed areas exposed to wind flowing over
large bodies of water. This is acceptable.
Therefore, all seismic Category I structures within the
ABWR standard plant that will be exposed to wind forces
are designed to withstand the effects of the design wind
thai has a velocity of 197 km/hr (122.1 mi/hr) and
exposure D.

The staff concludes that the ABWR plant design is
acceptable and meets the requirements of General Design
Criterion 2. This conclusion is based on the following:

3.3 Wind and Tornado Loadings
3.3.1 Wind Design Criteria
As described in SSAR Section 3.3.1 and Table 2.0-1,
Amendment 32, the basic wind speed is 177 km/hr
(110 mi/hr) at an .elevation of 10 m (33 ft) above grade
with a recurrence interval of SO years. This basic wind
speed is scaled by an importance factor (as defined in
ANSI/American Society of Civil Engineers (ASCE) 7-88,
"Minimum Design Loadings for Buildings and Other Structures") of 1.0 and 1.11, shown on SSAR Table 3.3-1, for
non-safety-related and safety-related structures, respectively.
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OE meets the requirements of GDC 2 with respect
to the capability of the structures to withstand
design wind loading so that their design reflects the
following:
(1) appropriate consideration for the SSAR
Table 2.0-1 basic design wind with an
appropriate margin;
(2) appropriate combinations of the effects of
normal accident conditions with the effects of
the natural phenomena; and
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(3) the importance of the safety function to be
performed.
GE has met the requirements of GDC 2 by using
ANSI/ASCE 7-88 and ASCE Paper 3269 to transform the
wind velocity into an effective pressure on structures and
to select pressure coefficients corresponding to the geometry and physical configuration of the structures.
The ABWR plant structures are designed with sufficient
margin to prevent structural damage during the design
basis wind loadings as described above so that the
requirements of Item 1 listed are met. In addition, the
design of seismic Category I structures, as required by
Item 2 previously listed, includes, in an acceptable
manner, load combinations that occur as a result of the
design basis wind load and the loads resulting from normal
and accident conditions.
The procedures used to determine the loadings on
structures induced by the design basis wind are acceptable
because they have been used in the design of conventional
structures and have been proven to provide a conservative
basis that ensures that the structures will withstand such
environmental forces. The use of these procedures
provides reasonable assurance that, in the event of
design-basis winds, the structural integrity of the plant
structures that have to be designed to be protected from
wind will not be impaired and, consequently, safety-related
systems and components located within these structures are
adequately protected and will perform their intended safety
functions, if needed, thus satisfying the requirements of
Item 3.
In SSAR Amendment 32, as a COL applicant action item,
GE added Section 3.3.3.3 and stated that all non-safetyrelated plant SSCs not designed for wind loads shall be
analyzed using the 1.11 importance factor or shall be
checked so that their mode of failure will not affect the
ability of safety-related SSCs performing their intended
safety functions. This was in response to the staffs
concern in the discussion of these related subjects after
issuing the DFSER. As a result of its review, the staff
concludes that the action meets the guidelines of SRP
Section 3.3.1 and is acceptable.
3.3.2 Tornado Design Criteria
In the DSER (SECY-91-1S3), the staff identified an open
item related to the maximum wind speed for the design
basis tornado (Outstanding Issue 4).
SSAR Section 3.3.2 specifies that all seismic Category I
structures exposed to tornado forces are designed to resist
a maximum tornado wind speed of 483 km/hr (300 mi/hr)
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and translational wind velocity of 97 km/hr (60 mi/hr).
This also implies a maximum tangential velocity of
386 km/hr (240 mi/hr). Also specified are a simultaneous
atmospheric pressure drop to 13.8 kPa (2.00 lbf/in ) at the
rate of 8.3 kPa/sec (1.201bf/iirVsec) and the radius of
maximum tornado is 45.7 m (150 ft). In SECY-93-087,
the staff recommended that the Commission approve its
position to employ a maximum tornado wind speed of
483 km/hr (300 mph) in the design of evolutionary and
passive ALWRs. In its SRM dated July 21, 1993, the
Commission approved the staffs position. On the basis of
this evaluation, the staff concludes that the ABWR design
meets the Commission-approved staff recommendation for
design basis tornado and is acceptable. This resolved Outstanding Issue 4 of the DSER (SECY-91-153).
2

The consideration of tornado loadings in the design of
seismic Category I structures is in accordance with Bechtel
Topical Report BC-TOP-3, "Tornado and Extreme Wind
Design Criteria for Nuclear Power Plants," which NRC
approved as a reference in plant applications. The
procedures used to transform the tornado wind velocity
into pressure loadings in BC-TOP-3 are similar to those
used for the design wind loadings discussed in
Section 3.3.1 of this report. The effects of tornado
missiles are determined using the procedures discussed in
Section 3.5 of this report.
The total effect of the design tornado on seismic
Category I structures is determined by appropriate
combinations of individual effects of the tornado wind
pressure, tornado wind drop, and tornado-associated
missiles. By using the maximum wind speed of 483 km/hr
(300 mph) and other associated parameters, the ABWR
design meets the guidelines of SRP Section 3.3.2. This is
acceptable.
By using BC-TOP-3, GE designed the ABWR plant
structures with sufficient margin to prevent structural
damage during the most severe tornado loadings determined to be appropriate for most sites. In addition, the
design of seismic Category I structures includes load
combinations involving tornado load and the loads resulting
from normal plant operation and accident conditions.

The procedures of ANSI/ASCE 7-88 and ASCE Paper
3269 to determine the tornado-induced loadings on
structures have been used in the design of conventional
structures for the most severe winds. They are based on
the performance of such structures, and are conservative.
Conservative load combinations, as discussed in SRP
Section 3.8.4, together with the conservative wind loading
assessment ensures that the structures designed in this
manner will withstand such severe environmental forces.
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The use of these procedures provides reasonable assurance
that, in the event of a design-basis tornado, the structural
integrity of the plant structures that have to be designed for
tornados will not be impaired and, consequently,
safety-related systems and components located within these
structures will be adequately protected to enable the
performance of their intended safety functions.

seismic Category I standards. The flood levels and
conditions are described in SSAR Table 2.0-1. OE
assumed maximum ground water and flood levels to be
61.0 cm (2 ft) and 30.5 cm (1 foot) below grade, respectively.
As discussed in SSAR Section 3.4.2 and
Table 2.0-1, GE did not consider dynamic force resulting
from flooding because the design flood elevation is
assumed to be below the plant finish grade.
OE
considered only the hydrostatic pressure caused by the
design flood water level, ground water, and soil pressures
in its analysis of the seismic Category I structures.
However, GE indicated that the seismic Category I SSCs
in the ABWR standard nuclear island were analyzed and
designed for the maximum hydrostatic and hydrodynamic
forces in accordance with the loads and load combinations
documented in SSAR Subsections 3.8.4.3 and 3.8.5.3. In
addition, GE also showed that the seismic Category I SSCs
are in a stable condition with respect to either moments or
uplift forces that result from the proper load combinations,
including the design basis flood. GE's approach for the
structural design against flooding complies with the guidelines of SRP Sections 3.7.2 and 3.8.4 and is acceptable.
Furthermore, GE identified exterior or access openings and
penetrations that will be below the design flood level in
SSAR Table 6.2-9.

In the DFSER, the staff discussed the COL applicant's
action to ensure that the collapse of non-seismic Category I
SSCs that are not designed for tornado loads, such as
coolingtowersor stacks outside the nuclear island, will not
endanger seismic Category I SSCs, and that site-dependent
effects of blast loads will be less than those of design
tornado pressures or provide justification for any deviations. This was DFSER COL Action Item 3.3.2-1. In
response, in SSAR Amendment 33, OE revised Section 3.3.3.4 (formerly Section 3.3.3.3) and stated, as a
COL applicant action item, that all remaining plant SSCs
not designed for tornado loads shall be analyzed for the
site-specific loadings to ensure that their mode of failure
will not affect the ability of the seismic Category IABWR
standard plant SSCs to perform their intended safety
functions. This is acceptable. On the site-dependent blast
loads, as a COL applicant action item, OE stated in SS AR
Section 2.3.2.S that if the site-dependent blast loads are
larger than those of design tornado pressures, all load
combinations should be changed accordingly. This addresses the concern of site-dependent blast loads by meeting
RO 1.91 and is also acceptable.

3.4

Water Level (Flood) Design

3.4.1 Flood Protection
The staff reviewed the ABWR flood design in accordance
with SRP Sections 3.4.1 and 3.4.2 to ensure conformance
with the requirements of GDC 2 and 10 CFR Part 100,
Appendix A, "Seismic and Geologic Siting Criteria for
Nuclear Power Plants," Section IV(c), as related to
protecting structures, systems, and components (SSCs)
important to safety from the effects of floods and investigating seismically-induced floods and water waves. The
review addressed the overall plant flood protection design,
including safety-related SSCs whose failure as a result of
flooding could prevent safe shutdown of the plant or result
in uncontrolled release of radioactivity.
SSAR Section 3.4.1 discusses the flood protection
measures that are applicable to the standard ABWR plant
seismic Category I SSC for both external flooding and
postulated flooding from plant component failures. The
reactor and control buildings are designed to seismic
Category I standards. In addition, portion of the radwaste
building that is below plant grade is also designed to

Safety-related systems and components that may be
affected by external floods are protected either because of
their location above the design flood level or because they
are enclosed in reinforced concrete seismic Category I
structures that have a wall thickness of not less than 0.6 m
(2 ft) for portions of the structures below the flood level.
The structures are provided with waterproof coating up to
8 cm (3 in.) above the plant ground grade level, water
stops in all construction joints below flood level, watertight
doors and penetrations installed below design flood level,
and roofs designed to prevent pooling of large amounts of
water in accordance with RG 1.102, "Flood Protection for
Nuclear Power Plants." In addition, below-grade tunnels
are designed with interconnecting seals such that the tunnel
structural walls do not penetrate exterior building walls.
In the DSER (SECY-91-235), the staff identified an open
item regarding the lack of information on how safetyrelated buildings will withstand the effects of standing
water on the roofs (Outstanding Issue 5). In Appendix 3H
to the SSAR, GE stated that the design rainfall is
493 mm/sq. km/hr (19.4 in./sq mile/hr), and the roof of
the seismic Category I structures is to be designed to have
such parapet heights that would prevent excessive ponding
of water. This design rainfall together with the drainage
system and suitable parapet design form a reasonable basis
to conclude that there will be no roof overloading. This is
acceptable, and DSER Outstanding Issue 5 is resolved.
Furthermore, on the basis of the evaluation of the plant
layout drawings in SSAR Section 1.2, the staff concludes
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that all the safety-related systems and components located
inside seismic Category I structures are protected from
ground water seepage and external floods and meet the
guidance of SRP Section 3.4.1.
OB analyzed compartment flooding from postulated
component or system failures separately for the reactor,
control, radwaste, service, and turbine buildings. GE
considered single failure of an active component for
compartment flooding.
GE analyzed the failure of
moderate-energy piping larger than 2.54 cm (1-in.)
diameter in accordance with ANSI/ANS S6.ll "Standard
Design Criteria for Protection Against the Effects of
Compartment Flooding in Light Water Reactor Plants,"
and Crane Co. Technical Paper 410, 1973, "Flow of
Fluids Through Valves, Fittings, and Pipe." GE did not
consider the effect of drain sump pump operation. In the
DSER (SECY-91-235), the staff noted GE's position that
high-energy line breaks (HELBs) inside the main steam
tunnel (MST) were excluded from evaluation because this
area will be instrumented for detection of leaks before a
line break occurred. The staff stated that an LBB analysis
should use plant-specific data such as piping geometry,
materials, fabrication procedures, and pipe support
locations (LBB is discussed in Section 3.6.3 of this report).
In a meeting with the staff on May 5, 1992, GE committed
to removing references to LBB from the SSAR. This was
DFSER Confirmatory Item 3.4.1-1.
In SSAR
Amendment 34, GE removed all references to LBB from
SSAR Section 3.4.1. The staff reviewed the SSAR and
concluded that Appendix 3F of the SSAR that discussed
LBB bad been deleted as agreed. DFSER Confirmatory
Item 3.4.1-1 is, therefore, resolved.
I
GE provided the results of a flooding analysis for the
reactor building (KB). The analysis identified flooding
hazards on a floor-by-floor basis and identified features
used to ensure that multiple divisions of safety-related
equipment will not be adversely affected as a result of an
internal flood. The primary means of protection include
divisional separation, elevation differences, and placing
safety-related equipment on raised pads. Flooding in
multiple divisions located below plant grade is prevented
by the use of watertight doors and penetrations between
divisions. Flooding above plant grade is directed to the
building basement via stairways, elevator shafts, and
drains. Additional features used to limit flood effects to
one division include:
(1)

divisional flood walls at the -8200 mm
(-26 ft-10 7/8 in.) elevation of the control and
reactor buildings are 0.6 m (24 in.) or thicker,
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(2)

doors and penetrations rated as 3-hour fire barriers
are assumed to prevent water spray from crossing
divisional boundaries,

(3)

floors are assumed to prevent water seepage to
lower levels,

(4)

penetrations between floors for pipe, cable, HVAC
duct, and other equipment will be designed to
prevent water seepage to lower elevations from
200 mm of standing water through the use of seals
or curbs,

(5)

equipment access hatches shall prevent water
seepage to lower elevations from 200 mm (8 in.) of
standing water. Hatches to filter/demineralizer
compartments may not be required to prevent water
seepage,

(6)

water from a pipe break is assumed to flow under
non-watertight doors and spread evenly over the
available areas. Water sensitive safety-related
equipment is raised 200 mm (8 in.) above the floor.
The depth of water is limited to less than 200 mm
by using available floor space and limiting the
volume of water sources. As mentioned earlier,
floor drains, stairways, and elevator shafts provide
drain paths to the building basements.

A compliance review will be conducted of the as-built
design against the assumptions and requirements that are
the basis of the flood analysis in SSAR Section 3.4.1 and
SSAR Appendix 19R. The* results of this review will be
documented in a Flood Analysis Report and will include an
assessment and disposition of any non-compliances found
between the as-built facility and the design information.
The criterion for determining the appropriate disposition of
any non-compliances will be that the as-built facility
conforms to the design criteria and flood protection
characteristics in the original analysis.
GE also provided the results of a flood analysis for the
control building. Both the staff and the Advisory
Committee on Reactor Safeguards (ACRS) raised concerns
regarding flood protection for the main control room as a
result of a pipe break in the MST and as a result of a pipe
break in the portion of the reactor service water (RSW)
system in the control building.
GE stated that the greatest flood hazard in the MST occurs
as a result of a feedwater line break. The amount of water
associated with the break will be limited by manually
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closing the feedwater isolation valves. The water in the
MST will collect in the large cavity at the RB end of the
tunnel; any overflow from the cavity will flow to the
turbine building. There are no openings or penetrations
between the MST and the control building to provide a
path for water to enter the control building from the MST.
This ensures that the control building is protected from
flooding as a result of pipe failures in the MST. In the
DFSER, the staff noted this to be acceptable subject to
inclusion of this information in the SSAR. This was
DFSER Confirmatory Item 3.4.1-2. OB has included this
information in the SSAR. On the basis of this evaluation,
DFSER Confirmatory Item 3.4.1-2 is resolved.
The control room area sits on a raised floor. The outside
wall of the control room complex is sealed to prevent
water in the corridor from entering the control room.
Drinking water and bathroom facilities are the only sources
of water inside the control room. Fire hoses and
standpipes are located in the corridors.
The evaluation of control building flooding included events
that may result from the failure of fire protection systems.
Flow of the water supplied from the failure of these
systems to the control areas will be prevented by diverting
the water to the building basement and by locating safetyrelated equipment in the building basement at least 400 mm
above the basement floor. Safety-related equipment on
higher levels are raised at least 200 mm (8 in.) above the
floor.
Fire-fighting activities inside the control room will
introduce water into this area. Because the control room
is continuously manned, it is expected that Ares inside the
control room will be identified and quickly extinguished,
thus limiting the amount of water which will accumulate.
Water will either collect in the control room subfloor and
drain to the building basement or flow out into the
hallways, down stairways and elevator shafts, and to the
building basement. The staff expects that minimal damage
to safety-related operations will occur due to the limited
volume of water generated and the collection and diversion
of the water.
GE also addressed control building flooding as a result of
an RSW failure. A break in the RSW line inside the
control building will allow water from the open cycle
water source to flood the control building. The three
redundant divisions of RSW supply cooling water to the
reactor building cooling water (RCW) system heat
exchangers located in the control building basement. Any
flooding from sources above the basement that could
adversely affect safe-shutdown equipment will be directed
through floor drains, stairways, and elevator shafts to the
basement. Each division is physically separated by

watertight doors, is equipped with a sump pump, and
contains two sets of safety-grade level sensors in a
two-out-of-four logic. The first (lower) set will alarm to
alert the control room operator of the presence of
excessive water in the room. The second set of sensors
will inform the control room operator that a serious flood
situation exists in the RCW/RSW room. In addition, these
high-level sensors will trip the RSW pump and close the
isolation valves for the affected division. As a result, a
maximum of ~ 5 m (~ 16.4 ft) of water will collect in a
divisional room. This amount of water will be contained
in the affected divisional room and will not adversely
affect the safety function of the redundant divisions of the
RCW and RSW. This analysis demonstrates that the
safety-related equipment is adequately protected from the
effects of a pipe break in the RSW system. In the
DFSER, the start noted that this evaluation was acceptable
subject to its inclusion in the SSAR. This was DFSER
Confirmatory Item 3.4.1-3. The SSAR now includes this
information, and Confirmatory Item 3.4.1-3 is resolved.

The radwaste building contains no safety-related equipment
and is isolated from the other plant structures with the
exception of a tunnel which connects the reactor, control,
turbine, and radwaste buildings. Liquid radwaste from
these buildings is transferred to the waste processing
system via lines running through this tunnel. The tunnel
is sloped and connects to the turbine building at elevation
8,800 mm (28 ft-7/8 in.), the radwaste building at
-1,500 mm (4 ft-11 in.), and the reactor and control
buildings at -8,200 mm (-26 ft-10 7/8 in.). All ends of the
tunnel are sealed to protect safety-related equipment from
flooding which may originate in another building. All
penetrations are designed to withstand the maximum
expected hydrostatic and hydrodynamic loads. SSAR
Subsection 3.12.3 provides design requirements for this
tunnel and any other non-safety-grade tunnels that may be
used in the ABWR design. Tunnel design includes
provisions for water tightness, accessibility, leak detection,
and water removal. Failure of the tunnel will not
adversely effect the ability to bring the plant to a safeshutdown condition and will not damage the seals at the
interface with buildings housing safety-related equipment.

SSAR Subsection 3.12.2 provides design requirements for
safety-related tunnels. These tunnels will:

(1)

meet the applicable requirements regarding seismic,
flood, fire, and environmental conditions,

(2)

be routed independently or through separate
compartments to assure divisional separation,
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(3)

withstand both hydrostatic and hydrodynamk
•Heels from pipe breaks. Provisions for pressure
relief shall be included as necessary,

(4)

ensure the integrity of the piping penetrations at
interfacing buildings underrtosignconditions,

(5)

allow periodic inspection of piping, cables, and
penetrations,

(6)

include provisions for leak detection and water
removal,

(7)

prevent unauthorized access to the tunnel,

(8)

include provisions for preventing fuel oil from
accumulating near structures housing safety-related
equipment.

included mis information in the SSAR. Therefore, Open
Item 3.4.1-1 is resolved.
As discussed in SSAR Section 10.1, safety-related
instrumentstion is provided in the turbine building to detect
the fast closure of the turbine main steam stop and control
valve oil pressure, stop valve position, turbine first-stage
pressure, and main condenser pressure.
This
instrumentation is designed to fail safe should it be
damaged due to fire, flood, missiles, or pipe failures. The
staff finds this acceptable.
SSAR Table 3.4-1 provides details about access openings
between buildings. All penetrations and access ways
below flood level are watertight and designed to withstsnd
the maximum hydrostatic loads.

The service building ia a non-seismic concrete structure,
does not house any safety-related equipment, and provides
access tunnels to the reactor, control, and turbine
buildings. The access corridors below plant grade which
lead info buildings that house safety-related equipment have
watertight doors to prevent seepage into the corridors.
The service building has floor drains and two sumps to
collect and transfer flood water.
In the DFSBR, the staff stated that OE had not included an
analysis of flooding in the turbine building and its potential
effecta on safety-related equipment. The staff requested
that OE provide a flood analysis to characterize the nature
of the hazards and the design features to protect safetyrelated equipment from flooding in the turbine building.
This was DFSER Open Item 3.4.1-1. Subsequently, OE
provided a flood analysis for the turbine building. The
major flood hazards in the turbine building occur as a
result of a failure in the circulating water system (CWS) or
the turbine service water system (TSW). Both of these
systems are open-cycle systems. The CWS, because of its
larger capacity, is the bounding hazard. Leak detectors in
the condenser pit will alert the control room and automatically isolate the CWS on indication of building flooding.
TSW has no automatic isolation function because any
flooding resulting from a break in this line will be slow
enough for operators to manually shut down the system on
a flood alarm. A failure in either of these lines can result
in flooding of the building up to grade. A non-watertight
truck door at grade level will allow release of the flood
water onto the ground. As was stated earlier, the tunnel
connecting the radwaste, reactor, and turbine buildings is
sealed to prevent water from entering the RB. The staff
finds the design to be an acceptable means to protect
safety-related SSCa from the effects of flooding ss s result
of pipe failures in the turbine building. OE has also
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In the DSER (SECY-91-235), the staff identified a need
for an interface requirement to provide a flood analysis for
structures outside the ABWR design scope that house
safety-related equipment (Outstanding Issue 6). Upon
further evaluation, the staff determined that it is sufficient
to identify s COL action in the SSAR for the COL
applicant to provide this information because the
information is plant-specific and is not needed for design
certification. This issue was reclassified as COL Action
Item 3.4.1-1 in the DFSER.
SSAR Section 3.4.3.3
provides this information. This is acceptable and resolved
DSER Outstanding Issue 6.
Based on the above review of the information provided in
the SSAR, the staff concludes that safety related equipment
and instrumentation housed in the reactor, control, and
turbine buildings is adequately protected from the effects
of both internal and external flooding and meets the
requirements of ODC 2.
The COL applicant is responsible for identifying external
flood and precipitation hazards beyond those assumed in
the ABWR flood analysis. With this, the applicant
referencing the ABWR design will be able to identify sitespecific flood hazards and provide measures to protect
safety-related equipment from these hazards. This will
meet the requirements of 10 CFR Part 100, Appendix A,
Section IV(c), regarding the required investigation for
seismicsily-induced floods and water waves.
OE originally submitted the design descriptions and the
inspections, tests, analyses, and acceptance criteria
(TTAAQ for the in-scope structures. These include
verifications related to flood protection. During the
preparation of the DFSER, the staff review was in
progress.
This was DFSER Open Item 3.4.1-2.
Subsequently, GE provided revised design descriptions and
ITAAC. The adequacy and acceptability of the design
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description and the ITAAC are evaluated in Section 14.3
of this report. Therefore, DFSBR Open Item 3.4.1-2 is
resolved.

the design of seismic Category I structures includes, in an
acceptable manner, load combinations that occur as a result
of the most severe flood or ground-water-related loads and
the loads resulting from normal and accident conditions.

The staffs flood protection review included all systems
and components whose failure could prevent the safe
shutdown of the plant and maintenance thereof or result in
significant uncontrolled release of radioactivity. Prom this
review of the applicant's design criteria, design bases, and
safety classification for safety-related SSCs necessary tor"
a safe plant shutdown during and following the flood
condition from either external or internal causes, the staff
concludes that the design of the facility for flood protection
conforms to the Commission's regulations as set forth in
GDC 2 and 10 CFR Part 100 Appendix A with respect to
protection of SSCs important to safety from the effects of
floods, tsunamis, and seiches.
The staff concludes that the design provides adequate
protection against floods and the effects of floods, meets
the guidelines of SRP Section 3.4.1 and the requirements
of ODC2 as it relates to flood protection, and is,
therefore, acceptable.
3.4.2 Water Level (Flood) Design Procedure
OB identified the design-basis flood elevation to be up to
30.5 cm (1 ft) below grade and the design-basis ground
water level to be up to 61.0 cm (2 ft) below grade for the
ABWR standard plant structures.
OB performed
calculations to determine the hydrostatic pressure and the
hydrodynamic forces (as a result of earthquakes) on the
structures that would result from these levels in combination with other loads as specified in the SSAR for structures. The staff finds that OE's calculations were
performed using load combinations that are consistent with
those specified in SRP Section 3.8.4 and meet the requirements of GDC 2. The staff evaluation for the design of
the seismic Category I structures against the hydrostatic
and hydrodynamic forces resulting from design-basis
ground water during an earthquake is also provided in Section 3.4.1 of this report.
The staff concludes that the plant design on the basis of the
specified water level is acceptable.
By limiting the design-basis flood elevation to 30.5 cm
(1 ft) below grade and the design-basis ground water level
to 61.0 cm (2 ft) below grade in the design of plant
structures, and by employing the load combinations
specified in SSAR Sections 3.8.4.3 and 3.8.5.3, the
ABWR design provides sufficient margin to prevent
structural damage that is due to the most severe flood or
ground water and the associated dynamic effects that were
determined appropriate for the flood levels. In addition,

Because the bounding flood elevation for the ABWR is
below plant grade, OB considered only the hydrostatic
force in determining the loadings on sjismic Category I
structures. This method of calculating loads is consistent
with that of SRP Section 3.4.2 and provides a conservative
basis that, together with other engineering design
considerations, such as combination of flood loads with
other loads, and consideration of floatation as indicated in
Section 3.8.5 of this report, ensures that the structures will
withstand such environmental forces.
To meet the requirements of GDC 2 and Appendix A to
10 CFR Part 100, and the guidelines of SRP Section 3.4.1,
the COL applicant should provide a specific description of
its site and the elevations for all safety-related structures,
exterior accesses, equipment, and systems, from the
standpoint of hydrologies! considerations and flood history
(including date, level, peak discharge, and related
information for major historical floods in the region of the
site). To determine water level for the site, the COL
applicant should consider the following factors, if
applicable:
•
•
•
•

probable maximum precipitation
runoff and stream-course models
maximum flood flow
coincident wind-wave activity

In the DFSER, the staff noted that the COL applicant
should also demonstrate in its plant-site-unique application
that all the seismic Category I structures either will be
protected against flood damage or will not be subject to
damaging flooding. Hydrostatic and hydrodynamic effects
of the flood should be considered and described for all
postulated design flood levels for the conditions set for the
future site as previously outlined. This was DFSER COL
Action Item 3.4.2-1. SSAR Section 2.3.2 states that the
COL applicant shall provide identification and description
of all differences from SRP Section II, "Acceptance
Criteria," for site characteristics (as augmented by SSAR
Table 2.1-1). Also, SSAR Sections 2.3.2.11 through
2.3.2.13 identify the COL actions related to plant-specific
hydrologic description, floods, and probable maximum
flood on streams and rivers. These address the staffs
concern and are acceptable.
The staff finds that the ABWR flood design provides
reasonable assurance that, in the event of floods or high
ground water level, the structural integrity of the plant
seismic Category I structures will not be impaired and,
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conaequently, seismic Category 1 •yatemi and component!
located within these atructuret will be adequately protected
and will be expected to perform neceaaary safety function*,
as required.

3.5 Missiles
3.5.1 Missile Selection and Description
Seismic Category I structures have been analyzed and
designed to be protected from a wide spectrum of missiles
(e.g., missiles from rotating and pressurized equipment,
gravitational missiles, and missiles generatedfromtornado
winds).
Once a potential missile i§ identified, its statistical
significance is determined (a significant missile is one
which could cause unacceptable consequences or violate
the guidelines of 10 CFR Part 100).
If the probability of occurrence of a missile (P ) is less
than If/ per year, the missile is not considered significant.
If P| is greater than 10" per year, the probability that it
will impact a significant target (P2) is determined. If the
product of these probabilities (P x P2) is leas than
10" per year, the missile is not considered significant. If
the above product is greater than 10" per year, the
probability of significant damage (P ) is determined. If the
combined probability (P x P x P ) is less than
10~ per year, the missile is not considered significant.
Finally, if the above combined probability is greater than
10* per year, missile protection of safety-related SSCs is
provided by one or more of the following:
t

3.3.1.1 Internally-generated
Containment)

missiles

(Outside

The staff reviewed the ABWR design for protecting SSCs
important to safety against internally-generated missiles
outside the containment in accordance with SRP
Section 3.5.1.1. Specifically, the review included the
missile-protection design features for the SSCs whose
failure could prevent safe shutdown of the facility or result
in significant uncontrolled release of radioactivity. The
SRP acceptance criteria specify that the design meet
GDC 4, "Environmental and Dynamic Effects Design
Bases* as it relates to protecting the SSCs outside the
containment against the effects of missiles that can be
internally generated during facility operation, and
RG 1.115, "Protection Against Low-Trajectory Turbine
Missiles," Revision 1. The staffs review of turbinegenerator analyses is provided in Section 3.5.1.3 of this
report.
The review included all areas outside the
containment that are within the scope of the ABWR
design.

7

7

t

7

OE evaluated potential internally-generated missiles
resulting from failure of the plant equipment within the
nuclear island and located outside the containment.
Potential missiles are categorized into two groups:

7

3

t

2

(1)

potential missiles that could result from the failure
of rotating equipment such as the main turbine,
reactor core isolation cooling (RCIC) turbine,
pumps, fans, blowers, diesel generators, and
compressors

(2)

pressurized high-energy fluid system components
considered potential missile sources, including valve
bonnets, stems, pressure vessels, thermowells,
retaining bolts, and Mowout panels

3

7

7

(1)

locating the system or component in a missile-proof
structure,

(2)

separating redundant systems or components for the
missile path or range,

(3)

providing local shields and barriers for systems and
components,

(4)

designing the equipment to withstand the impact of
the most damaging missile,

GE also performed probability calculations for certain
rotating equipment and pressurized components to identify
qualifying missiles. Piping failures were not included as
sources of potential internally-generated missiles because
the whipping section remains attached to the remainder of
the pipe. The dynamic effects associated with this type of
break are addressed in Section 3.6 of this report.

(5)

providing design features to prevent the generation
of missiles,

SSCs important to safety are protected frorr internallygenerated missiles by

(6)

orienting missile sources to prevent missiles from
striking equipment important to safety.

•

placing them in individual missile-proof enclosures

•

providing localized protective shields and barriers

•

physically separating redundant components to prevent
damage from a missile

The SS AR identified the design and operational criteria for
missile protection as well as the systems requiring missile
protection.
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•

result, this equipment is protected from a missile ejected
from the turbine-generator. Therefore, the staff concludes
that the ABWR design meets the guidelines of RO 1.115
and the requirements of ODC 4.

orienting missile sources to prevent unacceptable
consequences of missile generation

The adequacy of structures, shields, and barriers provided
for missile protection is evaluated in Section 3.S.3 of this
report.
All electrically-powered rotating equipment such as pumps
and fans are ac powered and their speeds are governed by
an ac power supply. Since the ac power supply frequency
variation is limited to a narrow range, this rotating equipment is unlikely to attain an overspeed condition. Fan
Made casings are designed with sufficient thickness so that
a fan blade breaking off at rated speed will not penetrate
the fan casing. OB submitted PED-18-0389, a proprietary
missile generation study, which provides the details of the
methodology used to ensure that safety-related SSCs will
be protected from missiles that may be generated from
rotating equipment. On the basis of the information
provided in the study, the staff finds this methodology to
be an acceptable means of protecting safety-related SSCs
from missile damage.
Valve bonnets have sufficient design safety factors (based
on the ultimate strength of the materials) to prevent them
from becoming credible missiles. Valve stems have design
features such as stem threads and backseats to prevent their
ejection. Nuts, bolts, nut and bolt combinations, and nut
and stud combinations have insufficient stored energy to
require missile-protection analysis. GE analyzed the
thermowells and concluded that their maximum ejection
velocity was insufficient to damage safety-related systems.
Blowout panels are restrained by hinges to prevent the
panels from becoming credible missiles. Air bottles are
located, oriented, and restrained so as to prevent them
from becoming missiles.

In the DSER (SECY-91-153), the staff stated that GE did
not describe the means by which safety-related systems
will be protected from missiles generated by non-safetyrelated components (Outstanding Issue 6). To address the
staffs concern, GB stated (in response to request for
additional information (RAI) Q410.9) that no local barriers
or shields outside the containment will be used for
mitigating missile effects. For non-safety-related components,no local shields and barriers will be required. Nonsafety-related components are arranged in such a way that
any missile-generating component will not cause the failure
of more than one division of safety-related equipment. On
the basis of GE's responses, which described die physical
arrangement of equipment, the staff considered, in the
DFSER, the chance of more than one division of a safetyrelated system being struck by missiles generated by nonsafety-related components to be extremely low, and
considered GE's resolution to this concern acceptable.
This resolved DSER Outstanding Issue 6.
As discussed in SSAR Section 10.1, safety-related
instrumentation is provided in the turbine building to detect
the fast closure of the turbine main steam stop and control
vah'e oil pressure, stop valve position, turbine first-stage
pressure, and main condenser pressure.
This
instrumentation is designed to fail safe should it be
damaged due to fire, flood, missiles, or pipe failures. The
staff finds this acceptable.

OB states that adequate physical separation is provided
between redundant trains for all safety-related systems.
Further, each safety-related system is contained in its own
room of a seismic Category I building. The walls, floor,
and ceiling of this room act as the missile barrier or shield
for the safety-related components in the room, protecting
these components from missiles generated outside the
room. Also, stored spent fuel is protected from internallygenerated missiles because no high-energy piping systems
or rotating machinery are in its vicinity.

In the DFSER, the staff noted that the COL applicant
should provide design details of all pressurized gas bottles
as well as details of missile protection features for SSCs
that are outside of the ABWR scope. This was DFSER
COL Action Item 3.5.1.1-1. SSAR Section 3.5.1.1.2.2,
subsection (3), provides design guidance to ensure that the
pressurized gas bottles will not become the source of
missiles. This is acceptable.

SSAR Section 3.5.1.1.1.3 and SSAR Figure 3.S-2 provide
information that shows the orientation of the turbinegenerator in relation to the in-scope buildings which house
safety-related equipment and identifies the low-trajectory
missile strike zone. On the basis of this information, the
staff concludes that no safety-related equipment is located
within the turbine-generator missile strike zone. As a
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In the DSER (SECY-91-153), the staff incorrectly
identified Outstanding Issue 5 related to the use of
induction motors. This was deleted in the DFSER.
Verification of adequate separation of redundant divisions
of safety-related systems ensures that these systems will
not be rendered inoperable as a result of an internallygenerated missile outside of containment. In the DFSER,
this verification was identified as Open Item 3.5.1.1-1.
Subsequently, GE submitted design descriptions and
ITAAC for the buildings within the ABWR design scope.
These include verifications related to missile protection for
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Fan blade casings are designed with sufficient thickness so
that a fan blade breaking off at rated speed will not
penetrate the fan casing. GE submitted PDE-18-0389, a
proprietary missile generation study, which provides the
details of the methodology used to ensure that safetyrelated SSCs will be protected from missiles that may be
generated from rotating equipment. On the basis of the
information provided in the study, the staff finds this
methodology to be an acceptable means of protecting
safety-related SSCs from missile damage.

safety-related SSCs. The adequacy and acceptability of the
design description and ITAAC are evaluated in
Section 14.3 of this report. On the basis of the above,
DFSER Open Item 3.5.1.1-1 is resolved.
The review of possible effects of internally generated
missiles (outside containment) included SSCs whose failure
could prevent safe shutdown of the plaiat or result in
significant uncontrolled release of radioactivity. From its
review of the SSAR design bases and criteria for safetyrelated SSCs necessary to maintain a safe plant shutdown,
the staff concludes that, on the basis of the foregoing
evaluation of separation ofredundantdivisions, the SSCs
will be protected from internally generated missiles
(outside containment). Therefore, the ABWR design for
protecting SSCs from internally generated missiles outside
the containment meets the guidelines of SRP Section 3.5.1.1 and the dynamic effect design bases
requirements of GDC 4 and is acceptable.
3.5.1.2 Internally-generated
Containment)

missiles

(Inside

The staff reviewed the design of the facility for protecting
SSCs important to safety against internally-generated
missiles inside the containment in accordance with SRP
Section 3.5.1.2. Specifically, the review included missileprotection design features for the SSCs whose failure could
prevent safe shutdown of the facility or result in significant
uncontrolled release of radioactivity. The SRP acceptance
criteria specify that the design must meet GDC 4,
"Environmental and Dynamic Effects Design Bases," as it
relates to protecting the SSCs against the effects of missiles
that can be generated inside the containment during facility
operation.
GE evaluated potential internally-generated missiles
resulting from plant equipment and component failures
within the containment structure. The potential missiles
identified by this analysis were categorized into three
groups: missiles generated by rotating equipment (e.g.,
pump impellers, compressors, and fan blades), missiles
generated by pressurized components (e.g., valve bonnets,
thermowells, nuts, bolts, studs, valve stems, and
accumulators), and gravitational missiles.
GE's analysis of failures of rotating equipment indicates
that the equipment design prevents such equipment from
becoming a source of potential missiles. Pumps are
unlikely to achieve an overspeed condition.
All
electrically-powered rotating equipment such as pumps and
fans are ac powered and their speeds are governed by an
ac power supply. Since the ac power supply frequency
variation is limited to a narrow range, this rotating
equipment is unlikely to attain an overspeed condition.
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GE stated in SSAR Section 3.5.1 that missiles generated
by rotating equipment will be contained by the equipment
housing. In the DFSER, the staff noted" that GE should
provide design information supporting this assertion or
clearly state that this information will be provided by the
COL applicant. This was DFSER Open Item 3.5.1.2-1.
Subsequently, GE submitted the proprietary missile
generation study previously discussed, which clarifies
GE's approach to containment of missiles generated by
rotating equipment. In addition, GE included this study as
a reference in the SSAR Section 3.5.5. On the basis of
the information provided in the study, the staff found this
methodology an acceptable means of protecting safetyrelated SSCs from missile damage; therefore, DFSER
Open Item 3.5.1.2-1 is resolved.
Pressurized components and equipment such as valve
bonnets, valve stems, nuts, bolts, nut and bolt combinations, nut and stud combinations, thermowells, and
blowout panels inside the containment are not considered
credible missiles for the same reasons as stated in
Section 3.5.1.1 of this report (e.g., design features or
insufficient stored energy). Automatic depressurization
system (ADS) accumulators are moderate energy vessels
and are not considered as credible missile sources.
Fine motion control rod drive mechanisms under the
reactor vessel are not credible missiles because the
housings are designed to prevent any significant nuclear
transient in the event of a drive housing break.
Specifically, the pressure boundary containing the fine
motion control rod drive mechanisms, including the bolted
flange connections, will be stressed below the ASME Code
limits and will meet all code requirements. To prevent
control rod drop accidents, internal restraints will be
provided to support the fine motion control rod drive
housing in the event the housing-to-nozzle weld or the
housing fails.
GE evaluated the potential for gravitational missiles inside
the containment.
Non-safety-related components are
seismically supported to prevent their collapse during an
SSE. These components include all cable trays for both
Class IE and non-Class IE circuits as well as non-
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In the DSER (SECY-91-153), the staff stated that credible
secondary missiles (concrete fragments) resulting from the
impact of primary missiles on containment structures
should be addressed in an interface requirement
(Outstanding Issue 7). In the DFSER, the staff noted that
this issue should be addressed as part of the ITAAC
program. However, as a result of further evaluation, the
staff determined that the protection of safety-related SSCs
from secondary missiles is addressed as part of the
evaluation in Section 3.5.3 of this report. Thus, DSER
Outstanding Issue 7 is withdrawn and resolved.

Class IE conduits and non-safety-related piping that could
be potential hazards to safety-related equipment. Also,
equipment undergoing maintenance either will be removed
during operation or will be seismically restrained to
prevent it from becoming a missile. This was DFSER
COL Action Item 3.5.1.2-1. SSAR Section 3.5.4.6 states
that the COL applicant will provide these procedures.
This is acceptable.
In the DFSER, the staff noted that the COL applicant
should provide procedures ensuring that equipment
undergoing maintenance will be removed from containment
during operation or will be seismically restrained to protect
it from becoming a missile. This was DFSER COL
Action Item 3.5.1.2-1. In responding to this comment,
SSAR Section 3.5.4.6, states that the COL applicant will
provide procedures to ensure that all equipment inside
containment that is required during maintenance will either
be removed prior to operation, moved to a location where
it is not a potential hazard to safety-related equipment, or
seismically restrained to prevent it from becoming a
missile. This is acceptable.

As mentioned in SSAR Section 10.1, safety-related
instrumentation is provided in the turbine building to detect
the fast closure of the turbine main steam stop and control
valve oil pressure, stop valve position, turbine first-stage
pressure, and main condenser pressure.
This
instrumentation is designed to fail safe should it be
damaged due to fire, flood, missiles, or pipe failures. The
staff finds this acceptable.

As discussed in SSAR Section 3.6.1, redundant divisions
of safety-related equipment inside containment are
physically separated to the extent practicable to maintain
independence in order to prevent loss of safety function
due to a single pipe break event. Specifically, redundant
divisions of safety-related equipment are widely spaced
around containment.
A high-energy line separation
analysis (HELSA) is used to determine which high-energy
lines meet the spatial separation requirements. Although
the HELSA evaluation is performed to determine if safetyrelated systems and components are adequately protected
from the effects of pipe breaks, it is also helpful in
determining if adequate protection is provided for these
systems and components from missiles which may be
generated inside containment.
As part of this evaluation, safety-related systems and
components which are more than 9.14 m (30 ft) from any
high-energy lines are considered as meeting the spatial
separation requirements. Safety systems and components
which are less than 9.14 m (30 ft) from high-energy piping
are evaluated to see if damage could occur to more than
one division. If damage can occur to only one division of
safety-related systems, the requirement for separation of
redundant equipment is met. If more than one division can
be damaged by high-energy piping, barriers, shields, and
enclosures will be utilized to protect safety systems and
equipment. Based on this information regarding protection
of safety systems and components from pipe failures, the
staff concludes that this approach is equally effective in
protecting these systems and components from missiles
generated inside containment.

As a result of review of this information, the staff
concludes that safety-related equipment is adequately
protected from missiles that may be generated inside
containment since each redundant division of safety-related
systems is housed in its own separate missile-proof
enclosure. Therefore, the requirements of GDC 4 are met.
Verification of adequate separation of redundant divisions
of safety-related systems ensures that these systems will
not be rendered inoperable as a result of an internallygenerated missile inside of containment. In the DFSER,
this verification was identified as Open Item 3.5.1.2-2.
Subsequently, OE submitted design descriptions and
ITAAC for the buildings within the ABWR design scope.
These include verifications related to missile protection for
safety-related SSCs. The adequacy and acceptability of the
design description and ITAAC are evaluated in
Section 14.3 of this report, therefore, DFSER Open
Item 3.5.1.2-2 is resolved.

The review of possible effects of internally generated
missiles (inside containment) included SSCs whose failure
could prevent safe shutdown of the plant or result in
significant uncontrolled release of radioactivity. Based on
the review of the SSAR design bases and criteria for
safety-related SSCs necessary to maintain a safe plant
shutdown, the staff concludes that the SSCs to be protected
from internally-generated missiles (inside containment)
meet the requirements of GDC 4.
The staff concludes that the ABWR design for protecting
SSCs from internally generated missiles inside the containment meets the guidelines of SRP Section 3.5.1.2 and

3-23

NUREG-1503

Design of Structures, Components, Equipment, and Systems
the dynamic effect design bases requirements of GDC 4
and is acceptable.

In previous reviews of the probability calculation, the staff
found that the mathematical models that were used to
calculate P and P require numerous approximations and
simplifying assumptions in order to incorporate available
data in the analysis. As a result, the calculations of P and
P were not accurate; however, the calculation of P was
considered more accurate and precise. Therefore, in
recent years, the staff placed emphasis on reviewing the
probability of turbine missile generation (Pi). The staff
believes that if Pj is controlled to a minimum, the final
failure probability of unacceptable damage can be met.
Consistent with the staff position taken in recently licensed
nuclear plants, the probability of turbine missile generation
should be kept to no greater than 10" per reactor-year for
an unfavorably oriented turbine and 10" for a favorably
oriented turbine. The staff also recommended certain
actions for situations when the probability does not meet
the minimum values required (see Table 3.1 of this
report).
The staff recommended in its DSER
(SECY-91-153) that GE include the minimum requirement
for the probability of turbine missile generation in SSAR
Table 3.5-1. (This was not identified as an open item.)
GE included this table in the SSAR and it is acceptable.
2

3.5.1.3 Turbine Missiles

3

2

The staff requested that GE provide additional information
(Q251.13 and Q251.14) on turbine missile generation. GE
responded by revising SSAR Section 3.5.1.1.1.3 to include
a layout of the turbine-generator building indicating the
± 25 degree low-trajectory turbine missile ejection zone.
The turbine-generator building is favorably oriented with
respect to the primary containment building so that any
postulated turbine missile will not strike the primary
containment building. GE also commits to meeting
RG 1.115, "Protection Against Low-Trajectory Turbine
Missile," Revision 1, which specifies that the probability
of unacceptable damage from turbine missiles be
maintained to less than 10~ per reactor-year.
7

The probability of unacceptable damage from turbine
missiles is expressed as the product of (1) the probability
of turbine missile generation resulting in the ejection of
turbine disk (or internal structure) fragments through the
turbine casing (P ); (2) the probability of ejected missiles
perforating intervening barriers and striking safety-related
SSCs (Pj); and (3) the probability of struck structures,
systems, or components failing to perform their safety
functions (P ).

3

t

5

4

(

3

GE prepared a proprietary report in January 1984 entitled,
"Probability of Missile Generation in General Electric
Nuclear Turbines." The staff reviewed the report and
found the methodology acceptable for calculating the

Table 3.1 Criteria pertaining to the probability of turbine missile generation for a favorably
oriented turbine
Probability Criterion
Required Licensee Action

ULLI
P, < lO"

This is the general, minimum reliability requirement for loading the turbine and bringing
the system on line.

4

10- < P, < 10"

If this condition is reached during operation, the turbine may be kept in service until the
next scheduled outage, at which time the licensee is to take action to reduce Pj to meet the
first criterion before returning the turbine to service.

1 0 < P, < 10-2

If this condition is reached during operation, the turbine is to be isolated from the steam
supply within 60 days, at which time the licensee is to take action to reduce P to meet the
first criterion before returning the turbine to service.

4

3

3

t

1(T < Pj
2

If this condition is reached at any time during operation, the turbine is to be isolated from
the steam supply within 6 days, at which time the licensee is to take action to reduce P to
meet the first criterion before returning to service.
t
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probability of turbine missile generation (NUREG-1048,
Supplement 6). Various parameters are considered in the
methodology that influence the outcome of the turbine
missile generation probability, such as turbine disk design,
disk material properties, turbine speed control systems,
postulated crack growth rate, and inspection intervals. On
the basis of parametric variations, the methodology can
optimize turbine disk inspection intervals so that the
turbine missile generation probability will be kept to the
allowable limit. The staff believes that by emphasizing on
the turbine disk inspection program, which includes a
specified inspection interval, and an effective turbine
control system maintenance program, the turbine will be
operated in a safe manner.
Consistent with the staff position taken in recently licensed
nuclear plants, the COL applicant should submit for NRC
approval, within 3 years of obtaining a COL, a turbine
system maintenance program, including probability calculations of turbine missile generation based on the
methodology approved by the NRC, or commit to
volumetrically inspect all low-pressure turbine rotors at the
second refueling outage and every other (alternate)
refueling outage thereafter until a maintenance program is
approved by the staff. This position is also discussed in
Section 10.2.2 of this report.
In the DSER
(SECY-91-153), the staff classified this item as an
interface requirement. Upon further review the staff
reclassified this item in the DFSER as COL Action
Item 3.5.1.3-1.
GE addressed this item in SSAR Section 3.5.1.1.1.3,
stating that the COL applicant shall submit for NRC
approval, within 3 years of obtaining a COL, a turbine
system maintenance program, including probability
calculations of turbine missile generation based on the
methodology approved by the NRC, or commit to
volumetrically inspect all low-pressure turbine rotors at the
second refueling outage and every other (alternate)
refueling outage thereafter until a maintenance program is
approved by the staff. This is acceptable.
3.5.1.4 Missiles Generated by Natural Phenomena
The staff reviewed the design of the facility for protecting
SSCs important to safety from missiles generated by
natural phenomena in accordance with SRP Section 3.5.1.4. The SRP acceptance criteria specify that the
design meet GDC 2 and 4. GDC 2 requires that SSCs
important to safety be protected from the effects of natural
phenomena; GDC 4 requires that SSCs important to safety
be designed to accommodate the effects of and to be
compatible with the environmental conditions associated
with normal operation, maintenance, testing, and
postulated accidents, including loss-of-coolant accidents

(LOCAs). The design is considered to be in compliance
with GDC 2 and 4 if it meets RG 1.76, "Design Basis
Tornado for Nuclear Power Plants," Revision 0, Positions
C.l and C.2, and RG 1.117, "Tornado Design
Classification," Revision 1, Positions C.l through C.3.

GE considered tornado-generated missiles as the most
limiting hazard resulting from natural phenomena in the
design of SSCs important to safety. According to the
guidelines of SRP Section 3.5.1.4, this is an acceptable
design basis for the standard plant. In the early SSAR
amendments, the missiles considered in the ABWR design
were taken from ANSI/ANS Standard 2.3.
They
corresponded to a design-basis tornado (DBT) with a
maximum tornado wind speed of 418 km/hr (260 mph) for
Region I and with a probability of occurrence of
10E-6 per year. As stated in the DSER (SECY-91-153),
the staff disagreed with GE's choice of the DBT for the
ABWR standard design and identified this as part of DSER
Outstanding Issue 8.
The staff 8 position on the DBT is provided in RG 1.76.
For the eastern United States, RG 1.76 specifies tornado
parameters with probability of occurrence of
10E-7 per year at up to a 90-percent confidence level and
maximum wind speeds in tangential and translational
velocities of 531 and 113 km/hr (330 and 70 mph),
respectively. However, the regulatory position in RG 1.76
has been reevaluated recently by the staff using more
recent tornado data. The revaluation is documented in
NUREG/CR-4461, "Tornado Climatology of the
Contiguous United States," dated May 1, 1986. The
revaluation found that the tornado strike probabilities
range from near 10E-7 per year for much of the western
United States to about 10E-3 per year in the central United
States. The wind speeds associated with a tornado having
a strike probability of 10E-7 range from less than
246 km/hr (153 mph) to 534 km/hr (332 mph). These
wind speed estimates are 48 to 161 km/hr (30 to 100 mph)
lower than the speed estimates presented in WASH-1300
and RG 1.76 for most of the United States. From the
revaluation, the staff concluded that it would be reasonable to reduce DBT wind speeds to 322 km/hr (200 mph)
for the United States west of the Rocky Mountains and to
483 km/hr (300 mph) for the United States east of the
Rocky Mountains. As a result, the Commission in its
SRM of July 21, 1993, approved the staff-recommended
position that a maximum tornado wind speed of 483 km/hr
(300 mi/hr) be used in the DBT for ALWRs. The revised
tornado parameters are also discussed in Section 2.3.1 of
this report. Subsequently, GE used the modified RG 1.76
guidelines in identifying the DBT as 483 km/hr (300 mph)
with a strike probability of 10~ per year. The staff finds
this acceptable.
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In the early SSAR amendments, GB stated that the ABWR
design will withstand an 1,800-kg (4000-lb) automobile, a
125-kg (280-lb), 20-cm (8-in.) armor-piercing artillery
shell, and a 2.54-cm (1-in.) solid steel sphere, all
impacting at 35 percent of the maximum horizontal
windspeed of the DBT. OB identified these missiles as
Spectrum I. GE*s preliminary evaluation of the design
revealed that the reactor building (RB) superstructure and
roof should be thickened and the roof purlins strengthened.
As a result, the seismic model should also be modified.
The structural design aspects of this issue were discussed
in Section 3.8.4 of the DFSER. This was DFSER Open
Item 3.8.4-4.
GE's resolution of DFSER Open
Item 3.8.4-4 and the staffs evaluation of GE's responses
to this open item are discussed in Section 3.8.4 of this
report. In the DFSER, the staff noted that, aa a result of
these structural design changes, several SSAR sections and
appendices that were affected need to be revised to reflect
the aforementioned DBT and missile spectra. This was
DFSER Confirmatory Item 3.5.1.4-1.
SSAR Sections 3.3.2 and 3.5.1.4, specify the design basis tornado
wind speed of 483 km/hr (300 mph) and missile Spectrum
I of SRP Section 3.5.1.4.
On the basis of this
information, Confirmatory Item 3.5.1.4-1 is resolved.
Based on this information, the staff concludes that GE has
adequately identified and characterized the design basis
natural phenomena in accordance with the modified
guidelines of RO 1.76.
Positions C.l, C.2, and C.3 of RG 1.117 state that SSCs
important to safety that should be protected from the
effects of a DBT are:
(1)

those necessary to ensure the integrity of the
RCPB,

(2)

those necessary to ensure the capability to shut
down the reactor and maintain it in a safe-shutdown
condition (this includes both standby and cold
shutdown capability), and

(3)

those whose failure could lead to radioactive
releases resulting in calculated offsite exposures
greater than 25 percent of the guideline exposures
of 10 CFR Part 100.

Compliance with Positions C.l through C.3 of RG 1.117
was identified by the staff as a part of Outstanding Issue 8
in the DSER (SECY-91-153).
In the SSAR
Section 3.5.1.4 revisions that followed, GE discussed
Positions C.l and C.2. These discussions are acceptable,
Subsequent to this, GE informed the staff that Position C.3
of RG 1.117 would also be met. This was DFSER
Confirmatory Item 3.5.1.4-2.
Systems meeting the
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protection guidelines of RG 1.117 have been identified in
Table 3.2-1. These systems, with the exception of the
standby gas treatment system (SGTS) charcoal adsorbers
and certain instrumentation, are located in seismic
Category I structures which are designed to withstand
winds and missiles generated by the above-mentioned
tornado.
As discussed in SSAR Section 10.1, safety-related
instrumentation is provided in the turbine building to detect
the fast closure of the turbine main steam stop and control
valve oil pressure, stop valve position, turbine first-stage
pressure, and main condenser pressure.
This
instrumentation is designed to fail safe should it be
damaged due to fire, flood, missiles, or pipe failures. The
staff finds this acceptable.
OE described the plant layout that provides external missile
protection for the SGTS charcoal adsorber beds and the
offgas system charcoal adsorber beds. The SGTS is
located in the seismic Category I reactor building and is
therefore protected from a tornado-generated missile. The
offgas system charcoal beds are located deep within the
turbine building, which is not designed to seismic
Category I requirements. However, based on its review of
the layout drawings of the turbine building, the staff
concludes that the intervening barriers (walls and floors)
between the beds and an external tornado missile provide
adequate protection for the beds.
Based on this additional design information, the staff finds
that the ABWR design meets the guidelines of
Positions C.l, C.2, and C.3 of RG 1.117 and is
acceptable. Therefore, DSER Outstanding Issue 8 and
DFSER Confirmatory Item 3.5.1.4-2 are resolved.
In the DFSER, the staff noted that the COL applicant
should identify missiles generated by other site-specific
natural phenomena that might be more limiting than those
considered in the ABWR design and should provide
protection for the SSCs against such missiles. These were
DFSER COL Action Items 3.5.1.4-1 and 3.5.1.4-2,
respectively. To address this first COL action item, GE
revised SSAR Section 3.5.4.2 by stating that the COL
applicant shall identify missiles generated by other sitespecific natural phenomena that may be more limiting than
those considered in the ABWR desi^i and shall provide
protection for the SSCs against such missiles. This is
acceptable. To address the second COL action item, GE
revised SSAR Section 3.5.4.5 by stating that a turbine
system maintenance program, including probability
calculations of turbine missile generation meeting the
minimum requirement for the probability of missile
generation, shall be submitted by the COL applicant for
staff review. This is also acceptable.
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As a result of its review of the tornado and design
information, the staff concludes that OB has identified the
worst-case natural phenomena and has provided adequate
protective design features to ensure that SSCs important to
safety will be protected. Furthermore, OB has identified
the SSCs important to safety which require protection from
natural phenomena. Therefore, the staff concludes that OB
meets the guidelines of ROs 1.76 and 1.117. As a result,
the requirements of ODC 2 and GDC 4 are satisfied.
Verification of adequate separation of redundant divisions
of safety-related systems and location of these systems in
structures designed to withstand tomadic winds and
missiles generated by these winds ensure that these systems
will not be rendered inoperable as a result of missiles
generated by natural phenomena. In the DFSER, this
verification was identified as Open Item 3.5.1.4-1.
Subsequently, GE submitted design descriptions and
ITAAC for the buildings within the ABWR design scope.
These include verifications related to missile protection for
safety-related SSCs and location of these systems in
structures designed to withstand tornado missiles. The
adequacy and acceptability of the design description and
ITAAC are evaluated in Section 14.3 of this report;
therefore, DFSER Open Item 3.5.1.4-1 is resolved.
SSCs important to safety are designed to withstand the
effects of natural phenomena without loss of the capability
to perform their safety functions. The basis for acceptance
in the staff review is the conformance of the ABWR design
and design criteria for the protection from the effects of
natural phenomena to the Commission's regulations as set
forth in the ODC and to applicable regulatory guides. The
staff concludes that GE's assessment of possible hazards
due to missiles generated by the design basis tornado is
acceptable and conforms to the requirements of GDC 2
and GDC 4 as related to tornado-generated missiles. This
conclusion is based on the ABWR design meeting the
requirements of GDC 2 and GDC 4 by meeting
(a) RG 1.76, Positions C.l and C.2 and (b) RG 1.117,
Positions C.l through C.3. Therefore, the ABWR design
meets the guidelines of SRP Section 3.5.1.4 and is
acceptable.
3.5.1.5 Site Proximity Missiles (Except Aircraft)
In SSAR Section 3.5.1.5, GE originally stated that
"external missiles other than those generated by tornados
are not considered design basis . . .," since the resultant
event probability is £. l O . In the DFSER, the staff
identified it as a site-specific action item for the COL
applicant to address. This was DFSER COL Action
Item 3.5.1.5-1. Subsequently, in SSAR Section 3.5.4.3,
Amendment 33, GE stated that the COL applicant shall
provide an analysis that demonstrates that the probability
7

of missiles impacting the ABWR standard plant and
causing consequences greater than those permitted in
10 CFRPart 100 guidelines is .£. l O . This is acceptable.
7

3.5.1.6 Aircraft Hazards
In the SSAR Section 3.5.1.6, GE originally stated that
"aircraft hazards are not a design-basis event. . .," since
the resultant event probability is .£. 1C , In the DFSER,
the staff identified it as a site-specific action item for the
COL applicant to address. This was DFSER COL Action
Item 3.5.1.6-1. Subsequently, in SSAR Section 3.5.4.3,
Amendment 33, OE stated that the COL applicant shall
provide an analysis that demonstrates that the probability
of aircraft impacting the ABWR standard plant and causing
consequences greater man those permitted in 10 CFR
Part 100 guidelines is .£. 10~ . This is acceptable.
7

7

3,5.2 Structures, Systems, and Components To Be
Protected From Externally Generated Missiles
The staff reviewed the design of the facility for protecting
SSCs important to safety (within the ABWR design scope)
against externally generated missiles in accordance with
SRP Section 3.5.2. The SRP acceptance criteria specify
that the design must meet GDC 2, "Design Bases for
Protection Against Natural Phenomena," and 4, "Environmental and Dynamic Effects Design Bases." The design
is considered to be in compliance with GDC 2 and 4 if it
meets RG 1.13, Revision 1, "Spent Fuel Storage Facility
Design Basis," as it relates to the capability of the spent
fuel pool systems and structures to withstand the effects of
externally generated missiles and prevent missiles from
contacting stored fuel assemblies; RG 1.27, "Ultimate Heat
Sink for Nuclear Plants," Revision 2, as it relates to the
capability of the ultimate heat sink and connecting conduits
to withstand the effects of externally generated missiles;
RO 1.115, "Protection Against Low-Trajectory Turbine
Missiles," Revision 1, as it relates to the protection of the
SSCs important to safety from the effects of turbine missiles; and RG 1.117, "Tornado Design Classification,"
Revision 1, as it relates to the protection of SSCs
important to safety from the effects of tornado missiles.
Protection from low-trajectory turbine missiles, including
compliance with RG 1.115, is discussed in Section 3.5.1.3
of this report.

GE identified safety-related SSCs in SSAR Table 3.2-1.
Tt considered the tornado-generated missiles as the limiting
externally generated missiles for the ABWR design.
Therefore, all the safety-related systems and components
listed in the table, with the exceptions discussed in
Section 3.5.1.4 of this report, are located in tornadoresistant buildings or structures. On the bases of this
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information, the staff concludes that the ABWR design
meets the guidelines of RG 1.117.

requirements of GDC 2 and GDC 4. Therefore, tba staff
finds that the portion of the design within the ABWR scope
meets the requirements of GDC 2 and GDC 4.

The new and spent fuel storage systems are located in the
tornado-resistant RB.
Therefore, the guidelines of
RG 1.13 are met.
The ultimate heat sink (UHS) and its connecting conduits
are not considered in this section. GB identified the UHS
as being outside the scope of the ABWR design and
defined it in Section 4 of the CDM as an interfacing
system for COL applicants referencing the ABWR design.
Applicants referencing the ABWR design will provide the
design details of the UHS for staff review at the combined
license stage. At that time, the staff wUl evaluate the UHS
design for compliance with the guidelines of RG 1.27 and
the requirements of GDC 2 and GDC 4.
SSAR Section 3.5.1.4 states that the offgas system
charcoal delay beds are located deep within the turbine
building and consequently will be unlikely to rupture as a
result of a design basis tornado missile. From the layout
drawings for the turbine building, the staff concludes that
the intervening walls and barriers between the delay beds
and an external tornado missile provide adequate protection
for the beds.
As was stated in Section 3.5.1.1 of this report, GE
provided information in SSAR Section 3.5.1.1.1.3 and
Figure 3.5-2 that shows the orientation of the turbinegenerator in relation to the in-scope buildings which house
safety-related equipment and identifies the low-trajectory
missile strike zone. Based on this information, the staff
concludes that no safety-related equipment is located within
the turbine-generator missile strike zone. As a result, this
equipment is protected from a missile ejected from the
turbine-generator. Therefore, the staff concludes that the
ABWR design meets the guidelines of RG 1.115.
As discussed in SSAR Section 10.1, safety-relatecf
instrumentation is provided in the turbine building to detect
the fast closure of the turbine main steam stop and control
valve oil pressure, stop valve position, turbine first-stage
pressure, and main condenser pressure.
This
instrumentation is designed to fail safe should it be
damaged due to fire, flood, missiles, or pipe failures. The
staff finds this acceptable.
Based on the review of this information, the staff
concludes that the ABWR design meets the guidelines of
RGs 1.13, 1.115, and 1.117. Furthermore, the staff
concludes that GE has provided adequate guidance to
ensure that an applicant referencing the ABWR design will
provide sufficient design information to ensure that the
UHS will meet the guidelines of RG 1.27 and the
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In the DSER (SECY-91-153), the staff identified the need
for an interface requirement to protect safety-related
equipment from failures of non-safety-related SSCs not
housed in tornado-resistant buildings or structures (Outstanding Issue 9). Upon further evaluation, the staff
determined mat this action did not meet the definition of an
interface requirement. This issue was reclassified as
DFSER Open Item 3.5.2-1 related to ITAAC. Verification
of adequate separation of redundant divisions of safetyrelated systems and location of these systems in structures
designed to withstand externally generated missiles
(including those that result from the failure of non-safetyrelated SSCs not housed in tornado-resistant buildings)
ensure that these systems will not be rendered inoperable
as a result of the missiles. In the DFSER, this verification
was identified as Open Item 3.5.2-1. Subsequently, GE
submitted design descriptions and ITAAC for the buildings
within the ABWR design scope. These include verifications related to missile protection for safety-related SSCs
and location of thtse systems in structures designed to
withstand externally generated missiles. The adequacy and
acceptability of the design description and ITAAC are
evaluated in Section 14.3 of this report; therefore, DFSER
Open Item 3.5.2-1 is resolved.
In the DFSER, the staff noted that the COL applicant
should design SSCs outside the ABWR design scope. Any
failure of these SSCs which may result in external missile
generation should not prevent safety-related SSCs from
performing their intended safety function. This was
DFSER COL Action Item 3.5.2-1. GE has included this
action item in the SSAR. This is acceptable.
In the DSER (SECY-91-153), the staff noted that GE had
not listed the design-basis tornado-generated missiles
considered in the ABWR design. Subsequently, GE stated
that the ABWR design will withstand an 1,800-kg
(4,000-lb) automobile, a 125-kg (280-lb), 20-cm (8-in.)
armor-piercing artillery shell, and a 2.54-cm (1-in.) solid
steel sphere, all impacting at 35 percent of the maximum
horizontal windspeed of 483 km/hr (300 mph) of the DBT.
These missiles are identified as Spectrum I. As stated in
Section 3.5.1.4 of this report, the RB superstructure and
roof were thickened, the roof purlins were strengthened,
and the seismic model was modified.
As was stated earlier, verification of adequate separation
of redundant divisions of safety-related systems and
location of these systems in structures designed to
withstand externally generated missiles ensure that these
systems will not be rendered inoperable as a result of the
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missiles. In the DFSER, this verification was identified as
Open Item 3.5.2-2. Subsequently, GE submitted design
descriptions and ITAAC for the buildings within the
ABWR design scope. These include verifications of
divisional separation for safety-related SSCi and location
of these systems in structures designed to withstand
externally generated missiles.
The adequacy and
acceptability of the design description and ITAAC are
evaluated in Section 14.3 of this report; therefore, DFSER
Open Item 3.5.2-2 is resolved.

The review of the SSCs to be protected from externally
generated missiles included all safety-related SSCs within
the ABWR design scope provided to support the reactor
facility. From review of the SSAR design criteria, design
bases, and safety classifications for SSCs necessary for
safe reactor shutdown, the staff concludes that the SSCs to
be protected from externally generated missiles conform to
the guidelines of SRP Section 3.5.2 and the requirements
of GDC 2 and 4.

3.5.3 Barrier Design Procedures
Missile barriers and protection structures are designed to
withstand and absorb missile impact loads to prevent
damage to safety-related SSCs based on the relevant
requirements of GDC 2 and 4. The staff reviewed the
design of seismic Category I SSCs to determine if they are
shielded from, or designed for withstanding, various
postulated missiles using the guidance of SRP Section 3.5.3. SSAR Section 3.5.3 contains information on
procedures used in the design of the structures, shields!
and barriers to resist the effects of missiles.
For the prediction of local damage from missiles, GE
provided, in SSAR Amendment 32, information on the
procedures used in the design of concrete and steel
structures. GE applied the empirical equations such as the
modified Petry formula or U.S. Army Technical Manual
TM 5-855-1 formula analytically for missile protection in
concrete. The staff finds that use of the Petry formula or
U.S. Army Technical Manual TM 5-855-1 formula, as
verified by impact tests, and with the thickness equal to or
greater than the minimum required as specified for
Region II listed in Table 1 of SRP Section 3.5.3 will result
in sufficient concrete barrier thickness to prevent barrier
perforaticj and, when necessary, prevent spalling or
scabbing. This is acceptable.
GE used the Stanford equations for missile penetration in
steel. As discussed in SRP 3.5.3, the staff finds the use of
this formula acceptable. Composite barriers are not used
in the ABWR design and were, therefore, not discussed.

Regarding overall damage prediction, GE assumed that
missile impact is plastic and that all of the missile's initial
momentum is transferred to the structure or barrier, with
only a portion of the kinetic energy absorbed aa strain
energy within the structure or barrier. GE evaluated the
equivalent static load on the impacted area using an
analysis for rigid missiles similar to the Williamson and
Alvy analysis, "Impact Effect of Fragments Striking
Structural Elements," November 1973. As stated in
SRP 3.5.3, the staff finds the assumption of plastic
collisions and use of the Williams and Alvy analytical procedure, together with the use of the permissible ductility
ratio aa indicated in Appendix A to SRP Section 3.5.3 to
determine equivalent static loads, acceptable.
The staff finds acceptable the procedures used for
determining the effects and loadings on seismic Category I
structures and missile shields and barriers induced by
design-basis missiles selected for the plant because they
provide a conservative basis for engineering design to
ensure mat the structures or barriers will adequately
withstand the effects of such forces.
The use of these procedures provides reasonable assurance
that if a designbasis missile should strike seismic
Category I structures or other missile shields and barriers,
the structures, shields, and barriers will not be impaired or
degraded to an extent that will result in a loss of required
protection. Seismic Category I systems and components
protected by these structures will, therefore, be adequately
protected against the effects of missiles and will be capable
of performing their intended safety functions.
Conformance with these procedures is an acceptable basis
for satisfying, in part, the requirements of GDC 2 and 4.
As previously discussed, GE used acceptable procedures in
its barrier design. Thus, the staff finds that the barrier
design is acceptable and meets SRP Section 3.5.3 and
GDC 2 and 4, with respect to the capabilities of the structures, shields, and barriers to provide sufficient protection
to SSCs that must withstand aie effects of natural
phenomena (tornado missiles), and the environmental
effects of missiles, pipe whipping, and discharging fluids.
In SSAR Section 3.5.4, GE identified the responsibilities
of the COL applicant for the design of barriers and
protective structures to withstand the impact of postulated
missiles. The staff discusses these actions in Sections 3.5.1 and 3.5.2 of this report.
SSAR Section 3.5.4.1 identifies a COL action for the
barrier design of the UHS. For this action, COL
applicants should meet RG 1,27, "Ultimate Heat Sink for
Nuclear Power Plants," by demonstrating that the UHS and
the connecting conduits are capable of withstanding the
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effects of externally generated missiles.
acceptable.

This is

SSAR. This was identified as Confirmatory Item 3.4.1-1
in the DFSER and is discussed in Section 3.4.1 of this
report.

3.6 Protection Against Dynamic Effects
Associated With the Postulated Rupture
of Piping
3.6.1 Plant Design for Protection Against Postulated
Piping Failure in Fluid Systems Outside
Containment
The staff reviewed the ABWR design regarding protection
of SSCs important to safety against postulated piping
failures in fluid systems outside the containment, but
within the ABWR design scope, in accordance with SRP
Section 3.6.1. Specifically, the SRP acceptance criteria
specify that the design meet GDC 4, "Environmental and
Dynamic Effects Design Bases," as it relates to accommodating the dynamic effects of postulated pipe rupture,
including the effects of pipe whipping and discharging
fluids. The design is considered to comply with GDC 4 if
it conforms to Branch Technical Position (BTP) ASB 3-1,
"Protection Against PostuLted Piping Failures in Fluid
Systems Outside Containment," with regard to high- and
moderate-energy fluid systems outside the containment.
The staff will evaluate on a ' case-by-case basis
(1) protection against postulated piping failures outside the
containment for any SSCs not within the scope of the
ABWR design for each application referencing the ABWR
design and (2) the systems or features added to the ABWR
structures by these applications.
GE discussed the analysis methodology and the effects of
postulated pipe breaks in high-energy fluid systems for
pipe whip, jet impingement, flooding, room pressurization,
and environmental parameters such as temperature,
pressure, humidity, and radiation. However, the staff
stated in the DSER (SEC Y-91-153) that GE did not consider pipe breaks and the resulting dynamic effects in
the postulation of piping failures in main steam and
feedwater systems inside the main steam tunnel (MST).
GE justified their exclusion by stating that the piping in
these systems met the LBB criterion. The staff expects
that a bona fide LBB analysis should use plant-specific data
such as piping geometry, materials, fabrication procedures,
loads, degradation mechanisms, and pipe support locations.
In its evaluation of the LBB exclusion, which is discussed
in Section 3.6.3 of this report, the staff concluded that
LBB could not be considered in the analysis of pipe
failures. GE subsequently provided an analysis of an MSL
and a main feedwater line pipe failure in SSAR Section 6.2.3; the staffs review of this analysis is found in
Section 6.2.1.7 of this report. In a meeting with the staff,
GE committed to removing references to LBB from the
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GE discussed pipe leakage crack events involving
moderate-energy fluid systems for wetting from spray,
flooding, and other environmental effects, addressing the
methods for protecting the systems against the effects of
piping failures. Physical separation is used to the extent
practicable to prevent the loss of redundant safety-related
systems (including auxiliary systems) as a result of any
single postulated event. If the required spatial separation
(based on specific breaks) between redundant trains or
systems cannot be maintained, barriers, enclosures,
shields, or restraints will be provided. Protection also
includes ensuring that the equipment and components
important to safety are environmentally qualified for the
environment to which they may be exposed as a result of
postulated piping failures, as discussed in SSAR
Section 3.11, "Equipment Qualification Environmental
Design Criteria," and Appendix 31. The staffs evaluation
of the protection provided against adverse environmental
effects resulting from postulated piping failures is
discussed in Section 3.11 of this report.
GE provided lists of safety-related systems, components,
and equipment both inside and outside the containment that
are protected against the effects of moderate- and highenergy piping failures by the methods previously
described.
GE stated that actual piping dimensions, material
properties, and the equipment and associated piping
stresses and regionalized environmental conditions will be
the responsibility of the referencing applicants. In earlier
SSAR amendments, GE included the following as interface
requirements for the COL applicant:

(1)

a summary of the dynamic analyses applicable to
high-energy piping systems, including sketches and
data on calculated stress intensities, cumulative
usage factors, and stress ranges for selecting break
locations

(2)

descriptions showing how safety-related systems are
protected from jets, flooding, and other adverse
environmental effects resulting from failures of
moderate energy piping systems

(3)

identification of specific features provided for
protecting each of the systems listed in the ABWR
SSAR tobies
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(4)

details on protection provided again*; the effects of
piping failures to ensure MSL feedwater and
isolation valve functional capability

(5)

typical examples, if any, where protection for
safety-related systems and components against the
dynamic effects of pipe failures includes enclosures
in suitably designed structures or compartments,
drainage systems, and equipment environmental
Qualifications

sampling, and the standby liquid control (SLQ
systems were not listed in the SSAR Table 3.6-4.
Subsequently, GE revised these tables to include all
of these systems or provided justification for not
including them in the tables. This was found to be
acceptable and this issue was resolved as reflected
in the DFSER.

In the DSER (SECY-91-153), the staff stated that these
requirements were acceptable. Upon further evaluation,
the staff determined that these actions did not meet the
definition of a 10 CFR Part 52 interface requirement and
that GE should identify these requirements as COL action
items in the SSAR stating that the applicantreferencingthe
ABWR design should provide this information. As a
result, theserequirementswere reclassified in the DFSER
as COL Action Items 3.6.1-1, 3.6.1-2, 3.6.1-3, 3.6.1-4,
and 3.6.1-5, respectively. SSAR Section 3.6.5 includes
this information. This is acceptable.
I

(2)

In the DSER (SECY-91-153), the staff stated that
GE had not provided the results of an analysis of
the postulated worst-case piping failure of a
moderate- or high-energy line (including total
failure of non-seismic Category I piping systems)
for the RCIC compartment, equipment and valve
room, and other applicable areas outside the
containment (e.g., RHR piping areas). GE subsequently provided subcompartment pressure analyses
for compartments inside and outside of
containment. The staffs review of these analyses
is found in Section 6.2.1.7 of this report.

(3)

As discussed above, the staff also identified that GE
had not provided a subcompartment analysis for the
MST. The staff was concerned that the main steam
and feedwater lines would be routed in a tunnel
through the control building. A steam or feedwater
line failure may render the control room
uninhabitable and compromise the safe-shutdown
capability. Further, postulated leakage cracks in
the RSW system piping may adversely affect the
control room habitability systems. Subsequently,
GE provided subcompartment pressure analyses
(including pipe failures in the MST) in SSAR Section 6.2.3. Evaluation of the analysis can be found
in Section 6.2.1.7 of this report. The vulnerability
of the main control room (MCR) as a result of
flooding in the MST and failure of RSW piping in
the control building basement was evaluated and
discussed in Section 3.4.1 of this report. Other
environmental effects of pipe failures are discussed
in SSAR Section 3.11. The safety evaluation can
be found in Section 3.11 of this report. Based on
its review of flood protection for the MCR included
in Section 3.4.1 of this report, the staff concludes
that the ABWR design provides adequate assurance
that the MCR can be protected from the adverse
effects associated with a pipe failure. This issue
was resolved as reflected in the DFSER.

In Section 3.6.2 of this report, the staff reviewed the
criteria and methodology proposed by OE for the COL
applicant to use to analyze the effects that breaks in highenergy fluid systems would have on adjacent safety-related
SSCs with regard to pipe whip and jet impingement loads.
The criteria and methodology discussed in SER
Section 3.6.2 will be used by the COL applicant to ensure
adequate protection against the dynamic effects of
postulated ruptures of piping in the ABWR standard
design.
The staff stated in the DSER (SECY-91-153) that it was
unable to conclude that the ABWR design complies with
GDC 4 as it relates to protection of SSCs important to
safety against postulated failures outside containment. The
staff 8 concerns were identified as Outstanding Issue 10,
which consisted of the following:
(1)

The staff concluded that SSAR Table 3.6-2 did not
include all the systems, components, and equipment
that have to be protected against piping failures.
For example, the reactor service water (RSW)
system and the equipment and components used to
supply reactor building cooling water (RCW)
system water to the residual heat removal (RHR)
system, fuel pool cooling (FPC) heat exchangers,
and the heating, ventilation, and air conditioning
emergency chilled water (HECW) system
refrigerators were not included in the SSAR table.
Also, GE did not explain why certain systems such
as the high-pressure core flooder (HPCF), the
reactor core isolation cooling (RCIC) process
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The staff expressed a concern about the pressure values in
SSAR Table 31.3-15. The staff noted that the values
appear to reflect the zone pressures that result during
accident conditions, assuming that the blowout panels
function properly. A more conservative scenario would
assume failure of the blowout panels. In the DFSER, the
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staff noted GE's commitment to modify the table to ensure
that it reflecta the highest anticipated pressures resulting
from accident conditions, assuming Mure of the blowout
panels. This was DFSER Confirmatory Item 3.6.1-2.
Subsequently, after discussions with OB, the staff
concluded that the blowout panels mil in a safe condition.
Specifically, the panels fail open. Therefore, the values in
the Appendix 31 tables accurately reflect conservative
design conditions; therefore, DFSBR Confirmatory
Item 3.6.1-2 is resolved.

which serve all three plant divisional areas. The staff has
reviewed this arrangement and has concluded that the
arrangement is acceptable for the following reasons:

Another concern expressed during meetings with OE
involved the ABWR design's ability to provide adequate
physical separation of aafety-related systems and equipment; safety-related systems must be protected from the
effects of fire, flood, missiles, pipe failures, and advene
environments to ensure their ability to shut down the
reactor and mitigate the consequences of an accident.
Protection is normally ensured by providing redundant
aafety-related systems and physical separation of the
redundant systems.
The ABWR provides physical
separation by either special separation or by housing
redundant divisions of each safety-related system in a
separate compartment. Each compartment is designed to
withstand the effects of the events previously identified.
By providing adequate physical separation for each redundant safety-related division, at least one division will be
available to perform its safety-related function assuming a
single active failure in a division. OE included SSAR
Section 3.13 that provides detailed information on
divisional separation. All redundant divisions of safetyrelated systems are housed in separate divisional spaces
inside the secondary containment. Locating these systems
in these areas ensures that safety-related systems will be
available to perform their safety functions given a fire,
flood, missile, or pipe failure event and the adverse
environmental consequences associated with such events.
Each divisional space has walls, doors, floors, ceilings,
and penetrations that are designed to prevent or
accommodate the effects of these events and ensure system
safety functions.
In some cases, flood water and
environments associated with failed systems in one division
are allowed to reach redundant divisions. For instance
flooding in the upper floors of the reactor building which
may result from the failure of water systems may flow
under the divisional room doors and enter other divisional
areas. However, OE has evaluated the subsequent effects
of these events and has shown that in no case will the
water level rise to such an extent as to adversely affect
equipment in the redundant division. In all cases, there is
sufficient floor space and drainage capability via stairways,
floor, drains, etc. to ensure that the water accumulation in
any area is minimal. A second example involves the
secondary containment HVAC.
Unlike other plant
systems, this system has common inlet and outlet headers
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(1)

The interconnecting ductwork can be automatically
and manually isolated during plant events.

(2)

The ductwork is located high in the divisional
spaces ao that flood water cannot propagate from
one division to another.

(3)

Should a fire occur in a division, the smokeremoval mode of the HVAC system will minimize
the amount of smoke which can propagate to
redundant divisions (see SSAR Sections 9.4 and
9.5.1).

(4)

The environmental effects of a postulated pipe
failure outside containment (CUW or RCIQ are
well within the environmental qualification limits
for the equipment in each division.

As discussed in SSAR Section 3.13, HVAC ductwork is
expected to leak or possibly fail during a pipe break event.
However, failure of the ductwork will actually assist in
minimizing the pressurization effects of the break by
providing increased blowdown volume and providing
additional vent pathways. In addition, as mentioned
previously, safety-related equipment in each division is
environmentally qualified for conditions worse than those
expected during these pipe failures. Based on this
information, the staff concludes that the interdivisional
connection provided by the secondary containment HVAC
system does not prevent the full safety function capability
of any safety-related systems.
As discussed in SSAR Section 10.1, safety-related
instrumentation is provided in the turbine building to detect
the fast closure of the turbine main steam stop and control
valve oil pressure, stop valve position, turbine first-stage
pressure, and main condenser pressure.
This
instrumentation is designed to fail safe should it be
damaged due to fire, flood, missiles, or pipe failures. The
staff finds this acceptable.
As a result of its review of this information, the staff
concludes that GE has provided sufficient design
information and supporting analyses to ensure that the
guidelines of ASB BTP 3-1 are met. Specifically, the
ABWR design provides protection of safety-related
equipment from the effects of high- and moderate-energy
pipe failures by separation of redundant divisions of these
systems, by distance, or by locating safety-related systems
in enclosures that provide the necessary protection.
Furthermore, all safety-related systems and components

3-32

Design of Structures, Components, Equipment, and Systems
meet the guidelines of RO 1.29 and are designed to
seismic Category I standards.
Piping failures are
postulated in accordance with BfP MEB 3-1, pipe
restraints are provided in accordance with the guidelines in
SRP Section 3.6.2 (see Section 3.6.2 of this report), and
the effects of the postulated piping failures, including those
from nonseismic systems, have been considered. Based on
this information, the staff concludes that the guidelines of
BTP ASB 3-1 are met, and therefore, the requirements of
ODC 4 are met.
'

high-energy fluid systems would have on adjacent
safety-related SSCs with regard to pipe whip and jet
impingement loadings. Pipe whip need only be considered
for those high-energy piping systems having fluid
reservoirs with sufficient capacity to develop a jet stream.
GE correctly used the criteria for determining high- and
moderate-energy lines in SRP Section 3.6.1, Branch
Technical Position (BTP) ASB 3-1, in SSAR Section 3.6.2.1. GB listed all high-energy systems in SSAR
Tables 3.6-3 and 3.6-4.

GE originally submitted the design descriptions and the
ITAAC for systems within the ABWR design scope as weU
as for piping. These included verifications related to
protection of safety-related equipment from pipe failures
and their effects. During the DFSER preparation, the staff
review was in progress.
This was DFSER Open
Item 3.6.1-1. Subsequently, OE provided revised design
descriptions and ITAAC. The adequacy and acceptability
of the design description and the ITAAC are evaluated in
Section 14.3 of this report; therefore, DFSER Open
Item 3.6.1-1 is resolved.

One of the guidelines in SRP 3.6.2, Branch Technical
Position (BTP) MEB 3-1, states that the analyses for the
maximum stresses, stress ranges, and usage factors to be
used for determining postulated high- and moderate-energy
pipe break and crack locations should be based on loads
that include the OBE. In SECY-93-087, the staff
recommended the elimination of the OBE in the design
process on the basis that it would not result in a significant
decrease in the overall plant safety margin. Hie detailed
basis for the staffs recommendation is discussed in
Section 3.1.1 of this report. In Section 3.1.1.3 of that
discussion, the staff includes acceptable deviations from
SRP 3.6.2 that result from pipe break postulation without
the OBE. As stated in Section 3.1.1.9, "Conclusions," of
this report, GE has incorporated these acceptable
deviations in Sections 3.6.1 and 3.6.2 of the SSAR.
Therefore, the staffs evaluation of these sections of the
SSAR have been based on the Commission-approved staff
recommendations.

The review of the plant design for protection against
postulated piping failures outside containment included all
high- and moderate-energy piping systems located outside
containment. The review of these high- and moderateenergy systems for the ABWR included layout drawings,
P&IDs, and descriptive information.
The staff concludes that the ABWR design as it relates to
the protection of safety-related structures, systems, and
components from the effects of piping failures outside
containment meets the requirements of GDC 4 with respect
to accommodating the effects of postulated pipe failures
and the guidelines of SRP Section 3.6.1. As a result, the
staff concludes that the ABWR design is acceptable.

For ASME Class 1 piping, the staff position for
postulating pipe breaks is delineated in SRP 3.6.2, BTP
MEB 3-1. Before NRC issued Revision 2 of BTP
MEB 3-1 in June 1987, breaks were postulated at
intermediate locations between terminal ends of a pipe run
if the maximum stress range as calculated by Eq.(lO)
> 2.4 S flfld if the maximum stress range as calculated
by either Eq. 12) or (13) > 2.4 S , where Eqs. (10),
(12), and (13) and S are as defined in ASME Section III,
Subsection NB 3653. This staff position was implemented
in many plants operating today. In Revision 2 of BTP
MEB 3-1, the same criteria were maintained for break
exclusion in the containment penetration areas. However,
for other areas, the criteria were revised to require that
breaks be postulated at any intermediate locations when
only Eq. (10) > 2.4 S . The use of Eqs. (12) and (13)
was eliminated. This resulted in an inconsistency in the
Revision 2 criteria in that they allow higher limits in the
containment penetration areas than in other areas. The
break exclusion areas should provide a margin greater than
(or at least equal to) the margin for areas outside the break
exclusion area. To determine the impact of this inconsistency, the staff obtained several independent analyses for
both BWRs and PWRs that compared the number of
n

3.6.2 Determination of Rupture Locations and
Dynamic Effects Associated With the Postulated
Rupture of Piping
GDC 4 requires that SSCs important to safety be designed
to be compatible with and to accommodate the effects of
the environmental conditions resulting from normal
operations, maintenance, testing, and postulated accidents,
including loss-of-coolant accidents (LOCAs). It also
requires that they be adequately protected against dynamic
effects (including the effects of missiles, pipe whipping,
and discharging fluids) that may result from equipment
failures and from events and conditions outside the nuclear
power plant. In accordance with SRP Section 3.6.2, the
staff reviewed GE's proposed criteria and methodology for
the COL applicant to analyze and ensure adequate
protection against and the dynamic effects that breaks in
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poatulsted pipe breaks resulting from the use of
Revisions 1 and 2 criteria. These analyses indicated that
the Revision 2 criteria will result in a significant increase
in the number of postulated breaks, which may be counter
productive is terms of improving plant safety. Therefore,
the staff recommended mat SRP 3.6.2 be revised to
reinstate the Revision 1 criteria related to allowing the use
of Eqs. (12) end (13) for the postulation of intermediate
pipe breaks in ASMB Class 1 piping systems. Sections 3.6-1 and 3.6-2 in the SSAR contains criteria that are
consistent with the Revision 1 criteria as previously
discussed. Therefore, the staff concludes that this is an
acceptable deviation from SRP 3.6.2, Revision 2.
In the ABWR standard plant, breaks are not postulated in
those portions of high-energy piping between the
containment isolation valves outside and inside the containment that are designed to meet ASME Code,
Section m , Article NE-1120 and the additional design
guidelines in SRP Section 3.6.2, including BTP MEB 3-1,
(Rev. 2). Section 3.6.2.1.4.2 of the SSAR describes
acceptable actions to address all of the applicable guidelines in SRP Section 3.6.2. Two of these guidelines are
discussed below.
1. SRP 3.6.2 recommends that an augmented inservice
inspection program be implemented for those portions
of piping within the break exclusion region. An
augmented inservice inspection was DFSER COL
Action Item 14.1.3.3.7.2-1.
In a letter dated
March 17, 1993, GE revised SSAR Section 3.6.2.1.4.2, Item (7) and added SSAR
Section 3.6.5.3 to state that the COL applicant shall
perform a 100-percent volumetric examination of
circumferential and longitudinal pipe welds in the break
exclusion region during each inspection interval as
defined in Article IWA-2400, ASME Code,
Section XI. The staff finds that this action for the
design and examination of high-energy piping in the
containment penetration area meets SRP Section 3.6.2
and is acceptable. OE has included this action item in
Section 3.6.2.1.6.2 of the SSAR. The staffs resolution of this DFSER COL action item is also discussed
in Section 3.12.7.2 of this report.
2. SRP 3.6.2 contains design, testing, and examination
guidelines for guard pipes in the containment
penetration areas. SSAR Section 3.6.2.4 states that the
ABWR primary containment does not require guard
pipes. This is because the ABWR design does not
contain guard pipes as defined in Section 3.6.2.4 of
RO 1.70, "Standard Format and Content of Safety
Analysis Report for Nuclear Power Plants,"
Revision 3: "s guard pipe is a device to limit
pressurization of the space between dual barriers of
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certain containment* to acceptable levels." The staff
notes that SRP 3.6.2 uses the term "guard pipe" in a
broader context than that in RO 1.70 to include all
applicable sleeves in the containment penetration area.
Section 3.6.2.1.4.2(6) in the SSAR provides design,
testing, and examination requirements for such sleeves.
These requirements are consistent with the guidelines
in SRP 3.6.2 and are acceptable.
For ASME Code Class 1, 2, and 3 and non-seismic Category I high- and moderate-energy lines that are not in the
containment penetration area, SSAR Section 3.6.2 presents
the criteria for determining postulated rupture and crack
locations and the methodology used to evaluate the
dynamic effects of pipe whip, jet thrust, and jet
impingement that result from such breaks.
In the DFSER, the staff noted that according to
SRP Section 3.6.2, the SSAR should include the following:
•

sketches of applicable piping systems showing the
location, size, and orientation of postulated pipe breaks
and the location of pipe whip restraints and jet
impingement barriers

•

a summary of the data developed to select postulated
break locations, including calculated stress intensities,
cumulative usage factors, and stress ranges

This was DFSER COL Action Item 14.1.3.3.7-1. In
SSAR Section 3.6.5.1, "Details of Pipe Break Analysis
Results and Protection Methods," Amendment 31, GE
stated that the COL applicant shall provide this information. This is acceptable. Resolution of this item is also
discussed in Section 3.12.7 of this report.
In the DFSER, the staff identified an Open Item 3.6.2-1
regarding the computer programs for pipe whip analyses
and the design methodology for pipe whip restraints
applicable to the ABWR plant design. This open item was
identified during an audit of high-energy line break criteria
and pipe whip analyses. The audit was performed at the
offices of OE in San Jose, California on March 23 through
27, 1992, in which OE disclosed that their pipe whip
sample analysis was not yet complete but provided
descriptions of the methods of analysis and design
requirements for pipe whip restraints to be utilized in the
sample analysis. The staff found these methods of
analyses and design requirements were not in accordance
with the corresponding methods and requirements in SSAR
Amendment 17, Sections 3.6.2.2.2 and 3.6.2.3.3, respectively. Subsequently, in response to follow-up audits
performed at the offices of GE in San Jose, California on
July 28 through 31,1992, and November 16 and 17,1992,
GE submitted Amendment 26 to the SSAR and provided
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SSAR markups in a letter dated May 26, 1993. These
changes revised SSAR Section 3.6.2 extensively to provide
comprehensive pipe whip analysis methods and whip
restraint design requirements. In the May 26,1993 letter,
OB also submitted sample analysis GE-NE-123-E070-O493,
"Sample Analysis for the Effects of Postulated Pipe Break,
ABWR Main Steam Piping." All of the above information
provided, in aggregate, the following responses to DFSER
Open Item 3.6.2-1:
1. Section 3.6.2.2.2 of the SSAR was extensively
modified to permit alternative analytical approaches in
accordance with ANSI/ANS 58.2 Paragraphs 6.3.1
through 6.3.S. These alternative approaches include
the use of the ANSYS and PDA computer programs
which were used in the OB pipe whip sample analyses.
This response adequately addresses the staffs original
concern about the use of the PDA program alone for
pipe whip analyses.
2. Section 3.6.2.3.3 of the SSAR was modified to include
design requirements for pipe whip restraints with
entailable material and rigid restraints in addition to
U-bar pipe whip restraints. This response results in the
SSAR being consistent with the information presented
to the staff during the audits mentioned, and is acceptable.
3. Appendix 3L "Procedure for Evaluation of Postulated
Ruptures in High Energy Pipes" was added to the
SSAR. This appendix defines an acceptable procedure
for evaluation of dynamic effects of fluid dynamic
forces resulting from postulated ruptures in high energy
piping systems.
The four major steps in the
evaluations included (1) the identification of rupture
locations and rupture geometry, (2) the design and
selection of pipe whip restraints, (3) the procedure for
dynamic time-history analysis with simplified models,
and (4) the procedure for dynamic time history analysis
using detailed piping models.

4. The sample analysis, GE-NE-123-E070-0493, is
intended to be illustrative of the OE pipe break analysis
method and, although not a part of the SSAR, it
supplements Appendix 3L, which is discussed above.
The analysis documented the GE procedures for
(i) calculating thrust forces at break locations,
(2) performing nonlinear time-history pipe whip
analyses, (3) demonstrating compliance with the SRP
Section 3.6.2 stress requirements for piping near
containment penetration areas, and (4) demonstrating
that the GE PDA computer program was adequate for
selecting the size of pipe whip restraints. The staffs
review found that these GE procedures are acceptable,

and the intended objectives of the sample analysis were
achieved.
OB included the applicable information in Section 3.6.2 of
the SSAR, and therefore, DFSBR Open Item 3.6.2-1 is
resolved.
In the DFSER, the staff identified Open Items 3.6.2-2 and
14.1.3.3.7-1 about the edition of the ANSI/ANS-58.2
standard referenced in Section 3.6.2.2.1 of the SSAR,
Amendment 17, and inconsistencies between the criteria
for evaluating the effects of fluid jets on essential SSCs
specified in Section 3.6.2.3.1 of the SSAR, Amendment 17, and corresponding criteria specified in SRP 3.6.2
and ANSI/ANS-58.2,1988 Edition. The staffs evaluation
of this issue is discussed in Section 3.12.7 of this report.
SRP Section 3.6.2 states that if a structure separates a
high-energy line from an essential component, the
separating structure should be designed to withstand the
consequences of the pipe break in the high-energy line
which (could) produce the greatest effect at (to) the
structure. This is irrespective of the fact that the pipe
rupture criteria in SRP Section 3.6.2 might not require
such a break location to be postulated.
For the ABWR, the structures are designed to withstand
the dynamic effects of pipe breaks where the pipe rupture
criteria require break locations to be postulated. In
addition, for areas where physical separation of redundant
trains is not practical, a high-energy line separation
analysis (HELSA) is performed to determine which highenergy lines meet the spatial separation requirement and
which lines require further protection. For the HELSA
evaluation, which is discussed in Section 3.6.1.3.2.2 of the
SSAR, no particular break points are evaluated. Breaks
are postulated at any point in all of the high-energy piping
systems listed in SSAR Tables 3.6-3 and 3.6-4, and any
structure identified as necessary by the HELSA evaluation
are designed for worst-case loads. This was DFSER COL
Action Item 14.1.3.3.7.3-1.
SSAR Section 3.6.5.1,
Item (8) of the SSAR states that the HELSA will be
performed by the COL applicant as described, which is
acceptable. The staffs resolution of this action item is
also discussed in Section 3.12.7.3 of this report.
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Using the above HELSA evaluation, the staff finds that an
adequate level of protection is provided to ensure that the
safety-related function of components, systems, and
equipment will not be adversely affected by a postulated
break in any ABWR high-energy piping systems. Plant
arrangement provides physical separation to the extent
practical and the HELSA evaluation ensures that no more
than one redundant train can be damaged. If damage could
occur to more than one division of a redundant safety-

NUREG-1503

Design of Structures, Components, Equipment, and Systems
related system within 9.14 m (30 ft) of any high-energy
piping, other protection devices such as barriers, shields,
enclosures, deflectors, or pipe whip restraints are used.
When necessary, the protection requirement are met
through the use of walls, floors, columns, abutments, and
foundations. Thus, the staff finds that the HELSA criteria
satisfy the intent of the SRP 3.6.2 guideline by ensuring
that structures are adequately designed to withstand the
consequences of a worst-case pipe break with no adverse
impact on the safety-related function of systems,
components, and equipment and are acceptable.

can be maintained in a safe-shutdown condition in the
event of a postulated rupture of a high- or moderate-energy
piping system inside or outside the containment.
3.6.3 Leak-Before-Break Evaluation Procedures
SSAR Section 3.6.3 describes the evaluation procedures
for the ABWR LBB methodology. The application of the
LBB methodology to piping systems is permitted by
GDC 4, which states, in part:
. . . dynamic effects associated with postulated pipe
ruptures in nuclear power units may be excluded
from the design basis when analyses reviewed and
approved by the Commission demonstrate that the
probability of a fluid system piping rupture is
extremely low under conditions consistent with the
design basis for the piping.

3.6.2.1 Conclusions
From these evaluations, the staff concludes that the criteria
for postulating pipe rupture and crack locations and the
methodology for evaluating the subsequent dynamic effects
resulting from these ruptures comply with SRP Section 3.6.2 and meet GDC 4. The staffs conclusion is
based on the following.
The proposed pipe rupture locations will be adequately
determined using the previous staff-approved criteria and
guidelines. GE has sufficiently and adequately defined the
design methods for high-energy mitigation devices and the
measures to deal with the subsequent dynamic effects of
pipe whip and jet impingement to provide adequate
assurance that, upon completion of the high-energy line
break analyses as part of the ITAAC process, the ability of
safety-related SSCs to perform their safety functions will
not be impaired by the postulated pipe ruptures.
The provisions for protection against the dynamic effects
associated with pipe ruptures of the RCPB inside the
containment and the resulting discharging fluid provides
adequate assurance that design-basis LOCAs will not be
aggravated by the sequential failures of safety-related
piping and that the performance of the emergency core
cooling system (ECCS) will not be degraded as a result of
these dynamic effects.
The arrangement of piping and restraints and the final
design considerations for high- and moderate-energy fluid
systems inside and outside the containment, including the
RCPB, will be the responsibility of the COL applicant.
These staff-approved high-energy line break criteria and
guidelines will be used to assure that the SSCs important
to safety that are in close proximity to the postulated pipe
ruptures will be protected. GE has developed an ITAAC
to verify that the safety of the plant will not be adversely
affected by the dynamic effects resulting from the
postulated pipe break, as discussed in Section 3.12.7 of
this report. Using these criteria and guidelines will ensure
that the consequences of pipe ruptures will be adequately
mitigated so that the reactor can be safely shut down and
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The analyses referred to in GDC 4 should be based on
such plant-specific data as piping geometry, materials,
piping loads, and pipe support locations. The staff must
review the LBB analyses for specific piping designs before
an applicant can exclude the dynamic effects from the
design basis for the piping system.
In the DFSER, the staff noted that COL applicants seeking
approval of the LBB approach for high-energy piping
systems in the ABWR plant should submit an LBB plantspecific analysis in accordance with GDC 4 and include the
information stated in the previous discussion. This was
DFSER COL Action Item 3.6.3-1.
In SSAR Section 3.6.5.2, GE stated that the COL applicant shall
prepare a plant-specific LBB analysis report and submit the
report to the NRC staff for approval. This is acceptable.
Although the staff is currently using the methodology and
acceptance criteria provided in SRP Section 3.6.3 and
NUREG-1061, Volume 3, the staff recognizes that the
LBB technology is continually evolving. Therefore, the
staff will review LBB requests for the ABWR plant on a
case-by-case basis using the staffs methodology and
acceptance criteria in effect at the time of the submittal.

3.7 Seismic Design
The staff reviewed the seismic design adequacy of the
ABWR standard plant using SRP Sections 3.7.1 through
3.7.4 as the basis, and considered GE's responses to the
open items, confirmatory items and COL action items
identified in the DSER (SECY-91-153) and the DFSER.
In addition, the staff conducted two design calculation
audits at GE's office in San Jose, California, and two
design calculation audits at Bechtel Power Corporation
(consultant to GE) in San Francisco, California. The first
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50, and 100 Hz. The power spectral density function
(PSDF) of the two horizontal components of the synthetic
SSE ground motion time history envelops the target PSDF
specified in Appendix A to SRP Section 3.7.1 for a frequency range of 0.3 to 24 Hz. For the vertical component of
the ground motion time history, GE followed the guideline
of Appendix A to SRP 3.7.1 and developed a target PSDF
for the vertical ground motion. GE also showed that the
vertical component of the ground motion time history
(synthetic time history) satisfied the PSDF enveloping
criteria. The details of developing the target PSDF and the
demonstration of PSDF enveloping process are described
in a GE submittal dated May 7, 1993, (GE's responses to
Item 3 of the audit report dated February 22, 1993). In
addition, GE showed that the three components of synthetic time history are statistically independent of each other
in that the cross-correlation coefficients at zero-time lag
between these components are less than 0.16.

design calculation audit, conducted November 28
through 30, 1989, covered the design of the containment
and RB. The staffs findings and concerns from the first
design calculation audit and GE's subsequent resolutions
are contained in Appendix 3.7A to the DSER
(SECY-91-153). The second design calculation audit,
conducted on March 30 through April 2, 1992, covered
primarily the design of the RB, control building, and
radwaste building substructure. The staffs findings and
concerns from the second design calculation audit were
documented in the audit report issued on May IS, 1992.
The third and forth audits covered three major areas:
(1) seismic reanalysis of the safety-related structures,
(2) GE's response to the DFSER open and confirmatory
items, and (3) designs of the safety-related structures,
including the RB, the containment structure, and the
control building. These two design calculation audits were
conducted at the Bechtel (San Francisco) office on
October 12 through 15,1992 and February 22 through 25,
1993, respectively. These audits were to determine if the
structures of the ABWR standard plant are adequately
designed and if the commitments documented in the SSAR
are properly implemented.

From this evaluation above, the staff concludes that the
SSE input ground motion (the design ground response
spectra and the ground motion time history) as documented
in SSAR Section 3.7.1 meets the guidelines of SRP 3.7.1
and RG 1.61 and, therefore, is acceptable.

In the DFSER, the staffs evaluation covered both OBE
and SSE. However, as discussed in Section 3.1.1 of this
report, by implementing the Commission-approved staff
recommendations on OBE elimination, unless otherwise
denoted, only the SSE seismic design is evaluated on the
following.
3.7.1 Seismic Design Parameters
In the SSAR, the input seismic design response spectra for
the SSE are defined at plant finished grade in the free
field. These design response spectra comply with the
ground motion response spectra recommended in RO 1.60,
"Design Response Spectra for Seismic Design of Nuclear
Power Plants," Revision 1. The peak horizontal as well as
the peak vertical ground acceleration (PGA) is 0.3g. For
the standard plant design, SSE (i.e., RG 1.60 response
spectra anchored to 0.3#), was employed to calculate the
responses of the SSCs. The staffs evaluation of the
design ground motion for the SSE is discussed in
Section 2.6.3 of this report.
In SSAR Section 3.7.1, Amendment 33, GE stated that the
three components of the synthetic SSE ground motion time
history used for the seismic analysis and design of the
ABWR seismic Category I SSCs are adjusted in amplitude
and frequency to obtain response spectra for damping
ratios of 2-, 3-, 4-, 5-, and 7-percent of critical damping
to envelop the SSE design ground response spectra at a
sufficient number of frequency points as recommended by
SRP Section 3.7.1 plus three additional frequencies at 40,

To define the design ground motion (ground response
spectra and the associated synthetic time history) at plantfinished grade in the free field, in accordance with the SRP
guidelines, is acceptable for the purpose of developing the
envelope of seismic responses (both structural member
forces and FRS) for the design of the standard plant.
However, when confirming the adequacy of the standard
plant design for a specific shallow soil site, the COL
applicants should define the site-specific ground response
spectra and associated design time history as the free field
motion at a level that complies with the guidelines of SRP
Section 3.7.1.1.1. The details of the staffs review of
GE's compliance with these guidelines and the staffs
conclusion are discussed under "Confirmation of PlantSpecific Seismic Design Adequacy" in Section 3.7.2 of this
report.
The damping ratios used in the analysis of the ABWR
seismic Category I structures comply with the SSE
damping ratios specified in RG 1.61, "Damping Values for
Seismic Design of Nuclear Power Plants." For soils, GE
determined damping values (soil material damping and
energy dissipation as a result of wave propagation) on the
basis of the soil shear strains induced in the free field.
The approach for considering the soil damping complies
with the SRP Section 3.7.2 guidelines and is, therefore,
acceptable.
The ABWR seismic Category I structures have reinforced
concrete mat foundations that are designed to be supported
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on soil, rock, or compacted backfill. Appendix 3H to the
SSAR, Amendment 33, specifies the following embedment
depths from the plant finished grade to the bottom of the
basemat for each seismic Category I structure:
•

25.9 m (85 ft) for RB complex (shield building,
containment structure, drywell, and reactor pedestal)

•

23.2 m (76.1 ft) for control building

•

16.0 m (52.5 ft) for radwaste building substructures

These three buildings are designed to have independent
foundations. During the design calculation audits, GB also
discussed the use of these embedment depths for the seismic analysis to determine the seismic soil-structure
interaction (SSI) effects for all seismic Category I
structures except the radwaste building that is assumed to
be surface-founded in the seismic analysis. The staffs
evaluation regarding the adequacy of the SSI analysis,
including the consideration of these embedment depths, is
discussed in Section 3.7.2 of this report. However,
because the depth of the embedment is an important aspect
of the seismic design, the variation in the depth of embedment of an as-built plant beyond the tolerance limit of
0.3 m (1 ft) should be verified by calculations to reconcile
the difference. The embedment depths verification is part
of building-specific ITAAC. The adequacy and acceptability of the ABWR design description and ITAAC are
evaluated in Section 14.3 of this report.

Bonding Site Parameters
In the DFSER, the staff identified COL Action
Item 3.7.1-1 to anchor the design basis OBE to a peak
ground acceleration (PGA) of 0.15g. Recently, the
Commission approved the staff recommendation of
eliminating OBE from the ABWR design. The staffs
evaluation of this issue is discussed in Section 3.1 of this
report, and COL Item 3.7.1-1 is withdrawn and resolved.
In SSAR Section 2.3.1.2, Amendment 33, GE stated that
the COL applicant will use the following bounding site
conditions to confirm the adequacy of the ABWR standard
plant seismic design for a specific site:
•

The site-specific ground motion response spectra are
bounded by the RG 1.60 design response spectra
anchored to 0.3g.

•

For a shallow soil site, the site-specific ground
response spectra and the associated time history should
be specified as the free field motion at a level that
complies with the guidelines of SRP Section 3.7.1.
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•

The site soil static bearing capacity at the foundation
level of the reactor and control building is 0.72 MPa
(15 kip/ft ) minimum.
2

The bounding site conditions are consistent with those
discussed in SSAR Section 3.7.1 and are acceptable.
Certain site-specific SSCs for ABWR plants that are not
part of the certified design may be designed using sitespecific spectra. To develop these spectra, the horizontal
and vertical free field ground surface site-specific ground
motion spectra for a controlling earthquake for a site
should be obtained using the procedures of SRP 2.5.2.
The maximum spectral amplitude of these spectra in the
frequency range 5 to 10 Hertz should be obtained. Both
the horizontal and vertical design response spectra for the
ABWR certified design and the RG 1.60 shapes anchored
to 0.3; peak ground accelerations should be scaled
throughout their entire frequency range in such a manner
that the minimum spectral amplitudes of the certified
design spectra are equal to the maximum amplitudes of the
horizontal and vertical site-specific ground motion spectra,
respectively, in the 5- to 10-Hertz frequency range. The
resulting design response spectra should be used as the
minimum for the design of site-specific SSCs for ABWR
plants.
The staff concludes that GE meets the relevant
requirements of GDC 2 and Appendix A to 10 CFR
Part 100 by appropriate consideration of the most severe
earthquake, SSE, to which the ABWR seismic Category I
SSCs are expected to be subjected. GE meets these
requirements by the use of (1) SSE design response spectra
that comply with RG 1.60, (2) synthetic ground motion
time histories that comply with the design response
spectrum and PSDF enveloping criterion of SRP
Section 3.7.1, and (3) specific percentage of critical
damping values in the seismic analysis of ABWR seismic
Category I SSCs that conforms to RG 1.61. This ensures
that the seismic inputs to the ABWR seismic Category I
SSCs are adequately defined to form a reasonable basis for
the design of such SSCs to withstand seismic loadings.
3.7.2 Seismic System Analysis
The staffs review of the seismic analysis of the seismic
Category I SSCs includes the seismic analysis methods and
acceptance criteria used for the ABWR seismic Category I
structures, the reactor pressure vessel (RPV) and
containment internal structures design. The radwaste
building, which is not a seismic Category I structure and
does not house any safety-related equipment and systems,
is included in this review because GE elected to design this
structure for the SSE seismic loads to ensure that the
embedded portion of the building retains its structural
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integrity during and after an SSE, and to prevent
unacceptable leakage of the radwaste material outside the
building. The seismic analyses of the turbine building and
the condenser, which is located inside the turbine building
but has a separate foundation, are also included in this
review although these two structures are not seismic
Category I. They are within the scope of this review
because a portion of the MSL, which is required to be
designed for the SSE based on the discussion in
Section 3.2.1 of this report, is inside the turbine building,
and one end of this portion of the MSL system and branch
lines is anchored at the turbine building and the condenser.
GE originally analyzed all seismic Category I structures
for the QBE ground motion only and obtained the SSE
responses, including the FRS of the structures by
multiplying the corresponding OBE responses by a factor
of two. The results of the staff review were documented
in the DSER (SECY-91-153), DFSER, and the design
calculation audit reports. In these reports, a number of
open, confirmatory, and COL action items were identified.
In response to the DSER (SECY-91-153) and DFSER
open, confirmatory, and COL action items and to address
the concerns identified in the audit reports, GE initiated a
seismic reanalysis for all seismic Category I structures.
GE then used the results of this reanalysis to replace the
original analysis results as part of the basis for the design
certification application. GE explained the reasons for
performing this analysis as follows:
(1)

As a result of changing the design basis tornado
wind speed from 418 km/hr (260 mph) to
483 km/hr (300 mph) and adopting the use of
tornado missile Spectrum I per SRP Section 3.S.1.4, the RB superstructure and roof were
thickened and the roof purlins strengthened. These
structural design upgrades resulted in a need to
modify the seismic models.

(2)

The original SSE responses of the ABWR seismic
Category I structures, including the FRS, were
obtained by multiplying the corresponding OBE
analysis results by a factor of two. As a result, a
significant design margin was included in the SSE
responses. To eliminate the. excessive design
margin, GE initiated the seismic reanalyses tor the
RB complex and the control building to take
advantage of the Commission-approved staff
recommendations on OBE elimination.

(3)

lie original building responses used for the seismic
input to subsystems such as piping were obtained by
enveloping the analysis results from two dynamic
models, namely, models with and without the steel
!

stabilizer truss between the RSW and reinforced
concrete containment vessel (RCCV). Because of
the protection to be provided for the personnel
during reactor hot standby and shutdown for
maintenance and refueling, the RSW height was
raised to the height of IS cm (6 in.) below the
RCCV top slab. This change eliminated the steel
stabilizer truss from design and, thus, the stabilizer
truss was deleted to result in the revised model for
seismic reanalysis.
(4)

To address the NRC staffs concern about the use
of a two-dimensional (2-D) dynamic model for the
seismic analysis of seismic Category I structures,
only three dimensional (3-D) soil-structure system
models were used in the seismic reanalyses.

In the seismic reanalysis of the seismic Category I
structures, GE regenerated the three components of the
ground motion time history. In SSAR Section 3.7.1 and
Figures 3.7.6 through 3.7.20 and Figures 3.7.24 through
3.7.26, GE compared the design ground response spectra
and the target PSDFs with the respective response spectra
and the PSDFs obtained from these three components of
the ground motion time history. As shown in these
figures, the three components satisfy both the response
spectrum enveloping criterion for all damping ratios to be
used in the analysis and the PSDF enveloping criterion
provided in SRP Section 3.7.1. Therefore, they are
acceptable to the staff.
Regarding the seismic analysis of the ABWR plant
structures including all seismic Category I structures, the
staff found the procedures used for structural modeling,
seismic soil-structure interaction analysis, development of
FRS, inclusion of the effects of variation in parameters on
FRS, inclusion of torsional effects, evaluation of dynamic
stability of buildings (such as overturning and sliding), and
determination of composite damping acceptable. The
staffs basis for the acceptance of these techniques and the
review of the analysis and design for each building are
discussed in detail latter in the building-specific evaluations
of this section.
As discussed in SSAR Section 3.7.2 and Appendix 3A and
Appendix 3H to the SSAR, Amendment 33, GE performed
dynamic analyses of the seismic Category I structures to
generate the SSE responses (structural member forces and
FRS) on a linear elastic basis. The seismic responses were
calculated for the two horizontal directions and the vertical
direction. GE did not use the technique of constant static
factors for computing the vertical responses.
The
structural damping ratios used by GE complied with those
specified in RG 1.61. For the structure of structural
materials with different damping ratios and for the modal
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response method of analysis used, OB calculated a
composite modal damping ratio using the strain energy
technique. The techniques used for the dynamic analyses
of structures discussed above are consistent with the
guidelines of SRP Section 3.7.2 and, therefore, are
acceptable.
The 3-D time history method applied in the frequency
domain forms the basis for the dynamic analyses of all
major seismic Category I structures. The technique used
for performing the dynamic analysis in the frequency
domain meets the guidelines of SRP Section 3.7.2 and,
therefore, is acceptable. OE generated the FRS, which
serve as inputs for the seismic analysis, design, and test
verifications of systems and components, from the time
history method of dynamic analysis. To account for
variation in the structural frequencies as a result of
uncertainties in the material properties of the structures and
in the modeling and analysis techniques, OE broadened the
peaks of FRS. To develop the FRS envelopes for the
subsystem design of the standard plant, OE, as discussed
in SSAR Section 3A.10.2, Amendment 33, (1) calculated
the FRS for the damping ratios of 2-, 3-, 5-, and 10percent from all 3-D analysis cases, using computer code
SASSI, (2) developed the FRS envelopes from the FRS for
all site conditions at the required locations in each of the
three directions, and (3) at each location, developed the
bounding horizontal FRS envelopes from the FRS envelopes in the two horizontal directions. In addition, OE
applied a peak broadening of 15 percent to the bounding
horizontal FRS envelopes and the vertical FRS envelopes
to account for the uncertainties caused by structural
modeling, material properties, and soil modulus. In SSAR
Section 3.7.2, OE also discussed two options for the
design of seismic Category I components regarding the
peak broadening: (1) if a detailed parametric variation
study is made, the minimum peak broadening ratio can be
10 percent, and (2) in lieu of peak broadening, the peak
shifting method included in Appendix N to ASME
Section III can be used. GE's process for developing the
FRS envelopes meets the guidelines of RG 1.122,
"Development of Floor Design Response Spectra for
Seismic Design of Floor Supported Equipment or Components," Revision 1, and SRP Section 3.7.2, and is
acceptable. The acceptability of Appendix N to ASME
Section III is discvssed in Section 5.2.1.2 of this report.
From comparing the natural frequencies obtained from a
2-D fixed base building model and a 3-D fixed base
building model with the embedment effect included, GE
found that the torsional effect resulting from the
eccentricity between the center-of-mass and center-of rigidity of the seismic Category I structures (RB, control
building, and embedded portion of radwaste building)
on the seismic responses is negligible because of the
1
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symmetry in the geometrical layout of the buildings.
Therefore, in SSAR Section 3.7.2.11, Amendment 33, OE
stated that for the ABWR seismic Category I structures,
the actual eccentricities are negligible and the torsional
moments are due to accidental torsion only. From its
review, the staff agreed that the effect of the building
eccentricity is negligible. For the seismic design of structures, OE followed the approach and the procedures that
comply with the guidelines of SRP Section 3.7.2 and
applied an accidental eccentricity equal to 5 percent of the
maximum building dimension at each floor to calculate the
seismic shear for distribution to the lateral load resisting
structural elements. GE evaluated the stability of the
structure against seismic overturning by requiring a
minimum factor of safety of 1.1 between the potential
energy needed to overturn the structure and the maximum
kinetic energy of the structure during the SSE. These
approaches comply with the guidelines of SRP
Section 3.7.2 and are acceptable. In early SSAR amendments, GE did not describe the procedure for determining
the stability of the structure against seismic sliding. This
was DFSER Open Item 3.7.2-1. In Appendix 3H to the
SSAR, Amendment 33, GE provided the analysis
procedures used for the dynamic overturning of the RB,
control building, and radwaste building and the evaluation
results (safety factors against overturning, sliding, and
flotation) of these three buildings. From the review of
Appendix 3H to the SSAR and the design calculation audit
conducted on February 22 through 25, 1993, the staff
concludes that the reactor, control, and radwaste buildings
will be dynamically stable under the specified SSE.
Therefore, DFSER Open Item 3.8.5-1 is resolved. This
concern is also discussed in Section 3.8.5 of this report.
From evaluation of the general approach for the seismic
analysis of the seismic Category I structures discussed
above, the staff concludes that the procedures used by
GE to (1) combine the modal responses, (2) combine the
effects of the three earthquake components, (3) account for
the effects of variation in parameters on FRS envelopes,
(4) include torsional effect in the seismic design of structures, (5) evaluate stability of structures against seismic
overturning and sliding, and (6) determine composite
damping ratios for structures comply with the guidelines of
SRP Section 3.7.2 and the applicable regulatory guides and
are, thus, acceptable.
During the design calculation audit conducted on
February 22 through 25, 1993, the staff was concerned
about that, in its calculation of seismic loads from the live
loads, GE reduced the live load on a global basis but did
not provide the basis for the reduction or provide the
criteria for the design of local structural elements such as
slabs, beams, and columns. In SSAR Sections 3.8.1.3.1,
3H.1.4.3.1, 3H.2.4.J.1, and 3H.3.4.3.1, Amendment 33,
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GE stated that the floor area live load shall be omitted
from areas occupied by equipment whose weight is
specifically included in dead load and that the live load
shall not be omitted under equipment where access is
provided. For the computation of global seismic loads,
only a portion of the live load designated as "Lo" is used
because of the overall light occupancy of power plants.
The "Lo" loads are established in accordance with the
layout and mechanical requirements. However, the live
loads used in the load combinations for the design of local
structural elements such as slabs and beams are the full
values. In the design calculations, GE used 25 percent of
the live load for computing the seismic loads owing to an
SSE and used the full value of the live load for the design
of structural elements. The basis for using 25 percent of
the live load for computing the SSE seismic loads is
provided in SSAR Section 3.8.1. As a result of its review,
the staff concludes that the reduction factor of 75 percent
used by GE for calculating the contribution of the live load
to the overall seismic loads is consistent with the guidelines
of ASCE 7-88 Standard (formerly ANSI A58.1) and the
common industry practice, and is, therefore, acceptable.
On the subject associated with the interaction of nonseismic Category I SSCs with the seismic Category I
SSCs, SSAR Section 3.7.2.8 states that all non-seismic
Category I SSCs will meet one of the following criteria:
(1)

the collapse of any non-seismic Category I
structure, system, or component will not cause the
non-seismic Category I structure, system, or
component to strike any seismic Category I
structure, system, or component.

(2)

the collapse of any non-seismic Category I
structure, system, or component will not impair the
integrity of seismic Category I SSCs. This may be
demonstrated by showing that the impact loads on
the seismic Category I structure or system or
component resulting from collapse of an adjacent
non-seismic Category I structure or system or
component, because of its size and mass are either
negligible or smaller than those considered in the
design (e.g., loads associated with tornado ,
including tornado missiles).

Although these criteria are used for the design of the
standard plant, during the construction phase, interferences
from field run commodities and field modifications can
lead to adverse interaction between seismic Category I and
other non-seismic Category I SSCs. To identify and
correct such potentially adverse interaction in accordance
with these described criteria, SSAR Section 3.7.5.4,
Amendment 33, stated that the COL applicant will describe
the process for completion of the design of balance-of-plant
and non-safety related systems and propose procedures for
an inspection of the as-built plant to verify that the
interaction of non-seismic Category I SSCs with seismic
Category I SSCs does not cause failure of the seismic
Category I SSCs to perform their intended safety function.
This is acceptable. The staff will review the process and
procedures as part of the COL application and the ITAAC
for the COL stage.
To demonstrate that the as-built plant structures (primary
containment structure, internal structures, RB, control
building, radwaste building, and turbine building) are able
to withstand the structural design basis loads as defined in
SSAR Section 3.8, Amendment 33, GE, in SSAR Section 3H.5, Amendment 33, stated that when the
construction is complete, a structural analysis report will
be prepared to document the results of the review of
construction records for material properties used in
construction (i.e., in-process testing of concrete properties
and procurement specifications for structural steel and
reinforcing bars) and the inspection of as-built building
dimensions. In this report, according to GE, construction
deviations and design changes, if any, will be assessed to
determine appropriate disposition. The as-built plant
structures are considered acceptable "as-they-are," if the
structural design meets the acceptance criteria and load
combinations defined in SSAR Section 3.8, and the
dynamic responses (i.e., FRS, shear forces, axial forces
and moments) of the as-built plant structures are bounded
by the responses documented in Appendices 3A, 3G, and
3H to the SSAR, Amendment 33. GE also stated that
depending upon the extent of the deviations and design
changes, compliance with the acceptance criteria can be
determined by either:
a. Analyses of evaluations of construction
deviations and design changes, or

1

(3)

the non-seismic Category I SSCs will be analyzed
and designed to prevent their failure under SSE
conditions in such a manner that the margin of
safety of these SSCs is equivalent to that of seismic
Category I SSCs.

Criteria (1), (2), and (3) are acceptable to the staff.

b. The design basis analyses will be repeated
using the as-built condition.
The staff considers that the reconciliation analysis
procedures to be used by GE will ensure that the as-built
plant structures are able to withstand the structural design
basis loads and load combinations defined in SSAR Section 3.8, Amendment 33, and are, thus, acceptable.
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The staffs evaluations of the seismic analyses and design
of the ABWR seismic Category I buildings and other
structures are discussed in the following paragraphs.
Reactor Building
GE originally developed the seismic response envelopes
(shear forces, moments and FRS) for the RB considering
14 generic site conditions with soil profile depths ranging
from 25.9 m (85 ft) to 91.4 m (300 ft) and averaged soil
layer shear wave velocities varying from 303 m/sec
(994 ft/sec) to 3048 m/sec (10,000 ft/sec). These site
conditions represent a range of soft-soil site, medium-soil
site, stiff-soil site, and hard-rock site. The 14 site
conditions with various soil profiles and the associated
shear wave velocity along the soil depth were listed in
SSAR Table 3A.3-6, Amendment 16. A total of 42 cases
of soil-structure interaction (SSI) analyses were performed
in the original seismic analysis. In the'seismic reanalysis,
the site conditions (as shown in Table 3A-6 of SSAR,
Amendment 33) used are basically the same as those used
in the original analyses, except that Profile VP2 was
eliminated, and Profiles VP6, HR, and EH were replaced
by rock and hard-rock conditions that represent all site
conditions with soil shear wave velocities above
1058 meters/second (3300 ft/sec). With the revised site
conditions, a total of 22 SSI analysis cases were
considered. The '14 site conditions and the 22 analysis
cases were listed in Table 3A-7 of SSAR Appendix 3A,
Amendment 33. The structural stick models, which
represent the RB, RCCV, internal structures and reactor
pressure vessel (RPV) were used in the reanalyses. In
addition, one condition of the reinforced concrete structural
model with the properties of cracked concrete was also
considered. The Bechtel-version of SASSI computer code
was used for the SSI analysis. The staff reviewed the
validation documents and approved the use of this code.
This code was also reviewed by the staff for the structureto-structure interaction analysis. The staff found (1) the
site conditions and the SSI analysis cases covered a wide
range of soil properties and site geometry, (2) the
modeling technique used for the structural stick model is
consistent with the guidelines of SRP Section 3.7.2, and
(3) the version of SASSI Computer Code previously
accepted by the staff for other nuclear power plant
licensing applications was used for the SSI analyses of the
ABWR plant structures, and, therefore, the seismic design
analysis of the RB is acceptable.
As discussed in SSAR Appendix 3A, Amendment 33, the
SSI analysis cases were categorized into two groups. In
the first group, 3-D SSI analyses of the RB and the control
building were performed individually without considering
of structure-to-structure interaction effects (Cases 1
through 16 in SSAR Table 3A-7). In the second group,
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2-D SSI analyses of the RB and control building were
performed considering individual buildings as weU as
multiple buildings, including the turbine building, to
evaluate the structure-to-structure interaction effects (Cases
17 through 22 in SSAR Table 3A-7). For all these 22 SSI
analyses, an embedment of 25.9 m (85 ft) from the
finished grade to the bottom of the basement was used.
A 2-D structural model used in the original analyses
combined with a 3-D soil-structure foundation model was
used in the seismic reanalysis. The SSE damping ratios
recommended in RO 1.61 were assigned to the structural
elements in the reanalysis. In response to Outstanding
Issue 4 of the DSER (SECY-91-153), OE increased the
maximum tornado wind speed from 418 km/hr (260 mph)
to 483 km/hr (300 mph) and adopted Missile Spectrum I
per SRP Section 3.5.1.4 for the seismic Category I structure design. As a result, the upper portion of the RB
model was modified because the building roof and the
super structures were strengthened. From the design
calculation audits, the staff concludes that GE's modeling
techniques meet the guidelines of the SRP Section 3.7.2
and are, therefore, acceptable and that DSER Outstanding
Issue 4 is resolved.
To obtain the input for the SASSI analyses, GE used
computer code SHAKE to perform a computer analysis of
the free-field soil column to obtain the shear modulus and
material damping of soils compatible with the seismic
strains induced in the free field for each site condition. In
the SSI analysis, the structural model of the RB (consisting
of the enclosure structure, RCCV, RPV pedestal, RPV,
and internals) did not include the eccentricity of the structure.
For verifying the symmetry of the RB and
demonstrating the adequacy for not considering the
building eccentricity in the analyses, GE compared the
frequencies and modal participating factors of the fixedbase RB model both with and without the calculated
eccentricity and found that the effect of eccentricity is
negligible. GE also considered the effect of separation
between the foundation soil and embedded wall on the
structural response. During the design calculation audits
conducted on October 12 through 15, 1992, and
February 22 through 25, 1993, the staff found that GE
compared the FRS obtained from a fixed base finite
element model (unsymmetrical model) and a fixed base
stick model (symmetrical model) and showed good
agreement of two sets of horizontal FRS. However, in the
frequency range between 20 Hz and 30 Hz, the vertical
FRS at the building walls generated from the finite element
model significantly exceeded the vertical FRS generated
from the stick model. In SSAR Section 3.7.2.1.5.1.1 and
3A. 10.2, Amendment 33, GE stated that to include these
exceedances in the structural models responses, the results
of the finite element analysis were used as an additional
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case to obtain the site enveloping results. From this
review, the staff concludes that GB's modeling of the RB
and supporting soil medium, use of the 2-D structural
model, and SSI analysis methods comply with the
guidelines of SRP Section 3.7.2 and the final seismic
response envelopes, including the FRS envelopes, are
reasonable and acceptable.

To determine the seismic loads for the structural design,
the analysis results of the 16 three-dimensional analysis
cases (Cases 1 through 16) based on the computer code
SASSI were enveloped to account for the effects of the
14 site conditions and the uncertainties of the relevant
parameters.
The enveloping maximum shears and
moments along the RB walls, RCCV shell, reactor shield
wall (RSW), reactor pedestal and key internal structural
elements for horizontal excitation were given in
Tables 3A-19a through 3A-19d of SSAR Appendix 3A,
Amendment 33.
Because this building is nearly
symmetrical about the two horizontal axes, the torsional
moments are obtained using the enveloping shear force at
each floor multiplied by an accidental eccentricity equal to
5 percent of the respective maximum floor dimension.
These forces, moments and torsional moments were used
for the design of various structural elements. For the
design of the structural elements below the ground surface,
such as exterior walls and RCCV shell (which is
structurally tied with the exterior walls), OE did not
consider the reduction of the horizontal shear forces at the
structural elements below the ground surface as calculated
from the analyses but did consider the largest shear force
above the ground surface for the design. In the vertical
direction, GE expressed the loads in terms of the
enveloping absolute acceleration to simplify the analyses
and design of floor slabs and components. The staff
reviewed the final reanalysis results (accelerations,
displacements, forces and moments) as provided in Si AR
Appendix 3 A, Amendment 33. GE has met the guidelines
of SRP Section 3.7.2 for developing the seismic design
load envelopes for the RB structure and the design loads
calculated are acceptable.
In the DFSER, the staff stated that the SSAR did not
completely describe the procedure for calculating the FRS
and for developing the revised FRS envelopes. This was
DFSER Confirmatory Item 3.7.2-1. During the design
calculation audits, GE agreed to provide the basis for
applying the uncertainty factors to the FRS (horizontal and
vertical). This was DFSER Confirmatory Item 3.7.2-2.
Also, GE agreed to include the seismic structural
displacement profiles, which are needed for the seismic
design of piping systems, in the SSAR. This was DFSER
Confirmatory Item 3.7.2-3. These three confirmatory
items are resolved.

From the audit of the design calculations and reanalysis
results, and the review of Appendix 3A to the SSAR,
Amendment 33, the staff found that the structural response
envelopes (member forces, bending moments, and FRS)
are dominated by the responses obtained from the RB SSI
analysis with hard-rock site condition (Case RZU). In
other words, the structural responses of the RB with a
hard-rock foundation envelop most of the responses
calculated from the SSI analyses for other site conditions.
The ABWR standard plant structures are designed using
the envelopes of seismic forces and moments. The use of
the structural response envelopes for the design of the plant
structural elements, systems, and components might yield
unnecessarily high loads for a plant founded on a soil site.
As an acceptable alternative, GE or the COL applicant
may group the 14 generic site conditions into different
generic categories of site condition (such as soft-soil site,
medium-soil site, soft-rock site, hard-rock site, etc.) and
develop the FRS envelopes for each generic category. The
resulting FRS envelope for the particular category of site
condition most representative of a specific site may be used
for the subsystem design for this site. The staff will
review the development of the category-based FRS
envelope and the site-specific design of subsystems on a
case-by-case basis.
Originally, GE did not consider the flexibility effect of the
drywell equipment and piping support structure (DEPSS)
when generating the FRS for the seismic input to the
design of subsystems supported by the DEPSS. Because
of the exclusion of the DEPSS' flexibility effect, which
might cause additional amplification of the FRS, the staff
believed that such subsystems supported on the DEPSS as
piping and equipment could be underdesigned based on the
existing FRS. This was DFSER Open Item 3.7.2-2.
SSAR Section 3.8.3.4.4, Amendment 33, described the
procedure for checking the applicability of the deformation
criteria of frame-type pipe supports given in SSAR Section 3.7.3.3.4, from which one can determine whether the
DEPSS can be considered rigid or not. The staffs review
and acceptance of the deformation criteria of frame-type
pipe supports are discussed in Section 3.12.6.7 of this
report.
If these criteria can not be met, SSAR
Section 3.7.3.3.4 further stated that the COL applicant will
generate the FRS at piping attachment points by considering the DEPSS as part of the structure and using the
dynamic analysis methods described in SRP Section 3.7.2
or by analyzing the piping systems treating the DEPSS as
a part of pipe support. This is acceptable, and DFSER
Open Item 3.7.2-2 is resolved.
The staff concludes that the SSI analyses performed for all
site conditions and analysis cases, the development of the
seismic load envelopes for the structural design of the
ABWR RB, and the generation of the FRS envelopes for
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the design of the subsystems located in the RB are acceptable.

Control Building
On the basis of the seismic design audits, the staff found
that the modeling technique and analysis method used for
the control building are essentially the same as those used
for the RB. Therefore, the staff considers the results
obtained adequate and acceptable. The details of this staff
review are discussed in the following paragraphs.
In the original SSI analysis, GE did not consider the effect
of structure-to-structure interaction between the control
building and adjacent buildings such as the RB and turbine
building. The energy feedback from the adjacent buildings
during an earthquake could significantly affect the seismic
response of the control building because these adjacent
buildings are much heavier. GE should consider the effect
of structure-to-structure interaction in the SSI analysis of
the control building. This was DFSER Open Item 3.7.2-3.
GE used a 2-D SSI model in the original SSI analysis. As
shown in SSAR Amendment 23, GE's parametric studies
for the RB indicated that the 2-D SSI analysis typically
underestimated both the horizontal and vertical spectral
peak accelerations at higher elevations of the building for
medium-stiff-soil sites and hard-rock sites. During the
design calculation audits, the staff was concerned about the
significance of the difference between 2-D and 3-D SSI
analyses of the control building. This was DFSER Open
Item 3.7.2-4.
GE originally considered three generic site conditions to
generate the envelopes of structural seismic loads and FRS.
GE also applied uncertainty factors of 1.5 and 1.0,
respectively, to the horizontal and vertical FRS envelopes
of the control building. During the design calculation
audits, GE said that a part of the uncertainty factor of l.S
for the horizontal FRS envelope was to account for the
uncertainty resulting from using only three site conditions
in the standard design. The staff was concerned with the
basis of the uncertainty factors and with the sufficiency of
considering only three site conditions in the standard
design. GE agreed to provide the basis for the uncertainty
factors. This was DFSER Confirmatory Item 3.7.2-4.
Also, the original SSAR did not describe the procedure to
generate FRS envelopes. GE committed to document this
procedure in a future amendment of the SSAR. This was
DFSER Confirmatory Item 3.7.2-5.
In response to these DFSER open and confirmatory items,
GE, following the same procedures that were applied to
the RB, conducted a seismic reanalysis of the control
building. In this seismic reanalysis, the site conditions and
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the SSI analysis cases used are the same as those used in
the RB seismic reanalysis. The 2-D structural dynamic
model shown in Figures 3A-27 through 3A-29 of SSAR
Appendix A, Amendment 33, was combined with a 3-D
soil-structure foundation model for the seismic reanalysis.
The site conditions and the soil profiles for the 22 SSI
analysis cases are documented in Table 3A-7 of SSAR
Appendix 3A, Amendment 33. For all these 22 SSI
analyses, an embedment of 23.2 m (76 ft) was included.
In addition, the same approach, analysis procedures and
ground motion time history that were applied to the RB
were adopted for the control building analyses, and the SSI
analysis computer code SASSI was also used in this
analysis. The staff concludes that the consideration of the
soil site conditions and SSI analysis cases, the modeling
technique used for structure and soil foundation, and the
ground motion time history used in the control building
seismic reanalysis are acceptable, and DFSER Open
Item 3.7.2-4 is resolved.
To generate the FRS envelopes, GE (1) followed the same
procedures that were applied to the RB, (2) generated 2-,
3-, 5-, and 10-percent damping FRS for all SASSI analysis
cases shown in SSAR Table 3A-7, (3) developed the
envelopes of the FRS at all required locations in each of
the three directions, (4) developed the envelope FRS in the
two horizontal directions at each location to form the
bounding horizontal FRS, and (5) broadened the peaks of
the FRS by ±15 percent. The uncertainty factors of 1.5
and 1.0, respectively, to the horizontal and vertical FRS
envelopes used in the original seismic analyses were not
applied in this reanalysis. The staff reviewed the process
for developing the FRS envelopes and the resulting FRS
envelope plots provided in SSAR Appendix 3A,
Amendment 33, and found them acceptable, and both
DFSER Confirmatory Items 3.7.2-4 and 3.7.2-5 are
resolved.
In response to DFSER Open Item 3.7.2-3, GE used the
2-D soil-foundation model combined with the 2-D control
building, RB, and turbine building models, and the SASSI
computer code to evaluate the significance of the effects of
structure-to-structure interaction (Cases 20 through 22 in
SSAR Table 3A-7). The analysis results, as documented
in Tables 3A-15 through 3A-18 and Figures 3A-122
through 3A-127 of SSAR Appendix 3A, Amendment 33,
showed that the effect of structure-to-structure interaction
is significant for the control building. However, these
results are bounded by the structural response envelopes,
which is acceptable, and DFSER Open Item 3.7.2-3 is
resolved.
From the review of Appendices 3A and 3G of SSAR
Chapter 3 and the certified design material (CDM) for the
GE ABWR design dated March 1992, the staff observed
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structural embedment and site soil conditions. The
resulting fundamental horizontal frequency is within the
frequency range of the maximum amplification of the input
ground response spectrum. This ensures that the resulting
seismic loads for the design of the structure are sufficiently
conservative to preclude the need for considering the
effects of structural embedment and site soil conditions.
In the DFSER, the staff reported that GE had not
completed the implementation of the QA program for the
seismic analysis of this building. In addition, the SSAR
did not include the analysis results such as the structural
frequencies, seismic shear forces, and seismic moments.
This was DFSER Confirmatory Item 3.7.2-6.

that the building dimensions are inconsistently specified in
these documents. For example, the dimensions of the
control building are specified to be 16 m x 45 m (52 ft
x 147 ft) in plan and 12.2 m (40 ft) in embedment depth
according to SSAR Section 3A.2, 22 m x 56 m (72 ft
x 184 ft) in plan and 25.9 m (85 ft) in embedment depth
according to SSAR Section 30.3.2, and 24 m x 56 m
(79 ft x 184 ft) in plan and 23.1 m (75 ft and 9 in.) in
embedment depth according to the CDM. In the DFSER,
the staff noted that OE should verify the accuracy of all
dimensions of the control building, including the
embedment depth, used in the final seismic analysis of the
seismic Category I structures shown in the SSAR and the
CDM. This concern also applied to the dimension of all
other seismic Category I building structures, including the
RB. This was DFSER Open Item 3.7.2-5.

As a result of discussions during the audit on February 22
through 26,1993, in SSAR Section 3H.3, Amendment 33,
GE provided the analysis methods and results of the
radwaste building. As a result of its review, the staff
concludes that they are acceptable. Also in a letter dated
September 15,1993, GE certified that the implementation
of the QA program for the design calculations of the
radwaste building had been completed. Therefore, DFSER
Confirmatory Item 3.7.2-6 is resolved.

In SSAR Sections 3.7 and 3.8, Amendment 33, GE
corrected all inconsistent building dimensions, including
building embedment depths, for the seismic Category I
structures.
This is acceptable, and DFSER Open
Item 3.7.2-5 is resolved.
Radwaste Building Substructure
During an earlier design calculation audit, GE indicated
that the radwaste building does not house any safety-related
equipment and components and bene©, there is no need to
generate FRS for the subsystems. To ensure that the
building maintains its structural integrity during and after
an SSE and to prevent unacceptable leakage of the
radwaste material outside the embedded portion of the
building, GE elected to analyze the radwaste building by
the response spectrum analysis method and to design the
radwaste building structure for the SSE seismic loads.
When the modal response spectrum method was used for
the analysis of the radwaste building structure and the
subsystems, GE combined the modal responses by the
method delineated in RG 1.92, "Combining Modal
Responses and Spatial Components in Seismic Response
Analysis," Revision 1. The effects of high frequency
modes were considered in accordance with the guidelines
of Appendix A to SRP Section 3.7.2. The co-directional
responses of the radwaste building structure to the three
components of the earthquake ground motion were
combined using the square-root-of-sum-of-squares (SRSS)
rule according to the guidelines of RG 1.92. The methods
used for the combination of the modal responses and the
co-directional responses to the three components of the
ground motion comply with the guidelines of SRP
Section 3.7.2 and are, thus, acceptable.
The seismic analysis was performed using a fixed-base
freestanding stick model to represent the structure. This
simplified analysis model excludes the effects of both the

Twfrine PmWiM
In the DFSER, the staff noted that GE had committed to
perform a dynamic analysis for the portion of the MSL
inside the turbine building, but neither the FRS for use as
the seismic input for the MSL analysis nor the procedure
to generate the FRS had been provided in the SSAR. On
the basis of SRP Sections 3.7.2 and 3.7.3, the staff
requested that GE perform a dynamic analysis of the
turbine building and condenser to generate a set of FRS as
the seismic input for the MSL analysis. The staff also
noted that, according to GE, the FRS generated at the
containment shell are used as the input motion at the end
of MSL anchored to the containment, and the ground
motion response spectrum multiplied by an amplification
factor serves as the input at the end of MSL (including
branch lines) anchored to the turbine building and
condenser. Use of the containment FRS as the input at the
containment side for the MSL analysis is acceptable.
However, the staff noted in the DFSER about the adequacy
of using some multiple of the ground response spectrum as
the input for the MSL analysis at the turbine building side
anchor. This was DFSER Open Item 3.7.2-6. In SSAR
Section 3.2.5.3, Amendment 33, GE stated that the
dynamic input loads for the design of the MSLs in the
turbine building are derived as follows: (1) for locations
on the basemat, the amplified response spectra (ARS)
(FRS in this report) shall be based upon the RG 1.60
response spectra normalized to 0.6g (i.e., 2 times the SSE
ground response spectra) and (2) for locations at the

3-45

NUREG-1503

Design of Structures, Components, Equipment, and Systems
site-dependent conditions specified in SSAR Section 3A. 1.
These eight site-dependent conditions were:

operating deck level (either operating deck or turbine
deck), the ARS used shall be the same aa those used at the
RB end of the MST. SAM* shall be similarly calculated.
The staff concludes that the dynamic input loadf for the
design of the MSLs inside the turbine building are
acceptable because (1) a comparison of the response
spectra at the RB foundation level with the RO 1.60
response spectra anchored to 0.6; ZPA shows that the
RO 1.60 response spectra anchored to the same 0.6; ZPA
envelop the response spectra at the RB foundation level
and (2) the turbine operating deck is located at approximately the same elevation as the anchor point of the main
steamline at the RB side and the response spectra at the RB
end were generated using an acceptable analysis approach
as discussed. DFSER Open Item 3.7.2-6 is resolved.
In the markup of SSAR Section 3.7.3.16, dated May 21,
1992, GE described the seismic design of the turbine
building vising; the UBC approach for seismic Zone 2A.
However, the seismic design, based on UBC Zone 2A
rules, does not necessarily ensure that the turbine building
will be structurally capable of withstanding the SSE for the
standard plant design to protect the safety function of the
portion of the MSL inside the turbine building. This was
DFSER Open Item 3.7.2-7. In S>AR Section 3.7.3.16,
Amendment 33, OE stated that /or the design of nonseismic Category I structures which are required to withstand an SSE without losing the structural integrity, the
procedures described in the UBC seismic design criteria
shall be followed with the following limitations:
(1)

The seismic zone shall be "Zone 3."

(2)

For dual systems (i.e., shear wall with braced steel
frame), one of the two systems must be designed to
be capable of carrying all of the seismic loading
without collapse. No credit will be given for the
other system for resisting lateral loads.

The seismic zone factor Z for UBC Zone 3 is 0.3, which
is equivalent to a peak ground acceleration (ZPA) of 0.3;.
Therefore, the staff concludes that GE's use of the UBC
Zone 3 requirements with these restrictions as discussed
for the seismic design of non-seismic Category I
structures, including the turbine building, can ensure that
the turbine building will retain its structural integrity under
the specified SSE and is, thus, acceptable. DFSER Open
Item 3.7.2-7 is resolved.

(1)

The peak ground acceleration is less than 0.30;
SSE.

(2)

The site design response spectra are less than or
equal to those given in RO 1.60 normalized to the
peak ground accelerations in Condition 1.

(3)

There is no potential for liquefaction at the plant
site as a result of an SSE as reviewed and
concurred with by the NRC staff (the liquefaction
potential of the foundation and site soils will be
investigated and reported for a long duration, New
Madrid-type earthquake).

(4)

There is no potential for fault movement at the
plant site as reviewed and concurred with by the
NRC staff.

(5)

The embedment depth of the reactor building is
2S.9 m (85 ft). The excavation tolerance is
± 1 5 c m ( ± 0.5 ft).

(6)

The average shear wave velocity for the top 9 m
(30 ft) of soil is 305 m/sec (1000 ft/sec) minimum.
The upper bound shear wave velocity is 3048 m/sec
(10000 ft/sec).

(7)

For layered soil sites with parameters that have
very abrupt variations with depth, an analysis with
site-unique properties will be performed to confirm
the applicability of the generic analysis.

(8)

The soil-bearing capacity at the site is adequate to
accommodate plant design loads.

In a letter dated August 19, 1991, OE described an
evaluation procedure for the site-specific confirmation of
the seismic design adequacy of the ABWR standard plant
and, in SSAR Section 2.3.1.2, Amendment 18, GE revised
the site-dependent conditions and the standard design
adequacy confirmation procedure. The staff reviewed
these submittals and identified four issues in the DFSER:
(1)

GE should provide the criteria and the confirmation
procedure for the site condition classified as
shallow soil site in the SSAR. This was DFSER
Open Item 3.7.2-8.

(2)

When a site-specific SSI analysis is performed for
the SSE case, the three components of the ground
motion time history should satisfy not only the
PSDF enveloping criterion, but also the response

Confirmation of Plant-Soecific Seismic Design Adequacy
To confirm the site-specific seismic design adequacy of the
standard plant, SSAR Section 2.3.1, Amendment 9, stated
that the COL applicant shall demonstrate, according to the
procedure specified therein, that it has satisfied the eight
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spectrum is developed and the free-field surface ground
motion is calculated, the local geotechnical properties (soil
layering, shear module, etc.) are all considered. As far as
the adequacy of site-specific ground motion time history
and the generation of the FRS, the staff will review it on
a case-by-case basis.
Therefore, DFSER Open
Items 3.7.2-8 and 3.7.2-9 and DFSER Confirmatory Items
3.7.2-7 and 3.7.2-8 are resolved.

spectrum enveloping criterion for all damping
values to be used with response analysis. This was
DFSER Confirmatory Item 3.7.2-7.
(3)

(4)

In its letter dated August 19, 1991, and in SSAR
Section 2.3.1, Amendment 18, GE stated that COL
applicants shall consider site-dependent bounding
Conditions 6 and 7 above as two individual
evaluation parameters when confirming the
adequacy of the standard plant design for a specific
site. The effect of soil layer depth was not
considered or included in the evaluation. The staff
was concerned that to compare Conditions 6 and 7
with the site-specific design parameters separately
is not sufficient to confirm the design adequacy of
the standard plant. The staff believed that these
two conditions should be considered together with
the depth of soil layers. In addition, the sitespecific responses (structural member forces and
FRS) should be compared to the response envelopes
used for the standard plant design unless the sitespecific parameters (shear wave velocity, number of
soil layers, and depth of soil layers) car be
demonstrated to be comparable to one of the 14
generic site conditions. This waa DFSER Open
Item 3.7.2-9.

The staff concludes that the ABWR standard plant design
is acceptable and meets the requirements of GDC 2 and
Appendix A to 10 CFR Part 100. This conclusion is based
on the following: the applicant has met the requirements
of GDC 2 and Appendix A to 10 CFR Part 100 with
respect to the capability of the structures to withstand the
effects of the earthquakes so that their design reflects:
1. Appropriate consideration for the most severe
earthquake recorded for the most sites east of the
Rocky Mountains with an appropriate margin (GDC 2);
2. Appropriate combination of the effects of normal and
accident conditions with the effect of the natural
phenomena; and

In SSAR Section 2.3.1.2, Amendment 18, GE
stated that the FRS comparison can be made for
one damping value only when confirming the
seismic design adequacy of piping and equipment.
According to the guidelines of SRP Section 3.7.1.1.l.b, the FRS comparison should be
performed for all damping values assigned to
different piping systems and equipment. This was
DFSER Confirmatory Item 3.7.2-8.

To respond to these four items, in SSAR Amendment 30,
GE revised the eight site-dependent conditions by
(1) moving these conditions from Appendix 3A to
Section 2.3, "COL License Information," (2) eliminating
Conditions 6 and 7, and (3) adding the condition for the
shallow soil site. GE also revised the confirmation
procedure by only comparing the site-specific SSE ground
response spectrum of 5-percent damping at plant grade in
the free-field with the design ground response spectrum
(i.e., RG 1.60 response spectrum anchored to 0.3g PGA).
The staff reviewed these revisions and determined that it
is acceptable to compare the ground response spectra at
plant grade in the free-field for the confirmation of the
design adequacy and that there is no need to specifically
confirm the adequacy of the ground motion time history,
local soil layering effects, and FRS for the subsystem
analysis and design. The basis for the staff conclusion is
that when the site-specific ground motion response

3. The importance of the safety functions to be performed
(GDC 2). The use of a suitable dynamic analysis to
demonstrate that SSCs can withstand the seismic and
other concurrent loads.
The applicant has met the requirements of Item 1 by using
seismic design parameters that meet the guidelines of SRP
Section 3.7.1. The combinations of earthquake-induced
loads with those resulting from normal and accident
conditions in the design of seismic Category I structures
meet the guidelines of SRP Sections 3.8.1 through 3.8.5
and are in conformance with Item 2.
The scope of review of the seismic system and subsystem
analysis for the plant included the seismic analysis methods
for all seismic Category I SSCs. It included review of
procedures for modeling, seismic soil-structure interaction,
development of envelope response spectra, inclusion of
torsional effects, evaluation of seismic Category I structure
overturning and sliding, and determination of composite
damping. The review also included design criteria and
procedures for evaluation of the interaction of non-seismic
Category I structures with Category I structures, and the
effects of parameter variations on FRS. In addition, the
review included criteria and seismic analysis procedures
for seismic Category I buried piping outside containment.
GE performed the system and subsystem analyses on an
elastic and linear basis. Time history methods form the
bases for the analyses of all major seismic Category I
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structures except the radwaste building. The seismic
analysis of the radwaste building and the seismic analysis
of seismic Category I systems and components are based
on the response spectrum analysis method. When tbe
modal response spectrum method was used, modal
responses were combined in conformance with RG 1.9l
GB's consideration of the high-frequency mode
contribution to the overall structural responses met the
guidelines of Appendix A to SRP Section 3.7.2. The
SRSS of the maximum codirectionai responses was used in
accounting for three components of the earthquake motion
for both the time history and response spectrum methods.
FRS inputs to be used for analysis and design of structural
elements, systems, and components were generated from
the time history method, and they are in conformance with
RG 1.122, "Development of Floor Design Response
Spectra for Seismic Design of Floor-Supported Equipment
or Components," Revision 1. A vertical seismic system
dynamic analysis was employed for all SSCs where
analyses had shown significant structural amplification in
the vertical direction. Torsional effects and stability
against overturning and sliding were considered.
A coupled structure and soil model was used to evaluate
soil-structure interaction effects upon seismic responses.
Appropriate nonlinear stress-strain and damping
relationships for the soil were considered in the analysis.
The staff concludes that the use of seismic structural
analysis procedures and criteria delineated by GE provide
an adequate basis for the seismic design, which is in
conformance with the requirements of Item 3 listed.
3.7.3 Seismic Subsystem Analysis
The staff review of the seismic subsystem analyses
included the seismic analysis methods for ABWR seismic
Category I SSCs that were not explicitly included in the
structural models when seismic analyses of the seismic
Category I structures were performed. Such items include
all seismic Category I cable trays and supports, conduit
and supports, above-ground tanks, buried piping and
tunnels, and structural elements that support other seismic
Category I items, the dynamic effects of which could affect
the seismic response of the supported items (e.g., the steel
platforms, the radial steel beams, and the DEPSS in the
RB).
Seismic qualification of seismic Category I
mechanical equipment and instrumentation and electrical
equipment is evaluated, respectively, in Sections 3.9 and
3.10 of this report. The seismic analysis of piping systems
is discussed in Section 3.12 of this report.
GE performed the subsystem analysis on a linear elastic
basis.
The modal response spectrum method and
equivalent static load method formed the basis for the
analyses of all major seismic Category I subsystems in
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both the horizontal and vertical directions. When the
modal response spectrum method was used, the analysis
model was established and the procedures used for its
development complied with the guidelines of SRP
Section 3.7.3 for dynamic analyses. The modal responses
and the spatial components of responses were combined
according to the methods delineated in RG 1.92. These
methods used for combining seismic responses comply
with the guidelines of SRP Section 3.7.2, and are, thus,
acceptable. GE used the FRS envelopes obtained from the
time history analyses of the structures for the seismic input
for the subsystem analyses. GE considered torsional
effects of eccentric masses. These modeling techniques
and analysis methods for the subsystems meet the
guidelines of SRP Section 3.7.3 and, therefore, are acceptable.
Seismic Category I cable trays and conduit supports were
analyzed using the modal response spectrum method of
analysis. The analysis procedure and design criteria were
described in more detail in SSAR Section 3.8.4, Amendment 33. The staffs evaluation of the subject is given in
Section 3.10.2 of this report.
Buried seismic Category I piping systems and tunnels were
analyzed using the techniques that account for the effects
of seismic wave travel, differential movements of pipe
anchors, bent geometry and curvature changes, local soil
settlements or soil arching. The early SSAR amendments
did not describe in detail the procedure for the analysis of
buried piping and tunnels or provide any description of the
procedure for the dynamic analysis and evaluation of the
above-ground tanks. This was DFSER Open Item 3.7.3-1.
In SSAR Section 3.7.3.12, Amendment 33, GE provided
the design procedures for buried piping and pipe tunnels,
and in SSAR Section 3.7.3.17, Amendment 33, GE
provided the analysis procedures for the above-ground
tanks. The procedures for the analysis and design of
buried piping, pipe tunnels, and the above-ground tanks
conform with the guidelines of SRP Section 3.7.3, and are,
therefore, acceptable. DFSER Open Item 3.7.3-1 is
resolved.
The staff concludes that the design of the subsystems of the
ABWR standard plant is acceptable and meets GDC 2 and
Appendix A to 10 CFR Part 100 with regard to the
capability to withstand the effects of the earthquakes.
Evaluation findings for SSAR Section 3.7.3 have been
combined with those for SSAR Section 3.7.2 and are given
in Section 3.7.2 of this report.
3.7.4 Seismic Instrumentation
The seismic instrumentation system specified for the
ABWR plant in SSAR Section 3.7.4 is acceptable and
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meets GDC 2 and 10 CFR Part 100 Appendix A. The
applicant met these requirements by requiring installation
of instrumentation that is capable of adequately measuring
the effects of an earthquake.
GE meets the requirements of 10 CFR Part 100,
Appendix A, and GDC 2 by providing instrumentation that
is capable of measuring the effects of an earthquake. The
installation of the specified seismic instrumentation as
specified in SSAR Section 3.7.4.1 in the reactor containment structure, other ABWR Category I structures, and the
free field constitutes an acceptable program for recording
data on seismic ground motion as well as data on the
amplitude, frequency, and phase relationship of the seismic
response of major structures and systems in the event of an
earthquake. A readout of pertinent data from the various
seismic instruments will yield sufficient information to
guide the operator on a timely basis to determine if the
level of earthquake motion ground requiring plant
shutdown has been exceeded. Data obtained from such
installed seismic instrumentation will be sufficient to ascertain that the seismic analysis assumptions and the analytical
models used in the seismic design of the ABWR were
adequate and that allowable stresses have not been
exceeded under conditions when continuity of operation is
intended. The staff finds the design:for seismic instrumentation acceptable.
In view of the time and effort required to determine if the
level of earthquake ground motion requiring plant
shutdown has been exceeded, COL applicants should
establish plant operating procedures that define specifically
what constitutes a significant exceedance of the level of
earthquake ground motion requiring plant shutdown. This
was DFSER COL Action Item 3.7.4-1. GE has included
this information in Section 3.7.4.4 of the SSAR. This is
acceptable.
Because of the continuous enhancement in the state of the
art of seismic instrumentation and the revisions to
Appendix A of 10 CFR Part 100 and to RG 1.12 (Rev. 1)
(currently in progress), conformity with instrumentation
guidelines in existence at the time of an individual license
application will be required. This was DFSER COL
Action Item 3.7.4-2.
GE has also included this
information in Sections 3.7.4.1 and 3.7.4.2 of the SSAR.
This is acceptable.

3.8 Design of Seismic Category I Structures
3.8.1 Concrete Containment
The containment is designed as a reinforced-concrete
cylindrical shell structure with an internal steel liner made
of carbon steel, except for wetted surfaces where stainless

steel or carbon steel with stainless steel cladding will be
used. It is divided by the diaphragm floor and the reactor
pedestal into an upper drywell chamber, a lower drywell
chamber and a suppression chamber. The containment is
surrounded by and structurally integral with the RB
through the RB floor slabs and the spent fuel pool structures. The containment wall is 2.0 m (6 ft 7 in.) thick
with an inside radius of 14.5 m (47 ft 7 in.) and height of
29.5 m (96 ft 9 in.). The containment design pressure is
310.3 kPa (45 psig). The containment is designed to resist
various combinations of dead loads; live loads;
environmental loads, including those resulting from wind,
tornados, and earthquakes; normal operating loads; and
loads generated by a postulated LOCA. The design,
fabrication, construction, and testing of containment are in
accordance with Subsection CC of ASME Code, Section m , Division 2. In the DFSER, the staff stated a
concern about the use of ASME Code edition. This was
DFSER Open Item 3.8.1-1.
In SSAR Section 1.8,
Amendment 33, GE stated that the 1989 edition of ASME
Code, Section III, will be used for the containment design.
The staff has reviewed the adequacy of the 1989 Edition of
ASME Code, Section III, Division 2, for reinforced
concrete containment design and found it acceptable with
the following clarification of the criteria for the tangential
shear design. With regards to the edition of the ASME
code used for the ABWR containment design, Open
Item 3.8.1-1 is considered closed. According to RG 1.136
(Rev. 2), the staff has not yet endorsed
Subsection CC-3000 of ASME Code, Section III,
Division 2, "Code for Concrete Reactor Vessels and
Containments.* Specifically, the staff raised a concern
that the code specified allowable tangential shear stress of
O.lfi is too high for the design of reinforced concrete
containments.
Subsequently, SSAR Section 3.8.1.5
revised the allowable tangential shear from O.lfd to l.Wft
(3.92 MPa (569.2 psi) for the conrete strength
/ J - 2 7 . 6 MPa (4000 psi) to be used for containment vessel
and foundation mat). The results of GE's analysis show
that the maximum tangential shear stress is 3.60 MPa
(522.3 psi) and the total calculated shear strain is
0.000295, under the factored load combinations. In
addition, GE provided the staff its backup calculations on
December 3, 1993, for review. As a result of its review,
the staff found that the revised allowable tangential shear
stress of 2.4vJ^ is within the limit of in-plane shear
strength 2.65v^ for shear walls specified in ACI
318 Code and the calculated total shear strain of 0.000295
is smaller than the limit of tangential shear strain based on
the tests performed for the reinforced concrete cylindrical
shell. Based on this discussion, the staff concludes that the
proposed allowable tangential shear stress is acceptable,
and DFSER Open Item 3.8.1-1 is resolved. To follow the
10 CFR Part 52 design certification process, any change to
the use of the ASME Code (1989 Edition) for the design
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and construction of reinforced concrete containment
structural elements (including the tangential shear stress
limit discussed above), would involve an unreviewed safety
question and, therefore, require NRC review and approval
prior to implementation. Furthermore, any requested
change to the use of this code must'either be specifically
described in the COL application or submitted for license
amendment after COL issuance.
The major steel components of the concrete containment,
as stated in SSAR Section 3.8.2, consist of personnel air
locks, equipment hatches, penetrations, and the drywell
head. These components are designed for the same loads
and load combinations as those used in the design of the
concrete containment shell to which these components will
be attached. These components will, be fabricated, and
tested as Class MC components in accordance with the
1989 Edition of Subsection NE of ASME Code, Section III, Division 1. Also in SSAR Section 3.8.1.7.1, OE
stated that the COL applicant will perform the structural
integrity test (SIT) of the ABWR containments in
accordance with the provisions of Article CC-6000 and
Subarticle CC-6230 of the ASME Code, Section III,
Division 2 (1989 Edition). Similar to that for concrete
containment, the staff raised, in the DFSER, a concern
about the edition of ASME Code for the design of major
steel components. This was DFSER Open Item 3.8.1-2.
In Amendment 33 of the SSAR, GE stated that the 1989
Edition of ASME Code, Section III, will be used for the
design and test. This edition of ASME Code is referenced
in 10 CFR 50.55a and is, therefore, acceptable. DFSER
Open Item 3.8.1-2 is resolved.
In SSAR Section 3.8.2.4.1.4, Amendment 33, GE stated
that the drywell head, which consists of shell, finger pin
closure, and drywell-head anchor system, was analyzed
using a finite-element stress analysis computer program.
The stresses, including discontinuity stresses induced by
the combination of external pressure or internal pressure,
dead load, live load, thermal effects and seismic loads,
were evaluated. GE*s analyses and limits for the resulting
stress intensities are in accordance with Subarticles
NE-3130 and NE-3200 of ASME Code Section in,
Division 1 (1989 Edition). The staff found that the
analysis and design approach and the use of design code
are consistent with the guidelines of SRP Section 3.8.1.
This is acceptable. GE also stated in the SSAR that the
compressive stress within the knuckle region caused by the
internal pressure and the compression in other regions
caused by other loads are limited to the allowable buckling
stress values in accordance with Subarticle NE-3222 of
ASME Code Section HI, Division 1 (1989 Edition). GE's
evaluation of the potential buckling of the drywell head and
the buckling criteria used are consistent with the staff
position for shell buckling described in Appendix E of this
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report. This is acceptable. To follow the 10 CFR Part 52
design certification process, change to the use of ASME
Code (1989 Edition) for the design, fabrication, and
construction of drywell head against buckling would
involve an unreviewed safety question and, therefore,
require NRC review and approval prior to implementation.
Furthermore, any requested change to the use of this code
must either be specifically described in the COL
application or submitted for license amendment after COL
issuance.
As for the ultimate capacity of the concrete containment,
including the steel drywell head, the staff evaluation is
discussed in Section 19 of this report.
During the first two design calculation audits, the detailed
design calculations for the containment shell were not
available for review. This was DFSER Confirmatory
Item 3.8.1-1. During the audit dated February 22 through
25, 1993, GE provided its final containment shell design
calculations for staff review. The staff found the design
calculations acceptable.
Therefore, Confirmatory
Item 3.8.1-1 is resolved.
GE considers the first ABWR containment as a prototype
and requires its SIT to be performed as such. Therefore,
the COL applicant is required to provide the details of the
test and the instrumentation as required by the ASME
Code, Section III, Division 2, Subsection 6212, for such
a test to the staff for review and approval. In the DFSER,
the COL applicant's action to provide the details of the test
and the instrumentation as required for such a test was
DFSER COL Action Item 3.8.1-1.
In SSAR
Section 3.8.1.7.1, Amendment 33, GE stated that the COL
applicant shall perform the SIT according to Article
CC-6600 of ASME Code, Section III, Division 2 (1989
Edition) and RG 1.136, "Materials, Construction, and
Testing of Concrete Containments," Revision 2, after
completing the containment construction.
This is
acceptable.
The staff review of the performance of the containment
structure under the loads and load combinations beyond the
design limits is discussed in Section 19 of this report.
The staff concludes that the design of the concrete
containment is acceptable and meets the relevant
requirements of 10 CFR Part 50, 50.55a, and GDC 1, 2,
4, 16, and 50. This conclusion is based on the following:
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1. GE has met the requirements of Section 50.55a and
GDC 1 with respect to assuring that the concrete
containment is designed, fabricated, erected,
contracted, tested, and inspected to quality standards
commensurate with its safety function to be performed
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testing and inservice surveillance requirements, provide
reasonable assurance that, in the event of winds, tornados,
earthquakes and various postulated accidents occurring
within and outside the containment, the structure will
withstand the specified design conditions without
impairment of structural integrity or safety function of
limiting the release of radioactive material.

by meeting the guidelines of regulatory guides and
industry standards indicated below.
2. OE has met the requirements of GDC 2 by designing
the concrete containment to withstand a 0.3g SSE with
sufficient margin, and the combinations of the effects
of normal and accident conditions with the effects of
environmental loadings such as earthquakes and other
natural phenomena.

3.8.2 Steel Components of the Reinforced Concrete
Containment

3. GE has met the requirements of GDC 4 by assuring
that the design of the concrete containment is capable
of withstanding the dynamic effects associated with
missiles, pipe whipping, and discharging fluids.

The staffs evaluation of the design adequacy of the major
steel components of the reinforced concrete containment is
discussed in Section 3.8.1 of this report.

4. GE has met this requirements of GDC 16 by designing
the concrete containment so that it is an essentially
leaktight barrier to prevent the uncontrolled release of
radioactive effluent to the environment.
5. GE has met the requirements of GDC SO by designing
the concrete containment to accommodate, with
sufficient margin, the design leakage rate, calculated
pressure and temperature conditions resulting from
accident conditions, and by assuring that the design
conditions are not exceeded during the full course of
the accident condition. In meeting these design
requirements, GE has used the recommendations of
regulatory guides and industry standards indicated
below. GE has also performed an appropriate analysis
that demonstrates that the ultimate capacity of the
containment will not be exceeded and establishes
acceptable margin of safety for the design.
The criteria used in the analysis, design, and those
proposed for construction of the concrete containment
structure to account for anticipated loadings and postulated
conditions that may be imposed upon the structure during
its service lifetime are in conformance with established
criteria, and with codes, standards, guides, and
specifications acceptable to the regulatory staff. These
include meeting the positions of RG 1.94, "Quality
Assurance Requirements for Installation, Inspection, and
Testing of Structural Concrete and Structural Steel During
the Construction Phase of Nuclear Power Plants,"
Revision 1, and RG 1.136, "Materials, Construction, and
Testing of Concrete Containments," Revision 2, and
industry standard ASME Boiler and Pressure Vessel Code,
Section III, Division 2 (1989 Edition).
The use of these criteria as defined by applicable codes,
standards, guides, and specifications; the loads and loading
combinations; the design and analysis procedures; the
structural acceptance criteria; the materials, quality control
programs, and special construction techniques; and the

3.8.3 Concrete and Steel Internal Structures of Sted
or Concrete Containment
In the ABWR design, the internal structures inside the
containment include the reinforced-concrete diaphragm
floor, the reactor pedestal, the reactor shield wall, and
other structural components.
The diaphragm floor
separates the upper drywell from the suppression pool.
The reactor pedestal consists of a ledge on a cylindrical
shell that forms the reactor cavity, extending from the
bottom of the diaphragm to the top of the containment
foundation slab. The space enclosed by the cylindrical
shell under the reactor is the lower drywell, which is
connected to the suppression pool through a series of
vertical and horizontal vents in the shell wall. A steel
equipment platform is located in the lower drywell and is
accessible through a steel personnel tunnel and a steel
equipment tunnel from outside the containment. Other
internal structures include the DEPSS and the
miscellaneous floors. The major code used in the design
of concrete internal structures is American Concrete
Institute (ACI) Standard 349 (1980 Edition). The use of
this code for the design of the seismic Category I
reinforced concrete structures is acceptable, except that the
staff position on the design requirements for the steel
embedments should be satisfied. The staff position on
steel embedment design is described in Appendix F of this
report. As described in early SSAR Amendments, GE
used American National Standards Institute/American
Institute of Steel Construction (ANSI/AISC) Standard
N-690 (1984 Edition) for the design of all steel internal
structures. In the DFSER, the staff noted that this
standard had not been approved and accepted by the staff,
the use of ANSI/ASCE N-690 was DFSER Open
Item 3.8.3-1. In SSAR Section 3.8.3 and Tables 3.8-4
and 3.8-9, Amendment 33, GE provided limitations of
using the ANSI/AISC N-690 Standard (1984 Edition) in
the design of steel internal structures. The use of this
standard with these limitations complies with the staff
position described in Appendix G of this report. This is
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acceptable, and DFSER Open Item 3.8.3-1 is resolved.
To follow the 10 CFR Part 52 design certification process,
any change to the use of ANSI/AISC Standard N-690
(1984 Edition) and ACI Standard 349 (1980 Edition) for
the design and construction of containment internal
structural elements would involve an unreviewed safety
question and, therefore, require NRC review and approval
prior to implementation. Furthermore, any requested
change to the use of these codes must either be specifically
described in the COL application or submitted for license
amendment after COL issuance.
The containment concrete and steel internal structures are
designed to resist various combinations of dead and live
loads, accident-induced loads (including pressure and jet
loads), and seismic loads. The load combinations used
cover those cases likely to occur and include all loads that
may act simultaneously.
The containment internal
structures are designed and proportioned to remain within
the limits in accordance with SRP Section 3.8.3 for the
various load combinations. These limits are based on
ASME Code, Section III, Division 2, ACI Standard 349
(1980 Edition), and ANSI/AISC Standard N-690 (1984
Edition) for concrete and steel structures, respectively,
modified as appropriate for load combinations that are considered extreme.
For the analysis and design, the diaphragm floor, reactor
pedestal, and reactor shield wall were included in the finite
element model of the RCCV. The computer code
STARDYNE was used with all design basis loads
considered as static loads. The analysis and design
procedures are essentially the same as those used for the
RCCV analysis and design. As discussed in Section 3.8.1
of this report, they are acceptable.
The DEPSS, according to SSAR Section 3.8.3.4.4,
Amendment 33, is a two-level three-dimensional space
frame structure that consists of columns, radial beams,
circumferential beams and steel grating and is designed to
support the deadweight of non-safety-related equipment and
safety-related and non-safety-related piping systems. For
the analysis and design of the DEPSS, OE stated in SSAR
Section 3.8.3.4.4, Amendment 33, and during the design
audits, that the finite element method was used for the
analysis and the design was accomplished in accordance
with the ANSI/AISC N-690 Standard (1984 Edition). This
is also acceptable to the staff. The staffs review and
evaluation of the FRS generated through the DEPSS for
the input to the piping analysis are discussed in
Section 3.7.2 of this report.

N-690 (1984 Edition) for the concrete and steel structures,
respectively. In the DFSER, the staff stated the concern
about the use of the edition of ASME Code. This was
DFSER Open Item 3.8.3-2. In Amendment 33 of the
SSAR, OE specified that the 1989 version of ASME Code
will be used for the design. This is acceptable, and
DFSER Open Item 3.8.3-2 is resolved.
The criteria specified for the analysis, design, and
construction of the containment internal structures to
account for anticipated loadings and postulated conditions
that may be imposed on the structures during their lifetime
conform to the established criteria, codes, standards, and
specifications acceptable to the staff. These include
meeting the guidelines of RG 1.94, Revision 1, RO 1.136,
Revision 2, and RO 1.142, Revision 1.

The use of these criteria as defined by the applicable
codes, standards, guides, and specifications (on the loads
and loading combinations, the design and analysis
procedures, the structural acceptance criteria, the
materials, the quality control programs, and the testing
requirements) provides reasonable assurance that, in the
event of earthquakes and various postulated accidents
occurring within the containment, the internal structures
will withstand the specified design conditions without
impairment of the structural integrity or the performance
of required safety functions.
During the first two audits, the detailed design calculations
for these structures were not available for review. After
the staff requested these calculations, OE committed to
provide such design information on the containment
internal structures. This was DFSER Confirmatory
Item 3.8.3-1. Subsequently, during the audit dated
February 22 through 25, 1993, the staff reviewed GE*s
design calculations of the internal structures and found
them acceptable.
Therefore, DFSER Confirmatory
Item 3.8.3-1 is resolved.
The staff concludes that the design of the containment
internal structures are acceptable and meets the relevant
requirements of 10 CFR Part 50, Section 50.55a, and
GDC 1, 2, 4, and 50. This conclusion is based on the
following:

The materials of construction and their fabrication,
construction, and installation are in accordance with ACI
Standard 349 (1980 Edition) and ANSI/AISC Standard

NUREG-1503

3-52

1. GE has met the requirements of Section 50.55a and
ODC 1 with respect to assuring that the containment
internal structures are designed, fabricated, erected,
constructed, tested and inspected to quality standards
commensurate with its safety function to be performed
by meeting the guidelines of regulatory guides and
industry standards indicated below.
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2. OB has met therequirementsof GDC 2 by designing
the containment internal structure to withstand the 0.3g
SSE with sufficient margin and the combinations of the
effects of normal and accident conditions with effects
of environmental loadings such as earthquakes and
other natural phenomena.
3. OE has met the requirements of ODC 4 by assuring
that the design of the internal structures is capable of
withstanding the dynamic effects associated with
missiles, pipe whipping, and discharging fluids.
4. OE has met the requirements of ODC 50 by designing
the containment internal structures to accommodate,
with sufficient margin, the design leakage rate,
calculated pressure, and temperature conditions,
resulting from accident conditions, and by assuring that
the design conditions are not exceeded during the full
course of accident conditions. In meeting these design
requirements, OE has used the recommendations of
RGs and industry standards indicated below in the next
paragraph. OE has also performed an appropriate
analysis that demonstrates the ultimate capacity of the
structures and establishes acceptable margin of safety
for the design.
The criteria used in the design, analysis, and those
proposed for construction of the containment internal
structures to account for anticipated loadings and postulated
conditions that may be imposed upon structures during
their service lifetime conform with established criteria and
with codes, standards, and specifications acceptable to the
regulatory staff. These include meeting the positions of
RG 1.57, Revision 0, RG 1.94, Revision 1, and
RG 1.142, Revision 1, and industry standards ACI-349,
ASME Boiler and Pressure Vessel Code, Section III, Division 2, "Code for Concrete Reactor Vessels and
Containments," Boiler and Pressure Vessel Code,
Section HI, Subsection NE, ANSI/AISC N-690, "Specification for the Design, Fabrication, and Erection of Steel
Safety-Related Structures for Nuclear Facilities," and
ANSI N45.2.5.
The use of these criteria as defined by applicable codes,
standards, and specifications, the loads and loading
combinations; the design and analysis procedures; the
structural acceptance criteria; the materials, quality control
programs, and special construction techniques; and the
testing and in-service surveillance requirements provide
reasonable assurance that, in the event of earthquakes and
various postulated accidents occurring within the
containment, the interior structures will withstand the
specified design conditions without impairment of the
structural integrity or the performance of required safety
functions.

3.8.4 Other Seismic Category I Structures
Other seismic Category I structures within the ABWR
design scope are the balance of the RB, which is integral
with the RCCV, and the control building. Because GE
elected to design the radwaste building substructure to
remain structurally intact during an SSE to help contain
liquid from a possibly ruptured tank, the radwaste building
substructure also is included in this safety evaluation,
although it does not house any safety-related systems and
components, and hence, is not seismic Category I.
As discussed in Section 3.7.2 of this report, the turbine
building is not seismic Category I, but must be capable of
withstanding the SSE so as not to impair the safety
function of the portion of the MSL and condenser (when
used as an alternative leakage path) housed within the
turbine building. On May 21, 1992, GE submitted its
justification for demonstrating that the turbine building will
not fail during and after an SSE. In the DFSER, the staff
stated the concern about the design adequacy of the turbine
building. This was DFSER Open Item 3.8.4-1. InSSAR
Section 3.7.3.16, Amendment 33, GE revised the design
procedures for the turbine building. The staff reviewed
these procedures and found them acceptable. The details
of staffs evaluation is discussed in Section 3.7.2 of this
report. DFSER Open Item 3.8.4-1 is resolved.
In SSAR Section 3.8.4, Amendment 33, GE describes the
method of dynamic analysis, loads and load combinations,
and design procedures and criteria for the design
of seismic Category I cable tray, conduit, and their
supports. The staffs safety evaluation of the design
procedures and criteria for the seismic Category I cable
tray and conduit supports is discussed in Section 3.10.2 of
this report.
Seismic Category I structures within the ABWR standard
plant design are constructed of structural steel or concrete,
or both. The structural components consist of slabs, walls,
beams, and columns. The major code used in the design
of concrete seismic Category I structures is ACI Standard
349 (1980 Edition).
For steel seismic Category I
structures, ANSI/AISC Standard N-690 (1984 Edition) was
used. As discussed in Section 3.8.3 of this report, the use
of ANSI/AISC Standard N-690 (1984 Edition) for the
design of the seismic Category I structures is acceptable to
the staff with the restrictions discussed in Section 3.8.3 of
this report. To follow the 10 CFR Part 52 design
certification process, any change to the use of ACI
Standard 349 (1980 Edition) and ANSI/AISC Standard
N-690 (1984 Edition) for the design and construction of
the seismic Category I structural elements, would involve
an unreviewed safety question and, therefore, require NRC
review and approval prior to implementation.
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Furthermore, any requested change to the use of these
codes must either be specifically described in the COL
application or submitted for license amendment after COL
issuance.
The concrete and steel seismic Category I structures in the
ABWR are designed and proportioned to resist various
combinations of dead loads; live loads; environmental
loads, including winds, tornados, and SSE; and loads
generated by postulated ruptures of high-energy pipes (such
as reaction and jet impingement forces, compartment
pressures, and impact effects of whipping pipes). OE
performed staticfinite-elementanalyses of the structures to
determine the distribution of structural forces and moments
for the various loads and load combinations. The design
and analysis procedures used for these seismic Category I
structures are acceptable because they are the same as
those approved for previous license applications and are in
accordance with SRP Section 3.8.4.
According to SSAR Section 3.8.4.2, Amendment 33, the
materials of construction and their fabrication,
construction, and installation are in accordance with ACI
349 Code (1980 Edition) and ANSI/AISC Standard N-690
(1984 Edition), respectively, for the reinforced concrete
and structural steel in the RB, control building, and
radwaste building substructure. The use of these codes
complies with SRP Section 3.8.4 and is acceptable.
During the design calculation audit conducted on
October 12 through IS, 1992, the staff was concerned
about the design adequacy of the reactor subcompartment
walls and the removable walls under the pressure and
thermal loads owing to a high-energy line (CUW lines and
reactor core isolation lines) break (HELB). In response to
this staff concern, OE provided the evaluation procedures,
criteria, and results for the reactor subcompartment walls
and removable walls in SSAR Section 3H.4,
Amendment 33. From the audit results of the design
calculations and the review of the SSAR, the staff
concludes that the evaluation procedures and criteria used
are reasonable and the design of these walls, including the
removable walls are adequate.
In the early SSAR amendments, GE did not account for
the effect of the hydrodynamic load on the RB resulting
from a safety/relief valve (SRV) discharge or a LOCA in
the containment. Because the RB encloses and is structurally integral with the containment shell at each floor
level and at the spent fuel grider, the effect of the hydrodynamic load on the RB as a result of a SRV discharge or
a LOCA in the containment should be factored into the
design. This was DFSER Open Item 3.8.4-2. In SSAR
Appendix 3 0 , Amendment 33, OE specified that the
safety-related SSCs as applicable are also analyzed and
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designed for the dynamic excitations originating from the
event of operational transients and LOCA. The input loads
considered in the structural dynamic response analysis
include condensation oscillation (CO), pool chugging (CH),
horizontal vent chugging (HV), SRV discharge, and
annulus pressurization (AP). The staffs evaluation about
the adequacy of these loads described in SSAR
Appendix 3B, Amendment 33, is discussed in Section 6 of
this report. In the structural analyses, these loads were
classified as pipe nozzle break loads, symmetric loads, snd
asymmetric loads. A multi-stick lumped-mass model that
represents the RB, RCCV, reactor shield wall and
pedestal, and RPV was used for the analysis. The
damping values recommended in RO 1.61 were considered
for SRV and LOCA loads. For the pipe nozzle break
loading cases, multi-input excitation modal time-history
analyses were performed.
For the symmetric and
asymmetric loading cases, a frequency response method
was used. In SSAR Appendix 3G, GE provided the
structural responses (accelerations and displacements) and
the FRS owing to the hydrodynamic loads applied on the
RB as a result of an SRV discharge and a LOCA. From
review of the SSAR and the audit conducted on
February 22 through 24,1993, the staff concludes that the
structural responses, including the FRS generated and the
structural design (RB) against these loads, are reasonable.
DFSER Open Item 3.8.4-2 is resolved.

During the early design calculation audits, the staff
reviewed the static analyses that calculated the structural
element forces and moments resulting from the various
loads and load combinations acting on the control building
and radwaste building substructure. The detailed design
calculations for the RB, control building, and radwaste
building substructure, however, were not available to the
staff for review. In addition, GE did not complete the
implementation of the QA programs for the static analyses
and detailed design calculations for both the control
building and the radwaste building substructure. GE
committed to provide the detailed design calculations to the
staff for review and to complete the implementation of the
QA programs for the control building and the radwaste
building substructure. These two issues were DFSER
Confirmatory Items 3.8.4-1 and 3.8.4-2, respectively.
During the audit conducted on February 22 through 25,
1993, the staff reviewed GE*s final design calculations for
these buildings and the procedures for implementing the
QA program and found them acceptable. Therefore,
DFSER Confirmatory Item 3.8.4-1 is resolved. In a letter
dated September 15,1993, GE certified the implementation
of the QA program for the design calculations of the
reactor, control, and radwaste buildings. Therefore,
DFSER Confirmatory Item 3.8.4-2 is resolved.
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During the audit conducted on October 12 through 15,
1992, in the Bechtel San Francisco office, the staff was
concerned about the design of the embedded portion of the
exterior walls of the seismic Category I structures. GE
used the methods described in Bechtel Power Corporation
Topical Report, BC-TOP-4A, "Seismic Analysis of
Structures and Equipment for Nuclear Power Plants,"
Revision 4, to consider static soil pressure and the soil
pressure induced by the earthquake and the design of these
embedded exterior walls. The staff noted that these
BC-TOP-4A methods for calculating the dynamic lateral
earth pressures on the embedded walls had not been
reviewed and accepted by the staff. As a result, GE
agreed to follow the guidelines documented in the staff
position for the embedded wall and retaining wall design
(Appendix H of this report) and to design the embedded
portion of the exterior walls of all seismic Category I
structures. During the staff audit on February 22 through
25, 1993, in the Bechtel San Francisco office, the staff
found the design methods and the design results of the
exterior embedded walls acceptable.
The detailed design calculations of roof structures against
severe weather phenomena, such as heavy rainfall and
snow loading were unavailable during the earlier design
audits. This was DFSER Open Item 3.8.4-3. In SSAR
Appendix 3H, Amendment 30, GE stated that the design
rainfall is 493 mm/hr (19.4 in./hr) and the roof of the
seismic Category I structures is designed to have parapets
with scuppers to supplement roof drains or designed
without parapets so that excessive ponding of water cannot
occur. The design rainfall of 493 mm/hr (19.4 in./hr) and
the drainage system provisions form a reasonable design to
prevent excessive roof ponding. This is acceptable, and
DFSER Open Item 3.8.4-3 is resolved.
The seismic Category I structures for the ABWR standard
plant were initially designed to withstand a maximum
tornado wind speed of 418 km/hr (260 mph). The staff
raised in the DSER (SECY-91-153) its concern with the
acceptance of this design tornado wind speed (Outstanding
Issues 4, 8, and 9). In response, GE increased the design
tornado wind speed to 483 km/hr (900 mph). GE also
revised the tornado-generated missile spectrum, specified
in ANSI/ANS 2.8, to the Spectrum I specified in SRP
Section 3.5.1.4. In a letter dated May 29, 1992, GE
informed the staff that, based on its preliminary evaluation
of the effect of the revised tornado wind and tornado
missile loadings, the RB superstructure and roof design
required additional thickness and the roof purlins required
strengthening. These structural changes would affect the
seismic model and hence the seismic response of the RB.
In the DFSER, the staff was concerned that the resulting
modification of the seismic model would affect the seismic
analysis and design results contained in several sections

and appendices in Chapter 3 of the SSAR. This was
DFSER Open Item 3.8.4-4.
During the audit on
February 22 through 25, 1993, the staff reviewed GE's
seismic reanalysis results and design calculations and found
that the resolution for this open item is acceptable.
DFSER Open Item 3.8.4-4 is resolved.
GE used the NASTRAN computer code to perform the
static analysis and to calculate the structural element forces
and moments of the control building and radwaste building
subjected to the various loads and load combinations.
A finite element analysis model for each building was used
in the analysis. The load combinations for the reinforced
concrete structures are in accordance with ACI Standard
349 (1980 Edition).
In the DFSER, the staff noted that in analyzing the control
building, GE had not considered the effects of winds,
tornados, and tornado missiles and, in analyzing the
radwaste building, GE had not considered the effect of
winds and had used incorrectly calculated soil pressure
loads. These were DFSER Confirmatory Items 3.8.4-3
and 3.8.4-4, respectively.
In SSAR Appendix 3H,
Amendment 33, GE documented its design results of the
control building and radwaste building for the wind,
tornado and tornado missile loadings, and soil pressure
loads, which is acceptable; therefore, DFSER
Confirmatory Items 3.8.4-3 and 3.8.4-4 are resolved. The
static analysis methods and the analysis results for the
element forces and moments for the control building and
radwaste building are acceptable.

Sufficient descriptive and design information for the
seismic Category I structures should be provided in the
SSAR to meet guidelines in Section 3.8.4.1 of RG 1.70,
"Standard Format and Content of Safety Analysis Report
for Nuclear Power Plants," Revision 3. Such information
typically includes the floor plans, roof plans, vertical
sections, and structural models used in the static analysis
to calculate element forces and moments, configurations of
major structural components, and arrangements of
reinforcements in major concrete structural members. For
the RB structure, SSAR Figures 3.8-1 through 3.8-9 and
Section 3H.3 show the design information that meets the
SRP guidelines. For the control building and radwaste
building substructure, however, the early SSAR did not
provide the descriptive and design information similar to
that provided for the RB. This was DFSER Open
Item 3.8.4-5. In SSAR Appendix 3H and Chapter 21,
Amendment 33, GE provided the design description and
design drawings for the control and radwaste buildings.
The staff reviewed this information and found it
acceptable; therefore, DFSER Open Item 3.8.4-5 is
resolved.
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In the DFSER, the staff noted that the COL applicant
should identify and describe any other seismic Category I
structures that are not within the ABWR scope as a part of
its application. The staff will review its analysis and
design on a case-by-case basis. The staff also noted that
the COL applicant should ensure that the settlement of
adjacent buildings will be such that the integrity of
underground piping or tunnel will not be jeopardized. This
was DFSER COL Action Item 3.8.4-1. In SSAR Sections 3.8.4 and 3.8.6.4, Amendment 33, OE stated that the
COL applicant shall identify all seismic Category I structures, and in SSAR Section 2.3.2.36, Amendment 33, GE
stated that the COL applicant shall perform stability
evaluation of all safety-related facilities, including
foundation rebound, settlement, differential settlement, and
bearing capacity. These COL actions are acceptable.
In conclusion, the design of safety-related structures other
than containment or containment interior structures are
acceptable and meets the relevant requirements of 10 CFR
Part SO, Section 50.55a, and GDC 1, 2, and 4. This
conclusion is based on the following:

2. GE has met the requirements of GDC 2 by designing
the safety-related structures other than containment to
withstand the 0.3g SSE with sufficient margin and the
combinations of the effects of normal and accident
conditions with the effects of environmental loadings
such as earthquakes and other natural phenomena.

4. GE has met the requirements of Appendix B to 10 CFR
Part 50 because their QA program provides adequate
measures for implementing guidelines relating to
structural design audits.
The criteria used in the analysis, design, and construction
of all the plant seismic Category I structures to account for
anticipated loadings and postulated conditions that may be
imposed upon each structure during its service lifetime are
in conformance with established criteria, codes, standards,
and specifications acceptable to the regulatory staff. These
include meeting the guidelines of RG 1.69, Revision 0,
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The use of these criteria as defined by applicable codes,
standards, and specifications, the loads and loading
combinations; the design and analysis procedures; the
structural acceptance criteria; the materials, quality
control, and special construction techniques; and the testing
and inservice surveillance requirements provide reasonable
assurance that, in the event of winds, tornados,
earthquakes, and various postulated accidents occurring
within the structures, the structures will withstand the
specified design conditions without impairment of
structural integrity or the performance of required safety
functions.
3.8.5 Foundations

1. GE has met the requirements of Section 50.55a and
GDC 1 with respect to assuring that the safety-related
structures other than containment are designed,
fabricated, erected, and constructed to quality standards
commensurate with its safety function to be performed
by meeting the guidelines of regulatory guides and
industry standards indicated below.

3. GE has met the requirements of GDC 4 by assuring
that the design of the safety-related structures is
capable of withstanding the dynamic effects associated
with missiles, pipe whipping, and discharging fluids.

RG 1.91, Revision 1, RG 1.94, Revision 1, RG 1.115,
Revision 1, RG 1.142, Revision 1, and RG 1.143,
Revision 1, and industry standards ACI-349 and
ANSI/AISC N-690, "Specifications for the Design,
Fabrication, and Erection of Steel Safety-Related
Structures for Nuclear Facilities."

The ABWR design employs separate reinforced-concrete
mat foundations for major seismic Category I structures.
The RB foundation, which is integral with the containment
foundation, supports the containment structure, reactor
pedestal, other interne! structures, and the balance of RB
structure. Even though the containment structure foundation is integral with the RB foundation, it is a portion of
the foundation within the perimeter of the containment
structure. Therefore, the foundation was designed as a
part of the containment boundary.
The concrete
foundations were designed to resist various combinations
of dead loads, live loads, environmental loads (including
winds, tornados, and SSE), end loads generated by
postulated ruptures of high-energy pipes. The original
detailed design information such as the factor of safety
against overturning for the RB was calculated and provided
in SSAR Appendix 3H, Amendment 4. However, in the
DFSER, the staff noted that no such information was given
in the SSAR for the control building and the radwaste
building substructure.
This was DFSER Open
Item 3.8.5-1. In addition, the staff also noted that if
foundation waterproofing is used, the COL applicant
should evaluate the capability of the foundations to transfer
seismic shear forces. This was DFSER COL Action
Item 3.8.5-1. In SSAR Appendix 3H, Amendment 33, GE
provided the loading condition used for the dynamic
overturning, sliding and flotation analyses of the RB,
control building, and radwaste building and the evaluation
results (safety factors against overturning, sliding, and
flotation) of these three buildings. From review of the
SSAR Appendix 3H and the design calculation audit
conducted on February 22 through 25, 1993, the staff
concludes that the reactor, control, and radwaste buildings
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will be dynamically stable under the specified SSE and
DFSER Open Item 3.8.5-1 is resolved. As for COL
Action Item 3.8.5-1, which deals with the potential for the
foundation mat to slide over the plastic sheets that are
generally used as waterproofing material, SSAR
Sections 3.8.5.4 and 3.8.6.1, Amendment 33, stated that
the COL applicant will evaluate the capability of the
foundation to transfer shear loads wherefoundationwaterproofing material is used. This is acceptable. In addition,
based on the current practice of foundation construction
and the staffs understanding, a layer of gravel will be
placed on the excavated foundation surface for the soil site
and the excavated rock foundation surface will be
roughened before pouring concrete and placing the
waterproofing material. The treated foundation surface
will increase the fiction between the structural foundation
and me supportingfoundationsurface. Therefore, the staff
concludes that the treated foundation surface will be
capable to transfer the seismic shear loads.
In the DFSER, the staff noted that GE had not provided
the editions of the ASME and ACI Codes. This was
DFSER Open item 3.8.5-2. Subsequently, GE, in SSAR
Section 3.8.5.2, Amendment 33, identified code editions.
The major code used in the design of concrete mat
foundations is the 1980 Edition of the ACI 349 Standard,
except for the portion of the foundation within the containment boundary for which the 1989 Edition of ASME
Code, Section III, Division 2, was used. The design and
analysis procedures, the materials of construction and their
fabrication, construction code, and installation used for the
seismic Category I foundations, are in accordance with the
procedures in ACI 349 (1980 Edition) and ASME Code,
Section III, Division 2 (1989 Edition). The seismic
Category I foundations are designed and proportioned to
remain within the limits of these design codes for the
applicable load combinations, including those that are
considered extreme. The staff noted that this edition is
referenced in 10 CFR 50.55a and is, therefore, acceptable.
GE has also included this information in the SSAR;
therefore, DFSER Open Item 3.8.5-2 is resolved.

ations of all seismic Category I structures were not
available for review, and in addition, GE did not complete
the implementation of the QA programs for the design of
the foundations of the control building and radwaste building substructure. In the DFSER, the staff noted that GE
had committed to complete the detailed design calculations
for the foundations of all seismic Category I structures and
to complete the implementation of the QA programs for
the foundations of the control building and radwaste
building substructure. Tbese were DFSER Confirmatory
Items 3.8.5-1 and 3.8.5-2. During the audit conducted on
February 22 through 25, 1993, GE provided the detailed
design calculations of the seismic Category I structure
foundations for review, which was acceptable. Therefore,
DFSER Confirmatory Item 3.8.5-1 is resolved. In a letter
dated September 15, 1993, GE certified that the
implementation of the QA program for the design calculations of the seismic Category I building foundations. This
is acceptable.
Therefore, DFSER Confirmatory
Item 3.8.5-2 is resolved. The staff concludes that the
design of the seismic Category I foundations are acceptable
and meets the relevant requirements of 10 CFR Part 50,
section 50.55a, and GDC 1, 2, and 4. This conclusion is
based on the following:
1. GE has met the requirements of Section 50.55a and
GDC 1 with respect to assuring that the seismic
Category I foundations are designed, fabricated,
erected, constructed, tested and inspected to quality
standards commensurate with its safety function to be
performed by meeting the guidelines of regulatory
guides and industry standards indicated below.
2. GE has met the requirements of GDC 2 by designing
the seismic Category I foundation to withstand the 0.3g
SSE with sufficient margin and the combinations of the
effects of normal and accident conditions with the
effects of environmental loadings such as earthquakes
and other natural phenomena.

To follow the 10 CFR Part 52 design certification process,
any change to the use of ACI 349 Code (1980 Edition) and
ASME Code (1989 Edition) for the design and construction
of the seismic Category I building foundations would
involve an unreviewed safety question and, therefore,
require NRC review and approval prior to implementation.
Furthermore, any requested change to the use of these
codes must either be specifically described in the COL
application or submitted for license amendment after COL
issuance.
During the first two design calculation audits, the staff
found that the detailed design calculations for the found-

3. GE has met the requirements of GDC 4 by assuring
that the design of seismic Category I foundations is
capable of withstanding the dynamic effects associated
with missiles, pipe whipping, and discharging fluids.
The criteria used in the analysis, design, and construction
of all the plant seismic Category I foundations to account
for anticipated loadings and postulated conditions that may
be imposed upon each foundation during its service
lifetime are in conformance with the established criteria,
codes, standards, and specifications acceptable to the
regulatory staff. These include meeting the guidelines of
RG 1.142 and industry standards ACI 349 and ANSI/AISC
N-690, "Specification for Design, Fabrication and Erection
of Steel Safety-Related Structures for Nuclear Facilities."
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The use of these criteria as defined by applicable codes,
standards, and specifications; the loads and loading
combinations; the design and analysis procedures; the
structural acceptance criteria; the materials, quality
control, and special construction techniques; and the testing
and in-service surveillance requirements provide reasonable
assurance that, in the event of winds, tornados,
earthquakes, and various postulated events, seismic Category I foundations will withstand the specified design
conditions without impairment of structural integrity and
stability or the performance of required safety functions.

supports, as well as experimental and inelastic analytical
techniques.
SSAR Table 3.9-1 lists the design transients for five plant
operating conditions that are applicable to the design of
systems, components, and equipment, and, as an example,
the number of either plant operating events or cycles for
each of the design transients used in the design and fatigue
analyses of the reactor pressure vessel. The operating
conditions are as follows:
(1)

ASME Service Level A - normal conditions

(2)

ASME Service Level B - upset conditions, incidents
of moderate frequency

(3)

ASME Service Level C - emergency conditions,
infrequent incidents

(4)

ASME Service Level D - faulted conditions,
low-probability postulated events

(5)

testing conditions

3.8.6 Certified Design Material
In GB's CDM, dated May 30, 1992, OB provided design
descriptions and ITAAC for several structural systems. In
the DFSER, the staff identified 11 open items related to
these structural systems. In response to the open items,
GE submitted system- and building-specific ITAAC for
staff review. The adequacy and acceptability of the
ABWR design descriptions and ITAAC are evaluated in
Section 14.3 of this report.

3.9 Mechanical Systems and Components
SRP Sections 3.9.1 through 3.9.6 address review of the
structural integrity and functional capability of various
safety-related mechanical components.' The review is not
limited to ASME Code components and supports, but is
extended to other components such as control rod drive
mechanisms, certain reactor internals, and any safety-related piping designed to industry standards other than the
ASME Code. The staff reviewed such issues as load combinations, allowable stresses, methods of analysis,
summary of results, and pre-operational testing. The
staff 8 evaluation focused on determining whether there is
adequate assurance of a mechanical component performing
its safety-related function under all postulated combinations
of normal operating conditions, system operating
transients, postulated pipe breaks, and seismic events.
3.9.1 Special Topics for Mechanical Components
The staff reviewed the information in SSAR Section 3.9.1
related to the design transients and methods of analysis
used for all seismic Category I components, component
supports, core support (CS) structures, and reactor
internals designated as Class 1, 2, 3 and CS under ASME
Code, Section III, and those not covered by the Code. It
reviewed the assumptions and procedures used for the inclusion of transients in the design and fatigue evaluation of
ASME Code Cbss 1 and CS components.
It also
reviewed the computer programs used in the design and
analysis of seismic Category I components and their
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The number of cycles in the original list of transients in
SSAR Table 3.9.1 appeared to be based on a 40-year life.
In the DFSER, the staff noted that for a design life of
60 years, the number of cycles for each transient should be
increased by a factor of l.S (DFSER Open Items 3.9.1-1
and 14.1.3.3.5.2-1). In a letter dated October 22, 1993,
OE responded to this item by providing a revision to
Table 3.9-1. In this revision, the original number of
cycles resulting from transients for daily and weekly
reduction to 50-percent power, control rod pattern change,
loss-of-feedwater heaters, and turbine stop valve full
closure were increased by a factor of l.S. The number of
cycles for the remaining transients in Table 3.9-1 are
identical to the original numbers. GE stated that the
original number of cycles were based on BWR operating
experience and are conservative for a 60-year design life.
The staff agrees that BWR operating experience provides
an acceptable basis for estimating the number of cycles
anticipated for a 60-year design life. Therefore, Open
Items 3.9.1-1 and 14.1.3.3.5.2-1 are resolved.
GE used computer codes to analyze mechanical
components. The computer programs used for static and
dynamic analyses to determine the structural and functional
integrity of seismic Category I Code and non-seismic
Category I code items are included in SSAR Appendix 3D.
Design control measures to verify the adequacy of the
design of safety-related components are required by
Appendix B to 10 CFR Part 50. SSAR Section 3.9.1.2,
states that the quality of the programs and the computer
results are controlled either by GE or by outside computer
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program developers and the programs are verified by one
or more of the methods recommended in
SRP Section 3.9.1.

(2)

The NRC staffs review of this issue was, in part, baaed
on an evaluation of the adequacy of the OB computer
program used in the representative ABWR piping analyses
that were audited by the staff on March 23 through 26,
1992, at GE*a offices in San Jose, California. This was
accomplished by the staff performing an independent
piping analysis to confirm the adequacy of these OB
analyses. In the DFSER, the computer program adequacy
was DFSER Open Items 3.9.1-2 and 14.1.3.3.4.1-1. The
resolution of these issues is discussed in Section 3.12.4.1
of this report.

Postulated Blowout of a RIP Motor Casing as a
Result of Weld Failure
This postulated event is discussed in SSAR
Section 5.4.1.5. Each RIP is contained in an
ASME Class 1 pressure boundary housing that is
welded to a stub Cube in the reactor pressure vessel
lower head. The following low-probability failure
scenario is postulated, and inelastic analysis is used
for the design of one item. SSAR Figure 5.4-1
provides a sketch of the RIP cross section.

•

A guillotine failure of the ASME Class 1 weld
is assumed. Subsequent to this event, the
stretch tube, which normally functions to hold
the pump diffuser in place, is the first member
to resist ejection of the pump housing. On the
basis of an elastic analysis, the stresses in the
stretch tube are calculated to be 85 percent of
its minimum specified ultimate strength. The
stretch tube could be reasonably considered to
mitigate this event without failure, however, this
Mure scenario is continued as discussed below.

•

In the event that the stretch tube al&o fails
subsequent to the weld failure, the RIP shaft
and the thrust bearing are subjected to the
ejection load.
The weakest link in this
remaining load path is the bearing-to-shaft bolt.
An elastic analysis of this bolt also results in
stresses that are less than its ultimate strength.
Therefore, this bolt would not be expected to

•

If the weld, stretch tube, and bearing-to-shaft
bolt all sequentially fail, then the external
vertical restraints are subjected to the ejection
loads. These restraints are stainless steel rods
that run from lugs on the vessel to lugs on the
RIP motor cover. The structural integrity of the
attachment lugs, bolts, and rod clevises under
this loading condition is demonstrated by elastic
analysis. The use of inelastic analysis methods
is limited to the middle slender body of the rod.
The allowable strain used in this analysis is
identical to that used for pipe whip restraints
and is acceptable as discussed in Item 1 above.

SSAR Section 3.9.1.3 identifies several components for
which experimental stress analysis is performed in
conjunction with analytical evaluation. The experimental
stress analysis methods are used in compliance with
Appendix II of the ASMB Code, Section III. This meets
the guidance of SRP Section 3.9.1 and is, therefore,
acceptable.
SSAR Section 3.9.1.5 states that inelastic analysis is only
applied to ABWR components to demonstrate the
acceptability of three types of postulated events. Each
event is an extremely low-probability occurrence and the
equipment affected by these events would not be reused.
A discussion of each of these three postulated events
follows:
(1)

Postulated Pipe Rupture
As discussed in Section 3.6.2 of this report,
ruptures are postulated in certain piping systems in
accordance with the conservative guidelines in SRP
Section 3.6.2. For some full-diameter ruptures,
pipe whip restraints may be required to protect
safety-related components or equipment from the
dynamic effects of a whipping pipe. Inelastic
analyses are used in the design of such restraints to
ensure that they will withstand this low probability
loading without loas of structural integrity. In these
analyses, metallic members of the restraint are
limited to an allowable strain of SO percent of the
ultimate uniform strain of the impacted material.
This criterion, which is discussed in SSAR
Section 3.6.2.3.3, is consistent with the guidelines
in SRP Section 3.6.2, and is acceptable.
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(3) Postulated Blowout of a CRD Housing as a Result of
Weld Failure
This postulated event is discussed in SSAR
Section 4.6.1.2.2.9. A schematic of the internal CRD
blowout support is shown in Figure 4.6.7 of the SSAR.
This event begins with the postulated full diameter
failure of the ASME Class 1 weld that attaches the
CRD housing to the stub tube in the bottom head of the
reactor pressure vessel (Point A in Figure 4.6.7). In
the unlikely event of such a failure, ejection of the
CRD is prevented by the core support plate, the CRD
guide tube, the CRD housing, and the CRD outer tube.
Each of these components was demonstrated to be
capable of sustaining this once-in-a-lifetime ejection
load without failure. This was demonstrated by use of
elastic analyses in accordance with ASME Section III,
Appendix F, rules for all parts of these components
with the exception of the cylindrical bodies of the guide
tube, housing, and outer tube. These cylindrical
portions were analyzed by inelastic analysis methods.
The allowable strain used in these analyses is identical
to that used for pipe whip restraints and is acceptable
as discussed in Item 1 above.
On the basis of these evaluations, the staff concludes that
the design transients and resulting load combinations with
appropriate specific design and service limits for
mechanical components and supports meet the applicable
portions of GDC 1,2, 14, and IS; Appendix B to 10 CFR
Part SO; Appendix A to 10 CFR Part 100; and SRP Section 3.9.1.
GE has mst GDC 14 and IS by demonstrating that the
design transients and resulting loads and load combinations
with the appropriate specific design and service limits for
designing ASME Code, Class 1 and CS components and
supports and reactor internals provide a complete basis for
the design of the RCPB for all conditions and events
expected over the service lifetime of the plant.
GE has met GDC 2 and Appendix A to 10 CFR Part 100
by including seismic events in design transients that serve
as the design basis for withstanding the effects of natural
phenomena.
GE has met Appendix B to 10 CFR Part SO, and GDC 1
by submitting information that demonstrates the
applicability and validity of the design methods and
computer programs used for the design and analysis of
seismic Category I structures designated as ASME Code,
Class 1, 2, 3, and CS and those not covered by the Code
within the present state-of-the-art limits and by having
design control measures that are consistent with the
applicable guidelines of SRP 3.9.1. This is acceptable for
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ensuring the quality of the computer programs. If the
COL applicant opts to use computer programs different
from those used by GE for the design of any safety-related
item with the exception of piping systems, the guidelines
of SRP 3.9.1 must be met for such programs. The staffs
review of the requirements for piping systems is included
in its evaluation of the design acceptance criteria (DAC)
and FTAAC for generic piping designs in Section 3.12 of
this report.
3.9.2 Dynamic Testing and Analysis of Systems,
Components, and Equipment
The staff reviewed the methodology, testing procedures,
and dynamic analyses that GE used to ensure the structural
integrity and functionality of piping systems, mechanical
equipment, and their supports under vibratory loadings.
The staffs review acceptance criteria included meeting the
requirements of (1) GDC 14 and IS by conducting the
piping vibration, thermal expansion, and dynamic effects
testing; (2) GDC 2 by reviewing the seismic subsystem
analysis methods; (3) GDC 1 and 4 by committing to
testing the dynamic responses of structural components in
the reactor caused by steady-state and operational flow
transient conditions; (4) GDC 1 and 4 by committing to the
flow-induced vibration testing of reactor internals to be
conducted during the pre-operational and startup test
program; and (S) GDC 2 and 4 by committing to the
dynamic analysis methods to confirm the structural design
adequacy and functional capability of the reactor internals
and piping attached to the reactor vessel when subjected to
loads from a LOCA in combination with an SSE.
3.9.2.1 Piping Pre-operationaJ Vibration and Dynamic
Effects Testing
Piping vibration, thermal expansion, and dynamic effects
testing will be conducted during a pre-operational testing
program. The purpose of these tests is to ensure that the
piping vibrations are within acceptable limits and that the
piping system can expand thermally in a manner consistent
with the design intent. During the plant's pre-operational
and startup testing program, which is also described in
SSAR Section 14.2.12, all ABWR plants will test various
piping systems for abnormal, steady-state, or transient
vibration and for restraint of thermal growth. Systems to
be monitored will include (1) ASME Code, Class 1,2, and
3 piping systems; (2) high-energy piping systems inside
seismic Category I structures; (3) high-energy portions of
systems whose failure could reduce the functioning of
seismic Category I plant features to an unacceptable safety
level; and (4) seismic Category I portions of moderateenergy piping systems located outside the containment.
Steady-state vibration, whether flow induced or caused by
nearby vibrating machinery, could cause up to 10 cycles
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of stress in the pipe during the 60-year design life of the
punt For this reason, the staff requires that the stresses
associated with steady-state vibration'be minimized and
limited to acceptable levela. The test program will consist
of a mixture of instrumented measurements and visual observations by qualified personnel.
In SSAR Section 3.9.2.1 and Table 1.8-21, OB indicates that detailed
test specifications will be prepared in accordance
ANSI/OM-1987, Part 3, and ANSI/OM-1986, Part 7.

response spectrum anchored to a peak ground acceleration
of 0.3$.
Amplified building response spectra are
generated for the ABWR plant to account for varying soil
properties in the United States by enveloping 14 site
conditions. The enveloping amplified building response
spectra provided in the SSAR are used for the design and
analyses of the ABWR piping systems.

The staff finds that these criteria will provide an acceptable
level of safety for a piping system to withstand the effects
of vibration and thermal expansion during the plant's
60-year design life. This conforms to the applicable guidelines of SRP Section 3.9.2 and is acceptable.
The staff concludes that OE meets the relevant
requirements of GDC 14 and IS with regard to the design
and testing of the RCPB. This provides reasonable
assurance that mere is a low probability of rapidly propagating failure and of gross rupture to ensure that design
conditions will not be exceeded during normal operation,
including anticipated operational occurrences, by having an
acceptable vibration, thermal expansion, and dynamic
effects test program that will be conducted during startup
and initial operation of specified high- and
moderate-energy piping, including all associated restraints
and supports. The tests provide adequate i." -ince that
the piping and piping supports are designe' o withstand
vibrational dynamic effects as a result of valve closures,
pump trips, and other operating modes associated with the
design-basis flow conditions. In addition, the tests provide
assurance that adequate clearances and free movement of
anubbers exist for unrestrained thermal movement of
piping and supports during normal system heatup and
cooldown operations. For the planned tests, loads similar
to those experienced during transient and normal reactor
operations will be developed.
3.9.2.2 Seismic Subsystem Analysis
The staffs review was performed in accordance with SRP
Section 3.9.2 and consisted of an evaluation of SSAR
Section 3.7.3. Areas reviewed were seismic analysis
methods, determination of the number of earthquake
cycles, basis for the selection of frequencies, the
combination of modal responses and spatial components of
an earthquake, criteria used for damping, torsional effects
of eccentric masses, interaction of other piping with
seismic Category I piping, and buried seismic Category I
piping systems.
The ABWR plant is designed for an SSE ground motion
defined by a RO 1.60, "Design Response Spectra for
Seismic Design of Nuclear Power Plants," Revision 1,

The staff recognizes that the enveloping amplified building
response spectra for the ABWR plant contain
conservatisms that might be excessive for certain specific
site conditions. Accordingly, the staffs position is that
when the SSE response spectrum is defined by a RO 1.60
response spectrum anchored to a peak ground acceleration
of 0.3g, the site-specific soil properties may be used to
generate the amplified building response spectra. The
method used to generate the amplified building response
spectra must be consistent with the method described in
SSAR Section 3.7.2, as approved by the staff. The staffs
evaluation of the method used by GE for generating the
amplified building response spectra is provided in
Section 3.7.2 of this report.
GE performed the system and subsystem analyses on an
elastic basis. Multidegree-of-freedom modal response
spectrum and time history methods formed the basis for
the analyses of all major seismic Category I systems and
components. When the response spectrum method was
used, modal responses were combined by the SRSS rule.
Closely spaced modes were combined using the criteria of
RO 1.92, "Combining Modal Responses and Spatial
Components in Seismic Analysis," Revision 1. OE
considered all modes with frequencies below 33 Hz in
computing equipment and component response for seismic
loadings. For seismic analysis, consideration of highfrequency modes to preclude missing mass effects should
also be included. The staffs guidelines for this are
provided in SRP Section 3.7.2, Revision 2, Appendix A.
In the DFSER, the staff noted that the SSAR should be
revised to reflect this staff position or, if an alternative
method is used, then the details of its basis should be
submitted to the staff for review and approval before its
use. This was DFSER Open Item 3.9.2.2-1 and part of
DFSER Confirmatory Item 14.1.3.3.5.6-1.
In
Amendment 23 to the SSAR, GE added Section 3.7.3.7.3,
"Methodologies Used to Account for High Frequency
Modes." The information in this new section to the SSAR
is consistent with SRP 3.7.2, Revision 2, Appendix A, and
is acceptable. GE has included this information in Section 3.7.3.7.3 of the SSAR. DFSER Open Item 3.9.2.2-1
is resolved. DFSER Confirmatory Item 14.1.3.3.5,6-1 is
discussed in Section 3.12.S.6 of this report.
For the dynamic analysis of seismic Category I piping,
each system is idealized as a mathematical model
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consisting of lumped masses interconnected by elastic
members. The stiffness matrix for the piping system is
determined using 'the elastic properties of the pipe. This
includes the effects of torsional, bending, shear, and axial
deformations as well as change in stiffness as a result of
the curved members. Next, the mode shapes and the
undamped natural frequencies are obtained. The dynamic
response of the system is calculated by using the response
spectrum method of analysis. For a piping system that is
supported at points with different dynamic excitations, the
response analysis is performed using an enveloped
response spectrum. As an alternative to the enveloped
response spectrum method, GE chose to use the
multiple-support excitation analysis method. When this
method is used, the staffs position is that the responses
resulting from motions of supports between two or more
different support groups may be combined by the SRSS
method if a support group is defined by supports that have
the same time history input. This usually means all
supports located on the same floor, or portions of a floor
in a structure. In response to RAI Q210.26 in Amendment 11 to the SSAR, GE committed to use this definition.
In the DFSER, the staff requested that the SSAR be
revised to include this definition. This was DFSER
Confirmatory Item 3.9.2.2-1. In Amendment 23, Section 3.7.3.8.1.10, "Multiply-Supported Equipment and
Components with Distinct Inputs," was added to the
SSAR. This new section includes the requested definition,
which is acceptable. GE has included this information in
Section 3.7.3.8.1.10 of the SSAR. The staff finds this
alternative to the enveloped response spectrum method
acceptable, and DFSER Confirmatory Item 3.9.2.2-1 is
resolved.
The staff reviewed the method for selecting the number of
masses or degrees of freedom in the piping mathematical
model to determine its dynamic response. On the basis of
the staffs audit conducted March 23 through 26, 1992, of
GE's internal documents, pipe and fluid masses are lumped
at nodes that are selected to coincide with the locations of
large masses (e.g., valves, pumps, and tanks) and with
locations of significant geometric changes (e.g., pipe
elbows, reducers, and tees). Additional mass points are
selected to ensure that the spacing between any two
adjacent piping nodes and masses is no greater than an
idealized value. This value corresponds to the length of a
simply supported beam with a uniformly distributed mass
whose undamped natural frequency is equal to the cut-off
frequency. Because this approach, in effect, will capture
all modes up to the cut-off frequency, it is acceptable. In
the DFSER, the staff noted that the SSAR should be
revised to reflect this described approach. This was
DFSER Confirmatory Items 3.9.2.2-2 and 14.1.3.3.4.2-1.
In Amendment 23 to the SSAR, GE revised Section 3.7.3.3.1.2 to respond to this item. The staffs
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evaluation of this issue is discussed in Section 3.12.4.2 of
this report.
The effect of pipe supports stiffness on the piping response
is considered in the analytical model. Supports must be
modeled in accordance with the SSAR. If supports are not
modeled as stated in the SSAR, justification will be
provided to validate the stiffness values used in the piping
model. The justification should include verification that
the generic values are representative of the types of pipe
supports used in the piping system. This alternative
approach to use generic stiffness values and its bases
should be submitted to the staff for review and approval
before its use. In the DFSER, this was identified as COL
Action Item 14.1.3.3.4.2-1. The resolution of this DFSER
COL Action Item is discussed in Section 3.12.4.2 of this
report.
Additionally, because the amplified response spectra are
generally specified at discrete building node points, any
additional flexibility between these points and the pipe
support (e.g., supplementary steel) should also be
submitted to the staff. In the DFSER, the staff requested
that the SSAR be revised to incorporate this information.
This was DFSER Open Item 3.9.2.2-2 and DFSER
Confirmatory Item 14.1.3.3.4.2-2. The resolution of this
issue is discussed in Section 3.12.4.2 of this report.
When piping terminates at non-rigid equipment (e.g.,
tanks, pumps, or heat exchangers), the piping analytical
model should consider the flexibility and mass effects of
the equipment. In the DFSER, the staff requested that the
SSAR be revised to address how the flexibility and masses
of equipment attached to the piping are to be modeled.
This was DFSER Open Item 3.9.2.2-3 and DFSER
Confirmatory Item 14.1.3.3.4.2-3. The resolution of this
issue is discussed in Section 3.12.4.2 of this report.
When analyzing piping systems, the size of the
mathematical model might exceed the capacity of the
computer program when large and small bore piping are
included. Thus, the small bore branch lines are generally
decoupled from the large bore main piping. Originally,
the SSAR did not provide any criteria for the decoupling
of the piping systems in the analysis model. However, in
a letter to the NRC dated February 24,1992, GE provided
a decoupling criteria in a GE draft document entitled
"ABWR SSAR Main Steam, Feedwater and SRVDL
Piping Systems Design Criteria and Analysis Methods,"
Revision 0, dated February 1992. In this document, GE
stated that when the ratio between pipe diameters of the
branch line to main line is less than one-third, the branch
line can be excluded from the piping model of the main
line. Since GE is using this criterion for all piping
systems in the ABWR plant, the staff requested the basis
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The staffs evaluation of this issue is discussed in
Section 3.12.5.17 of this report.

for the 1:3 ratio. In addition, OB was requested to define
how the mass effect of the decoupled line is accounted for
in the model of the main line and how the frequency ratio
effect (or resonant amplification of the main line) is
accounted for in the modeling and analysis of the branch
line. In the DFSER, the staff noted that OB should revise
its SSAR to include this information for the staffs review
(DFSER Open Items 3.9.2.2-4 and 14.1.3.3.4.4-1). In
Amendment 23 to the SSAR, GE revised Sections 3.7.3.3.1.3,3.7.3.3.1.4, and 3.7.3.8.1.9 to respond
to these open items. The staffs evaluation of this issue is
discussed in Section 3.12.4.4 of this report.

SSAR Section 3.7.3.12 outlines criteria for the analysis of
buried seismic Category I piping systems. In the DFSER,
the staff noted that GE had not given any detailed
information on how the criteria are to be applied in the
design of buried piping. Also, it was not clear if the
buried piping within the scope of design certification will
be in contact with the soil or routed in tunnels. This
information is necessary in the SSAR for the staff to
complete its review. Therefore, it was identified as
DFSER Open Items 3.9.2.2-7 and 14.1.3.3.3.9-1 in the
DFSER. In Amendment 23 to the SSAR, GE revised Section 3.7.3.12 to respond to these open items. The staffs
evaluation of this ismie is discussed in Section 3.12.3.9 of
this report.

In the DFSER, the staff noted that OB had not provided
the staff with any specific information about the method to
be used for the structural design of small bore piping
systems and instrumentation lines in the ABWR plant. The
staff requested that this information be included in the
SSAR (DFSER Open Items 3.9.2.2-5 and 14.1.3.3.3.6-1).
In Amendment 23, Section 3.7.3.8.1.9, "Design of Small
Branch and Small Bore Piping," was added to the SSAR.
The staffs evaluation of this issue is discussed in Section 3.12.3.6 of this report.

RO 1.61, "Damping Values for Seismic Design of Nuclear
Power Plants," Revision 1, contains recommended values
of damping to be used in the seismic analysis of SSCs. In
addition, RO 1.84 (Revision 25, May 1988) conditionally
endorses ASME Code Case N-411-1. The damping values
used by GE are the same as those specified in either
RG 1.61 or ASME Code Case N-411-1 as permitted by
RG 1.84. These criteria are acceptable.
The staff reviewed the issue of modal damping for
composite structures during the audit conducted on
March 23 through 26, 1992, at GE's offices in San Jose,
California. The GE SSAR did not describe the application
of modal damping for composite structures in the analysis
of piping systems. However, GE's internal document
entitled, "Piping Systems Design Criteria and Analysis
Methods," contained a table of damping values for various
types of piping supports. The damping values for the
piping supports (e.g., snubbers and struts) were higher
than the damping values tabulated for the piping. GE
indicated that these values were presented because modal
damping for composite structures could be used in a
response spectrum analysis as an option. In the DFSER,
the staff noted that if GE plans to use the modal damping
for composite structures as an option for piping analysis,
then GE has to include a description and justification of the
approach in the SSAR for staff review and approval before
its use. This was DFSER Open Items 3.9.2.2-6 and
14.1.3.3.5.17-1. In Amendment 23 to the SSAR, GE
revised Section 3.7.3.8.1.7 to respond to these open items.

SSAR Section 3.9.2.2.1 states that the minimum cut-off
frequency for dynamic analysis of suppression pool
hydrodynamic loads is 60 hz, based on a generic study
using the missing strain energy method for representative
BWR equipment under high-frequency input loadings.
This cutoff frequency was previously used in the
hydrodynamic analyses for currently operating BWR
plants. Because the hydrodynamic load methodology used
for the ABWR is the same as that used for the operating
BWR plants, the cutoff frequency also is appropriate for
the ABWR and acceptable.
On the basis of these discussions and the applicable
evaluations in Sections 3.12.3, 3.12.4, and 3.12.5 of this
report, the staff concludes that the ABWR plant design
meets the relevant guidelines of 10 CFR Part 50,
Appendix A, GDC 2, with respect to demonstrating design
adequacy of all seismic Category I systems, components,
equipment, and their supports to withstand the SSE by
meeting the staff positions in RGs 1.61 and 1.92, and the
applicable guidelines in SRP Section 3.9.2.
3.9.2.3 Pre-operational Flow-Induced Vibration
Analysis and Testing of Reactor Internals
The configuration of reactor internals in the ABWR is
different from the configuration in previous BWRs,
therefore, the dynamic response of reactor internals to
flow-induced vibration must be predicted analytically for
the ABWR before final design approval (FDA). In
addition, the staffs position is that the first ABWR plant
will be tested, in accordance with the guidelines in
Positions C.l.l and C.2 of RG 1.20, "Comprehensive
Vibration Assessment Program for Reactor Internals
During Preoperational and Initial Startup Testing,"
Revision 2, to evaluate the dynamic responses of reactor
internals to steady-state conditions and operational flow
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This information consists of an analysis for vibration
prediction, the basis and details of instrumentation for
vibration monitoring, specifications for the installation and
removal of the monitoring system, and specifications for
conducting the preoperational and startup tests. In
addition, GE provided a description of a full-scale,
60-degree flow test of the ABWR RIP system that was
conducted in Japan.

transients. These tests are discussed in more detail in the
rest of this section.
SSAR Sections 3.9.2.3 through 3.9.2.6 and 3.9.7.1
provide information on vibration testing and analysis of
reactor internals. In these sections, the first ABWR plant
is referred to as a "prototype plant." In the DFSER, the
staff reported that this characterization is inapplicable to
evolutionary LWR design certification applications as
described in 10 CFR 52.47(bXl). To address the staffs
concern, GE agreed to delete references to "prototype"
from its future revision to SSAR Sections 3.9.2.4 and
3.9.7.1. This was identified as DFSER Confirmatory
Item 3.9.2.3-1.
However, the staff subsequently
concluded that the word "prototype," when used in the
context of conforming to the reactor internals flow-induced
vibration test guidelines of RG 1.20, does not conflict with
10 CFR 52.47(b)(1) and is acceptable. Therefore, DFSER
Confirmatory Item 3.9.2.3-1 is withdrawn and resolved.

For the vibration prediction analysis, GE took a statistical
approach similar to that described in the first paragraph
above to estimate the range of responses of major reactor
pressure vessel internal components in their first few
fundamental modes, based on correlations of measured
responses of a selected group of existing BWRs with
similar configurations. Parameters used in the correlation
equations to estimate sample responses consisted of flow,
power, stiffness, etc. As previously discussed, the
acceptance criteria are more conservative than the
applicable criteria in ASME Section III.

The dynamic responses of reactor internals to flow-induced
vibration must be predicted for the ABWR design before
FDA. One of the first steps involved in this prediction is
to determine the vibration forcing functions to be used in
me system and component dynamic analyses. In SSAR
Section 3.9.2.3, GE outlines its approach for determining
these forcing functions. Because of the complexity of the
flow conditions and structures involved, these loads are not
determined by detailed analysis. Instead, a combination of
analytical methods and predictions based on data from
previously tested reactor internals of a similar design is
used. This information on forcing functions then is used
in a dynamic modal analysis to predict vibration amplitudes
for each dominant response mode of components in the
prototype ABWR reactor internals and for interpreting the
pre-operational and initial startup test results. Modal
stresses are calculated and relationships between vibration
measurement sensor responses and peak component
stresses for each of the lower modes are obtained. The
allowable amplitude in each mode is that which produces
a peak stress amplitude of ±68.95 MPa (±10,000 psi).
This stress is well below the allowable stress amplitude for
cycles exceeding 10*, which is defined in the design
fatigue curves for austenitic stainless steels in Appendix I
to ASME Code Section III.

In the DFSER, the staff requested that all of the GE
commitments and applicable information discussed in the
staffs audit summary of May 10, 1992, be included in a
future revision to the SSAR.
This was DFSER
Confirmatory Item 3.9.2.3-2. In the ABWR CDM, dated
August 31,1993, GE submitted its ITAAC for the reactor
pressure vessel system, which provided the remaining
requested information (i.e., a list of principal plant design
parameters and a list of documents that were referenced
during the staffs audit). GE's responses in terms of the
ABWR design descriptions and ITAAC are evaluated in
Section 14.3 of this report.
DFSER Confirmatory
Item 3.9.2.3-2 is resolved.
In SSAR Section 3.9.2.4, GE states that reactor internals
flow-induced vibration measurement and inspection
programs are conducted during pre-operational and initial
startup testing in accordance with the guidelines of
RG 1.20. These tests are conducted in the following three
phases:
(1)

By letter dated May 10, 1992, the staff documented a
summary of this issue, which was addressed in an audit
conducted at GE on February 10 through 12, 1992. As
noted in the summary, GE stated that Kashiwazaki Kariwa
Unit 6 (K-6), which is currently under construction in
Japan, contains reactor internals that are almost identical
to those in the ABWR design. During the audit, GE
presented a set of documents related to the flow-induced
vibration assessment program for the K-6 reactor internals.
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Pre-operational tests before fuel loading Steady-state test conditions include balanced
recirculation system operation and unbalanced
operation over the full range of flow rates up to
rated flow. Transient flow conditions include
single- and multiple-pump trips from rated flow.
This subjects major components to a minimum of
10 cycles of vibration at the anticipated dominant
response frequency and at the maximum response
amplitudes. Vibration measurements are obtained
during this test and a close visual inspection of
internals will be conducted before and after the test.
6
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(2)

(3)

PrecrjticaJ toting Witt fittl - TO* vibration
measurement series is conducted with the reactor
assembly complete but before reactor criticality.
Flow conditions include balanced, unbalanced, and
transient conditions as for the first test series. The
purpose of this series is to verify the anticipated
effect of the fuel on the vibration response of
internals.
Initial StoftVP mm • Vibration measurements are
made during reactor startup at conditions up to
100 percent of rated flow and power. Balanced,
unbalanced, and transient conditions of recirculation
system operation are evaluated. The primary
purpose of this series is to verify the anticipated
effect of two-phase flow on the vibration response
of internals.

Vibration sensors may include strain gages, displacement
sensors (linear variable transducers), and accelerometers.
Accelerometers are provided with double-integration signal
conditioning to give a displacement output. Sensor
locations include the following:
•
•
•
•
•

top of shroud head, lateral acceleration (displacement)
top of shroud, lateral displacement
control rod drive housings, bending strain
incore housings, bending strain
core flooder internal piping, bending strain

In addition to these components, vibration of the core
flooder sparger is measured during pre-operational testing.
Only the dynamic component of strain or displacement is
recorded in all vibration measurements. Data are recorded
on magnetic tape, and provision is made for selective
on-line analysis to verify the overall quality and level of
the data. Interpretation of the data requires identification
of the dominant vibration modes of each component by the
test engineer using frequency, phase, and amplitude
information from the component dynamic analyses.
Comparison of measured vibration amplitudes to predicted
and allowable amplitudes is then made on the basis of the
analytically obtained normal mode that best approximates
the observed mode.
Hie purpose of the visual inspections conducted before and
following pre-operational testing is to detect evidence of
vibration, wear, or loose parts. At the completion of preoperational testing, the reactor vessel head and the shroud
head are removed, the vessel drained, and major
components inspected. The inspections cover the shroud,
shroud head, core support structures, recirculation internal
pumps, peripheral control rod drive, and in-core guide

tubes. Access is provided to the reactor lower plenum for
these inspections.
The analysis and test program, discussed in SSAR
Sections 3.9.2.3, 3.9.2.4, and 3.9.2.6 previously
summarized, conforms to applicable portions of SRP
Section 3.9.2 and is acceptable. With respect to the
availability of test results, the staff understands that,
because the design of the reactor internals of K6 in Japan
is almost identical to that of the ABWR, the test data
discussed will be acquired during the pre-operational
flow-induced vibration tests of the K6. GE also indicated
that these results will include information specified in
Positions C.2.1, C.2.2, C.2.3, and C.2.4 of RG 1.20 and
will be submitted to the staff for review as noted in Position C.2.S, "Schedule," of RG 1.20. If the K6 preoperational flow-induced test data proves insufficient for
the RG 1.20 requirements, the COL applicant will develop
a test plan to ensure that any additional data is obtained
and submitted to the staff. This was DFSER COL Action
Item 3.9.2.3-1. SSAR Section 3.9.7.1, "Reactor Internals
Vibration Analysis, Measurement, and Inspection
Program," states that the first COL applicant will provide,
at the time of application, the results of the vibration
assessment for the ABWR prototype internals in
accordance with the guidelines in RG 1.20.
This
information will also be submitted to the staff for review
and approval.
As part of the action item, SSAR
Sections 3.9.2.4 and 3.9.7.1 further states that ABWR
plants constructed after the first plant mat have similar
reactor internals will be tested in accordance with the
applicable RG 1.20 positions. This is acceptable.

The staff concludes that GE meets GDC 1 and 4 with
regard to the reactor internals being designed and tested to
quality standards commensurate with the importance of the
safety functions being performed and being appropriately
protected against dynamic effects (1) by meeting RG 1.20
for the conduct of pre-operational vibration tests and (2) by
having a pre-operational vibration program planned for the
reactor internals that provides an acceptable basis for
verifying the design adequacy of these internals under test
loading conditions comparable to those that will be experienced during operation. The combination of predictive
analysis, pre-test inspections, tests, and post-test
inspections provides adequate assurance that the reactor
internals will, during their service life, withstand the flowinduced vibrations of the reactor without loss of structural
integrity. The integrity of the reactor internals in service
is essential for ensuring the proper positioning of reactor
fuel assemblies and the incore instrumentation system to
ensure safe operation and shut down of the reactor.
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3.9.2.4 Dynamic System Analysis of Reactor Internals
Under Faulted Conditions
OB performed dynamic system analyses to confirm the
adequacy of the structural design, with no loss of function,
of the reactor internals and unbroken loops of the CRD
piping to withstand the loads from a LOCA in combination
with the SSE. SSAR Section 3.9.2.S describes the
methodology used in developing the dynamic loads
resulting from thefollowingfoursignificant faulted events:
•
•
•
•

feedweter line break
MSL break
SSB
safety/relief valve discharge

Analyses of other conditions existing during normal
operation, abnormal operational transients, and postulated
accidents show that the loads affecting safety-related
reactor internals from these other conditions are less severe
than the loads affecting reactor internals as a result of any
of the above four events.
The dynamic systems analyses methodology described in
SSAR Section 3.9.2.5 conforms to applicable guidelines in
SRP Section 3.9.2 and is acceptable.
The staffs
evaluations of loading combinations and stress limits for
reactor internals are discussed in Sections 3.9.3.1 and
3.9.5, respectively, of this report.
During an audit at GE on February 10 through 12, 1992,
which is briefly discussed in Section 3.9.2.3 of this report,
the staff reviewed dynamic system analyses of the
K6 reactor internals under such postulated accidents as the
MSL break at the RPV nozzle. In addition, the staff
reviewed the subsequent analyses that evaluated the reactor
internals components response to the loads resulting from
the system analyses. The calculated pressure differentials
during such an event were of a non-dynamic nature (slow
variation). GE's assessment of the effects of these loads
on the reactor internals is that amplification of loads is
unlikely, and dynamic analyses are not required because of
the large separation of component structural frequencies
from the excitation frequencies. The staff concludes that
the methodology implemented by GE in these analyses is
consistent with that described in SSAR Section 3.9.2.5 and
is acceptable.
The staff concludes that the ABWR dynamic system and
component analysis meets the applicable portions C/f
GDC 2 and 4 and SRP Section 3.9.2 with respect to the
design of systems and components important to safety to
withstand the effects of earthquakes and the appropriate
combinations of the effects of normal and postulated
accident conditions with the effects of the SSE by a

NUREG-1503

dynamic system analysis which provides an acceptable
basis for confirming the structural design adequacy of the
reactor internals and unbroken piping loops to withstand
the combined dynamic loads of a postulated LOCA and the
SSE and the combined loads of a postulated main steamline
rupture and the SSE. The analysis provides adequate
assurance that the combined stresses and strains in the
components of the CRD system and reactor internals will
not exceed the allowable design stress and strain limits for
the materials of construction and that the resulting
deflections or displacements at any structural element of
the reactor internals will not distort the reactor internals
geometry to the extent that core cooling may be impaired.
The staff finds the methods used for component analysis to
be compatible with those used for the system analysis.
The combination of component and system analyses is
acceptable.

3.9.3 ASME Code Class 1, 2, and 3 Components,
Component Supports, and Core Support
Structures
The staffs review under SRP Section 3.9.3 concerns the
structural integrity and functional capability of
pressure-retaining components, their supports, and core
support structures that are designed in accordance with
ASME Code, Section III, or earlier industrial standards.
The staff reviewed loading combinations and their
respective stress limits, the design and installation of
pressure-relief devices, and the design and structural
integrity of ASME Code, Class 1, 2, and 3 components
and component supports. The staffs review acceptance
criteria are based on meeting (1) 10 CFR Part 50,
Subsection 50.55a and GDC 1 as related to structures and
components being designed, fabricated, erected,
constructed, tested, and inspected to quality standards
commensurate with the importance of the safety function
to be performed; (2) GDC 2 as related to structures and
components important to safety being designed to withstand
the effects of earthquakes combined with the effects of
normal or accident conditions; (3) GDC 4 as related to
structures and components important to safety being
designed to accommodate the effects of and to be
condensible with the environmental conditions of normal
and accident conditions; (4) GDC 14 as related to the
reactor coolant pressure boundary being designed,
fabricated, erected, and tested to have an extremely low
probability of abnormal leakage, of rapidly propagating
failure, and of gross rupture; and (5) GDC 15 as related to
the reactor coolant system being designed with sufficient
margin to assure that the design conditions are not
exceeded.
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account for variations in the original fatigue test data as a
result of various environmental effects. Therefore, the
staffs position is that environmental effects should be
considered in the fatigue analysis for ASME Code Class 2
and 3 piping. OE should include in its SSAR the proposed
approach for accounting for the environmental effects in
these fatigue analyses. In the DFSER, this was identified
as a part of DFSER Open Item 3.9.3.1-1 for ASME
Class 1 components. Ine resolution of this issue is
discussed in Section 3.12.5.7 of this report.

3.9.3.1 Loading Combinations, Design Transients, and
Stress Limits
GB evaluated all ASME Code, Class 1, 2, and 3
components, component supports, core support
components, control rod drive components, and other
reactor internals using the load combinations and stress
limits given in SSAR Section 3.9.3.1. GE's methodology
and selected allowable stress values conform to SRP
Section 3.9.3 and are acceptable.
Additional staff
positions that are not explicitly addressed in SRP
Section 3.9.3 are discussed in the rest of this section.
The ASMS Code, Section in, requires mat the cumulative
damage resulting from fatigue be evaluated for all ASME
Code Class 1 piping. The cumulative fatigue usage factor
Should take into consideration all cyclic effects caused by
the plant operating transients listed in SSAR Table 3.9-1.
As noted in Section 3.9.1 of this report, the ABWR is
designed for a 60-year design life. Recent test data to
address fatigue concerns indicates that the effects of the
reactor environment could significantly reduce the fatigue
resistance of certain materials. A comparison of the test
data with the Code requirements indicates that the margins
in the ASME Code fatigue design curves may be less than
originally intended. The DFSER noted that the staff was
developing an interim position, which would be available
at a later date, to account for the environmental effects in
the fatigue design of the affected materials. At this time,
the staff is assessing the potential generic implication of
this issue on all operating plants. Depending on the
severity of the issue, certain actions may be required to
genetically address this concern.
This issue was
incorrectly identified ss Open Items 3.9.3.1-1 and
14.1.3.3.5.7-1 in the DFSER. The staffs evaluation of
this issue is discussed in Section 3.12.5.7 of this report.
SSAR Section 3.9.3.1 states that the design life for the
ABWR is 60 years. In response to a staff request, SSAR
Sections 3.9.3.1 and 3.9.7.2 were revised to state that
COL applicants will identify all ASME Code, Class 2, 3,
and QG D components that are subjected to loadings that
could result in thermal or dynamic fatigue so severe that
the 60-year design life cannot be assured by required Co<fe
calculations. If similar designs have not already been
evaluated, the COL applicant will either provide an
appropriate analysis to demonstrate the required design
life, or provide designs to mitigate the magnitude or
duration of the cyclic loads (DFSER COL Action
Items 3.9.3.1-1 and 14.1.3.3.5.8-1). The resolution of
these action items is discussed in Section 3.12.5.8 of this
report.
As stated earlier, the staff believes the margins built into
the ASME fatigue design curves may not be sufficient to

In RAI Q210.42, the staff asked OE to provide the design
basis that will be used to ensure the structural integrity of
safety-related heating, ventilation, and air conditioning
(HVAC) ductwork and its supports. In its response, OE
stated that all of these components are designed in
accordance with Section 8.2.1 of Chapter 9 of LPRTs
"Advanced Light Water Reactor (ALWR) Requirements
Document." Section 8.2.1.2.1 of Chapter 9 in Volume II
of the Requirements Document states that all safety-related
HVAC systems in the ALWR will be designed to
withstand an SSE and will be capable of accomplishing
their intended functions assuming a single failure of an
active component and a loss of preferred power (LOPP).
Section 8.2.1.2.7 of Chapter 9 in Volume II of the
Requirements Document specifies that the HVAC
components and supports will be designed, constructed,
and installed in accordance with ANSI/ASME AO-1-1988,
and ANSI/ASME N509.
Portions of ANSI/ASME
AG-1-1988, including rules for the design of HVAC
ductwork, are still being prepared. Therefore, the staff
has not yet fully endorsed this standard. Until this
standard is fully endorsed, the staffs interim position is
that Article AA-4000 in the 1988 revision of the AG-1
Standard provides acceptable minimum design requirements for the structural design of HVAC equipment and
supports.
For HVAC ductwork, in Revision 2 to
RO 1.52, "Design, Testing, and Maintenance Criteria for
Post Accident Engineered-Safety-Feature Atmosphere
Cleanup System Air Filtration and Adsorption Units of
Light-Water-Cooled Nuclear Power Plants," the staff
recommends that ductwork should be designed, constructed, and tested in accordance with the provisions of
Section 5.10 of ANSI N509.
The staff concludes that the design criteria required in
Volume II, Chapter 9, Section 8.2.1, of the Requirements
Document are consistent with current staff positions and
provide an acceptable minimum design basis for ensuring
that HVAC components and supports will withstand the
most adverse combination of loading events without loss of
structural integrity.
In sccordance with NRC Bulletin 88-08, the staff is
requesting that licensees and applicants review systems
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connected to the reactor coolant system (RCS) to determine
if any sections of such piping that cannot be isolated can
be subjected to stresses from temperature stratification or
temperature oscillations that could be induced by leaking
valves. In RAI Q210.50, the staff requested that QE
review the ABWR design to determine if this phenomenon
could occur. In response to this request, GE stated that
the ABWR systems connected directly to the RCS or the
RPV are the nuclear boiler system and the emergency core
cooling systems. In the nuclear boiler system, OE
reviewed the feedwater subsystem that supplies makeup
water to the RPV to confirm that design requirements for
temperature stratifications of feedwater piping were satisfactorily defined in system specifications and piping cycle
diagrams. In the design of the ECCS, both the residual
heat removal (RHR) system and high-pressure core flooder
(HPCF) have piping that are directly connected to the
RPV. In the unisolable sections of RHR piping, leaking
toward the RPV cannot occur because the pressure will
always be higher on the reactor side during normal plant
operation when the upstream pumps are not operating. In
the HPCF system design, the only unisolable piping
connected to the RPV is the section 6f pipe between the
reactor nozzle and the upstream isolation check valve.
Cold water in this system will be upstream of the injection
valve (gate valve) that is outside the primary containment.
The region upstream of the injection valve will operate at
a pressure lower than reactor pressure except when the
HPCF safety function is required. Therefore, cold water
will not flow to the unisolable pipe section and
stratification will not be a problem in the HPCF system.
The staff concludes that the ABWR design adequately
addresses the potential problems described in NRC Bulletin 88-08, Supplements 1 and 2. However, OE did not
address the potential problem described in Supplement 3 to
Bulletin 88-08. The staffs evaluation of GE's response to
this issue is discussed in Section 3.12.5.9 of this report.
Further staff evaluations of thermal stratification are
discussed as follows.
Thermal stratification is a phenomenon that can occur in
long runs of horizontal piping when two streams of fluid
at different temperatures flow in separate layers without
appreciable mixing. Under such stratified flow conditions,
the top of the pipe may be at a much higher temperature
than the bottom. This thermal gradient produces pipe
deflections, support loads, pipe bending stresses, and local
stresses that may not have been accounted for in the
original piping design. The effects of thermal stratification
have been observed in both BWR and PWR feedwater
piping as discussed in NRC Infonnation Notice (IN) 84-87,
and NRC IN 91-38.
During an audit conducted at GE offices in San Jose,
California, on March 23 through 26,1992, the staff asked
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GE to explain and demonstrate how the thermal stratification phenomenon was considered in the ABWR piping
design. In response, OE stated that thermal stratification
is considered as a normal design load in the ASME Code
1 stress and fatigue evaluation of the feedwater piping. In
addition, OE indicated that the feedwater line will be
analyzed for two thermal stratification load cases:
(1) thermal stratification in the piping at the RPV nozzle
and (2) thermal stratification in the feedwater header
piping. The loads will be included in the piping fatigue
analysis and in the evaluations of the head fitting and RPV
nozzles. The temperature differences anc} locations for the
stratification loads are defined in the feedwater piping
pressure/temperature cycle diagrams. This was DFSER
COL Action Item 14.1.3.3.5.10-1. The resolution of this
action item is discussed in Section 3.12.5.10 of th*s report.

The staff reviewed and discussed the thermal stratification
analysis methodology with the cognizant OE engineers and
found it acceptable with the exception of an apparent
discrepancy in load application. OE defined the stratified
temperature profile in the pipe cross section as a constant
hot temperature in the top half and coldtemperaturein the
bottom half with a step change in thetemperatureat the
centerline. However, in the pipe stress analysis, a linear
top-to-bottom temperature profile was applied. The linear
temperature profile provides lower bending moments and
stresses than the step change profile. The staff asked OE
to justify (1) the adequacy of the piping analysis load input
and (2) the omission of the high-cycle fatigue effects
of thermal striping from the analysis. In addition, the staff
asked OE to provide additional justification for their
methodology including test infonnation to support their
thermal stratification load definition (DFSER Open
Items 3.9.3.1-2 and 14.1.3.3.5.10-1).
The staffs
evaluation of this issue is discussed in Section 3.12.5.10 of
this report.
In the DFSER, the staff reported that GE had not provided
information to the staff that would establish a minimum
temperature at which an explicit piping thermal expansion
analysis would be required. Unless OE provides this
information in the SSAR, the staff would have required
that thermal analyses be performed for all temperature
conditions above ambient. This was DFSER Open
Items 3.9.3.1-3 and 14.1.3.3.5.18-1.
The staffs
evaluation of this issue is discussed in Section 3.12.5.18 of
this report.
In a letter dated January 28, 1993, GE revised Note 6 to
SSAR Table 3.9-2 to state that all ASME Code Class 1, 2,
and 3 piping systems that are essential for safe shutdown
under the postulated events are designed to meet the
requirements of NUREG-1367, "Functional Capability of
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Piping Systems," dated November 1992. This report
contains methodology acceptable to the staff for ensuring
the functional capability of essential piping systems. OB
has included this information in Table 3.9-2 of the SSAR.

Aa an applicable regulation described in Section 1.6 of this
report, the staff proposed that

The ASME Code requires thai a design specification be
prepared for Class 1,2, and 3 components such as pumps,
valves, and piping systems. The design specification is
intended to become a principal document governing the
design and construction of these components and should
specify loading combinations, design data, and other design
data inputs. The code also requires a design report for
ASME Code, Class 1, 2, and 3 piping and components.
In die SSAR, OE committed to construct all safety-related
components, such as vessels, pumps, valves and piping
systems, to applicable requirements of the ASME Code,
Section m. During its review of the SSAR, the staff also
reviewed selected documents related to design
specifications and design reports. Those documents were
not specifically for the ABWR, but were provided by OE
and reviewed by the staff aa a demonstration of how design
specifications and design reports will be prepared for
ABWR plants. * The staff determined that the
demonstration documents, with modifications, would meet
code requirements. However, because the documents were
not specifically for the ABWR, they would have to be
modified before the staff can conclude that the design
specification and design report requirements in ASME
Code, Section III, Subsection NCA have been met. In the
DFSER, the staff noted that the plant-specific design
documentation should be prepared and made available for
staff review by COL applicants referencing the ABWjR
design. This was DFSER COL Action Items 3.9.3.1-2
and 14.1.3.3.2.3-1. SSAR Section 3.9.7.4 states that the
COL applicant will make design specifications and design
reports required by the ASME Code for vessels, pumps,
valves, an J piping systems available to the staff for the
purpose of audit. This is acceptable.

the standard design must minimize the effects of
intersystem loss-of-coolant accidents by designing
low-pressure piping systems that interface with the
RCPB to withstand full reactor coolant system
pressure to the extent practical.
In Section 20.2.19 of this report, under Issue 105, the staff
evaluated OE*s approach, in terms of the practicality for
systems, components, and equipment, for implementing the
ISLOCA resolution for the ABWR. In the following, the
staff evaluated the minimum pressure for which lowpressure systems should be designed to ensure reasonable
protection against burst failure should the low-pressure
system be subjected to full RCS pressure. In establishing
the minimum design pressure, the following goals were
used aa the basis for selection:
(1)

The likelihood of rupture (burst) of the pressure
boundary is low, based on a goal of approximately
10 percent failure probability for rupture;

(2)

The likelihood of intolerable leakage of flange joints
or valve bonnets is reasonably low although some
leakage might occur;

(3)

Some piping components might undergo gross
yielding and permanent deformation.

Low-Pressure Piping Design
3.9.3.1.1 Intersystern LOCA Design for Piping Systems
In SECY-90-016, the staff recommended that the
Commission approve the staffs resolution of the
intersystem loss-of-coolant accident (ISLOCA) issue for
ALW reactor plants by requiring that low-pressure piping
systems that interface with the RCPB be designed to
withstand full RCS pressure to the extent practicable. As
noted, in its June 26, 1990, SRM, the Commission
approved the staffs recommendation provided that all
elements of the low-pressure system are considered. In the
DFSER, the staff noted that OE had not yet submitted the
details of the piping design for the full RCS pressure.
This was DFSER Open Item 14.1.3.3.5.19-1. Subsequently, GE provided its implementation of the issue
resolution for the ABWR in SSAR Section 3.9.3.1.

To achieve these objectives, the staff evaluated, first, on
a qualitative basis, several possible ratios of the lowpressure system design pressure (Pj) to the RCS normal
operating pressure (P ) to establish the margins on burst
and yield of the piping. The results of the staffs
evaluation are depicted in Table 3.2 for typical carbon
steel (A106 Grade B) and stainless steel (SA312 Type 304)
materials and are then discussed for three ratios of the
design pressure to the reactor vessel pressure (P /P ). A
margin of 1.0 or less represents the condition where burst
or yielding is likely to occur. The higher the margin, the
less likely burst or yielding is to occur. The low-pressure
piping systems are assumed to be designed to the rules of
the ASME Boiler and Pressure Vessel Code, Section III,
Subarticle NC/ND-3600 for Class 2 and 3 piping systems.
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Table 3.2 Margins for straight pipe
S
MP*

Temp
°C(°F)
Material

P /P
d

SA 106 Ond* B

SA312 Type 304

Y

Sy

MP*

MPt

Ori)

MP*
Oai)

37.8
(100)

1/J

103.4
(15)

206.8
(30)

413.7
(«0)

241.3
(35.0)

2.00

1.34

260
(500)

1/2

103.4
(15)

206.8
00)

413.7
(60)

195.1
(28.3)

2.00

1.08

37.8
(100)

1/3

103 4
(15)

310.3
(45)

413.7
(60)

241.3
(35.0)

1.33

0.89

260
(500)

1/3

103.4
(15)

310.3
(45)

413.7
(60)

195.1
(28.3)

1.33

0.72

37.8
(100)

1/4

103.4
(15)

413.7
(60)

413.7
(«0)

241.3
(35.0)

1.00

0.67

260
(500)

1/4

103.4
(15)

413.7
(60)

413.7
(60)

195.1
08.3)

1.00

0.54

37.8
(100)

1/2

129.6
(18.8)

258.6
(37.5)

517.1
(75.0)

206.8
(30.0)

1.70

0.92

260
(500)

1/2

109.6
(15.9)

219.3
(31.8)

437.8
(63.3)

133.8
(19.4)

1.70

0.70

37.8
(100)

1/3

129.6
(18.8)

388.2
(56.3)

517.1
(75.0)

206.8
(30.0)

1.13

0.61

260
(500)

1/3

109.6
(15.9)

328.9
(47.7)

437.8
(63.5)

133.8
(19.4)

1.13

0.47

37.8
(100)

1/4

129.6
(18.8)

317.1
(75.0)

517.1
C75.0)

206.8
(30.0)

0.85

0.46

260
(500)

1/4

109.6
(15.9)

438.5
(63.6)

437.8
(63.5)

133.8
(19.4)

0.85

0.35

S • allowable stress per ASME Code, Section HI for Class 2 piping
S = hoop stress a t P * P
- S/(P /P )
v

d

v

v

S„ = ultimate tensile strength; from Section HI, Table 1-3.1 and 1-3.2
S - yield strength; from Section HI, Table 1-2.1 and 1-2.2
y

Margin on Burst Pressure - F x S x (P /P )/S
where F - 1.00 for SA106 Grade B
F - 0.8S for SA312 Type 304
u

4

v

Margin on Yield Pressure - 1.15 X S x (P /P )/S
y
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Piping Integrity at P /P - 1/2
Level D)
d

v

(ASME Code Service

Therefore, at P /P equal to one-fourth, the ability of
the low-pressure piping system to withstand full RCS
pressure is questionable for carbon steel piping and
unlikely for stainless steel piping systems.
d

When P /P is equal to one-half, the margins on bunt
and yield are equivalent to approximately those of the
ASME Boiler and Pressure Vessel Code, Section HI
Service Level D condition. For carbon steel pipe, this
ratio will provide a margin of 2.0 on burst and 1.08 on
yield for a pipe at 500 °F. For stainless steel piping,
a ratio of one-half will provide a sufficient margin on
burst (1.7). However, a small amount of yielding is
likely to occur with a margin of 0.70 at 500 °F. No
leakage of the pressure boundary is likely to occur at
P /P equal to one-half.
d

d

v

v

The staff further evaluated, on a quantitative basis, the
survival probabilities of the low-pressure piping at various
design pressures using the methodology described in
NUREG/CR-5603, "Pressure-Dependent Fragilities for
Piping Components," dated October 1990. Calculations
were performed by Idaho National Engineering Laboratory
(INEL) under contract with the NRC's Office of Nuclear
Regulatory Research.

v

The INEL calculations led to results similar to the
qualitative conclusions discussed above. A temperature of
176.7 °C (350 °F) was used in the calculations of the
following survival probabilities. Using a temperature of
260 °C (500 °F), the survival probabilities decreases about
2 to 5 percent for the different materials and design
pressures.

As a result, a ratio of one-half will ensure the pressure
integrity of the low-pressure piping system with ample
margin.
Piping Integrity at P /P - 1/3
d

v

When the ratio, P /P t is reduced to one-third, the
margins for carbon steel piping are lowered to 1.33 and
0.72 for burst and yield at 260 °C (500 °F),
respectively. For stainless steel piping, the margins are
1.13 and 0.47 for burst and yield at 260 °C (500 •F),
respectively. At these margins, it is expected that burst
failure will not occur in either carbon steel or stainless
steel piping. However, significant amount of yielding
might occur in stainless steel piping at all temperatures
and in carbon steel piping at 260 °C (500 °F). Where
the carbon steel piping is at a lower temperature, some
yielding might occur although to a lesser extent. The
consequence of significant pipe yielding (without
bursting) is that gross, permanent distortion might
occur in the piping components thereby resulting in
some leakage through flanges, or valve bonnets.
However, it is not expected that such leakage would be
uncontrollable or intolerable.
d

V

In summary, a ratio of one-third will ensure the
pressure boundary of the low-pressure piping although
a significant amount of pipe yielding and some leakage
through flanges and valve bonnets is likely to occur.
Piping Integrity at P /P = 1/4
d

v

At P /P equal to one-fourth, the pressure integrity of
carton steel piping becomes questionable, and for
stainless steel piping, it is likely that burst failure will
occur. Prior to bursting, the piping system would
undttgo gross plastic deformation, experience a
significant amount of leakage at flanges, valve bonnets,
and pump seals, and possibly lose some pipe supports
due to the radial expansion of the pipe.
d

v

For carbon steel piping (SA-106 Grade B material)
subjected to a pressure of 2758 kPa (400psig) (or
approximately P /P = 0.4), the survival probability is
99 percent. For stainless steel piping (Type 304 material),
the survival probability at 2758 kPa (400psig) (or
approximately P /P * 0.4), was found to be about
87 percent.
d

d

v

v

Using these results, the staff finds that the GE-proposed
design pressure of 0.4 times the CRD pressure 2827 kPa
(410 psig) nearly achieves the staffs goal of a 90-percent
survival probability under ISLOCA conditions and provides
a sound basis for establishing the design pressure of lowpressure systems interfacing with the RCS pressure
boundary. The minimum design pressure for the lowpressure piping systems will be identified as a certified
design commitment for the ABWR.
Note, however, that the survival probabilities are based on
the minimum wall thickness as calculated using Equation
(3) in the ASME Boiler and Pressure Vessel Code,
Section HI, Subarticle NC/ND-3640. The wall thickness
thus calculated does not account for manufacturing
tolerances or the use of the next heavier commercial wall
thickness available, which would increase the piping wall
thickness and substantially increase the survival probability
as well. In Section 3.9.3.1 of the SSAR, GE stated that
the pipe wall thickness will be greater than or equal to
schedule 40.
When standard weight piping wall
thicknesses are used (i.e., schedule 40 pipe up to and
including 254-mm (10-in.) nominal pipe size), the survival
probabilities at a design pressure 2758 kPa (400 psig) are
above 99 percent for both carbon and stainless steel piping.
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Therefore, for the ABWR, the staff concludes that the use
of standard weight piping will provide a bounding design
for the ISLOCA condition.

ISLOCA Conclusion
The staff finds for the ABWR low-pressure piping systems
that interface with the RCS pressure boundary, that using
a design pressure equal to 0.4 times the normal operating
RCS pressure of 7,067 kPa (1,025 psig) (i.e., 2,827 kPa
(410 psig)) and using a minimum wall thickness of the
low-pressure piping no less than schedule 40 provide an
adequate basis for assuring that these systems can
withstand full reactor pressure and thus meet the
Commission-approved staff recommendations in
SECY-90-016 and its applicable regulation for designing
against intersystem LOCAs. The piping design is in
accordance with the ASME Boiler and Pressure Vessel
Code, Section III, Subarticle NC/ND-3600. Furthermore,
the staff will continue to require periodic surveillance and
leak rate testing of the pressure isolation valves per
technical specification (TS) requirements as a part of the
inservice testing program.

Valves in Low-Pressure Systems
For the valves in the low pressure piping systems
(excluding the pressure isolation valves), the selection of
the valve class rating is a primary factor for designing
agaii"* full RCS pressure. For example, ANSI B16.34
valves are supposed to be shop-tested to 1.5 times their
37.8 °C (100 *F) rated pressure. This would mean for a
Class 300 A216 WCB (cast carbon steel) valve, the test
pressure is 1.5 x 740 - 7,653 kPa (1,110 psig). For
Class 150, the valve test pressure is 1.5 x 285 2,948 kPa (427.5 psig).
dearly, the Class 300 valve, which is tested to a pressure
of 7,653 kPa (1,110 psig), would be expected to withstand
an RCS normal operating pressure of 7,171 kPs
(1,040 psia) (or 7,067 kPa (1,025 psig)). However, it
should not be assumed that the valve in the low-pressure
sys^m would be able to operate with this foil RCS
pressure across the disk.
Therefore, the staff finds that a Class 300 valve is
adequate for ensuring the pressure of the low-pressure
piping system under full RCS pressure (i.e., 7,067 kPi
(1,025 psig)), but no credit should be taken to consider
these valves operable under such conditions without further
justification.

As stated in SECY-90-016, for those low-pressure systems
for which designing to withstand foil reactor pressure is
not practical, the design provides (1) the capability for leak
testing of the pressure isolation valves, (2) valve position
indication that is available in the control room when
isolation valve operators are deenergized, and (3) highpressure alarms to warn control room operators when
rising RCS pressure approaches the design pleasure of
attached low-pressure systems and both isolation valves are
not closed.
Using these design guidelines, the staff concludes that-

Other Components in Low-Pressure Systems
For other components in the low-pressure systems, such as
pumps, tanks, heat exchangers, flanges, and instrument
lines, the staff finds that establishing an appropriate safety
factor involves several complicating factors related to the
individual component design. These factors include
requirements for shop hydrotests, the method to determine
the pressure class rating of the component, the specific
material used for bolting and the bolt tension applied, or
whether the component is qualified by test or analysis.

The remaining components in the low-pressure systems
will be designed to a design pressure of 0.4 times the
normal operating RCS pressure (i.e., 2,827 kPa
(410 psig)). The staff finds that the margins to burst for
these remaining components are at least equivalent to that
of the piping at its minimum wall thickness since these
components typically have wall thicknesses greater than
that of the pipe minimum wall thickness.
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(1)

the likelihood of the low-pressure piping rupturing
under foil RCS pressure is low,

(2)

the likelihood of intolerable leakage is low under
ISLOCA conditions although some leakage may
occur at flanges and valve bonnets, ™d

(3)

some piping components might undergo gross
yielding and
permanent deformation under
ISLOCA conditions.

SSAR Section 3.9.3.1 includes these design guidelines.
Therefore, the staff concludes that there is reasonable
assurance that the low-pressure piping systems interfacing
with the RCPB are structurally capable of withstanding the
consequences of an intersystem loss-of-coolant accident.
The staff further concludes that the ABWR design meets
the Commission-approved staff recommendation for
ISLOCAs, as an applicable regulation as described in
Section 1.6 of this report.
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tested, the valves will be tested in accordance with
ItemII.D.1. This is acceptable.

3.9.3.1.2 Conclusion
On the basis of the evaluation in Section 3.9.3.1 of this
report, the staff concludes thai OB meets 10 CFR SO.S^a
and ODC 1, 2, and 4 with respect to the design and
service load combinations and associated stress and
deformation limits specified for ASMB Code, Class 1, 2,
and 3 components by ensuring that systems and
components are designed to quality standards
commensurate with their importance to safety and that
these systems can accommodate the effects of such
postulated events as LOCAs and the dynamic effects
resulting from earthquakes. The specified design and
service combinations of loadings as applied to ASME Code
Class 1,2, and 3 pressure retaining components in systems
designed to meet seismic Category I standards provide
assurance that, in the event of an earthquake affecting the
site or other service loadings owing to postulated events or
system operating transients, the resulting combined stresses
imposed on system components will not exceed allowable
stress and strain limits for the materials of construction.
Limiting the stresses under such loading combinations
provides an acceptable basis for the design of system
components to withstand the most adverse combination of
loading events without loss of structural integrity.

In performing the hydraulic transient piping analyses
associated with the SRV discharge, OB assumed a
minimum rise time of 20 msec. Rise times faster than this
value could result in higher loads than analytically
predicted. The assumed rise time is based on past SRV
designs Slid existing test data. Contingent upon the action
described above to retest the SRVs if the COL applicant
should purchase any SRV or install its SRV piping in a
configuration that is not similar to those that have been
tested, this approach is acceptable. The COL applicant
should confirm that any SRVs or discharge piping installed
in the ABWR stsndard plant that is not similar to those that
have been tested will be tested in accordance with TMI
Action ItemII.D.1. This was DFSER COL Action
Items 3.9.3.2-1 and 14.1.3.3.5.11-1. The resolution of
these action items is discussed in Section 3.12.5.11 of this
report.

3.9.3.2 Design and Installation of Pressure-Relief
Devices
The staff reviewed SSAR Section 3.9.3.3 with regard to
the design, installation, and testing criteria applicable to
the mounting of pressure-relief devices used for the
overpressure protection of ASME Code, Class 1, 2, and 3
components. This review, conducted in accordance with
SRP Section 3.9.3, included evaluation of the applicable
loading combinations and stress criteria. The review
extended to consideration of the means provided to
accommodate the rapidly applied reaction force when a
safety/relief valve (SRV) opens and the transient
fluid-induced loads applied to the piping downstream of an
SRV in a closed discharge piping system. The information
in SSAR Section 3.9.3.3 meets the applicable guidelines of
SRP Section 3.9.3 and is acceptable.
In accordance with TMI Action ItemII.D.1 of
NUREG-0737, pressurized water reactor (PWR) and BWR
licensees and applicants are required to conduct testing to
qualify the RCS SRVs and associated piping and supports
under expected operating conditions for design-basis
transients and accidents. GE's response to Item II.D. 1 is
briefly discussed in SSAR, Appendix 1 A, Section 1A.2.9.
This section states that the SRV models have been tested
under ABWR steam discharge conditions. It further states
that if the ABWR design should contain any SRVs or
discharge piping that is not similar to those that have been

On the basis of this evaluation, which states that the
criteria in SSAR Section 3.9.3.3 as related to the design,
installation, and testing of ASME Code, Class 1, 2, and 3
SRV mounting meet the applicable guidelines of SRP
Section 3.9.3, the staff concludes that OE meets
10 CFR 50.55a and GDC 1, 2, and 4 by ensuring that
SRVs and their installations are designed to standards that
are commensurate with their safety functions and that they
will accommodate the effects of discharge caused by
normal operation as well as postulated events such as
LOCAs and the dynamic effects resulting from the SSE.
OE also meets ODC 14 and 15 with regard to ensuring
that the RCPB design limits for normal operation,
including anticipated operational occurrences, will not be
exceeded. The criteria used by GE in the design and
installation of ASME Code, Class 1, 2, and 3 SRVs
provide adequate assurance that, under discharging
conditions, the resulting stresses will not exceed allowable
stress and strain limits for the materials of construction.
Limiting the stresses under the loading combinations
associated with the actuation of these pressure-relief
devices provides a conservative basis for the design and
installation of the devices for ensuring that the devices will
withstand these loads without loss of structural integrity or
impairment of the overpressure-protection function.
3.9.3.3 Component Supports
The staff reviewed SSAR Sections 3.9.3.4 and 3.9.3.5
with regard to the methodology used in the design of
ASME Code Class 1, 2, and 3 component supports. The
review included an assessment of the design and structural
integrity of the supports. It addressed three types of
supports: plate and shell, linear, and component standard
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types. All ASME Code Class 1, 2, and 3 component
supports for the ABWR plant are constructed in accordance
with ASME Code, Section HI, Subsection NF.
In
addition, the SSAR states that the design is augmented by
the application of Code Case N-476, Supplement 89.1,
which governs the design of single-angle members. If
eccentric loads or other torsional loads are not
accommodated by designing the load to act through the
shear center, analyses are performed in accordance with
such torsional analysis methods such as "Torsional
Analysis of Steel Members," AISC Publication Tl 14-2/83.
The staff position is that Subsection NF is an acceptable
code for the design of piping supports. However, the rules
must be augmented by guidelines acceptable to the staff
governing the design of single-angle members of supports
and the methodology used to accommodate torsional loads.
At this time, although Code Case N-476 has not been
endorsed by the staff in RO 1.84, the staff finds that it
provides adequate design rules for the single-angle
members. For torsional analysis of steel members, the
staff finds that GE-proposed documents provide sufficient
technical guidelines to perform a torsional analyses of steel
members and are acceptable.
SSAR Section 3.9.3.4 defines the jurisdictional boundaries
between pipe supports and such interface attachment points
as structural steel in accordance with the ASME Code,
Section III, Subsection NF, 1989 Edition. The staffs
review of the jurisdictional boundaries described in the
1989 Edition finds that they are sufficiently defined to
ensure a clear division between the pipe support and the
structural steel and are acceptable.
SSAR Section 3.9.3.4.1 states that the loading
combinations for the design of piping supports correspond
to those used for the design of the supported pipe. As
discussed in Section 3.9.3.1 of this report, the staff
concludes that the loading combinations used for the
supported pipe are consistent with SRP 3.9.3 and are
acceptable. The stress limits for pipe suppoits are in
accordance with the ASME Code, Section III,
Subsection NF and Appendix F.
The supports are
generally designed or qualified by the load rating method
as described in paragraph NF-3260 or by the stress limits
specified in paragraph NF-3231. These methods and limits
as specified in the 1989 Edition of the ASME Code,
Section III, are acceptable.
SSAR Section 3.9.3.4 provides design criteria for the
design of pipe supports using supplementary steel. The
building structure component supports are designed in
accordance with AISC, "Specification for the Design,
Fabrication and Erection of Structural Steel for Buildings."
The use of this specification is standard industry practice
and has been proven to provide adequate design guidelines
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for the design of structural steel for use as pipe supports
and is acceptable.
SSAR Section 3.9.3.4 of earlier amendments stated that the
concrete anchor bolts, which would be used for pipe
support base plates, will be designed to the applicable
factors of safety defined in NRC Office of Inspection and
Enforcement (IE) Bulletin 79-02, Revision 1. Loading
combinations for component suppoits are discussed in
Section 3.9.3.1 of this report. In general, the factors of
safety for anchor bolts are acceptable. However, in the
DFSER, the staff noted that GE had not discussed the use
of specific types of anchor bolts to be used for pipe
support base plates in the ABWR plant. For example,
under-cut type anchor bolts behave in a ductile manner but
the staffs position is that the safety factors in IE Bulletin
79-02, Revision 2, are still applicable unless OE provides
justification for alternative safety factors. Therefore, the
use of safety factors for anchor bolts other than those
provided in IE Bulletin 79-02 must be justified and
submitted to the staff for review and approval before their
use. This was DFSER COL Action Items 3.9.3.3-1 and
14.1.3.3.6.4-1. In addition, the staff reported that of the
type of concrete anchor bolt used for piping supports, the
action item in IE Bulletin 79-02 relative to pipe support
base-plate flexibility must be implemented. This was
DFSER COL Action Item 14.1.3.3.6.4-2. The resolution
of these COL action items is discussed in Section 3.12.6.4
of this report.
In the DFSER, the staff noted that GE had not provided
the staff with any details about the specific analysis
methods or procedures to be used for the ABWR pipe
support design. For the staff to compete its review, GE
was requested to include the following additional details of
the pipe support design in the SSAR:
(1)

information that addresses the types of snubbers and
their characteristics (as delineated in SRP 3.9.3,
Section II.3b) to be used in the ABWR standard
plant

(2)

information that addresses the use of seismic
restraints other than snubbers (i.e., special
engineered pipe supports such as energy absorbers
and limit stops, and their modeling assumptions)

(3)

information that addresses the pipe support stiffness
values and support deflection limits used in the
piping analyses

(4)

information that addresses how the seismic
excitation of the pipe supports (especially large
frame-type structures) are to be considered in the
design of the pipe support anchorage
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(5)

information that addresses the hot and cold gaps to
be used between the pipe and the box-frame-type of
support and the coefficient of friction to be used for
considering friction forces between the pipes and
the steel frames

(6)

criteria that will ensure that the maximum
deflections of the piping at support locations for
static and dynamic loadings are within an allowable
limit to preclude failure of the pipe supports and
hangers

In the DFSER, all of these items constituted Open
Items 3.9.3.3-1 and 14.1.3.3.6-1. The staff's evaluations
of these open items are discussed in Sections 3.12.6.5,
3.12.6.6, 3.12.6.7, 3.12.6.8, 3.12.6.10, 3.12.6.11, and
3.12.6.13 of this report.
The staff noted in the DFSER that OB had not provided
any information on the design criteria for the structural
design of instrumentation line supports. The was staff
requested that this information be included in the SSAR.
This was DFSER Open Item 3.9.3.3-2 and part of DFSER
Open Item 14.1.3.3.6-1. SSAR Subsections 3.7.3.8.1.9
and 3.9.3.4.1 contain OE's response to these open items.
The staffs evaluation of this response is discussed in Section 3.12.6.12 of this report.
The industry has taken the position that ANS/AISC N-690
is useful in the design of instrumentation sensing line
supports. Its use would have the effect of reducing the QA
recordkeeping requirements and code stamping required by
Subsection NF of ASME Section m . The staff s position
on this issue is that for construction of ASME component
supports, ANS/AISC N-690 alone is not an acceptable
standard; ASMB Code, Section HI, Subsection NF, should
be used. However, the staff is currently participating in
the ASME effort to incorporate N-690 into Subsection NF.
Subsequent to a staff-endorsed version of NF incorporating
N-690, Subsection NF will also specify the rules
acceptable to the staff for construction of ASME
Class supports. In the DFSER, the staff stated that when
this staff-approved version is available, the COL applicant
seeking to use it may submit a request to the staff for
approval on a plant-specific basis. This was DFSER COL
Action Item 14.1.3.3.6.12-1. The staffs evaluation of this
issue is discussed in Section 3.12.6.12 of this report.
On the basis of the evaluation in Section 3.9.3.3,
supplemented by the evaluations in applicable portions of
Section 3.12.6, of this report, the staff concludes that GE
meets the requirements of 10 CFR SO.SSa and ODC 1, 2,
and 4 with regard to the design and service load combinations and associated stress and deformation limits specified
for ASME Code, Class 1, 2, and 3 component supports by

insuring that component supports are designed to quality
standards commensurate with their importance to safety,
and that these supports can accommodate the effects of
normal operation aa well as postulated events such as
LOCAs and the dynamic effects resulting from the safe
shutdown earthquake. The combination of loadings
(including system operating transients) considered for each
component support within a system, including the
designation of the appropriate service stress limit for each
loading combination, has met the positions and criteria of
ROs 1.124 and 1.130 and are in accordance with
NUREO-0484. The specified design and service loading
combinations used for the design of ASME Code, Class 1,
2, and 3 component supports in systems classified as
seismic Category I provide assurance that in the event of
an earthquake or other service loadings due to postulated
events or system operating transients, the resulting
combined stresses imposed on system components will not
exceed allowable stress and strain limits for the materials
of construction. Limiting the stresses under such loading
combinations provides a conservative design basis to assure
that support components can withstand the most adverse
combination of loading events without loss of structural
integrity.
The staffs evaluation of Class CS components is given in
Section 3.9.5 of this report.
3.9.4 Control Rod Drive Systems
The staffs review under SRP Section 3.9.4 included the
control rod drive system (CRDS) up to its interface with
the control rods. Those components of the CRDS that are
part of the primary pressure boundary are classified as
SC 1, QO A, and are designed according to ASME Code,
Section m , Class 1 requirements and to the quality
assurance requirements of 10 CFR Part 50, Appendix B.
The CRDS will be capable of reliably controlling reactivity
changes either under conditions of anticipated normal plant
operational occurrences or under postulated accident
conditions. The CRDS in the ABWR design consists of
fine motion control rod drive mechanisms and the control
rod drive hydraulic system. The staff reviewed the
information in SSAR Section 3.9.4 related to the criteria
used to ensure the structural integrity of this system during
normal operation and under accident conditions. These
criteria conform to SRP Section 3.9.4 and are acceptable.
Loading combinations for the CRDS are discussed in Section 3.9.3.1 of this report. The functional design and
testing of these systems is discussed in Section 4.6 of this
report.

3.75

The staffs review acceptance criteria are based on meeting
(1)GDC1 and 10 CFR Part 50, Subsection 50.55a
requiring that the CRDS be designed to quality standard
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commensurate with the importance of the safety functions
to be performed; (2) GDC 2 requiring that the CRDS be
designed to withstand the effects of an earthquake without
loss of capability to perform its safety functions; and
(3) GDC 14 requiring that the RCPB portion of the CRDS
be designed, constructed, and tested for the extremely low
probability of leakage or gross rupture.

constructed in accordance with ASME Code, Section in,
Subsection NG. In accordance with Subsection NG-1100,
this means that the manufacture and installation of the
ABWR core support structures are in accordance with the
NG rules required for materials, design, examination, and
preparation of reports.
This conforms to SRP
Section 3.9.5 and is acceptable.

The staff concludes that the design of the control rod drive
system is acceptable for the ABWR and meets GDC 1, 2,
and 14, and 10 CFR 50.55a. As stated in the first
paragraph in this section, by designing the CRDS up to its
interface with the control rods to acceptable loading
combinations of normal operation and accident conditions
using ASME Class 1 and 10 CFR Part 50, Appendix B,
requirements, GE has assured the structural integrity of the
CRDS. Therefore, GE meets GDC 1 and 10 CFR 50.55a
with regard to designing components important to safety to
quality standards commensurate with the importance of the
safety functions to be performed. In addition, GE meets
GDC 2 and 14 with regard to designing the control rod
drive system to withstand the effects of earthquakes and
anticipated normal operation occurrences with adequate
margins to ensure its structural integrity and functional
capability and with an extremely low probability of leakage
or gross rupture of the RCPB. The staffs evaluations of
the specified design transients, design and service loadings,
and combinations of loads, are discussed in Sections 3.9.1
and 3.9.3.1 of this report. By limiting the stresses and
deformations of the CRDS under such loading combinations, the design conforms to the appropriate guidelines in
SRP Sections 3.9.3 and 3.9.4.

SSAR Section 3.9.5.3.6 gives the design bases for safety
claas reactor internals other than the core support
structures. The design criteria, loading conditions and
analyses that provide the basis for the design of these
components meet the guidelines of ASME Code,
Section HI, Subsection NG-3000. These components are
constructed so as not to adversely affect the integrity of the
core support structures as required by ASME Code,
Section III, Subsection NG-1122. These criteria conform
to SRP Section 3.9.5 and are acceptable!

3.9.5 Reactor Pressure Vessel Internals
The staff reviewed, in accordance with SRP Section 3.9.5,
the load combinations, allowable stress and deformation
limits, and other criteria used in the design of the reactor
internals. The staffs review acceptance criteria are based
on meeting (1) GDC 1 and 10 CFR Part 50, Subsection
50.55a requiring that the reactor internals shall be designed
to quality standards commensurate with the importance of
the safety functions to be performed; (2) GDC 2 requiring
that the reactor internals shall be designed to withstand the
effects of earthquakea without loss of capability to perform
its safety functions; (3) GDC 4 requiring that reactor
internals shall be designed to accommodate the effects of
and to be compatible with the environmental conditions
associated with normal operations, maintenance, testing,
and postulated LOCA; and (4) GDC 10 requiring that
reactor internals shall be designed with adequate margins
to assure that specified acceptable fuel design limits are not
exceeded during anticipated normal operational
occurrences. SSAR Section 3.9.5.3.5 states that the core
support structures for the ABWR are designed and
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In accordance with SSAR Table 3.2-1, the core support
structures and all other safety-related reactor internals are
designed as Safety Class 2 components and to the quality
assurance requirements of 10 CFR Part 50, Appendix B.
In addition, as discussed in Section 3.9.1, "Special Topics
for Mechanical Components," Section 3.9.2.4, "Dynamic
System Analysis of Reactor Internals Under Faulted
Conditions," and Section 3.9.3.1, "Loading Combinations,
Design Transients, and Stress Limits," of this report, the
SSAR contains acceptable criteria for the design of all
safety-related reactor internals under normal, upset,
emergency, and faulted loading conditions. Implementation of these criteria to the design of the reactor internal
structures and components provides reasonable assurance
that, in the event of an earthquake or of a system transient
during normal plant operation, the resulting deflections and
associated stresses imposed on these structures and
components will not exceed allowable stresses and
deformations under such loading combinations. This
provides an acceptable design basis for ensuring that these
structures and components will withstand the most adverse
loading events that were postulated to occur during their
service lifetime without loss of structural integrity or
impairment of function.
The staff concludes that the design of reactor internals for
the ABWR is acceptable and meets GDC 1, 2, 4, and 10
and 10 CFR 50.55a.
On the basis of these evaluations related to designing all
safety-related reactor internals (1) as Safety Class 2; (2) to
the quality assurance requirements of 10 CFR Part 50,
Appendix B; and (3) to acceptable ASME Code, Section III, rules, GE meets GDC 1 and 10 CFR 50.55a with
regard to designing the reactor internals to quality
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comparisons will ensure the operational readiness of these
pumps and valves.
Howe er, as discussed in
SECY-90-016, the staff determined that ASME Code
Section XI requirements do not assure the necessary level
of component operability that is desired for evolutionary
LWR designs.
Accordingly, in SECY-90-016, as
supplemented by the staffs April 27, 1990, response to
comments by the ACRS, the staff recommended criteria to
the Commission to be used to supplement Section XI of the
ASME Code.
In its SRM of June 26, 1990, on
SECY-90-016, the Commission approved the staffs
recommendations.
The staffs proposed applicable
regulations, as described in Section 1.6 of this report, for
inservice testing are as follows.

standards commensurate with the importance of the safety
functions to be performed.
On the basis of these evaluations related to designing all
safety-related reactor internals to acceptable loading
combinations and stress limits when the internals are
subjected to the loads associated with normal, upset,
emergency, and faulted conditions, OB meets ODC 2, 4,
and 10 with respect to designing components important to
safety to withstand the effects of earthquakes and the
effects of normal operation, maintenance, testing, and
postulated LOCAs with sufficient margin to ensure that
their capability to perform their safety functions is maintained and the specified fuel design limits are not
exceeded.
t

All pumps and valves of the standard design subject
to the test requirements set forth in 10 CFR
50.55a(f) are subject to the following additional
limitations and modifications.

3.9.6 Testing of Pumps and Valves
SRP Section 3.9.6 provides guidance for review of
inservice testing (1ST) of certain safety-related pumps and
valves typically designated as ASME Code Class 1, 2, or
3. The staffs review acceptance criteria are based on
meeting (1) ODC 37 as related to periodic functional
testing of the ECCS to assure the leak tight integrity and
performance of its active components; (2) ODC 40 as
related to periodic functional testing of the containment
heat removal system to assure the leak tight integrity and
performance of its active components; (3) GDC 43 as
related to periodic functional testing of the containment
atmospheric cleanup systems to assure the leak tight
integrity and the performance of the active components,
such as pumps and valves; (4) GDC 46 as related to
periodic functional testing of the cooling water system to
assure the leak tight integrity and performance of the active
components; (5) GDC 54 as related to piping systems
penetrating containment being designed with the capability
to test periodically the operability of the isolation and
determine valve leakage acceptability; and (6) 10 CFR
Part 50, Subsection 50.55a(f) as related to including pumps
and valves whose function is required for safety in the
inservice testing program to verify operational readiness by
periodic testing.
In Section 3.9.3 of this report, the staff discusses the
design of safety-related pumps and valves for the ABWR.
The load combinations and stress limits used in the design
of pumps and valves ensure that the integrity of the
component pressure boundary will be maintained. In addition, a licensee will periodically test the performance and
measure performance parameters of safety-related pumps
and valves in accordance with ASME Code Section XI, as
required by 10 CFR 50.55a(f). Periodic measurements of
various parameters will be compared to baseline
measurements to detect long-term degradation of the pump
or valve performance. The tests, measurements, and

(1) Piping design must incorporate
provisions for full flow testing at
maximum design flow of pumps and
check valves;
(2)

Check valve testing must incorporate the
use of advanced non-intrusive techniques
to address degradation and performance
characteristics;

(3) Provisions must be established to
determine the frequency necessary for
disassembly and inspection of pumps and
valves to detect unacceptable degradation
that cannot be detected through the use
of advanced non-intrusive techniques;and
(4) Provisions must be incorporated to test
motor-operated valves under design basis
differential pressure.
The staffs evaluation of GE's responses to ASME Code
Section XI issues, including the above applicable
regulations, is discussed in the following sections.
SSAR Section 3.9.6 states that 1ST of safety-related pumps
and valves will be performed in accordance with the
requirements of ASME/ANSI OMa-1988 Addenda to
ASME/ANSI OM-1987, Parts 1, 6, and 10. SSAR
Table 1.8-21 also indicates that the applicable code of
record for the ABWR is the ASME Code 1989 Edition.
ASME/ANSI Part 6 of Operations and Maintenance (OM),
"Inservice Testing of Pumps," and Part 10, "Inservice
Testing of Valves," are referenced in Section XI, ASME
Code 1989 Edition. The 1988 Addenda and the 1989
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each system mode of pump operation. From these tests
the COL applicant will also develop baseline hydraulic and
vibration data for evaluating the acceptability of the pump
after installation. The staff finds that the planned actions
provide a reasonable assurance for the adequacy of the
design and qualification for safety-related pumps and are,
therefore, acceptable.

Edition of Section XI have been incorporated by reference
into 10CFR 50.55a and are acceptable for the
evolutionary LWR 1ST provided the analysis of leakage
rates and corrective action requirements of OM Part 10,
paragraph 4.2.2.3 are applied to containment isolation
valve testing. The staff finds the containment isolation
valve leak testing to be acceptable as discussed in Section 3.9.6.2.4 of this report.
SSAK Table 3.9-8 lists the 1ST parameters and frequencies
for safety-related pumps and valves. This table was
provided as part of the design certification and contains the
information regarding the ability to test pumps and valves
in accordance with the ASME Code.
The staffs
assessment of the 1ST plan is contained in Section 3.9.6.3
of this report. However, the development of a complete
plant-specific 1ST program will be the responsibility of the
COL applicant. The comprehensive pump and valve 1ST
program will provide additional information beyond that
contained in the 1ST plan. The 1ST program will include
the tests performed on each pump and valve and the Code
requirement met by each test; test parameters and
frequency of the tests; the normal, safety, and fail-safe
position of each valve; component type for each pump and
valve; and P&ID coordinates for each pump and valve. In
addition, the COL applicant will submit any requests for
relief, which the NRC staff will review on the basis of the
ASME Code edition referenced in 10 CFR 50.55a(f), the
ABWR design, and the inservice testing methods available
at the time of the COL application. This was DFSER
COL Action Item 3.9.6.3-1.
SSAR Section 3.9.7.3
includes this action item and states that the COL applicant
will provide a detailed pump and valve 1ST plan. This is
acceptable.
GE's description of the primary elements of the inservice
testing plan for design certification in SSAR Section 3.9.6
are discussed below.
3.9.6.1 Testing of Safety-Related Pumps
In response to the staffs concern regarding the adequacy
of design and qualification for safety-related pumps, GE
stated in SSAR Section 3.9.6.1 that for each safety-related
pump, the design basis and required operating conditions
(including tests) under which the pump will be required to
function will be established. GE further stated that the
COL applicant will establish the design and qualification
requirements and will provide acceptance criteria for these
requirements. For each size, type, and model the COL
applicant will perform testing encompassing design conditions that demonstrate acceptable flow rate and
corresponding head, bearing vibration levels, and pump
internals wear rates for the operating time specified for
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In response to the staffs policy concern about the
adequacy of minimum-flow systems for safety-related
pumps, GE states in SSAR Section 3.9.6.1 that safetyrelated pumps and piping configurations can accommodate
inservice testing at a flow rate at least as large as the
maximum design flow for the pump. This commitment is
responsive to the guidelines on this issue contained in
SECY-90-016 and meets Item 1 of the staffs
recommendations, as an applicable regulation, on the pump
and valve inservice testing issues as described in
Sections 1.6 and 3.9.6 of this report. This is acceptable.
In addition, OE also stated in the SSAR that it would
evaluate the sizing of each minimum recirculation flow
path to ensure that its use under all analyzed conditions
will not result in degradation of the pump and to
periodically measure the minimum recirculation flow rate
to verify that it is in accordance with the design specification. In response to another staff request, OE states in the
same SSAR section that it would provide the safety-related
pumps with instrumentation to verify that the net positive
suction head (NPSH) is greater than or equal to the NPSH
required during all modes of pump operation. The staff
finds this acceptable because they meet SRP 3.9.6 testability requirements for safety-related pumps.

In Section 3.9.6.1 of the DSER (SECY-91-235), the staff
identified an open item relating to disassembly and
inspection of safety-related pumps (Outstanding Issue 14).
In its letter dated December 19, 1991, OE stated that the
COL applicant will develop a program to establish the
frequency and the extent of disassembly and inspection for
all safety-related pumps, including the basis for the
frequency and the extent of each disassembly. OE further
stated that the program may be revised throughout the
plant life to minimize disassembly, based on past
disassembly experience. Subsequent to these clarifications,
the staff concluded this program to be the responsibility of
the COL applicant. Therefore, Outstanding Issue 14 was
closed and was reidentified as DFSER COL Action
Item 3.9.6.1-1. SSAR Section 3.9.6.1 includes this action
item. This action item is responsive to the guidelines on
this issue contained in SECY-90-016 and meets Item 3 of
the staffs recommendations, as an applicable regulation,
on the pump and valve inservice testing issues as described
in Sections 1.6 and 3.9.6 of this report.
This is
acceptable.
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3.9.6.2 Testing of Safety-Related Valves
3.9.6.2.1 Check Valves
In response to the staffs concern about the adequacy of
design and qualification for safety-related check valves,
SSAR Section 3.9.6.2.1 states that for each check valve
with active safety-related function, the design basis and
required operating conditions (including testing) under
which the check valve will be required to perform will be
established. The SSAR further states that the COL
applicant will establish the design and qualification
requirements and will provide acceptance criteria for these
requirements. By testing each size, type, and model, the
COL applicant will ensure the design adequacy of the
check valve under design conditions, including severe
transient loadings expected during the life of the valve such
as waterhammer or pipe break. This testing of each size,
type, and model will include test data from the manufacturer, field test data for dedication by the COL applicant,
empirical data supported by test, or test (such as prototype)
of similar valves that support qualification of the required
valve where similarity must be justified by technical data.
The COL applicant will ensure that the maximum loading
on the check valve under design basis and the required
operating conditions is within the structural capability
limits for the individual parts of the check valve. In
addition, the COL applicant will ensure proper check valve
applications in the piping system design.
Specific
considerations will include selection of valve size and type
based on the system flow conditions, installed location of
valve with respect to source of turbulence, and correct
orientation of valve in the system (e.g., vertical versus
horizontal) as recommended or required by the valve
manufacturer. The qualification acceptance criteria will
include baseline data developed during qualification testing
and will be used for verifying the acceptability of the
check valve after installation. Furthermore, during the
pre-operational testing, the COL applicant will test each
safety-related check valve in the open and/or closed
direction, as required by the safety function, under all
normal operating system conditions.
The testing
requirements and acceptance criteria, including leaktightness, disk stability, and correct valve sizing, are
provided in the SSAR. The staff finds these planned
actions provide a reasonable assurance for the adequacy of
the design, qualification, and pre-operational testing for
safety-related check valves and are, therefore, acceptable.
In response to the staffs concern about the full-flow
testing of check valves, SSAR Section 3.9.6.2.1 states that
ABWR safety-related piping systems incorporate provisions
for testing to demonstrate the operability of the check
valves under design-basis conditions. In response to
another staff request, the SSAR states that advanced non-

intrusive techniques will be used in the implementation of
inservice testing program to periodically assess degradation
and the performance characteristics of check valves.
These are responsive to the guidelines on these issues
contained in SECY-90-016 and meets Items 1 and 2 of the
staffs recommendations, as an applicable regulation, on
the pump and valve inservice testing issues as described in
Sections 1.6 and 3.9.6 of this report and are, therefore,
acceptable.
In Section 3.9.6.2.1 of the DSER (SECY-91-235), the
staff identified an open item relating to disassembly and
inspection of safety-related check valves (Outstanding
Issue IS). In its letter dated December 19, 1991, OE
stated that the COL applicant referencing the ABWR
design will develop a program to establish the frequency
and the extent of disassembly and inspection on the basis
o suspected degradation of safety-related check valves,
including the basis for the frequency and the extent of each
disassembly. GE also stated that the program may be
revised throughout the plant life to minimize disassembly
based on past disassembly experience. Subsequent to these
classifications, the staff determined this to be the
responsibility of the COL applicant.
Therefore,
Outstanding Issue IS was closed and was reidentified as
DFSER COL Action Item 3.9.6.2.1-1. OE has included
this action item in Section 3.9.6.2.1 of the SSAR. This
action item is responsive to the guidelines on this issue
contained in SECY-90-016 and meets Item 3 of the staff
recommendations, as an applicable regulation, on the pump
and valve inservice testing issue as described in Sections 1.6 and 3.9.6 of this report and is, therefore, acceptable.
f

3.9.6.2.2 Motor-Operated Valves
In response to the staffs concern regarding the adequacy
of design and qualification for safety-related motoroperated valves (MOVs) SSAR Section 3.9.6.2.2 states
that for each MOV with active safety-related function, the
design basis and required operating conditions (including
testing) under which the MOV will be required to perform
are established for the development and implementation of
the design, qualification, and pre-operational testing. For
the design and qualification of MOVs, the SSAR provides
commitments as follows. The COL applicant will establish
the design and qualification requirements and will provide
acceptance criteria for these requirements. The COL
applicant will test each size, type, and model to determine
thetorqueand thrust requirements to operate the MOV and
will ensure the adequacy of the torque and thrust that the
motor operator can deliver under design conditions. The
COL applicant will also test each size, type, and model
under a range of differential pressure and flow conditions
up to the design conditions. These design conditions
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include fluid flow, differential pressure (including pipe
break), system pressure, fluid temperature, ambient
temperature, minimum voltage, and minimum and
maximum stroke time requirements. This testing of each
size, type, and model will include test data from the
manufacturer, field test data for dedication by the COL
applicant, empirical data supported by test, or test of
similar valves (such as prototype) that support qualification
of the required valve where similarity must be justified by
technical data. From this testing, the COL applicant will
demonstrate that the results of testing under in situ or
installed conditions can be used to ensure the capability of
the MOV to operate under design conditions. The COL
applicant will also ensure that the structural capability
limits of the individual parts of the MOV will not be
exceeded under design conditions. Furthermore, the COL
applicant will ensure that the valve specified for each
application is not susceptible to pressure locking and
thermal binding. For the pre-operational testing of MOVs,
the SSAR provides commitments as follows. The COL
applicant will test each MOV in the open and closed
directions under static and maximum achievable conditions
up to design basis conditions, using diagnostic equipment
that measures torque and thrust and motor parameters.
The COL applicant will test the MOV under various
differential pressure and flow up to maximum achievable
conditions and perform a sufficient number of tests to
determine the torque and thrust requirements at design
conditions. The specific testing parameters and acceptance
criteria for demonstrating that the adequacy of the MOV
functional performance has been met are provided in the
SSAR. The staff finds these commitments regarding the
design, qualification, and pre-operational testing for safetyrelated MOVs provide a reasonable assurance for
demonstrating the adequacy of the MOV capability for the
design basis conditions and are, therefore, acceptable.

The commitments just discussed also relate to the ITAAC
information applicable to MOVs discussed in
Section 3.9.6.4 of this report. To follow the 10 CFR
Part 52 design certification process, any change to these
commitments would involve an unreviewed safety question
and, therefore, requires NRC review and approval prior to
implementation. Furthermore any requested change to
these commitments must either be specifically described in
the COL application or submitted for license amendment
after COL issuance.
In the DFSER, the staff noted that the COL applicant
should address the design, qualification, and preoperational testing for the MOVs as discussed in SSAR
Section 3.9.6.2.2, prior to plant startup. This was COL
Action Item 3.9.2.2-1. SSAR Section 3.9.7.3 includes the
above information. The staff finds this to be acceptable.
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In the DSER (SECY-91-235), the staff identified an open
item relating to justifying the use of prototype qualification
testing of MOVs (Outstanding Issue 16). The staffs
specific concern is the need for proper justification of the
applicability of prototype test data. In response to the
staffs concern, OE committed to revise the SSAR to
reference OL 89-10, Supplement 1, staff responses to Q22
and Q24 through Q28, which contain staff guidelines to
justify prototype testing. Therefore, Outstanding Issue 16
was resolved and was reidentified as DFSER Confirmatory
Item 3.9.6.2.2-1.
As described in SSAR
Section 3.9.6.2.2, testing of MOVs of each size, type, and
model will include test of similar valves (such as
prototype) that support qualification of the required valve
where similarity must be justified by technical data. The
staff found that this commitment for prototype qualification
testing is acceptable, and there is no need to reference OL
89-10, Supplement 1, for conducting MOV prototype
qualification testing. As a result, DFSER Confirmatory
Item 3.9.6.2.2 is withdrawn and closed.
In response to the staffs concern about the periodic testing
for MOVs, GE stated that the SSAR will be revised to
address the COL applicant's program to periodically test
MOVs. In the DFSER, the staff noted that the COL
applicant will determine the optional frequency for valve
stroking during inservice testing. This was part of DFSER
COL Action Item 3.9.6.2.2-2. SSAR Section 3.9.6.2.2
states that periodic testing per GL 89-10 Paragraphs D and
J will be conducted under adequate differential pressure
and flow conditions that allow a justifiable demonstration
of continuing MOV capability for design-basis conditions.
SSAR Section 3.9.7.3 also states that the COL applicant
will determine the optimal frequency of this periodic
verification of the continuing MOV capability for design
basis conditions and will include this requirement in the
development of the detailed 1ST program. This is
responsive to the guidelines on the MOV testing contained
in SECY-90-016 and meets Item 4 of the staffs
recommendations, as an applicable regulation, on the pump
and valve inservice testing issues as described in
Sections 1.6 and 3.9.6 of this report and is acceptable.
GE further stated that the ASME Code provides criteria
limits for the test parameters identified in SSAR
Table 3.9-8 for the ASME Code inservice testing.
In GL 89-10, the staff recommended that MOVs in a
safety-related system should either be designed to prevent
mispositioning or be subjected to qualification testing to
demonstrate capability to recover from mispositioning.
This was DFSER Confirmatory Item 3.9.6.2.2-2. The
BWR Owners' Group subsequently submitted a backfit
appeal on that GL 89-10 recommendation. The staff, with
the assistance of Brookhaven National Laboratory,
reviewed and reevaluated the issue, using probabilistic risk
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assessment techniques, and determined that the
recommendations for MOVs mispositioning is not
necessary for BWRs. The staff subsequently issued
OL 89-10, Supplement 4, and stated that the staff no
longer considered the recommendations for inadvertent
operation of MOVs to be within the scope of OL 89-10 for
BWRs.
Therefore, the DFSER Confirmatory
Item 3.9.6.2.2-2 is withdrawn and resolved.
In the DSER (SECY-91-235), the staff identified an open
item regarding disassembly and inspection of safety-related
MOVs (Outstanding Issue 17).
In its letter dated
December 19, 1991, GE stated that the COL applicant
referencing the ABWR design will develop a program to
establish the frequency and the extent of disassembly and
inspection based on suspected degradation of safety-related
MOVs, including the basis for the frequency and the extent
of each disassembly. GE further stated that the program
may be revised throughout the plant life to minimize
disassembly based on past disassembly experiende.
Subsequent to the above clarifications, the staff determined
this program to be the responsibility of the COL applicant.
Therefore, Outstanding Issue 17 was closed and was
reidentified also as part of DFSER COL Action
Item 3.9.6.2.2-2. GE has included this information in
SSAR Section 3.9.6.2.2. This is responsive to the
guidelines on this issue contained in SECY-90-016 and
meets Item 3 of the staffs recommendations, as an
applicable regulation, on the pump and valve inservice
testing issues as described in Sections 1.6 and 3.9.6 of this
report and is, therefore, acceptable.
SSAR Section 3.9.6.2.2 states that the inservice testing of
MOVs will rely on diagnostic techniques that are consistent
with the state of the art which will permit an assessment of
the performance of the valve under actual loading
conditions. This is responsive to the staffs guidelines on
this issue and is, therefore, acceptable.

model under a range of differential pressure and flow
conditions up to the design conditions. This testing of
each size, type, and model will include test data from the
manufacturer, field test data for dedication by the COL
applicant, empirical data supported by test, or test of
similar valves (such as prototype) that support qualification
of the required valve where similar must be justified by
technical data. From this testing, the COL applicant will
demonstrate that the results of testing under in-situ
conditions can be used to ensure the capability of the POV
to operate under design conditions. The COL applicant
will also ensure that the structural capability limits of the
individual parts of the POV will not be exceeded under
design conditions. The COL applicant will ensure that
packing adjustment limits are specified for the valve for
each application such that it is not susceptible to stem
binding. SSAR Section 3.9.6.2.3 also states that during
pre-operational testing, the COL applicant will test each
POV in the open and closed directions under static and
maximum achievable conditions, using diagnostic
equipment that measures or provides information to
determine total friction, stroke time, seat load, spring rate,
and travel under normal pneumatic or hydraulic pressure
and minimum pneumatic or hydraulic pressure. The COL
applicant will test the POV under various differential
pressure and flow up to maximum achievable conditions,
including design basis conditions. The COL applicant will
perform a sufficient number of tests to determine the force
requirements at design conditions. The specific testing
parameters and acceptance criteria for demonstrating that
the adequacy of the POV functional performance has been
met are provided in the SSAR. The staff finds that these
commitments provide a reasonable assurance for the
adequacy of the design, qualification, and pre-operational
testing for safety-related POVs and, are therefore,
acceptable.

3.9.6.2.3 Power-Operated Valves
In response to the staffs concern about the adequacy of
design and qualification for safety-related power-operated
valves (POVs) other than MOVs, SSAR Section 3.9.6.2.3
states that for each POV with active safety-related function, the design basis and required operating conditions
(including testing) under which the POV will be required
to perform will be established. The SSAR further states
that COL applicant will establish the design and qualification requirements and will provide acceptance criteria for
these requirements. By testing each size, type, and model,
the COL applicant will determine the force requirements
to operate the POV and will ensure the adequacy of the
force that the operator can deliver under design conditions.
The COL applicant will also test each size, type, and
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SSAR Section 3.9.6.2.3 also states that ABWR safetyrelated piping systems incorporate provisions for testing to
demonstrate the operability of the POVs under design-basis
conditions. Inservice testing will incorporate the use of
advanced non-intrusive techniques to periodically assess
degradation and the performance characteristics of POVs.
These are responsive to the staffs guidelines on these
issues and are acceptable. The SSAR further states that a
program will be developed by the COL applicant to
establish the frequency and the extent of disassembly and
inspection based on suspected degradation of safety-related
POVs, including the basis for the frequency and the extent
of each disassembly. The SSAR also states that the
program may be revised throughout the plant life to
minimize disassembly based on past disassembly
experience and identified the corresponding COL applicant
actions in SSAR Section 3.9.7.3. This is responsive to the
guideline on this issue contained in SECY-90-016 and
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3.9.6,2.4 Isolation Valve Leak Tests

Issue 19 as DFSER Open Item 3.9.6.2.4-1. SSAR Section 3.9.6.2.4 provides the requirements for containment
isolation valvea leakage rate testing in accordance with the
staffs position, which is acceptable, and DSER
Outstanding Issue 19 and DFSER Open Item 3.9.6.2.4-1
are resolved.

In response to the staffs concern about the leak-tight
integrity of isolation valves, SSAR Section 3.9.6.2.4 states
that the leak-tight integrity of each valve relied on to
provide a leak-tight function will be verified. These valves
include (1) pressure isolation valves that provide isolation
of pressure differential from one part of a system to
another or between systems, (2) temperature isolation
valves whose leakage may cause unacceptable thermal
stress fatigue or stratification in the piping and thermal
loading on supports or whose leakage may cause steam
binding of pumps, and (3) containment isolation valves that
perform a containment isolation function, including valves
that are not a part of the 10 CFR Part SO, Appendix J,
Type C, testing program but whose leakage may cause loss
of water inventory of a suppression pool. The staffs
evaluations of SSAR Section 3.9.6.2.4 are as follows.

Several safety systems connected to the RCPB have design
pressures below the rated RCS pressure. Also, some
systems thai are rated at full reactor pressure on the
discharge aide of pumps have pump suction below RCS
pressure. To protect these systems from RCS pressure,
two or more isolation valves will be placed in series to
form the interface between the high-pressure RCS and the
low-pressure system. SSAR Table 3.9-9 provides a list of
RCS pressure isolation valves.
In the DSER
(SECY-91-23S), the staff reported that its review of
Table 3.9-9 was in progress (Outstanding Issue 20).
Subsequently, the staff reviewed the RCS pressure
isolation valves list provided in the SSAR and determined
that this list contains all of the RCS pressure isolation
valves and was acceptable, and that DSER Outstanding
Issue 20 was resolved.

meets Item 3 of the staffs recommendations, as an
applicable regulation, on the pump and valve inservice
testing issues as described in Sections 1.6 and 3.9.6 of this
report. This is acceptable.

In the DSER (SECY-91-235), the staff noted a concern
about the scope of containment isolation valves
(Outstanding Issue 18). In response, GE stated that the
scope of containment isolation valves will be in accordance
with GDC 54 and agreed to amend the SSAR accordingly.
This was DFSER Confirmatory Item 3.9.6.2.4-1. SSAR
Section 3.9.6.2.4 includes this information.
This
is acceptable, and DSER Outstanding Issue 18 and DFSER
Confirmatory Item 3.9.6.2.4-1 are resolved. The staffs
evaluation of this issue is also discussed in Section 6.2.4
of this report.
In the DSER (SECY-91-235), the staff requested that GE
comply with the analysis of leakage rates and corrective
action requirements of ASME/ANSI OM Part 10,
paragraph 4.2.2.3, for containment isolation valves
(Outstanding Issue 19). In response, GE stated that
leakage rate testing of containment isolation valves will be
in accordance with ASME Code Section XI. However,
this was not completely acceptable. OM Part 10, which is
referenced in ASME Code Section XI, 1989 Edition, only
requires containment isolation valvea to be tested in
accordance with Appendix J to 10 CFR Part SO and does
not require that corrective action be based on exceeding
individual valve leakage limits. The staffs position is that
the analysis of leakage rates and corrective action
requirements of paragraph 4.2.2.3 in OM Part 10 are also
applicable to containment isolation valves. Subsequently,
the staff requested GE to revise its response in accordance
with the staffs position and reidentified Outstanding
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In the DFSER, the staff also identified a concern about the
periodic leak testing of all pressure isolation valves. The
staffs position is that the leak tight integrity of these
valves must be ensured by periodic leak testing to prevent exceeding the design pressure of the low-pressure
systems. This was DFSER TS Item 3.9.6.2.4-1. In
response, GE stated that the periodic leak rate testing of
the RCS pressure isolation valves in Table 3.9-9 will be
performed in accordance with the surveillance
requirements of the ABWR TS. GE also stated that the
final proposed ABWR TS, to be considered and approved
under the design certification program, will reflect the
relevant surveillance requirements of the new BWR
Standard Technical Specifications. This was DFSER TS
Item 3.9.6.2.4-1.
Subsequently, GE included this
information in the ABWR TS Section 3.4.4, "RCS
Pressure Isolation Valve Leakage," dated November 12,
1992. The periodic leak rate testing requirements for
ABWR RCS pressure isolation valves are the same as the
relevant surveillance requirements of the new BWR
Standard TS and are acceptable. As a part of the
resolution of the intersystem loss-of-coolant accident
(ISLOCA) issue, low pressure piping systems that interface
with the RCPB are required to be designed to withstand
full RCS pressure to the extent practicable. The staffs
evaluation of the ISLOCA design for ABWR piping
systems has been found to be acceptable as discussed in
Section 3.9.3.1.1 of this report.
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3 . 9 . U Review of SSAR Table 3.9-8, Inscrvice Testing
Flan
As discussed previously in Section 3.9.6 of this report, OB
made certain commitments are made regarding the
testability of safety-related pumps and valves in the ABA^R
design. In SSAR Section 3.9.6, OB stated that Code
testing flexibility in the ASME/ANSI OM Part 6 and
Part 10 produced no need for relief requests. In SSAR
Table 3.9-8, OB listed the inservice testing parameters and
frequencies for safety-related pumps and valves. In the
DSER (SECY-91-235), the staff identified the review of
SSAR Table 3.9-8 as Outstanding Issue 13. However, in
the DFSER, Outstanding Item 13 was replaced by DFSER
Open Item 3.9.6.3-1, which is discussed below.
The staffs review of SSAR Table 3.9-8 to ensure that
OE's commitments regarding the ability to test pumps and
valves can be met resulted in a list of questions transmitted
to GE in a letter dated May 4, 1992. The staff stated that
those questions should not be used to determine a
comprehensive list of problem areas' in SSAR Table 3.9-8
and that GE should systematically review and revise its
ABWR 1ST plan, emphasizing the design configuration to
provide assurance that its commitment regarding the ability
to test pumps and valves can be met. Subsequently, a
meeting with GB was held on June 8, 1992, in San Jose,
California. As a result of that meeting, GE made several
commitments that included addressing those questions
identified in the staffs letter of May 4, 1992; revising
SSAR Table 3.9-8 as well as the associated P&IDs; and
performing a systematic review of its 1ST plan. GB also
indicated that some exceptions to the Code requirements
may be needed after it completes a systematic review of
the 1ST plan. For the staff review of any Code exceptions, GE committed to identify the Code requirement, to
provide a basis to justify the need for the code exceptions,
and to describe its proposed alternative testing method.
The staff also informed GE that it would be unacceptable
to leave for the COL phase certain aspects of the final
design related to testability of pumps and valves.
Specifically, details of the piping configuration related to
additional lines, valves, and instrumentation must be
provided before FDA. The development and submittal of
an acceptable 1ST plan was DFSER Open Item 3.9.6.3-1.
In response to the staffs request, GE subsequently revised
SSAR Table 3.9-8. The staff, with the assistance of
Science Applications International Corporation (SAIC),
reviewed and evaluated the revised ABWR 1ST Plan as
presented in SSAR Table 3.9-8. On the basis of that
evaluation, the staff determined that the ABWR pump and
valve 1ST plan provided a reasonable assurance that GE's
commitment as described in SSAR Section 3.9.6 regarding
the ability to test pumps and valves can be met and is

acceptable, and that DFSER Open Item 3.9.6.3-1 is
resolved. Details of that evaluation are included as Appendix I to this report. Appendix I consists of the Technical
Evaluation Report prepared by SAIC that has been
modified by the staff to reflect subsequent changes made
to Table 3.9-8 after SSAR Amendment 20. Those changes
were made as a result of later design changes as well as
resolutions to the staffs concerns identified in the DSER
(SECY-91-235).
In the DFSER, the staff also identified an open item that
GE should establish criteria to be used by the COL
applicant for developing pump and valve design specifications to ensure that these components are capable of
performing their design-basis functions. This was DFSER
Open Item 3.9.6.3-2. GE provided these criteria in
Sections 3.9.6.1, 3.9.6.2.1, 3.9.6.2.2, and 3.9.6.2.3 of
the SSAR. The staff has found the criteria for developing
pump and valve design specifications to be acceptable as
discussed in Sections 3.9.6.1, 3.9.6.2.1, 3.9.6.2.2, and
3.9.6.2.3 of this report, and DFSER Open Item 3.9.6.3-2
is resolved.
3.9.6.4 Certified Design Material
In the DFSER, the staff identified an Open
Item 3.9.6.2.3-1 that requested GE to submit an acceptable
generic ITAAC for demonstrating MOV capability. In
response to the staffs request, GE submitted systemsspecific ITAACs that include criteria applicable to MOVs.
The adequacy and acceptability of the ABWR design
descriptions and ITAAC are evaluated in Section 14.3 of
this report, and DFSER Open Item 3.9.6.2.3-1 is resolved.
In Section 3.9.6.4 of the DFSER, the staff indicated the
need for an acceptable ITAAC for POVs other than
MOVs. The staffs specific concern was the inadequacy
of the POV capability for the design-basis conditions.
That was DFSER Open Item 3.9.6.4-1. In response to the
staffs concern, GE provided information about the design,
qualification, pre-operational and inservice testing
requirements for safety-related POVs in SSAR
Section 3.9.6.2.3. As discussed in Section 3.9.6.2.3 of
this report, the staff finds that GE's commitments provide
a reasonable assurance for demonstrating the adequacy of
the POV capability for the design-basis conditions.
Therefore, the staff subsequently determined that this
particular ITAAC is not necessary. The staff also
determined that although it was concluded that other POVs
would not need Tier 1 treatment, the SSAR does not
contain sufficient information on the design and
qualification and on the pre-operational testing of other
POVs. In response to the staffs concern, SSAR Section 3.9.6.2.3 includes this information. The staffs
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evaluation of that tame has been found to be acceptable ae
dieouteed in Section 3.9.6,2.3 of thia report. Furthermore,
on the baaia of peat operational experience and staffs
inspections, the staff requested OB to provide an ITAAC
for check valves. In response to the staffs request, OB
submitted system-specific ITAACa that include criteria
applicable to check valves. The adequacy and sccepUbility
of the ABWR check valves ITAAC is evaluated in
Section 14.3 of thia report, and DFSER Open
Item 3.9.6.4-1 ia resolved.

•

3.9.6.S Conclusion
Baaed on the evaluations described above, the staff
concludes thai the pump and valve 1ST program described
in the SSAR ia acceptable and meets the requirements of
ODC 37,40,43,46, and 54 and 10 CPR 50.5Sa(f). Thia
conclusion ia based on the commitments made regarding
the testability of safety-related pumps and valves in the
ABWR design, which will ensure the leaktight integrity
and the operational readiness to perform necessary safety
functions throughout the life of the plant. The pump and
valve testing will include baseline preservice testing and
visual inspection for leaks and other signs of distress. The
staff further concludes that the ABWR standard plant meeta
the Commission-approved staff positions for inservice
testing of pumps and valves contained in SECY-90-016 and
its applicable regulation for inservice testing of pumps and
valves aa discussed in Sections 1.6 and 3.9.6 of thia
report. Thia ia acceptable. This conclusion is baaed on
that the commitments made in SSAR Sections 3.9.6.1,
3.9.6.2.1, 3.9.6.2.2, and 3.9.6.2.3 for safety-related
pumps and valves will ensure (1) the full-flow testing of
pumps and valves; (2) the use of advanced non-intrusive
techniques for check valve testing; (3) the development of
a disassembly and inspection program for pumps and
valves; and (4) the adequacy of the MOV capability for the
design-basis conditions.

3.10 Seismic and Dynamic Qualification of
Mechanical and Electrical Equipment
SSAR Sections 3.9.2.2 and 3.10 provide information on
the seismic and dynamic qualification of safety-related mechanical and electrical equipment. Section 3.9.3.2 also
contains information related to pump and valve operability
assurance. This information includes

•
•

rationale used to determine if testa, analyses, or
combinations of both will be performed

The stafPa review acceptance criteria are baaed on meeting
(1) ODC 1 and 30 aa related to qualifying equipment to
appropriate quality standards commenaurate with the
importance of the safety functions to be performed;
(2) ODC 2 and Appendix A to 10 CFR Part 100 aa related
to qualifying equipment to withstand the effects of natural
phenomena such aa earthquakes; (3) ODC 4 aa related to
qualifying equipment being capable of withstanding tbe
dynamic effects associated with external missiles and
internally generated missiles, pipe whip, and jet
impingement forcea; (4) ODC 14 aa related to qualifying
equipment associated with the reactor coolant boundary so
aa to have an extremely low probability of abnormal
leakage, or rapidly propagating failure and of groaa
rupture; and (5) Appendix B to 10 CPR Part 50 aa related
to qualifying equipment using the quality assurance criteria
provided.
OE will use the seismic qualification methodology in
Section 4.4 of OE report NEDE-24326-1 (proprietary) for
both mechanical and electrical equipment. This program
conforms to IEEE 323 as modified and endorsed by
RO 1.89, "Environmental Qualification of Certain Electric
Equipment Important to Safety for Nuclear Power Plant,"
Revision 1. The program also meets the criteria in
IEEE 344 aa modified by RG 1.100, "Seismic
Qualification of Electric and Mechanical Equipment for
Nuclear Power Plants," Revision 2. In Tables 1.8-20 and
1.8-21 of the SSAR, OE agrees to use RO 1.100,
Revision 2, June 1988, and IEEE 344,1987. Section 9 of
IEEE 344, 1987, recognizes the use of "experience data"
aa a method for seismic qualification of equipment. As
used in IEEE 344, experience data includes both seismic
experience and previous qualifications. In accordance with
RO 1.100, Revision 2, the method of qualification will be
reviewed by the staff on a case-by-case baaia. In
Amendment 27 to the SSAR, OE revised Section 3.10.1.1,
"Selection of Qualification Method" to permit the use of
experience data for seismic qualification of seismic
Category I instrumentation and electrical equipment. In a
letter dated May 14, 1993, GE provided a markup of the
SSAR, which further revised Section 3.10.1.1 and added
Section 3.10.S.3 to state that if dynamic qualification of
seismic Category I instrumentation or electrical equipment
ia accomplished by experience, the COL applicant will
provide the following to the NRC for review and approval:
•

identification of the specific equipment

•

the details of the methodology and the corresponding
experience data for each piece of equipment

criteria used to define the seismic and other relevant
dynamic load input motions
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qualification program
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This information it in SSAR Sections 3.10.1.1 and
3.10.S.3. The staff concludes that the above commitment
is consistent with the applicable portion of RO 1.100,
Revision 2, and is acceptable.

In addition, consistent with staff positions on
recently licensed plants, Sections 3.9.3.2.1.1 and
3.9.3.2.3.1.4 in the SSAR, Amendment 29, and the
markups of SSAR Sections 3.9.1.4.S, 3.9.1.4.11,
and 3.9.3.2.5.1.2, and Table 3.9-2, Footnote (7) in
a letter dated May 11,1993, provide commitments
that operability of active ASMS Class 1, 2, and 3
valves and Class 2 and 3 pumps is further assured
by limiting the stresses to the material elastic limit
when the component is subjected to (1) the
combination of normal operating loads, (2) SSE and
other RB vibration loads, and (3) dynamic system
loads (LOCA). Specifically, the average membrane
stress resulting from this faulted condition (Service
Level D) loads is limited to 75 percent of the
material yield stress, and the maximum membrane
plus bending stress is limited to 110 percent of the
yield stress. Implementation of this acceptance
criteria will provide assurance that valve bodies or
pump cases will not distort to the extent that operability of the component is unpaired. SSAR Sections 3.9.1.4 and 3.9.3.2, and Table 3.9-2 include
this information. This is acceptable.

The staff reviewed NBDB-24326-1 (proprietary) and
approved the qualification methodology therein in an SBR
sent to OB on October 23,1983. In response to the staffs
request for information in Q 271.2, OB stated that the
methodology in NBDB-24326-1 (proprietary) also
conforms to the above commitments as shown in
Tables 1.8-20 and 1.8-21 of the SSAR. This response is
acceptable.
The methodology in NEDE-24326-1 (proprietary),
aupplemented by the information in SSAR
Sections 3.9.2.2, 3.9.3.2, and 3.9.6, provides test and/or
analysis criteria used to demonstrate the operability of
active pumps and valves (i.e., those ASMB Class 1, 2, or
3 components that must perform a mechanical motion to
shut down the plant or mitigate the consequences of a
postulated event). The staff concludes that the criteria
described are consistent with the guidelines in SRP 3.10
and applicable 'portions of SECY-90-016, and are
acceptable. To provide a more detailed basis for the
staffs conclusion, in the following list are applicable
guidelines from SRP 3.10 together with references to
commitments in the SSAR which address each guideline.
(1)

(2)

Tests and analyses are required to confirm the
operability of til mechanical and electrical
equipment during and after an earthquake of magnitude up to and including the SSE, and for all
static and dynamic loads from normal, transient and
accident conditions. Prior to SSE qualification,
demonstrate that the equipment can withstand
excitation less than the SSE without loss of
structural integrity.
Analyses alone, without
testing, are acceptable as a basis for qualification
only if the necessary functional operability of the
equipment is assured by its structural integrity
alone. When complete testing is impractical, a
combination of tests and analyses is acceptable.
Equipment that has been previously qualified by
means of tests and analyses equivalent to those
described here are acceptable provided that proper
documentation of such tests and analyses is
submitted.
Commitments to most of the above criteria can be
found in the SSAR Subsections 3.9.2.2, 3.9.3.2,
and 3.10.1.1(B) and in NEDE-24326-1 (proprietary), Sections 4.4.2.5.1, 4.4.3.3 and 4.4.4.
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Equipment should be tested in the operational
condition. Operability should be verified during
and/or after the testing, as applicable to the
equipment being tested. Loadings simulating those
of plant normal operation, such as thermal and
flow-induced loading, if any, should be concurrently superimposed upon the seismic and other
pertinent dynamic loading to the extent practicable.
Particular attention should be paid, in operability
qualification of mechanical equipment subjected to
flow-induced loading, to incorporate degraded flow
conditions such as those that might be encountered
by the presence of debris, impurities, and
contaminants in the fluid system. An example of
this may be the operability of the containment sump
pump recirculating water full of debris.
Commitments to most of the above criteria can be
found in the SSAR Subsections 3.9.2.2 and 3.9.3.2
and in NEDE-24326-1
(proprietary),
Sections 4.4.2.5, 4.4.2.5.1 and 4.4.2.5.2.

(3)

The characteristics of the required seismic and
dynamic input motions should be specified by
response spectrum or time history methods. These
characteristics, derived from the structures or
systems seismic and dynamic analyses, should be
representative of the input motions at the equipment
mounting locations.

NUREG-1503

Design of Structures, Components, Equipment, and Systems
Components that have been previously tested to
IEEE 344-1971 should be requalified using biaxial test
input motions unless justification for using a single axis
test input motion is provided.

Commitments to the above criteria can be found in
the SSAR Subsection 3.7.3. land in NEDE-24326-1
(proprietary), Section 4.4.4.1.4.6.2.
(4)

For seismic and dynamic loads, the actual test input
motion should be characterised m the same manner
as the required input motion, and the conservatism
in amplitude and frequency content should be
demonstrated (i.e., the test fosponso spectrum
should closely resemble and envelope the required
response spectrum over the critical frequency
range).

Commitments to the above criteria can be found in the
SSAR Subsection 3.9.3.2.3.1.4 and NEDE-24326-1
(proprietary), Section 4.4.2.5.4.
(7)

Dynamic coupling between the equipment and
related systems, if any, such as connected piping
and other mechanical components, should be
considered. The fixture design should simulate the
actual service mounting and should not cause any
extraneous dynamic coupling to the test item. A
commitment to this criteria can be found in the
SSAR Subsections 3.9.2.2.1 and Item 7 of
3.10.1.1.

(S)

For pumps and valves, the loads imposed by the
attached piping should be properly taken into
account. To assure operability under combined
loadings, the stresses resulting from the applied test
losds should envelope the specified service stress
limit for which the component's operability is
intended. As discussed in this Section 3.10, the
SSAR Subsections 3.9.3.2.1.1, 3.9.3.2.3.1.4, and
3.9.3.2.5.1.2 contain criteria which addresses this
issue

(9)

Selection of damping values for equipment to be
qualified should be made in accordance with
RG 1.61, "Damping Valves for Seismic Design of
Nuclear Power Plants," Revision 0, and
IEEE 344-1987. Higher damping values may be
used if justified by documented test data with
proper identification of the source and mechanism.
SSAR Sections 3.7, 3.9.2.2, 3.9.3.2, and 3.10.2
contain criteria that addresses this issue.

(10)

Section 3.10.2.1 of the SSAR states that the
methodology for qualifying relays shall be such that
testing is performed in both the open and cloeed
positions.

Commitments to the above criteria can be found in
the SSAR Subsection 3.9.2.2.1 and NEDE-24326-1
(proprietary), Section 4.4.2.5.3(b).
(5)

Since seismic and the dynamic load excitation
generally have a broad frequency content, multifrequency vibration input motion should be used.
However, single frequency input motion, such as
sine beats, is acceptable provided the characteristics
of the required input motion indicate thai the
motion is dominated by one frequency (e.g., by
structural filtering effects), or the anticipated
response of the equipment is adequately represented
by one mode, or in the case of structural integrity
assurance, the input has sufficient intensity and
duration to produce sufficiently high levels of stress
for such assurance. Components that have been
previously tested to IEEE 344-1971 should be
reevaluated to justify the appropriateness of the
input motion used, and requalified if necessary.
Commitments to these criteria can be found in the
SSAR Subsection 3 . 9 . 3 . 2 . 3 . 1 . 4 and in
NEDE-24326-1 (proprietary), Sections 4.4.2.5.3
snd 4.4.2.5.6.

(6)

For the seismic and dynamic portion of the loads
the test input motion should be applied to one
vertical axis and one principal horizontal axis (or
two orthogonal horizontal axes) simultaneously
unless it can be demonstrated that the equipment
response in the vertical direction is not sensitive to
the vibratory motion in the horizontal direction, and
vice versa. The time phasing of the inputs in the
vertical and horizontal directions must be such that
a purely rectilinear resultant input is avoided. An
acceptable alternative is to test with vertical and
horizontal inputs in-phase, and then repeat the test
with inputs 180 degrees out-of-phase. In addition,
the test must be repeated with the equipment rotated
90 degrees horizontally.
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NEDE-24326-1 (proprietary) provides qualification
methodology only and contains no plant-specific
information. In the DFSER, the staff noted that each COL
applicant referencing this document should ensure that
specific environmental parameters along with seismic and
dynamic input response spectra are properly defined and
enveloped in the methodology for its specific plant and
implemented in its equipment qualification program. This
was DFSER COL Action Item 3.10-1.
SSAR
Sections 3.9.3.2.3.2 and 3.9.3.2.5.2 of the SSAR state that
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documentation will be prepared to dearly show that the
criteria outlined in SSAR Section 3.9.3.2 to demonstrate
active pump and valve operability has been satisfied. This
will be included as a part of the certified stress report for
the pump or valve assembly. In addition, SSAR Section 3.10.S states mat the COL applicants shall maintain
equipment qualification records in a permanent file that
shall be readily available for audit. TTiese are acceptable
actions. The staff will audit these files to review the
results of testa and analyses that were performed to
(1) ensure that the criteria in the SSAR were properly
implemented, (2) ensure that adequate qualification was
demonstrated for all equipment and their supports, and
(3) verity mat all applicable loads were properly defined
and accounted for in the testing and analyses performed.

limits in Section 3.9.3.1 of mis report, OE meets ODC 2,
Appendix A to 10 CFR Part 100, ODC 4 and 14, as they
relate to qualifying equipment to (1) withstand the effects
of natural phenomena such aa earthquakes, (2) be capable
of withstanding the dynamic effects associated with
external missiles, internally generated missiles, and pipe
whip and jet impingement forces, and (3) demonstrate that
equipment associated with the reactor coolant pressure
boundary has a low probability of abnormal leakage,
rapidly propagating failure, or gross failure.

3.10.1 Conclusions
On the baais of these evaluations, the staff concludes that
OE has defined appropriate seismic and dynamic qualification of mechanical and electrical equipment and pump
and valve operability programs. These programs meet
applicable portions of GDC 1, 2, 4, 14, and 30,
Appendix B to 10 CFR Part 50, and Appendix A to
10 CFR Part 100 and are acceptable. This conclusion is
based on the following:
SSAR Table 3.2-1 identifies ail ABWR safety-related
mechanical and electrical equipment as (1) safety Class 1,
2, or 3, (2) seismic Category I, and (3) designed to the
quality assurance requirements of 10 CFR Part 50, Appendix B. As discussed in Sections 3.2.1 and 3.2.2 of this
report, the staff concludes that Table 3.2-1 is acceptable.
On the basis of these evaluations, the staff concludes that
OE meets GDC 1, 30, and 10 CFR Part 50, Appendix B,
as they relate to qualifying safety-related mechanical and
electrical equipment to appropriate quality standards
commensurate with the importance of the safety function
to be performed.
The qualification program, which will be implemented for
mechanical, instrumentation, and electric equipment meets
the requirements and recommendations of IEEE 344-1987
and the regulatory positions of RGs 1.61, 1.89, 1.92,
1.100, and SRP 3.9.3, provides adequate assurance that
such equipment will function properly under all imposed
design and service loada, including the loadings imposed
by the safe shutdown earthquake, postulated accidents, and
loss-of-coolant accidents. On the basis of this program,
complemented by the staffs evaluations of (1) seismic
classifications in Section 3.2.1 of this report, (2) protection
from external missiles and internally generated missiles in
Section 3.5 of this report, (3) analyses to withstand
dynamic effects of postulated pipe breaks in Section 3.6.2
of this report, and (4) loading combinations and stress

To follow the 10 CFR Part 52 design certification process,
any change to the commitments involving seismic and
dynamic qualification of mechanical and electrical
equipment discussed in Section 3.10 of this report would
involve an unreviewed safety question and, therefore,
requires NRC review and approval prior to
implementation. Furthermore, any requested change to
these commitments must either be specifically described in
the COL application or submitted for license amendment
after COL issuance.
3.10.2 Methods and Procedures of Analysis or Testing
of Supports of Electrical Equipment and
Instrumentation
SSAR Section 3.10.3, Amendment 33, described the
procedures and criteria for the seismic qualification and
design of the nuclear steam supply system (NSSS)
electrical equipment supports; seismic Category I supports
for battery racks, instrument racks, control consoles,
cabinets, and panels; seismic Category I local instrument
supports; and seismic Category I instrument tubing
supports. OE provided the methods and criteria used for
the design of the seismic Category I electrical raceway
(cable trays and conduit) supports in SSAR
Section 3.8.4.4.2, Amendment 33. The following covers
only the staffs evaluation of the procedures and criteria
for the design of the seismic Category I electrical raceway
supports.
SSAR Section 3.10.3.2.2, Amendment 23, described the
procedures and criteria for the design of the seismic
Category I electrical raceway supports. OE used the
response spectrum method to analyze the composite system
of the electrical raceways and supports and calculate the
seismic loads and the RB vibration (RBV) loads resulting
from a safety relief valve (SRV) discharge or LOCA inside
the containment. The input to the dynamic analysis is the
seismic and RBV FRS generated for the supporting floor.
In case the supports are attached to a wall or to two
different locations, the input is the upper bound FRS
envelope obtained by superimposing the FRS of both floors
or locations. In addition, in many cases OE combined
several FRS by superposition to generate an upper bound
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FRS envelope as the input to facilitate the design. The
staff found the analyais methods and approaches for the
design of the cable trays, conduit, and their supports
acceptable.

Since the conduit systems are more flexible and have
comparatively less dead load, a rigid support approach
(Method (1) above) applied for the cable tray design waa
used.

However, SSAR Section 3.8.4.4.2, Amendment 33,
revised the analysis methods by stating that all seismic
Category I cable trays and conduit supports are designed
by one of the methods discussed in SSAR Subsection 3.7.3
or by the design-by-rule methods as approved by the NRC.
On the basis of the staffs review and evaluation discussed
in Section 3.9.2.2 of this report, the methods provided in
SSAR Section 3.7.3 are acceptable for the analysis and
design of the cable trays, conduit, and their supports. As
for the use of the design by rule methods, SSAR
Section 3.7.3.8.2, Amendment 33, stated that for distributive systems such as cable trays, conduit, and HVAC
ducts, an alternative to qualification by analysis described
in SSAR Subsection 3.7.3.8.1 is the design-by-rule method
approved by the NRC at the time of COL application.
This is also acceptable to the staff. The basis to accept the
use of the design-by-rule method is provided as follows.

According to the staff review of SSAR Section 3.8.4,
Amendment 33, and the design audits conducted by the
staff, the supports, including those for the non-seismic
Category I cable trays and conduits, were designed to meet
seismic Category I requirements. These design criteria
and procedures meet the guidelines of SRP Section 3.8.4
and are acceptable. In the early amendments of the SSAR,
OB did not provide the design procedures and criteria for
the seismic Category I cable trays and conduit. This was
DFSER Open Item 3.10.3-1.
SSAR Section 3.8.4,
Amendment 33, provided the design procedures and
criteria for the seismic Category I cable trays and conduit,
which are acceptable.
Therefore, DFSER Open
Item 3.10.3-1 is resolved.

According to SSAR Section 3.8.4.2.4, Amendment 33, the
design of seismic Category I electrical raceway supports
uses codes, standards, and specifications applicable to the
building structures to which they are attached. These
codes include ANSI/AISC Standard N-690 (1984 Edition),
AISI SG-673, "Specification for the Design of ColdFormed Steel Structural Members," and National Electrical
Manufacturers Association (NEMA), "Fittings and
Supports for Conduit and Cable Assemblies." The
supports are designed and located to withstand the dynamic
loads generated from the analyses in three directions by
means of vertical, transverse, and longitudinal support and
bracing systems. As discussed in SSAR Section 3.8.4.3.3,
Amendment 32, the design considers the dead loads, live
loads, and seismic loads plus other RBV dynamic loads.
SSAR Section 3.8.4.4.3.1, Amendment 33, also discussed
two methods used in the analysis and design of cable tray
supports:
(1)

Rigid support with flexible trays - In this method,
trays were modeled as flexible elastic systems and
analyzed by the response spectrum method. The
resulting reactions were used for the design of the
supports.

(2)

Flexible support with flexible trays - In this
method, the composite system of trays and supports
were modeled and analyzed by computer as a
multidegree of freedom elastic system. The support
motion was prescribed by the appropriate floor
response spectrum. The resulting responses were
used to obtain design loads for the supports.
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As for the concern about the potential interaction between
the non-seismic Category I cable trays and conduit and the
seismic Category I cable trays and conduit, SSAR
Section 3.7.5.4 describes the COL applicant's action for
the as-built plant assessment. The staffs review and
evaluation are discussed in Section 3.7.2 of this report.
On the basis of the previous discussion, the staff concludes
that the procedures and criteria foi the design of seismic
Category I raceway supports are acceptable.

3.11 Environmental Qualification of
Mechanical and Electrical Equipment
The staff reviewed the ABWR design environmental
qualification requirements for mechanical and electrical
equipment in accordance with SRP Section 3.11,
Revision 2. Equipment that is used to perform a necessary
safety function must be demonstrated to be capable of
maintaining functional operability under all service conditions postulated to occur during its installed life for the
time it is required to operate. This requirement, which is
embodied in GDC 1 and 4 of Appendix A and Criteria III,
XI, and XVII of Appendix B to 10 CFR Part SO, is
applicable to equipment located inside as well as outside
the containment. More detailed requirements and guidance
related to the methods and procedures for demonstrating
this capability for electrical equipment are in 10 CFR
50.49, "Environmental Qualification of Electric Equipment
Important to Safety for Nuclear Power Plants;"
NUREG-0588, Revision 1, "Interim Staff Position on
Environmental Qualification of Safety-Related Electrical
Equipment," which supplements IEEE 323 and various
NRC regulatory guides and industry standards, and
RO 1.89, "Environmental Qualification of Certain Electric
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Equipment Important to Safety for Nuclear Power Plants,"
Revision 1.

•

The NRC staff issued NUREG-Q588 in December 1979 to
promote a more orderly and systematic implementation of
equipment qualification programs by industry and to
provide guidance to the NRC staff for its use in ongoing
licensing reviews. The pos'Jons in the NUREG series
report provide guidance on (1) how to establish environmental service conditions, (2) how to select methods that
are considered appropriate for qualifying equipment in
different areas of the plant, and (3) other areas such as
margin aging, and documentation. A final rule on
environmental qualification of electrical equipment
important to safety for nuclear power plants became
effective on February 22,1983. This rule, 10 CFR 50.49,
specifies the requirements to be met for demonstrating the
environmental qualification of electrical equipment
important to safety located in a harsh environment.
RG 1.89, Revision 1 (June 1984), identifies the guidelines
mat have to be met for complying with this rule. In
conformance with 10 CFR 50.49, electrical equipment for
BWRs referencing the ABWR standard design may be
qualified according to the criteria specified in Category I
of NURBG-0588, Revision 1, and RG 1.89, Revision 1.

certain post-accident monitoring equipment (Category I
and II accident- monitoring instrumentation as specified
in RG 1.97, Rev. 3)

In the SSAR, GE stated that the design of the information
systems important to safety will be in conformance with
the guidelines of Revision 3 of RG 1.97. However, the
footnote for Subsection 50.49(b)(3) references Revision 2
for selection of the types of post-accident monitoring
equipment. In issuing Revision 3, the NRC staff stated
that the conformance with Revision 3 would not alter the
implementation of Subsection 50.49.
Therefore,
conformance with Revision 2 is not required because
conformance with Revision 3 meets the underlying purpose
of the rule. As a result, an exemption from Subsection 50.49(b)(3) is justified by the special circumstances set
forth in Subsection 50.12(a)(2)(ii).

The qualification requirements for mechanical equipment
are principally contained in Appendices A and B to
10 CFR Fart 50. The qualification methods defined in
NUREG-0588 can also be applied to mechanical
equipment.
To document the degree to which the environmental
qualification program for the ABWR complies with the
NRC environmental qualification requirements and criteria,
GE provided SSAR Section 3.11, "Environmental
Qualification of Safety-Related Mechanical and Electrical
Equipment," and SSAR Appendix 31 (proprietary), in a
response dated January 13,1989, to the staffs request for
additional information dated September 12, 1988.

In the early SSAR amendments, GE stated that for the
ABWR, all three categories of electrical equipment
mentioned above and located in a harsh environment will
be environmentally qualified. GE also identified an
interface requirement that requires COL applicants to list
all electrical equipment within the scope of 10 CFR 50.49
in their plant-specific environmental qualification
documents (EQDs). GE's approach for selecting and
identifying electrical equipment required to be
environmentally qualified for the ABWR was considered
acceptable. However, following a further review, the staff
determined that this item should be reclassified as a COL
action item and that the staff will review specific details
provided by the COL applicant to demonstrate compliance
with 10 CFR 50.49(b)(1), (b)(2), and (b)(3). In the
DFSER, the staff noted that the details will include a list
of systems and their components that are included in the
plant environmental qualification program and the design
features for preventing the potential adverse consequence
identified in IE Information Notice 79-22, "Qualification
of Control Systems." This was DFSER COL Action
Item 3.11.1-1. GE has included this action in SSAR
Section 3.11.1. This is acceptable.

3.11.1 Completeness of Qualification of Electrical
Equipment Important to Safety
3.11.2 Qualification Methods
The following three categories of electrical equipment
important to safety must be qualified in accordance with
the provisions of 10 CFR 50.49(b)(1), (b)(2), and (b)(3).
•

•

safety-related electrical equipment (relied on to remain
functional during and following design-basis events)
non-safety-related electrical equipment whose failure
under the postulated environmental conditions could
prevent satisfactory accomplishment of the safety
functions by the safety-related equipment

3.11.2.1 Electrical Equipment
Environment

in

a

Harsh

The environmental qualification program presented in GE
Topical Report NEDE-24326-1 (proprietary) outlines the
methodology to qualify NSSS system safety-related
electrical equipment subject to a harsh environment. GE
adopted this program for the ABWR (SSAR
Section 3.11.2).
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The staff reviewed the topical report and found that the
qualification methodology conforms to 10 CFR 50.49 and
its associated standards, except for the position on the time
margin. NUREG-0588 states that the time margin for
certain categories of equipment (these categories are
identified in this NUREG report) should be a minimum of
1 hour. The topical report has not addressed this
requirement. While GE addressed the time margin in
SSAR Section 3.11.1, Amendment 14, the staff noted in
the DSER (SECY-91-153) that the report made no
reference to the 1-hour time margin requirement discussed
in NUREG-0588. Therefore, the staff identified the
time-margin issue as Outstanding Issue 12 in the DSER
(SECY-91-153) and required it to be resolved in
accordance with NUREG-0588, Revision 1 or as amplified
inRG 1.89, Revision 1.

In response to this request, GE revised its position on
time-margin in Section 3.11.1 of the SSAR,
Amendment 17. However, it was not clear that the intent
is to comply with the guidance of NUREG-0588,
Revision 1, Category 1, paragraph 3, as amplified in
RG 1.89, Revision 1, Regulatory Position C.4. Therefore,
in the DFSER, the staff noted that GE should confirm that
SSAR Section 3.11.1 will be updated to reflect compliance
with this guidance. This was DFSER Confirmatory
Item 3.11.2.1-1. Subsequently, GE addressed this issue in
Section 3.11.1 of Amendment 32 to the SSAR by stating
that: "Some mechanical and electrical equipment may be
required by the design to perform an intended safety
function within minutes of the occurrence of the event but
less than 10 hours into the event. Such equipment shall be
shown to remain functional in the accident environment for
a period of at least 1 hour in excess of the time assumed
in the accident analysis unless a time margin of less than
1 hour can be justified. Such justification will include for
each piece of equipment: (1) consideration of a spectrum
of breaks; (2) the potential need for the equipment later in
the event or during recovery operations; (3) determination
that failure of the equipment after performance of its safety
function will not be detrimental to plant safety or mislead
the operator; and (4) determination that the margin applied
to the minimum, operability time, when combined with
other test margins, will account for the uncertainties
associated with the use of analytical techniques in the
derivation of environmental parameters, the number of
units tested, production tolerances, and test equipment
inaccuracies." This is consistent with the staff position on
time margin as stated in NUREG-0588, Revision 1, and is
acceptable.
Therefore, DFSER Confirmatory
Item 3.11.2.1-1 is resolved. As discussed in the next
section, the time-margin issue for mechanical equipment is
similarly resolved.
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3.11.2.2 Safety-Related Mechanical Equipment in a
Harsh Environment
Although no detailed requirements exist for mechanical
equipment, GDC 1 and 4 and Criteria III and XVII of
Appendix B to 10 CFR Part 50 contain the following
requirements related to equipment qualification:
•

Components shall be designed to be compatible with
the postulated environmental conditions, including those
associated with LOCAs.

•

Measures shall be established for the selection and
review for the suitability of application of materials,
parts, and equipment that are essential to safety-related
functions.

•

Design control measures shall be established for
verifying the adequacy of design.

•

Equipment qualification records shall be maintained and
shall include the results of tests and materials analyses.

In the early SSAR amendments, GE stated that the
qualification program for safety-related mechanical equipment for the ABWR design will include all safety-related
mechanical equipment identified in SSAR Section 3.2. GE
further stated that the mechanical equipment qualification
program to be applied to the ABWR will use applicable
portions of the NRC-approved Topical Report
NEDE-24326-1 (proprietary) and RG 1.89, Revision 1,
and will be consistent with the program for qualification of
mechanical equipment in* harsh environment described in
the NRC-approved GESSAR (GE SSAR) II design. The
ABWR program scope looks not only at the metallic
components of the equipment but also at the nonmetallic
components. Metallic components that form a pressure
boundary are considered to be qualified by the nature of
their pressure retention capability as demonstrated by the
application of an ASME Boiler and Pressure Vessel stamp.
Nonmetallic components, such as greases, gaskets, and
lubricants, will be shown to be capable of performing their
intended functions under accident environments. The
design of safety-related mechanical equipment associated
with the ABWR will be performed under the same internal
procedural controls as that used for the design of
mechanical components associated with the GESSAR II
design. These controls ensure that components are
designed to be compatible with their postulated operating
environments, that measures are established for the
selection and review of the suitability of application of the
material, parts, and equipment that are essential to
safety-related functions, and that there are design control
measures for verifying the adequacy of the design. As
stated in NEDE-24326-1 (proprietary), a complete set of
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qualification records are developed for each safety-related
component.

SSAR considers die design-basis LOCA as the limiting
accident for calculating die design limits for radiation
environmental parameters during accident conditions for all
applicable zones. The total normal and accident doses in
a zone is based on integrating the ambient dose rate in the
zone over a 60-year period and the accident dose rate in
the zone over a 6-month period, respectively.

In the early SSAR amendments, OB also identified an
internee requirement mat required COL applicants to provide in their plant-specific BQDs (1) a list of all
safety-related mechanical equipment located in harshenvironment plant zones and (2) the methodology used to
qualify the equipment located in harsh as well as
mUd-environment plant zones. However, following a
further review, the staff determined that this item should
be reclassified as DFSER COL Action Item 3.11.2.2-1.
OB has included this action in Sections 3.11.1 and 3.11.6
of the SSAR. This is acceptable.
The staff concludes that the information OB provided on
the selection and identification of mechanical equipment
required to be environmentally qualified and the
qualification methods for the equipment for the ABWR
standard design is acceptable. The staff concludes that on
the basis of SSAR Section 3.11.1, the time-margin issue as
related to safety-related mechanical equipment is resolved
similarly to that for the electric equipment discussed in the
previous section.
3.11.3 Completeness of Information in Tables of
SSAR Appendix 31
SSAR Section 3.11 defines all the environmental conditions
(normal, abnormal, test, accident, and post-accident) to
which the applicable equipment may be exposed during
plant operation. SSAR Appendix ?I contains the tables
specifying the design limits or time-based profile of
thermal environmental parameters (pressure, temperature,
and relative humidity) and/or design limits for radiation
environmental parameters (gamma dose rate and total
gamma integrated dose) for each plant area or zone in the
area under normal and/or abnormal and accident
environmental conditions. Hie tables also include the
neutron flux during normal operating conditions for
different zones of the primary containment. The areas for
which the environmental data are tabulated are the primary
containment, secondary containment portion of die RB,
remaining portions of the RB, turbine building, control
building, radwaste building, service building, and outdoor
area. Except for the radwaste building and the outdoor
area, all other areas are further subdivided into zones on
the basis of thermal and radiation environmental conditions
determined for the zones. The SSAR considers a
postulated RC (steam or water) pressure boundary pipe
rupture as the limiting accident for calculating the design
limits or thetima-basedprofile for thermal environmental
parameters during accident conditions for all zones. The

OB states that the environmental conditions identified in
die tables in Appendix 31 are upper-bound envelopes for
these conditions in various areas or zones to which die
applicable equipment has to be designed and qualified.
The environmental parameters specified in these tables are
for the upper-bound envelopes. OE states that the
parameters do not include margins that may be required to
satisfy equipment qualification requirements. OE further
notes that these tables include identification of significant
enveloping abnormal conditions and each enveloping
accident event that affects the zone environment. OE
provider these tables for use by COL applicants in
developing their plant-specific environmental qualification
programs for equipment important to safety. The staff
reviewed the tables in Appendix 31 of die early SSAR
amendments and found a number of deficiencies. They
were collectively identified in die DSER (SECY-91-153)
as Outstanding Issue 13. The reclassification of this issue
to a number of DFSER open issues, confirmatory issues,
and COL action items and corresponding resolutions are
discussed below.
In die DSER (SECY-91-153), the staff noted Out the tables
in SSAR Appendix 31 did not include the chemical
environmental conditions (chemical composition and die
resulting pH) to which the applicable equipment may be
exposed during accident conditions. Subsequently, OE
responded that reactor water quality characteristics for die
design-basis loss-of-coolant accident (DBLOCA) are
contained in SSAR Section 31.3.2.3. Additionally, in a
facsimile dated June 1, 1991, OE stated that SSAR
Section 31.3.2.3 would be updated to include information
on water quality characteristics for normal operations.
This was DFSER Confirmatory Item 3.11.3-1. OE has
included this information in SSAR Section 31.3.2.3. The
staff reviewed this information and found it acceptable.
This resolved DFSER Confirmatory Item 3.11.3-1.

The staff notes that, in die SSAR, die table and figure
numbers have been reassigned as shown in Table 3.3 of
this report, from those in the previous SSAR amendments.
The staff reviewed these reassignments and determined
diem acceptable. In the discussions below, the reassigned
numbers are considered unless otherwise noted.
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Table 3.3 Reassigned number for tables and figures
No.in SSAR
Amnt. 32

No.
3I.3-A

31-1

31.3-1

31-2

Title of Table
Plant Environment Data and Location Cross Reference Table of
Figure Numbers
Plant Normal Conditions

31.3-2

31-3

31.3-3

31-4

31.3-4

31-5

31.3-5

31-6

31.3-9

31-7

31.3-10

31-8

31.3-11

31-9

Radiation Environment Conditions Inside RB (Outside Secondary
Containment), Plant Normal Operating Conditions

31.3-12

31-10

Radiation Environment Conditions Inside Control Building, Plant Normal
Operation Conditions

31.3-13

31.11

Radiation Environment Conditions Inside Turbine Building, Plant Normal
Operating Conditions

31.3-14

31-12

Thermodynamic Environment Conditions Inside Primary Containment Vessel,
Plant Accident Conditions

31.3-15

31-13

Thermodynamic Environment Conditions Inside RB (Secondary Containment),
Plant Accident Conditions

31.3-16

31-14

Thermodynamic Environment Conditions Inside RB (Outside Secondary
Containment), Plant Accident Conditions

31.3-18

31-15

Thermodynamic Environment Conditions Inside Control Building, Plant
Accident Conditions

31.3-19

31-16

Radiation Environment Conditions Inside Primary Containment Vessel,
Design-basis accident

31.3-20

31-17

Radiation Environment Conditions Inside RB Design-basis accident (Secondary
Containment)

31.3-21

31-18

Radiation Environment Conditions Inside RB Design-basis accident Conditions
(Outside Secondary Containment)

31.3-22

31-19

Radiation Environment Conditions Inside Control Building Design-basis
accident Conditions

Figure
I_ 31-2-1 _

Plant Normal Operation Conditions

1

Containment). Plant Normal Operating Conditions

1

Normal Operating Conditions
Normal Operation Conditions

Figure
_ 1 31-1
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Normal Operating Conditions
!

Normal Operation Conditions

Zones in Primary Containment Vessel
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In the DSER (SECY-91-153), the staff noted that the tables
in Appendix 31 did not include the beta radiation dose rate
and the integrated beta dose for applicable zones. In
response, GE stated that accurate radiation environments
should include consideration of the source term and the
design and location and materials of construction of the
equipment in the various environmental zones. OB further
stated that while the source term is known, the COL
applicant will determine the design, specific location, and
materials of construction of various pieces of equipment.
As a result, OB developed an ITAAC for this issue
("Table 3.73.11C: Equipment Qualification for Radiation"). The staff reviewed the ITAAC and, in the DFSER,
determined that the acceptance criteria should be modified
to state: "The maximum expected;lifetime exposure for
each piece of equipment within the scope of 10 CFR 50.49
shall not exceed the demonstrated qualified value as
determined in accordance with the requirements of 10 CFR
50.49 paragraph (f)."
This was DFSER Open
Item 3.11.3-1. In the SSAR, GE provided revised tables
for Appendix 31 that included beta radiation dose rates and
integrated beta doses for applicable zones. The revised
tables replace Tables 31.3-9 through 31.3-13 and
Tables 31.3-19 through 31.3-22. The staff reviewed the
revised tables and found them acceptable. This resolved
DFSER Open Item 3.11.3-1.
In the DSER (SECY-91-153), the staff noted that the
Appendix 31 tables did not identify whether the subject
zone is environmentally mild or harsh and also did not
list the typical equipment located in each zone. In
response, GE proposed a change to SSAR Section 3.11.2
to define a mild environment as: "Mild environment is
that which, during or after a design-basis event will at no
time be significantly more severe than that existing during
normal and abnormal events." The staff understands that
1ST is included as a normal or abnormal condition (1ST is
not an environmental qualification program requirement).
This proposed definition is consistent with the requirements
of 10 CFR 50.49. In the DFSER, the staff noted that it
would verify the incorporation of the proposed definition
for a mild environment. This was DFSER Confirmatory
Item 3.11.3-2. GE has included this information in SSAR
Section 3.11.2. This is acceptable and resolved DFSER
Confirmatory Item 3.11.3-2.
However, for current
generation operating reactors, the staffs definition of what
constitutes a mild radiation environment for electronic
components, such as semi-conductors or any electronic
component containing organic materials, is different from
what it is for other equipment. The stafis's position is that
a mild radiation environment for electronic equipment is a
total integrated dose of < 10 Gy (10E3 R). For other
equipment it is < 100 Gy (10E4 R). With the expected
significant increase in the quantity and variety of electronic
components in newer generation plants, the staff has

increasing concerns about the efforts being made to ensure
that these components are environmentally qualified and
the capability of the component to be environmentally
qualified. As a result, in the DFSER, the staff commented
that GE should confirm that its position on the
environmental qualification of electronic components is
consistent with the staffs. This was DFSER Open
Item 3.11.3-2. In response, GE addressed this item in the
SSAR by stating that electronic equipment subject to
radiation exposure in excess of 1000 R and other
equipment in excess of 10,000 R is qualified in accordance
with 10 CFR 50.49. This is acceptable and resolved
DFSER Open Item 3.11.3-2. In addition, to respond to
DSER Outstanding Issue 13, GE proposed changes to
Tables 31.3-1 through 31.3-22 to include references to
P&ID and IED drawings that will identify typical equipment for each zone. In the DFSER, the staff found these
proposed changes acceptable but noted that the changes
should be incorporated into the SSAR. This was DFSER
Confirmatory Item 3.11.3-3. The proposed changes are
incorporated into the SSAR.
Therefore, DFSER
Confirmatory Item 3.11.3-3 is resolved.
In the DSER (SECY-91-153), the staff noted that the
environmental conditions during abnormal plant operational
conditions were placed under abnormal/accident conditions
in the Appendix 31 tables. Additionally, the staff was not
certain whether GE considered the adverse environmental
conditions resulting from abnormal events such as SRV
discharges and loss of non-safety-related HVAC and their
durations in developing the environmental data for these
tables for applicable zones.
hi response, SSAR
Amendment 14 revised the Appendix 31 tables to properly
include these abnormal occurrences in the normal plant
operating conditions that are used for determining the
qualified life of the equipment required to be qualified.
This is acceptable.
In the DSER (SECY-91-153), the staff noted that the
Appendix 31 tables did not explicitly identify the limiting
accident (e.g., high-energy line break such as MSL,
reactor core isolation cooling, RHR, or CUW line break
and DBLOCA inside the containment) for each zone (e.g.,
steam tunnel, RHR pump room) that results in the most
severe environment, particularly thermal, in the zone.
SSAR Section 3.11.1 states:
"The environmental
conditions shown in the Appendix 31 tables are upperbound envelopes used to establish the environmental design
and qualification bases of safety-related equipment. The
upper-bound envelopes indicate that the zone data reflects
the worse case expected environment produced by a
compendium of accident conditions." The staff interprets
that the SSAR considers a spectrum of break sizes and the
mass and energy releases from the considered break sizes
and thereby developed the environmental qualification
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profiles based on the most limiting combination of the
considered break sixes. This is acceptable.

Appendix 31. This information is included in the SSAR,
which is acceptable, and DFSER COL Action
Item 3.11.3-2 is deleted.

In the DSER (SECY-91-153), the staff noted that the
Appendix 31 tables did not contain information on the
environmental conditions resulting from spray or submergence or on the consequent wetting of equipment in
applicable zones arising from piping failures nor the
duration of the spray or submergence. In response, OE
indicated in SSAR Section 31.3.2.3 that containment spray
may continue up to 100 days. In addition, OE modified
SSAR Section 31.3.2.3 by stating that "equipment will be
qualified for submergence or wiU not be submerged except
where submergence is mitigated by safety function
performed by barrier separated redundant equipment. * In
the DFSER, the staff noted that during construction, t^je
COL applicant should ensure that issues identified
in Information Notice 89-63 related to flooding above the
flood level and equipment wetting are addressed. This was
DFSER COL Action Item 3.11.3-1. OE has included this
information in Section 3.1L1 of the SSAR. This is
acceptable.
In the DSER (SECY-91-153), the staff noted that the
Appendix 31 tables did not contain (1) radiation
environmental data under normal plant operating conditions
for the radwaste building, outdoor area, and control
building zones; (2) thermal environmental data under
accident conditions for the radwaste building, service
building zones, and outdoor area; and (3) radiation
environmental data under accident conditions for the
turbine building zones, radwaste building, service building
zones, and outdoor area. In the DSER (SECY-91-153),
the staff also indicated that if tome of these areas identified
are not expected to house any equipment required to be
qualified and therefore not requiring environmental data,
mis should be stated. Subsequently, GE identified the
various environmental zones within the scope of 10 CFR
50.49. However, the radiation environment that would
result from normal operations and a design-basis accident
was not detennined. OE further commented that an
accurate determination of radiation levels in the various
harsh environmental zones requires consideration of
specific equipment design details such as geometry and
materials of construction and equipment location within
each zone; therefore, radiation dose and dose rates should
be determined by the COL applicant. This determination
should also include the radiation contribution from
recirculation fluid lines near the applicable areas. In the
DFSER, the staff evaluated GE's position discussed above
and stated that it would evaluate the relevant radiation
zones on a plant-specific basis. This was DFSER COL
Action Item 3.11.3-2. However, upon further evaluation,
OE decided to include the relevant radiation zone data,
including doses and dose rates, in the tables in
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In the DSER (SECY-91-153), the staff noted that the
Appendix 31 tables did not contain sufficient information
on thermal environmental conditions (e.g., duration of different conditions) in various zones under normal plant
operating conditions to develop a meaningful time-based
thermal environmental profile for the zones. GE provided
a proposed table (Table 31.3-A) and a proposed
amendment to ail the tables in Appendix 31 that contain
thermodynamic environmental conditions for both normal
operating conditions and design-basis accidents. In the
DFSER, the staff noted that the proposed information
would be sufficient to develop time-based profiles for the
various identified zones. This was DFSER Confirmatory
Item 3.11.3-4. OE has included this information in
Appendix 31 of the SSAR. This is acceptable and resolves
DFSER Confirmatory Item 3.11.3-4.
In the DSER (SECY-91-153), the staff noted
inconsistencies in the units used to specify the pressures
(e.g., kg/cm g, mm Aq). Consistent units are provided in
the SSAR. This is acceptable.
In the DSER (SECY-91-153), *fce staff noted that the
meaning of the statement "the p.^ssure will be kept
negative or positive" is not clear (see Note 2 to
Tables 31.3-3 through 31.3-7).
This statement was
subsequently interpreted by the staff, in the DFSER, to
mean that in various areas of the plant site, such as the
control building, the RB, and the primary containment
building, where the atmospheric pressure may be required
to be negative that it will be maintained below 0.0 kPag
(0.0 psig) and if the atmospheric pressure is required to be
positive, that it will be maintained above O.OkPag
(0.0 psig).
The staff noted in the DSER (SECY-91-153) that the
integrated gamma accident dose in the primary containment
for the ABWR was given as 6 x 10* Gy (6 x 10 rads),
which is less than the typical value of about 2 x 10 Gy
(2 x 10 rads) quoted in the safety analysis reports of
several operating reactors (e.g., Perry: 2.7 x 10* Qy
(2.7 x 1GT rads); River Bend: 1.7 x 10 Gy (1.7 x 10*
rads); Clinton: 2.0 x 10 Gy (2 x 10 rads); Nine Mile
Point: 1.4 x 10* Gy (1.4 x i d rads). It was not clear
why the ABWR integrated gamma accident dose is lower
than the corresponding doses quoted for several operating
reactors. As a response to the above, GE's position,
which was provided in Section 5.3.2.1.5 of SSAR
Amendment 15, did not adequately address this issue. In
the DFSER, the staff noted that, to resolve this issue, OE
must fully explain why the ABWR integrated gamma
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accident dose is lower than the corresponding doses quoted
for several operating reactors. This was DFSER Open
Item 3.11.3-3. Subsequently, OB determined mat the
integrated gamma dose for an accident inside primary
containment for ABWR is 2 x tifi Oy (2 x l<r rads).
Table 31.16 of Appendix 31 of the SSAR provides this
information. The staff concludes in its engineering
judgement that this is a reasonable value and ia consistent
with values determined at other BWRs. This is acceptable
and resolved DFSER Open Item 3.11.3-3.

3.12

On the basis of its review of the tables in SSAR
Appendix 31 the staff concludes that the tables in
Appendix 31 are acceptable.

3.12.1

3.11.4 Adequacy of Interface Requirements
As a result of staff review of interface requirements, these
requirements have been reclassified as ITAAC items mat
will be reviewed as part of the ITAAC program. In these
instances COL applicants must (1) present a summary of
environmental conditions and qualified conditions for each
applicable item of equipment located in a
harsh-environment zone in the system component evaluation work sheets as described in Table 1-1 of OE Topical
Report NEDE-24326-1-P and compile these sheets in their
plant-specific environmental qualification documents and
(2) record and maintain in an auditable file the results of
all qualification tests for applicable equipment.
Additionally, although not identified as an interface
requirement, the DFSER states that COL applicants should
develop a surveillance and maintenance program for each
applicable equipment item located in a mild-environment
zone to ensure its operability during its design life. The
vendors of equipment located in a mild environment are
required to submit a certificate of compliance certifying
that the subject equipment was qualified according to the
requirements identified to ensure its capability to perform
its safety-related function in its applicable environment.
This was DFSER COL Action Item 3.11.3-3. SSAR
Sections 3.11.2 and 3.11.6.3 include this action. This is
acceptable.

3.11.5

Conclusions

On the basis of the evaluation discussed, the staff finds that
the program for environmental qualification of electrical
equipment for the ABWR standard design is in compliance
with all the requirements of 10 CFR 50.49 and is, therefore, acceptable.

Piping Design

The DFSER "Piping Design" section, which was under
Section 14.1.3.3, is revised and incorporated into a new
section, Section 3.12, of this report. In the following,
except for identification numbers for the DFSER open,
confirmatory, COL action, and TS items, all other
designations for subsections, paragraphs, and the like are
reassigned and keyed to Section 3.12 of this report, as
appropriate.
Introduction

This section provides the staffs safety evaluation of OE's
design acceptance criteria (D AC) approach for the ABWR
piping design. The staff used the SRP guidelines to
evaluate the piping design information in the ABWR SSAR
and performed a detailed audit of the piping design
criteria, including sample calculations. The staff evaluated
the adequacy of the structural integrity and functional
capability of safety-related piping systems. The review
was not limited only to the ASMS Boiler and Pressure
Vessel Code Class 1, 2, and 3 piping and supports, but
also included buried piping, instrumentation lines, the
interaction of non-seismic Category I piping with seismic
Category I piping, and any safety-related piping designed
to industry standards other than the ASME Code. The
staffs evaluation of the adequacy of the ABWR pipkg
design analysis methods, design procedures, acceptance
criteria, and related ITAAC that are to be used for the
completion and verification of the ABWR piping design is
provided in the following sections of this report. The
staffs evaluation includes
•
•
•
•
•
•
•
•

applicable codes and standards
analysis methods to be used for completing the piping
design
modeling techniques
pipe stress analyses criteria
pipe support design criteria
high-energy line break criteria
LBB approach applicable to the ABWR
generic piping design ITAAC

The staff must arrive at a final safety determination that,
if the COL applicant successfully completes the piping
design and analyses and the ITAAC as required by
10 CFR Part 52, using the design methods and acceptance
criteria discussed herein, there will be adequate assurance
that the piping systems will perform their safety-related
functions under all postulated combinations of normal
operating conditions, system operating transients, postulated pipe breaks, and seismic events.
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3.12.2 Codes and Standards
ODC 1 requires that structures, systems, and components
important to safety shall be designed, fabricated, erected,
and tested to quality standards commensurate with the
importance of the safety functions to be performed.
Where generally recognized codes and standards are used,
they shall be identified and evaluated to determine their
applicability, adequacy, and sufficiency and shall be
supplemented or modified as necessary to assure a quality
product in keeping with the required safety function.
10 CFR 50.55a requires that systems and components of
boiling and pressurized water-cooled nuclear power
reactors must meet the requirements of the ASME Code.
It specifies the latest edition and addenda endorsed by the
NRC and any limitations. ROs 1.84 and 1.85 list ASME
Code Cases that the NRC staff finds acceptable.

In SSAR Tables 1.8-21 and 3.2-3, OE identified the
ASME Code, Section in, and the specific edition and
addenda that will be used for the design of ASME Code,
Class 1,2, and 3 pressure retaining components. In SSAR
Table 5.2-1, the Code Cases that may be used are also
identified.
3.12.2.1 ASME Boiler and Pressure Vessel Code
For the ABWR design certification, GE has established
that the ASME Boiler and Pressure Vessel Code,
Section III, will be used for the design of ASME Code
Class 1, 2, and 3 pressure retaining components and their
supports. The specific edition and addenda are provided
in SSAR Tables 1.8-21 and 3.2-3. The ASME Code is
considered Tier 1 information; however, the specific
edition and addenda are considered Tier 2 information.
The specific edition and addenda are considered Tier 2
information because of the continually evolving technical
nature associated with the design and construction practices
(including inspection and examination techniques) of the
Code. Fixing a specific edition and addenda during the
design certification stage may result in inconsistencies
between design and construction practices during the
detailed design and construction stages. The ASME Code
involves a consensus process to reflect the evolving design
and construction practices of the industry. Although the
reference to a specific edition of the Code for the design
of ASME Code class components and their supports is
suitable to reach a safety finding during the design
certification stage, the construction practices and
examination methods of an updated Code that would be
effective at the COL application stage must be consistent
with the design practices established at the design
certification stage.
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The staff finds that the specification of the ASME Code as
Tier 1 information and the specific edition and addenda as
Tier 2 information is appropriate because it would provide
the means for the COL applicant to revise or supplement
the referenced Code edition with portions of the later Code
editions and addenda needed to ensure consistency between
the design for the ABWR pressure retaining components
and their supports and construction practices. In this
manner, tha updated reference Code to be used at the time
of the COL application is ensured to be consistent with the
latest design, construction, and examination practices at
that time. However, where the staff finds that there may
be a need to specify certain design parameters from a
specific Code edition or addenda during its design
certification review, particularly when that information is
of importance to establish a significant aspect of the design
or is used by the staff to reach its final safety
determination, such considerations, if necessary, are
reflected in the various sections of this safety evaluation.
Therefore, all ASME Code Class 1, 2, and 3 pressure
retaining components and their supports must be designed
in accordance with the requirements of ASME Code,
Section III, using the specific edition and addenda provided
in the ABWR SSAR. However, the COL applicant should
also ensure that the design is consistent with the construction practices (including inspection and examination
methods) of the ASME Code edition and addenda as
endorsed in 10 CFR 50.55a in effect at the time of COL
application. The portions of the later Code editions and
addenda must be identified to the NRC staff for review
and approval with the COL application. This was DFSER
COL Action Item 14.1.3.3.2.1-1. OE has included this
action in SSAR Section 3.9.7.4, which is acceptable.
3.12.2.2 ASME Code Cases
The only acceptable ASME Code cases that may be used
for the design of ASME Code Class 1, 2, and 3 piping
systems in the ABWR standard plant are those either
conditionally or unconditionally approved in RGs 1.84 and
1.85 in effect at the time of design certification as listed
below. However, the COL applicant may submit with its
COL application for staff review and approval future code
cases that are endorsed in RGs 1.84 and 1.85 at the time
of COL application provided they do not alter the staffs
safety findings on the ABWR certified design.
•
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InRG 1.84, the staff has conditionally endorsed ASME
Code Case N-411, "Alternative Damping Values for
Response Spectra Analysis of Classes 1, 2, and 3
Piping, Section III, Division 1." This Code Case is
acceptable for the ABWR. The acceptability of the
Code Case and its application is further discussed in
Section 3.12.5.4 of mis report.
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Other ASME Code Cases requested by OE that are
applicable to the ABWR piping and support design are
listed below.

1." TmsO)c^ Owe has been endorsed by the staff in
RO 1.84.

•

ASME Code Case N-71-15, "Additional Materials for
Subsection NF, Classes 1, 2, 3, and MC Component
Supports Fabricated by Welding, Section m , Division
1." This Code Case has been endorsed by the staff in
RO 1.85.

•

ASME Code Case N-122, "Stress Indices for Structure
Attachments, Class 1, Section III, Division 1." This
Code Case has been endorsed by the staff in RO 1.84.

•

ASME Code Case N-247, "Certified Design Report
Summary for Component Standard Supports,
Section III, Division 1, Classes 1 , 2 , 3 and MC." This
Code Case has been endorsed by the staff in RO 1.84.

•

ASME Code Case N-249-9, "Additional Material for
Subsection NF, Classes 1, 2, 3 and MC Component
Supports Fabricated Without Welding, Section III,
Division 1." This Code Case has been endorsed by the
staff in RO 1.85.

•

ASME Code Case N-309-1, "Identification of Materials
for Component Supports, Section III, Division 1."
This Code Case has been endorsed by the staff in
RO 1.84.

•

ASME Code Case N-313, "Alternate Rules for HalfCoupling Branch Connections, Section III, Division 1."
This Code Case has been endorsed by the staff in
RO 1.84.

•

ASME Code Case N-316, "Alternate Rules for Fillet
Weld Dimensions for Socket Welded Fittings,
Section III, Division 1, Class 1, 2, 3." This Code
Case has been endorsed by the staff in RO 1.84.

•

ASME Code Case N-318-3, "Procedure for Evaluation
of the D e s i g n of Rectangular
Cross
Section Attachments on Class 2 or 3 Piping, Section III, Division 1." This Code Case has been
conditionally endorsed by the staff in RO 1.84 and is
discussed further in Section 3.12.5.16 of this report.

•

ASME Code Case N-319, "Alternate Procedure for
Evaluation of Stress in Butt Weld Elbows in Class 1
Piping, Section III, Division 1." This Code Case has
been endorsed by the staff in RO 1.84.

•

ASME Code Case N-391, "Procedure for Evaluation of
the Design of Hollow Circular Cross Section Welded
Attachments on Class Piping, Section III, Division
1

•

ASME Code Case N-392, "Procedure for Evaluation of
the Design of HoUow Circular Cross Section Welded
Attachments on Classes 2 and 3 Piping. Section III,
Division 1." This Code Case has been endorsed by the
staff in RO 1.84.

•

ASME Code Case N-393, "Repair Welding Structural
Steel Rolled Shaped and Plates for Component
Supports, Section III, Division 1." This Code Case
has been endorsed by the staff in RO 1.84.

•

ASME Code Case N-414, "Tack Welds for Class 1,2,
3 and MC Components and Piping Supports." This
Code Case has been endorsed by the staff in RO 1.84.

•

ASME Code Case N-430, "Requirements for Welding
Workmanship and Visual Acceptance Criteria for
Class 1, 2, 3 and MC Linear-Type and Standard Supports." This Code Case has been endorsed by the staff
in RO 1.84.

All of the above Code Cases are listed in Table 5.2-1 of
the SSAR. In addition, in Sections 3.9.3.4 and 3.9.3.5 of
the SSAR, Code Case N-476, "Class 1, 2, & 3, and MC
Linear Component Supports - Design Criteria for Single
Angle Members, Section III, Division 1, Subsection NF,"
is referenced as augmenting ASME Subsection NF rules
for the design of component supports. As stated in
Section 3.9.3.3 of this report, the staff finds this Code
Case acceptable. Therefore, the staff concludes that, since
all of these Code Cases either meet the guidelines of
RGs 1.84 or 1.85, or have been reviewed and endorsed by
the staff, they are acceptable for use on the ABWR design.
3.12.2.3 Design Specifications
ASME Code, Section III, requires that a design
specification be prepared for Class 1,2, and 3 components
such as pumps, valves, and piping systems. The design
specification is intended to become a principal document
governing the design and construction of these components
and should specify loading combinations, design data, and
other design data inputs. The Code also requires a design
report for ASME Code, Class 1, 2, and 3 piping and
components. In the SSAR, GE committed to construct all
safety-related components, such as vessels, pumps, valves
and piping systems, to applicable requirements of the
ASME Section III. During its review of the SSAR, the
staff reviewed selected documents related to design
specifications and design reports. Those documents were
not specifically for the ABWR, but were provided by OE
and reviewed by the staff as a demonstration of how design
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specifications and design reports will be prepared for
ABWR plants.
The staff determined that the
demonstration documents, with modifications, would meet
Code requirements. However, because die documents
were sot specifically for the ABWR, they would have to
be modified before the staff eaa conclude that the design
specification and design report requirements in ASME
Code, Section in, Subsection NCA, have been met. In
order for the staff to reach this conclusion, the COL
applicant should submit representative design documents
(e.g., design specifications) for NRC staff review as part
of the COL application (DFSER COL Action
Items 3.9.3.1-2 and 14.1.3.3.2.3-1). SSAR Section 3.9.7
states that COL applicants referencing the ABWR design
will make available to the staff design specifications and
design reports required by the ASME Code for vessels,
pumps, valves, and piping systems for die purpose of
audit. This is acceptable.
3.12.2.4 Conduskms
On the basis of these discussions and the evaluation of
SSAR Section 3.9.3.1 and Tables 1.8-21, 3.2-3, and
5.2-1, the staff concludes that the piping systems important
to safety are designed to quality standards commensurate
with their importance to safety. The staffs conclusion is
based on the following:
(a)

OE satisfies the requirements of GDC 1 and
10 CFR 50.55a by specifying appropriate codes and
standards for the design and construction of safetyrelated piping and pipe supports, and

(b)

OE identified ASME Code Cases that may be
applied to ASME Code, Class 1, 2, and 3 piping
and pipe supports, which are acceptable to the staff.

3.12 J

Analysis Methods

The staff reviewed the information in SSAR Section 3.9.1
related to the design transients and methods of analysis
used for all seismic Category I piping and pipe supports
designated as ASME Code Class 1, 2, and 3 under ASME
Code, Section III, as well as those not covered by the
Code. It reviewed the assumptions and procedures used
for the inclusion of transients in the design and fatigue
evaluation of ASME Code Class 1 and core support
components. It also reviewed the computer programs used
in the design and analysis of seismic Category I
components and their supports, as weU as experimental and
inelastic analytical techniques.
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3.12.34 Experimental Stress Analysis
SSAR Section 3.9.1.3 identifies several components for
which experimental stress analysis is performed in
conjunction with analytical evaluation. Such components
in the piping area include die piping seismic snubbers and
pipe whip restraints. The staffs evaluation of die
experimental stress analysis methods is discussed in
Section 3.9.1 of this report. The staffs evaluation of the
analysis methods used to quality these components is
discussed further in Sections 3.12.6 and 3.12.7 of this
report.
3.12.3.2 Modal Response Spectrum Method
OE performed system and subsystem analyses on an elastic
basis. Modal response spectrum and time history methods
form the basis for the analyses of all major seismic
Category I piping systems and components. SSAR Section 3.7.3.8 describes the piping dynamic analysis
procedure using die modal response spectrum method.
First a mathematical model is constructed to reflect die
dynamic characteristics of the piping system. The mode
shapes and natural frequencies of the piping model are
computed. Using a given direction of earthquake motion,
die modal participation factors for each mode are
calculated. Using the appropriate response spectrum
curve, the spectral accelerations for each mode are
determined. For a piping system supported at points with
different dynamic excitations, an enveloped response
spectrum of all attachment points is used. From the mode
shapes, participation factors and spectral accelerations of
each mode, die modal responses are calculated. They
include the modal forces, shears, moments, stresses and
deflections. For a given direction, the modal responses are
combined in accordance with the methods described in
SSAR Section 3.7.3.7.

The modal response calculations are performed for each of
die three earthquake directions (two horizontal and die
vertical).
The total seismic response from the
simultaneous application of the three-directional
components of earthquake loading are obtained by
combining die maximum codirectional responses of each of
die three components by the square-root-of-the-sum-ofsquares (SRSS) method as described in SSAR
Section 3.7.3.6.
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For piping ayatema that are anchored and reatniuotl to
floora and waUa of building! that have differential
movementa during a aeitmic event, additional forces and
momanta are induced in the system. Additional static
analyaaa are performed to determine theae loada aa
daaeribad in SSAR Section 3.7.3.1.l.S. The maximum
differential displacements are applied to the piping anebora
and reatrainta. Three analyaaa are performed; two in the
horizontal directions and one in the vertical direction. The
iraiiltina atreaaaa are placed in me aacondary atreta
category because they are diaplacement induced and •elflimiting. Theae aacondary loada are combined with the
primary (inertia) loada by the SRSS method.
The atafT reviewed the SSAR deacription of the modal
reeponee apectrum method and found that it ia conaiatent
with the applicable guideline! in SRP Section 3.9.2 and ia
acceptable.
3.12.3.3 Independent Support Motion Method
Aa an alternative to the enveloped reaponae spectrum
method, the independent support motion (ISM) analysis
method may be need. The theory and development of the
governing equation! of motion for thia method are
presented in SSAR Subsection 3.7.2.1.4. Additional
requirements associated with the application of thia method
are described in the SSAR Subaection 3.7.3.8.1.10,
"Multiply Supported Equipment and Components with
Distinct Inputs." Thia section states that when thia method
of analysis ia used, the following conditions must be met:
(1) ASMB Code Case N-411-1 damping ia not used; (2) a
support group ia defined by supports which have the same
time history input. This usually means all supports located
on the same floor, or portions of a floor, of a structure;
and (3) The responses from motions of supports in two or
more different groups are combined by the SRSS
procedure.
The staff finds that contingent upon theae conditions, this
alternative to the enveloped response spectrum method is
acceptable. More details of the evaluation are discussed in
Section 3.9.2.2. of thia report.

velocities, and acceleration! such that the reaponae in each
mode ia independent of the reaponae of the system in any
othar mode. Through thia transformation, the problem
bacomaa one of solving n independent differential
cquationa rather tfai* simultaneoua differential equationa.
As long aa the system ia linear, the principle of
superposition holds and the total reaponae of the system
oscillating simultaneously in n modes may be determined
by direct addition of the responses of the individual modes.
The direct integration method ia described in SSAR
Section 3.7.3.1. Thia method involves the direct step-bystep numerical integration of the equationa of motion and
does not require the solution of an eigenvalue problem.
The reaponae in all modes ia calculated simultaneously.
The numerical integration time step, At, must be
sufficiently small to accurately define the dynamic
excitation and to render stability and convergence of the
solution up to the highest frequency of significance. The
integration time step ia considered acceptable when smaller
time steps introduce no more than a 10-percent error in the
total dynamic reaponae. For moat of the commonly used
integration methods, the maximum time step is limited to
one-tenth of the amalleat period of interest, which is
generally the reciprocal of the cutoff frequency. In direct
integration analysis, the damping ia input in the form of a
and 0 damping constants, which give the percentage of
critical damping, X as a function of the circular frequency,

The total seismic response is predicted by combining the
responses from the three orthogonal components (two
horizontal and one vertical) of the earthquake. When
separate time-history analyses are performed for each
directional component, the combined response may be
obtained by taking the SRSS of the maximum codirectional
responses caused by each component. As an alternative, the combined reaponae may be obtained by algebraically adding the codirectional responses from each
analysis at each time step or the total response may be
obtained directly by applying the three component motions
simultaneously in one analysis. When either alternative
method ia used, the three component motions must be
mutually statistically independent.

3.12.3.4 Time-History Method
A time history analysis may be performed using either the
modal superposition method or the direct integration
method. The modal superposition method ia described in
SSAR Subaection 3.7.2.1.2. This approach involves the
calculation and utilization of the natural frequencies, mode
shapes, and appropriate damping factors of the particular
system toward the solution of the equations of dynamic
equilibrium. The orthogonality of the mode shapes ia used
to effect a coordinate transformation of the displacements,

When the time-history method of analysis is used, the
time-history data is broadened plus and minus IS percent
of At in order to account for modeling uncertainties. For
loada such aa safety-relief valve blowdown, tests have been
performed that confirm the conservatism of the analytical
results. Therefore, for these loads, the calculated force
time histories are not broadened.
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The staff reviewed the SSAR descriptions of the modal
superposition and the direct integration time-history
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analysis methods and found them to be in compliance with
the applicable guidelines of SRP Section 3.9.2 and acceptable.
3.12.3.5 IneUstk Analysis Method
OB has not provided any information on the use of
inelastic analysis methods for the ABWR piping analyses.
If inelastic methods are to be used in any ABWR piping
analyses, then the staff requires that the details of the
inelastic method and its acceptance criteria, aa well as the
scope and extent of its application, be submitted to the
staff for approval prior to its use by a COL applicant.
3.12.3,6 Sraall-Bore Piping Method
In the DFSBR, the staff noted that OB had not provided
any specific information about the method to be used for
the structural design of small-bore piping systems and
instrumentation lines in the ABWR plant. The staff
requested that this information be included in the SSAR.
This was DFSER Open Items 3.9.2.2-5 and
14.1.3.3.3.6-1. SSAR Section 3.7.3.8.1.9, "Design of
Small Branch and Small Bore Piping," discusses the use of
small-bore piping handbooks in lieu of performing piping
analysis for piping 50.8 mm (2 in.) and less nominal pipe
size, and small branch lines 50.8 mm (2 in.) and less
nominal pipe size. It states that (a) the small-bore piping
handbook must be currently accepted by the regulatory
agency for use on equivalent piping at other nuclear power
plants at the time of application; (b) when the handbook
meets the purpose of the Design Report, it must meet all
of the ASME requirements for a piping design report for
piping and its supports; and (c) formal documentation
exists showing that piping designed and installed in
accordance with the handbook is conservative in
comparison to results from a detailed stress analysis for all
load* and load combinations, thst it is not less reliable
owing to loss of flexibility or excessive supports, and that
it satisfies required clearances around sensitive
components. The piping handbook methodology will not
be applied when specific information is needed on pipe
stresses, cumulative usage factors, accelerations, or break
locations.
The staff reviewed the methodology described in SSAR
Section 3.7.3.8.1.9, which states that the static and
dynamic analysis methods defined in Section 3.7.3 of the
SSAR will be used to provide the formal documentation
showing that piping designed and installed to the small
bore piping handbook is conservative in comparison to a
detailed stress analysis. The staff finds this acceptable,
and DFSER Open Items 3.9.2.2-5 and 14.1.3.3.3.6-1 are
resolved.
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3.12.3.7 Noit-Seismk/Saisniic Interaction (II/I)
All non-seismic Category I piping (or other systems and
components) should be isolated from seismic Category I
piping. This isolation may be achieved by designing a
seismic constraint or barrier or by locating the two
sufficiently apart to preclude any interaction. If it is
impractical to isolate the seismic Category I piping system,
the adjacent non-seismic Category I system should be
evaluated to the same criteria as the seismic Category I
system.
For non-seismic Category I piping systems attached to
seismic Category I piping systems, the dynamic effects of
the non-seismic Category I system should be considered in
the analysis of the seismic Category I piping. In addition,
the non-seismic Category I piping from the attachment
point to the first anchor should be evaluated to ensure that,
under all loading conditions, it will not cause a failure of
the seismic Category I piping system. Section 3.7.3.13 in
the SSAR contains criteria that are consistent with these
staff positions and applicable portions of SRP 3.9.2 and
RO 1.29, "Seismic Design Classification," Revision 3, and
is therefore, acceptable.
3.12.3.8 Main Steamline and Bypass Line in the
Turbine Building
For the ABWR plant design, OB eliminates the main steam
isolation valve leakage control system and relies on the use
of an alternative leakage path that takes advantage of the
large volume and surface area in the main steam piping,
drain line, bypass line, and condenser to hold up and plate
out the release of fission products following core damage.
In mis manner, the main steam piping, drain line, bypass
line, and condenser will be used , to mitigate the
consequences of an accident and will be required to remain
functional during and after a SSE.
For this reason, the staffs position is that the main steam
piping beyond the second outermost isolation valve and up
to the seismic interfacerestraintand the connecting branch
lines up to the first normally cloaed valve should be classified as QG B (Safety Class 2) and seismic Category I.
The MSL from the seismic interface restraint up to but not
including the turbine stop valve (including branch lines to
the first normally-closed valve) should be classified as QQ
B and inspected in accordance with the applicable portions
of ASME Code, Section XI, but may be classified as nonseismic Category I if it has been analyzed, using a
dynamic seismic analysis method to demonstrate its
structural integrity under SSE loading conditions.
However, all pertinent QA requirements of Appendix B to
10 CFR Part 50 are applicable to ensure that the quality of
the piping material is commensurate with its importance to
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safety during normal operational, transient, and accident
conditions. To ensure integrity of the remainder of the
alternative leakage path, the main steam bypass line,
although it is not required to be classified as safety-related
or as seismic Category I, the line from the first valve up
to the ffttidtuffw inlet, the main steam drain line from the
first valve to the condenser, and the main steam piping
between the turbine stop valve and the turbine inlet should
be analyzed, using a dynamic seismic analysis, to demonstrate its structural integrity under SSE loading conditions.
This was DSER Outstanding Issue 3 in SBCY-91-153 and
DFSER Confirmatory Item 14.1.3.3.3.8-1.
SSAR Section 3.2.5.3, "Main Steamline Leakage Path,"
defines the piping and components that make up the main
steam leakage path and provides their classifications and
requirements for dynamic seismic analysis. It also states
that a plant-specific walkdown will be conducted to
confirm that the as-built main steam piping, bypass lines to
the condenser, and the main condenser are not compromised by non-seismicaily designed systems, structures, and
components. From its review, the staff review concludes
that the SSAR adequately reflects these staff positions as
described. On the basis of the evaluation as discussed and
the evaluation reported in more detail in Section 3.2.1 of
this report, DSER Outstanding Issue 3 and DFSER
Confirmatory Item 14.1.3.3.3.8-1 are resolved.
Lastly, the main steam piping, drain line, and bypass line
in the turbine building should be protected from the
collapse of any non-seismic Category I structure in the
event of an SSE. As a confirmatory measure, a plantspecific walkdown should be performed before operation
to aasess the potential failures of non-seismicslly designed
SSCs overhead, adjacent to, and attached to the alternative
leakage path (i.e., the main steam piping, by-pass line, and
the main condenser). In the DSER, the staff noted that
this walkdown should be performed as a part of the
ITAAC verification of non-seismic/seismic interaction.
This was later identified in the DFSER as Open
Item 3.2.1-3 and Confirmatory Item 14.1.3.3.3.8-2. Upon
further consideration, the staff found that the design detail
and as-built and as-procured information for nonseismically designed SSCs in the turbine building as they
affect the alternative leakage function of the main steam,
bypass, and drain lines, and the main condenser are not
required for design certification and the staff will review
the special relationship between these SSCs and the main
steam piping, bypass, and drain lines, and main condenser
to ensure compliance with ODC 2. Subsequently, ($E
revised the SSAR and added SSAR Section 3.2.S.3 that
contains a commitment to perform plant-specific
walkdowns consistent with this staff position. This
commitment to perform walkdowns is acceptable.
Therefore, DFSER Open Item 3.2.1-3 and DFSER

Confirmatory Item 14.1.3.3.3.8-2 are withdrawn and
resolved. The resolution of this issue is also discussed in
Section 3.2.1 of this report.
3.12.3.9 Buried Piping
SSAR Section 3.7.3.12 originally outlined the criteria that
will be used in the analysis of buried seismic Category I
piping systems. These criteria conformed to the applicable
guidelines in SRP Section 3.9.2. However, OE did not
give any details on now the criteria are to be applied in the
design of buried piping. In the DFSER, the staff requested
that the SSAR be revised to address, as a minimum,
(1) the maximum bearing loada, (2) the categorization of
seismic stresses in the Code evaluation, and (3) the
allowable stress limits for the piping. This was DFSER
Open Items 3.9.2.2-7 and 14.1.3.3.3.9-1.
SSAR Section 3.7.3.12 states that all underground seismic
Category I piping systems are installed in tunnels. The
tunnels are analyzed as buried structures. The piping
analysis is performed using one of the methods described
in Section 3.7.3 of the SSAR. Because the SSAR states
that the buried piping systems will not be in direct contact
with the soil, the staff concludes that the information
requested in the DFSER is no longer applicable.
Therefore, DFSER Open Items. 3.9.2.2-7 and
14.1.3.3.3.9-1 are withdrawn and closed.
3.12.3.10

ASME Code, Section m , Appendix N

The staff has not endorsed the use of ASME Code,
Section in, Appendix N, which is a non-mandatory
appendix that is still evolving and does not currently agree
with some regulatory positions. Therefore, for the ABWR
piping design, if the methodology in Appendix N is not
consistent with regulatory positions discussed herein, the
regulatory positions shall be used.
3.12.3.11

Conclusions

On the basis of the evaluations in Section 3.12.3, the staff
concludes that the analysis methods to be used for all
seismic Category I piping systems as well as non-seismic
Category I piping systems that are important to safety are
acceptable. The analysis methods utilize piping design
practices that are commonly used in the industry and
provide an adequate margin of safety to withstand the
loadings as a result of normal operating, transient, and
accident conditions.
3.12.4 Piping Modeling
GDC 2 requires that components important to safety should
be designed to withstand effects of natural events including
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earthquakes. 10 CFR Part 50, Appendix B requires that
design quality ahould be controlled for ensuring structural
and functional integrity of seismic Category 1 components.
For determining design adequacy, each piping system ia
idealised aa a mathematical model and dynamic analysis
using computer programs ia performed.
Modeling
techniques ahould be in conformance with generally
recognized engineering practice and computer programs
ahould be verified per one or more methods suggested in
SRP Section 3.9.1.
A piping benchmark program
described in NUREQ/CR-6049 ia also provided by the
NRC for aiding the verification process.

members. The stiffness matrix for the piping system is
determined, using the elastic properties of the pipe. This
includes the effects of torsional, bending, shear, and axial
deformations aa well aa change in stiffness aa a result of
curved members.

This section addresses the computer codes to be uaed to
analyze piping systems in the ABWR design. SSAR
Appendix 3D includes all computer prr ^rama for static and
dynamic analyses to determine the structural and functional
integrity of seismic Category I and non-seismic Category I
items. Design control measures to verify the adequacy of
the design of safety-related components are required by
Appendix B to 10 CFR Part SO. SSAR Section 3.9.1.2
states that the quality of the programs and the computer
results are controlled either by GB or by outside computer
program developers. In addition, the programs are
verified by one or more of the methods recommended in
SRP Section 3.9.1.

The staff reviewed the method for selecting the number of
masses or degrees of freedom in the piping mathematical
model to determine its dynamic response. GE's internal
documents that were audited by the staff on March 23
through 26, 1992, showed pipe and fluid masses are
lumped at nodes that are selected to coincide with the
locations of large masses (e.g., valves, pumps, and tanks)
and with locations of significant geometric changes (e.g.,
pipe elbows, reducers, and tees). Additional mass points
are selected to ensure that the spacing between any two
adjacent piping nodes and masses ia no greater than an
idealized value. This value corresponds to the length of a
simply supported beam with a uniformly distributed mass
whose undamped natural frequency ia equal to the cutoff
frequency. Since this approach, in effect, would capture
all modes up to the cutoff frequency, the staff finds that
the ABWR method for locating mass points is acceptable.
In the DFSER, the staff requested that the SSAR be
revised to reflect this approach aa described (DFSER
Confirmatory Items 3.9.2.2-2 and 14.1.3.3.4.2-1). SSAR
Subsection 3.7.3.3.1.2, 'Selection of Mass Points,"
provides more detailed mass point selection criteria for
dynamic piping models. The staff reviewed these criteria
and determined that the description in the SSAR reflects
this approach aa discussed and is, therefore, acceptable;
therefore, DFSER Confirmatory Items 3.9.2.2-2 and
14.1.3.3.4.2-1 are resolved.

To review GE's computer verification program for ABWR
piping modeling, the staff performed an independent
confirmatory piping stress analysis of representative piping
systems in the ABWR standard plant. The purpose of this
analysis was to verify the adequacy of the computer
program uaed by GE to generate the aample piping
analyses that were audited by the staff on March 23
through 26, 1992, at GE's offices in San Joae, California.
These were DFSER Open Items 3.9.1-2,14.1.3.3.4.1-1
and 14.1.3.3.4.3-1. The results of the confirmatory
analysis verify that this computer program ia adequate with
acceptable accuracy.
The staff concludes that the
computer program verification process for the ABWR is
acceptable. Therefore, DFSER Open Items 3.9.1-2,
14.1.3.3.4.1-1, and 14.1.3.3.4.3-1 are resolved.

The effect of pipe support stiffness on the piping response
must be considered in the analytical model. Supports must
be modeled in accordance with the SSAR. If supports are
not modeled aa stated in the SSAR, justification will be
provided to validate the stiffness values used in the piping
model. The justification should include verification that
the generic values are representative of the types of pipe
supports uaed in the piping system. This alternative
approach to use generic stiffness values and its bases
should be submitted to the staff for review and approval
before use.
This was DFSER COL Action
Item 14.1.3.3.4.2-1.
SSAR Section 3.7.5.3, "Piping
Analysis, Modeling of Supports," states that the COL
applicant will provide the information requested in this
action item. This is acceptable.

3.12.4.2 Dynamic Piping Model

Additionally, because the amplified response spectra are
generally specified at discrete building node points, any
additional flexibility between these points and the pipe
support (e.g., supplementary steel) also should be
addressed. In the DFSER, the staff requested that the

SSAR Sections 3.7.3.3 and 3.9.2.2 describe piping
modeling techniques and SSAR Section 3.9.1.2 discusses
quality control of computer programs and computer
results.
3.12.4.1 Computer Codes

For the dynamic analysis of seismic Category I piping,
each system is idealized aa a mathematical model
consisting of lumped masses interconnected by elastic
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SSAR be revised to UKX>iporate this information. This wis
DFSER Open Item 3.9.2.2-2 and DFSER Confirmatory
Item 14.1.3.3.4.2-2.
SSAR Section 3.7.3.3.1.8,
"Response Spectra Amplification at Support Attachment
Points," states that the dryweU equipment and pipe support
structures (DEPSS) should meet the criteria given in SSAR
Subsection 3.7.3.3.4. It further states that, if this criteria
cannot be met, the COL applicant will generate the
amplified response spectra at piping attachment points
considering the DEPSS as part of the structure, using the
dynamic analysis method described in SSAR Section 3.7.2,
or will analyze the piping systems considering the DEPSS
as part of the pipe support. The staff reviewed this
clarification and determined that it is acceptable; therefore,
DFSER Open Item 3.9.2.2-2 and DFSER Confirmatory
Item 14.1.3.3.4.2-2 are resolved.
If piping terminates at non-rigid equipment (e.g., tanks,
pumps, or heat exchangers), the analytical piping model
should consider the flexibility and mass effects of this
equipment. In the DFSER, the staff requested that the
SSAR be revised to address how the flexibility &nd masses
of equipment attached to the piping are to be modeled.
This was DFSER Open Item 3.9.2.2-3 and DFSER
Confirmatory Item 14.1.3.3.4.2-3.
SSAR Subsection 3.7.3.3.1.6, "Modeling of Piping Supports," states
that stiffnesses of supporting structures are included in the
piping analysis model. Anchors at equipment such as
tanks, pumps and heat exchangers are modeled with
calculated stiffness properties. It also states that mass
effects will be included for equipment that have a
fundamental frequency of less than 60 Hz. A simplified
model of the equipment will be included in the piping
system model. The staff concludes that this issue is
adequately addressed; therefore, DFSER Open
Item 3 . 9 . 2 . 2 - 3
and DFSER
Confirmatory
Item 14.1.3.3.4.2-3 are resolved.
3.12.4.3 Piping Benchmark Program
To verify the adequacy of the computer program used by
the COL applicant to complete the ABWR piping system
design and analyses, the NRC staff established
mathematical models of representative piping systems in
the ABWR standardized plant that were used in a piping
analysis benchmark program. The mathematical models
are based on the dynamic piping model and on the piping
stress analysis criteria described in Section 3.12.4.2 and
Section 3.12.5, respectively, of this report.
The
benchmark program verifies the adequacy of linear-elastic,
dynamic piping analysis methods ushg the enveloped
response spectrum method, multiple response spectrum
method, and time-history method of analyses.

The benchmark program essentially consists of
constructing mathematical models of the ABWR feedwater
piping system inside containment and an SRV discharge
line inside the suppression pool wetwell area, using the
COL applicant's computer program.
The piping
configuration for the piping models are described in
NUREG/CR-6049, "Piping Benchmark Problems for the
OE ABWR," and include piping dimensions, pipe sizes,
materials, valve weights, support and anchor stiffnesses,
and support locations. The piping input parameters for the
benchmark analyses also are specified in the piping
benchmark program and include damping values, loading
definitions, and load combinations.
When the COL applicant's dynamic piping analyses are
completed, the results of the analyses must be compared
with the results of the benchmark problems provided in the
piping benchmark program. The piping analysis results to
be compared and evaluated include the system modal
frequencies, the maximum pipe moments, the maximum
support loads and equipment reactions, and the maximum
pipe deflections. The acceptance criteria or range of
acceptable values are specified in the piping benchmark
program and must be satisfied. The COL applicant must
document and submit any deviations from these values as
well as the justification for such deviations to the NRC
staff for review and approval before initiating final
certified piping analyses. The piping benchmark program
was DFSER COL Action Item 14.1.3.3.4.3-1. In SSAR
Section 3.9.1.2 states that the COL applicant will provide
this information as discussed. This is acceptable. The
benchmark program provides assuiance that the computer
program used to complete the ABWR piping design and
analyses produces results that are consistent with results
considered acceptable to the NRC staff.
3.12.4.4 Decoupling Criteria
When analyzing piping systems, the size of the
mathematical model might exceed the capacity of the
computer program if large and small-bore piping are
included. Thus, the small-bore branch lines are generally
decoupled from the large-bore main piping. Originally,
the SSAR did not provide any criteria for the decoupling
of the piping systems in the analysis model. However, in
a letter to the NRC dated February 24, 1992, GE provided
the decoupling criteria in a GE document entitled, "ABWR
SSAR Main Steam, Feedwater and SRVDL Piping Systems
Design Criteria and Analysis Methods (draft)," Revision 0,
dated February 1992. This document stated that if the
ratio between pipe diameters of the branch line to main
line is less than one-third, the branch line can be excluded
from the piping model of the main line.
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In the DFSER, me staff requested that GE provide the
basis for this one-third ratio and revise the SSAR to
include additional information on how mass and other
effects are accounted for in the analysis (DFSER Open
Items 3.9.2.2-4 and 14.1.3.3.4.4-1).
SSAR Sections 3.7.3.3.1.3 and 3.7.3.8.1.9 provide more detailed
decoupling criteria. The basic criterion was changed from
a ratio of run to branch pipe diameter of 3 to 1, or more,
to a moment of inertia ratio of 25 to 1, or more. In
addition, small branch lines shall he designed with no
concentrated masses, such as valves, in the first one-half
span length from the main run pipe; and with sufficient
flexibility to preventrestraintof movement in the main run
pipe. Quantitative requirements for assessing the adequacy
of the flexibility were provided. The staff reviewed the
revised decoupling requirements and found them acceptable; therefore, DFSER Open Items 3.9.2.2-4 and
14.1.3.3.4.4-1 are resolved.
3.12.4.5 Conclusions
On the basis of these discussions and evaluation of SSAR
Sections 3.7.3.3 and 3.9.2.2, the staff concludes that
design control measures are acceptable to ensure quality of
computer programs and design methods. The staffs
conclusion is based on the following:
(1)

(2)

(3)

GE satisfies the requirements of GDC 2 {by
providing criteria for the seismic design and
analysis of all seismic Category I piping and pipe
supports using prescribed modeling techniques and
design methods that are in conformance with
generally recognized engineering practice.
GE meets Appendix B to 10 CFR Part 50 by
demonstrating the applicability and validity of the
computer programs for performing piping seismic
analysis.
Computer programs to be used by the COL
applicant to complete its analyses of the ABWR
piping systems will be verified and validated using
the NRC staffs piping benchmark program.

3.12.5 Pipe Stress Analysis Criteria
3.12.5.1 Seismic Input (Envelope vs. Site-Specific
Spectra)
The ABWR standard plant is designed for an SSE ground
motion defined by a RG 1.60 response spectrum anchored
to a peak ground acceleration of 0.3g. Amplified building
response spectra are generated for the ABWR standard
plant to account for varying soil properties in the United
States by enveloping 14 site conditions. GE has proposed
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that the COL applicant use these enveloping amplified
building response spectra provided in the SSAR to
complete the design and analyses of the ABWR piping
systems.
The staff recognizes that the enveloping amplified building
response spectra for the ABWR plant contain
conservatisms that may be excessive for certain specific
site conditions. If amplified building response spectra are
generated using site-dependent properties, then the
approach and method used must be submitted to the staff
for review and approval as part of the COL application.
The method used to generate the amplified building
response spectra should be consistent with the method
described in the SSAR Section 3.7.2 as approved by the
staff. This was DFSER COL Action Item 14.1.3.3.5.1-1.
Upon further consideration, the staff determined that a
COL Action Item is not appropriate because this is only an
option for the COL applicant. Therefore, DFSER COL
Action Item 14.1.3.3.5.1-1 is deleted.
3.12.5.2 Design Transients
SSAR Table 3.9-1 lists the design transients for five plant
operating conditions and the number of either plant
operating events or cycles for each of the design transients
that will be used in the design and fatigue analyses of the
ASME Code Class 1 piping systems.
The operating conditions are
•

ASME Service Level A - normal conditions

•

ASME Service Level B - upset conditions — incidents
of moderate frequency

•

ASME Service Level C - emergency conditions —
infrequent incidents

•

ASME Service Level D - faulted conditions —
low-probability postulated events

•

testing conditions

The number of cycles in the original list of transients in
SSAR Table 3.9-1 appeared to be based on a 40-year life.
In the DFSER, the staff noted that for a design life of
60 years, the number of cycles for each transient should be
increased by a factor of 1.5. GE was requested to revise
the SSAR to reflect this factor. This was DFSER Open
Items 3.9.1-1 and 14.1.3.3.5.2-1. The resolution of this
item is discussed in Section 3.9.1 of this report.
The number of events or cycles resulting from each of the
listed design transients that are applicable to other ASME
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Code Class piping systems is to be documented by the
COL applicant in its design specification and/or stress
report for each component. This was DFSER COL Action
Item 14.1.3.3.5.2-1. SSAR Section 3.9.7.2 states that a
COL applicant will identify ASME Class 2 or 3 piping
systems under severe cyclic loads and perform analysis to
ensure integrity for 60 years. This is acceptable.
3.12.5.3 Loadings and Load Combinations
The staff reviewed the methodology used for load
combinations and the selected values of allowable stress
limits. GE provided the design criteria for all ASME
Code, Class 1, 2, and 3 piping and piping supports, using
the load combinations and stress limits given in SSAR
Section 3.9.3.1. GE stated that the method used in the
combination of dynamic responses of piping loadings shall
be in accordance with NUREG-0484, Revision 1.
From its review, the staff concludes that appropriate
combinations of normal, operating transients, and accident
loadings are specified to provide a conservative design
envelope for the design of piping systems. The load
combinations are consistent with the guidelines provided in
SRP Section 3.9.3 and are acceptable.
3.12.5.4 Damping Values
RG 1.61, "Damping Values for Seismic Design of Nuclear
Power Plants," Revision 0, contains recommended values
of damping to be used in the seismic analysis of SSCs. In
addition, RG 1.84, Revision 25, conditionally endorses
ASME Code Case N-411-1. The damping values used by
GE are the same as those specified in either RG 1.61 or
those specified in ASME Code Case N-411-1 as permitted
by RG 1.84, which is acceptable.

ISM response spectrum analysis. This is acceptable.
Therefore, DFSER Confirmatory Item 14.1.3.3.5.4-1 is
resolved.
The staffs position on the use of N-411 damping values
with ASME Code Case N-420 is that the two code cases
may only be used in separate analyses as a further
condition of RG 1.84, because the damping values
established in Code Case N-411 might not be entirely
appropriate for the damping characteristics of the linear
energy absorbing supports. Therefore, the two Code
Cases are not to be used in the same analysis. In the
DFSER, GE was requested to confirm compliance with
this staff position. This was DFSER Confirmatory
Item 14.1.3.3.5.4-2.
SSAR Subsection 3.7.3.8.1.7,
"Damping Ratio," states that the ASME Code Case
N-411-1 damping cannot be used for analyzing linear
energy absorbing supports designed in accordance with
ASME Code Case N-420. This is acceptable; therefore,
DFSER Confirmatory Item 14.1.3.3.5.4-2 is resolved.
3.12.5.5 Combination of Modal Responses
For the response spectrum method of analysis, the modal
responses are combined by the SRSS method. Closely
spaced modes are combined using the criteria of RG 1.92,
"Combining Modal Responses and Spatial Components in
Seismic Response Analysis," Revision 1. The SSAR
considers all modes with frequencies below 33 Hz in
computing equipment and component response for seismic
loadings, as stated in SSAR Sections 3.7.3.7.1 and
3.7.3.7.2. The staff concludes that this method is
consistent with the applicable guidelines of SRP Section 3.9.2 and is acceptable.

3.12.5.6 High-Frequency Modes
The SSAR uses the damping values specified in ASME
Code Case N-411 with the independent support motion
(ISM) method of response spectrum analysis. The staffs
position on the application of N-411 damping values to the
ISM method of analysis is that it is acceptable when the
ISM method is used in accordance with the information
and recommendations in Sections 2.3 and 2.4 of
NUREG-1061, Volume 4. In the DFSER, the staff
requested GE to confirm that N-411 damping in an ISM
analysis will be applied in accordance with the staffs
position.
This was DFSER
Confirmatory
Item 14.1.3.3.5.4-1. SSAR Subsection 3.7.3.8.1.10,
"Multiple-Supported Equipment and Components with
Distinct Inputs," states that when the ISM response
spectrum method of analysis is used, ASME Code Case
N-411-1 damping will not be used. On the basis of this
new commitment, the staff concludes that GE will only use
the recommended damping values given in RG 1.61 in an

For seismic analysis, consideration of high-frequency
modes to preclude missing mass effects must be included.
The staffs guidelines for this are provided in SRP
Section 3.7.2, Appendix A.
For the analyses of vibratory loads (other than seismic)
with significant high-frequency input (i.e., 33 to 100 Hz),
the staff 8 positions are as follows:
(1)
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GE should address the methodology for the
combination of high-frequency modal results. The
high-frequency modes must be combined in
accordance with the guidelines provided in
RG 1.92. Use of other combination methods, such
as the algebraic modal combination method for
combining high-frequency modes, will require
further justification and staff approval before use.
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(2)

GE should address non-linear analyses used to
account for gaps between the pipe and its supports
when subjected to vibratory loads with significant
high-frequency. The description of and justification
for such analyses must be submitted to the staff for
review and approval before use.

In the DFSER, the staff requested that the SSAR be
revised to reflect these two staff positions by stating that,
if an alternative method is used, the details of its basis
must be submitted to the staff for review and approval
before use.
This was DFSER Confirmatory
Item 14.1.3.3.5.6-1.
SSAR Subsection 3.7.3.7.3,
"Methodologies Used to Account for High-Frequency
Modes," provides a detailed procedure for calculating the
responses associated with high-frequency modes above the
cutoff frequency and combining them with the lowfrequency modal responses. The staff reviewed this procedure and found that it follows the guidelines provided in
SRP Section 3.7.2, Appendix A, and is acceptable.
GE also revised the SSAR to address the two issues related
to analyses of vibratory loads with significant highfrequency input. SSAR Subsection 3.7.3.7, "Combination
of Modal Responses," addresses the first issue. It clarifies
the position that modal responses for modes below the
cutoff frequency will be combined in accordance with
methods that follow the guidelines of RG 1.92. The
combination methods are applicable for seismic loads with
33 Hz cutoff frequency as well as for loads with higher
frequency input, such as suppression pool dynamic loads
that may have cutoff frequencies as high as 100 Hz. The
responses associated with modes above the cutoff frequency are calculated and combined in accordance with the
guidelines of SRP Section 3.7.2, Appendix A, as
previously discussed. The staff reviewed this information
and found that this revision adequately addressed the first
issue. The second issue is addressed in the SSAR
Section 3.7.3.3.4, "Analysis of Frame Type Supports,"
which states that nonlinear analysis methods to account for
gaps between pipe and supports subjected to high
frequency vibration loads, such as suppression pool loads
will not be used. The staff reviewed this information and
found it acceptable. The SSAR does not provide an
analytical method to account for non-linear effects of
excessively large gaps. Should such large gaps exist, it
would mean a change to the commitments involving piping
analysis methodology discussed in the SSAR, and it would
result in an unreviewed safety question. Therefore, details
of non-linear analysis should be submitted to the staff for
approval prior to its implementation. On the basis of this
evaluation, DFSER Confirmatory Item 14.1.3.3.5.6-1 is
resolved.
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3.12.5.7 Fatigue Evaluation for ASME Code Clan 1
Piping
ASME Code, Section III requires that the cumulative
damage from fatigue be evaluated for all ASME Code
Class 1 piping. The cumulative fatigue usage factor should
take into consideration all cyclic effects caused by the plant
operating transients for a 60-year design life. However,
recent test data indicates that the effects of the reactor
environment could reduce the fatigue resistance of certain
materials. A comparison of the test data with the Code
requirements indicates that the margins in the ASME Code
fatigue design curves might be less than originally
intended. The DFSER reported that the staff was
developing an interim position, which would be available
at a later date, to account for the environmental effects in
the fatigue design of the affected materials. At this time,
the staff is assessing the potential generic implication of
this issue on all operating plants. Depending on the
severity of the issue, certain actions might be required to
generically address this concern. This was inappropriately
identified as Open Items 3.9.3.1-1 and 14.1.3.3.5.7-1 in
the DFSER.
DFSER Open Items 3.9.3.1-1 and
14.1.3.3.5.7-1 are subsumed by DFSER Open
Item 14.1.3.3.5.7-2, which is discussed below.

Originally, for the ABWR, GE discussed with the staff its
tentative procedure used for a foreign BWR plant design in
progress. The information was provided to the staff
during an audit held at the GE offices in San Jose,
California, on March 23 through 26,1992. The specified
material for the ASME Code Class 1 piping in the ABWR
is carbon steel. Using the GE position, additional fatigue
evaluations would not be required when certain conditions
are met, such as when the fluid temperature is below
245 °C (473 °F), the oxygen content is below 0.3 ppm, or
the tensile stress hold time does not exceed 10 seconds.
The exemption rules also extend to piping elbows and tees
and valve bodies when these components are
conservatively designed and analyzed, using the stress
index method. Thus, only the circumferential girth butt
welds in piping are considered to be critical by GE and are
evaluated for environmental effects. The approach used by
GE to account for the environmental effects on the girth
butt welds is to modify the local peak stress through (1)
the notch factor, (2) the mean stress factor, (3) the
environmental correction factor, and (4) the butt-weld
strength reduction factor. In the DFSER, the staff
requested GE to include in its SSAR the proposed
approach for accounting for the environmental effects in its
fatigue analyses. This was DFSER Open Items 3.9.3.1-1
and 14.1.3.3.5.7-2.
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SSAR Subsection 3.9.3.1.1.7, "Environmental Effects on
Fatigue Evaluation of Carbon Steel Piping," commits to
perform additional evaluationsforenvironmental effects on
the fatigue design of ASME Code, Section HI, Class 1
carbon steel piping in accordance with OB document
408HA414. The SSAR describes the conditions for which
mete evaluations would be performed and the methodology
for performing them. The staff found the approach
consistent with the approach presented by OB at fie
March 1992 audit previously summarized. GE*s procedure
provided supplemental guidelines that enhance the design
margin beyond the requirements of the ASME Code, Section HI for fatigue evaluation. This is acceptable; and
DFSER Open Items 3.9.3.1-1 and 14.1.3.3.5.7-2 are
resolved.
3.12.5.8 Fatigue Evaluation of ASME Code Class 2
and 3 Piping
SSAR Section 3.9.3.1 states that the design life for the
ABWR is 60 years. In response to an earlier staff request,
SSAR Sections 3.9.3.1 and 3.9.7.2 stated that COL
applicants will identify all ASME Code Class 2, 3, and
QG D components that will be subjected to loadings that
could result in thermal or dynamic fatigue and provide the
analyses that are similar to those required by ASME Code,
Section III, Subsection NB (ASME Class 1). This was
DFSER COL Action Items 3.9.3.1-1 and 14.1.3.3.5.8-1.
In the SSAR, OE modified these COL actions by further
revising Sections 3.9.7.2 and 3.9.3.1 to state that COL
applicants will identify ASME Code Class 2 or 3 or QG D
components that are subjected to cyclic loadings, including
operating vibration loads and thermal transient effects, of
a magnitude and/or duration so severe that the 60-year
design life cannot be assured by required Code calculations
and, if similar designs have not already been evaluated,
either provide an appropriate analysis to demonstrate the
required design life or provide designs to mitigate the
magnitude or duration of the cyclic loads.
SSAR
Section 3.9.3.1 provides criteria on the magnitude of
severe thermal transients that should be evaluated for
possible effect on plant life.
These transients are
temperature rate changes faster than 830 °C/hour
(1494 °F/hour), when the total fluid temperature change is
greater than 55 °C (100 °F). It also states specifically that
COL applicants will perform ASME Code Class 1 fatigue
analysis of the SRV discharge piping in the wetwell and
the SRV quenchers. This is acceptable.
On the basis of current data, the staff believes that the
margins built into the ASME fatigue design curves may not
be sufficient to account for variations in the original
fatigue test data because of various environmental effects.
Therefore, consistent with the staff position discussed in
Section 3.12.5.7 of this report, the staffs position for

ASMB Code Class 2 and 3 piping for which a fatigue
analysis is performed is that the environmental effects
should be considered in the fatigue analysis. This was
DFSER Open Item 14.1.3.3.5.8-1. SSAR Section 3.9.3.1
states that environmental effects will be considered in the
fatigue analyses of the SRV discharge piping and SRV
quenchers in accordance with the requirements for ASME
Code, Section m , Class 1, carbon steel piping discussed
in Section 3.9.3.1.1.7 of this report. This is acceptable,
and DFSER Open Item 14.1.3.3.5.8-1 is resolved.
3.12.5.9 Thermal Oscillations in Piping Connected to
the Reactor Coolant System
In accordance with NRC Bulletin 88-08, the staff requests
thai licensees and applicants review systems connected to
the RCS to determine whether any sections of this piping
that cannot be isolated can be subjected to temperature
oscillations that could be induced by leaking valves.
In the design of the ABWR emergency core cooling
systems, both the residual heat removal (RHR) system and
high-pressure core flooder (HPCF) have piping that will be
directly connected to the reactor pressure vessel (RPV).
In the unisolable sections of RHR piping, leaking toward
the RPV cannot occur because the pressure will always be
higher on the reactor side during normal plant operation
when the upstream pumps are not operating. In the HPCF
system design, the only unisolable piping connected to the
RPV will be the section of pipe between the reactor nozzle
and the upstream isolation check valve. Cold water in this
system will be upstream of the injection valve (gate valve)
that is outside the primary containment. The region
upstream of the injection valve will operate at a pressure
lower than reactor pressure except when the HPCF safety
function is required. Therefore, cold water will not flow
to the unisolable pipe section and stratification will not be
a problem in the HPCF system.
In the DFSER, the staff concluded that OE had adequately
addressed the potential problems described in
Bulletin 88-08. Subsequently, however, the staff noted
that GE did not address the potential problem described in
Supplement 3 to Bulletin 88-08, although Supplements 1
and 2 were addressed adequately. It involved the development of potential cyclic stratified flow and associated
thermal striping that may occur because of possible leakage
past the valve disk and out the valve stem packing gland.
This flow stratification and striping may occur when the
pressure on the upstream side of the valve is less than the
RPV system pressure during normal operation. Supplement 3 reported an incident in which this phenomenon
induced thermal fatigue, which led to a through-wall pipe
crack in a foreign reactor. The staff reviewed the SSAR
and requested that GE provide additional information to
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address this concern. OB then identified the ABWR piping
sections that could be susceptible to unacceptable thermal
stresses, owing to this phenomenon. They include sectiohs
of the RHR system and the HPCF system. For the
affected piping sections, OB will require that either (1) the
gate valve in each of the unisolable piping sections be
located at a distance equal or greater than 25 pipe
diameters from the RPV nozzle or (2) stress analysis be
performed to.show that stresses and fatigue from potential
stratification and thermal striping are acceptable per the
ASME Code.
The SSAR incorporated these new
requirements by including an additional note on the
P&ttVs of the RHR system (SSAR Figure 5.4-10) and the
HPCF system (SSAR Figure 6.3-7). This is acceptable;
therefore, the staff concludes that OB has adequately
addressed the potential problem described in Supplement
3 to Bulletin 88-08.
3.12.5.10

Thermal Stratification

Thermal stratification is a phenomenon that can occur in
long runs of horizontal piping when two streams of fluid
at different temperatures flow in separate layers without
appreciable mixing. Under these stratified flow conditions,
the top of the pipe may be at a much higher temperature
than the bottom. This thermal gradient produces pipe
deflections, support loads, pipe-bending stresses, and local
stresses that may not have been accounted for in the
original piping design. The effects of thermal stratification
have been observed in both BWR and PWR feedwater
piping as discussed in NRC Information Notice (IN) 84-87
and NRC IN 91-38.

During an audit conducted at GE's offices in San Jose,
California, on March 23 through 26,1992, the staff asked
GE to explain and demonstrate how the thermal
stratification phenomenon was considered in the ABWR
piping design. In response, OE stated that thermal
stratification will be considered as a normal design load in
the ASME Code Class 1 stress and fatigue evaluation of
the feedwater piping. The ABWR sample problem criteria
document states that the feedwater line will be analyzed for
two thermal stratification load cases:
(1) thermal
stratification in the piping at the RPV nozzle and
(2) thermal stratification in the feedwater header piping.
The loads will be included in the piping fatigue analysis
and in the evaluations of the head fitting and RPV nozzles.
The temperature differences and locations for the
stratification loads were defined in the feedwater piping
pressuie/temperature cycle diagrams. This was DFSER
COL Action Item 14.1.3.3.5.10-1. SSAR Section 3.9.3.1
states that the COL applicant shall design for thermal
stratification in accordance with the requirements of that
section. This is acceptable.
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The staff reviewed and discussed the thermal stratification
analysis methodology with the cognizant OE engineers.
The staff found the analysis method acceptable with the
exception of an apparent discrepancy in load application.
OE defined the stratified temperature profile in the pipe
cross section as a constant hot temperature in the top half
and cold temperature in the bottom half, with a step
change in temperature at the centerline. However, in the
pipe stress analysis, a linear top-to-bottom temperature
profile was applied. The linear temperature profile
provides lower bending moments and stresses than the step
change profile. OE was asked to justify (1) the adequacy
of the piping analysis load input and (2) the omission of
the high-cycle fatigue effects resulting from thermal
striping and why it should not be considered in the
analysis. The staff also asked GE to provide additional
justification for their methodology, including test
information to support their thermal stratification load
definition. This was DFSER Open Items 3.9.3.1-2 and
14.1.3.3.5.10-1.
SSAR Section 3.9.3.1 states that thermal stratification is
one of the specific operating conditions that is included in
the loads and load combinations contained in the piping
design specifications and design reports. Stratification can
occur in the feedwater piping during plant startup and
during hot standby conditions following scram.
If
evidence of stratification is detected in any other piping
system during design or startup, it will be evaluated to
determine whether it is significant in terms of stress and
deflection.
As a general guideline, if temperature
differences between the top and bottom of the pipe are less
than 27 °C (48.6 °F), it is assumed insignificant and not
included in the design specification and design reports.
The staff reviewed this information and found it
acceptable.
In addition, SSAR Section 3.9.2.1.3, "Thermal
Stratification in Feedwater Piping," describes a special test
that will be performed as part of the startup program to
monitor the conditions and effects of thermal stratification
in sections of the feedwater piping where stratification is
anticipated. The test program will measure temperatures
around the pipe circumference, strains at points of high
stress, and pipe displacements, which are due to bowing
caused by stratification. GE committed to perform this test
to address the staff concern over the adequacy of the linear
temperature profile assumed in the thermal stratification
analysis. From its review, the staff concludes that the test
should provide appropriate data to evaluate the adequacy
of the assumed temperature profile.
In a letter dated April 19, 1993, GE presented thermal
striping evaluation for the feedwater header pipe.
Calculations summarized in the letter report show that
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stresses at the pipe wall caused by striping are well below
the metal endurance limit and are, therefore, negligible.
The staff concluded that OB had provided a technical
approach to adequately address the issue of thermal
stratification in the ABWR feedwater piping systems. OB
has also included this information in the SSAR. On the
basis of this evaluation, DFSER Open Items 3.9.3.1-2 and
14.1.3.3.5.10-1 are resolved.
3.12.5.11

Safety-Relief Valve Design, Installation,
and Testing

SSAR Section 3.9.3.3 contains the design, installation, and
testing criteria applicable to the mounting of pressure relief
devices used for the overpressure protection of ASMB
Code Class 1, 2, and 3 components. The staff reviewed
this information in accordance with SRP Section 3.9.3,
including an evaluation of the applicable loading
combinations and stress criteria. The review extended to
consideration of the means to accommodate the rapidly
applied reaction force when a safety valve or relief valve
opens and the transient fluid-induced loads are applied to
the piping downstream of a safety valve or relief valve in
a closed discharge piping system. The information in
Section 3.9.3.3 of the SSAR meets the applicable
guidelines of SRP Section 3.9.3 and is, therefore,
acceptable.
In accordance with TMI Action ItemII.D.1 of
NUREG-0737, both PWR and BWR licensees and
applicants are required to conduct testing to qualify the
RCS relief and safety valves and -associated piping and
supports under expected operating conditions for
design-basis transients and accidents. GE's response to
Item n.D.l is discussed in SSAR Section 1A.2.9. This
section states that the safety-relief valve models that will be
used for ABWR plants have been tested under ABWR
steam discharge conditions. It further states that if the
ABWR design should contain any safety-relief valves or
discharge piping that is not similar to those that have been
tested, the COL applicant will test the valves in accordance
with TMI Item II.D.l. This is acceptable.
In performing the hydraulic transient piping analyses
associated with the SRV discharge, the SSAR assumes a
minimum rise time of 20 msec. Rise times faster than this
value could result in higher loads than analytically
predicted. The assumed rise time is based on past SRV
designs and existing test data. The COL applicant must
retest the SRVs if it should purchase any SRV or install its
SRV piping in a configuration that is not similar to those
that have been tested. This was DFSER COL Action
Items 3.9.3.2-1 and 14.1.3.3.5.11-1. In Amendment 33
to the SSAR, GE added Section 1A.3.7, "Testing of SRV
and Discharge Piping," to state that the COL applicant will

confirm that any SRVs or discharge piping installed that is
not similar to those that have been tested will be tested in
accordance with SSAR Section 1A.2.9.
The staff
considers this acceptable. Therefore, COL Action Items
3.9.3.2-1 and 14.3.3.5.11-1 are resolved.
3.12.5.12

Functional Capability

Note 9 to the SSAR, Table 3.9-2, states that all ASME
Code Class 1, 2, and 3 piping systems that are essential
for safe shutdown under the postulated events listed in the
table are designed to meet the recommendations in
NUREO-1367, "Functional Capability of Piping Systems,"
dated November 1992. In no case shall the piping stress
exceed the limits designated for Service Level D in the
ASME Code, Section HI. The Service Level D limits are
3.0 S (not to exceed 2.0 S ) for ASME Code Class 1
piping and 3.0 S (not to exceed 2.0 S ) for Class 2 and 3
piping. Dynamic testing conducted by EPRI, OE, and the
NRC has established that these stress levels do not result
in a loss of piping functional capability. Thus, the staff
concludes the methodology and stress levels for ensuring
the functional capability of piping systems acceptable.
m

y

h

3.12.5.13

y

Combination of Inertial and Seismic
Motion Effects

Piping analyses must include the effects caused by the
relative building movements at supports and anchors
(seismic anchor motion) as well as the seismic inertial
loads. This is necessary when piping is supported at
multiple locations within a single structure or is attached to
two separate structures.
The effects of relative displacements at support points must
be evaluated by imposing the maximum support
displacements in the most unfavorable combination. This
can be performed, using a static analysis procedure.
Relative displacements of equipment supports (e.g., pumps
or tanks) must be included in the analysis along with the
building support movements.
When required for certain evaluations, such as support
design, the responses that are due to the inertia effect and
relative displacement effect should be combined by the
absolute sum method.
In lieu of this method, time histories of support excitations
may be used, in which case both inertial and relative
displacement effects are already included. Consideration
of these effects and analyses was DFSER Open
Item 14.1.3.3.5.13-1.
Section 3.7.3.8.1.8 of the SSAR describes the
methodology for considering the effects caused by relative
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building movements. The displacements that are obtained
from the dynamic building analysis are applied to the
piping anchors and restraints corresponding to the
maximum differential displacements that could occur.
Three analyses are performed: one for each of the two
horizontal differential displacements and one for the
vertical. The resulting stresses in the piping are treated as
secondary stresses because they are self-limiting. The
primary loads owing to inertia are combined with the
secondary loads owing to the relative displacements by the
SRSS method.
The SRSS combination of these responses deviates from
the acceptance criteria of SRP Section 3.9.2, which
specifies the more conservative absolute sum method. To
justify this deviation, SSAR Section 3.7.3.8.1.8 states that
the inertia and relative support displacement responses are
dynamic in nature and their peak values are not expected
to occur at the same time. Anchor movement effects are
computed from static analyses in which the support
movement effects are applied to produce the most
conservative loads on the piping. ' In view of this, GE
believes that an SRSS combination is appropriate. OE
provided a description of the theoretical basis for this
position based on an independent support-motion timehistory analysis. The staff found the approach technically
justifiable and consistent with the recommendations of
NUREG-1061, Volume 4, for independent support motion
analysis. Therefore, the staff concludes that the SRSS
combination of responses owing to inertia and relative
displacements is acceptable for the ABWR. On the basis
of the above, DFSER Open Item 14.1.3.3.5.13-1 is
resolved.
3.12.5.14

Cutoff Frequency
Loadings

for

Hydrodynamic

OBE as a Design Load

In SECY-93-087, the staff recommended eliminating the
OBE from the design for advanced light-water reactors.
The Commission approved the staff recommendations in its
SRM dated July 21, 1993. For the ABWR, QE originally
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In a letter to OE dated September 11, 1992, the staff
transmitted a guidance document that identified the
necessary changes to existing seismic design criteria that
are acceptable for implementing the proposed rule change
as it pertains to the design of safety-related SSCs in the OE
ABWR. This document included specific supplemental
criteria for fatigue, seismic anchor motion, and piping
stress limits that should be applied when the OBE is eliminated. A detailed discussion of this document is in
Section 3.1.1 of this report. For fatigue evaluation, two
SSE eventa with 10 maximum stress cycles per event (or
an equivalent number of fractional cycles) should be
considered. The effects of SAM owing to the SSE should
be considered in combination with the effects of other
normal operational loadings that might occur concurrently.
For Class 1 primary stress evaluation, seismic loads need
not be evaluated for consideration of Level B Service
Limits for Eq. (9). However, for satisfaction of primary
plus secondary stress range limits in Eq. (10), the full SSE
stress range or a reduced range corresponding to an
equivalent number of fractional cycles must be included for
Level B Service limits. These load sets should also be
used for evaluating fatigue effects. In addition, the stress
that is due to the larger of the full range of SSE anchor
motion or the resultant range of thermal expansion plus
half the SSE anchor motion range, must not exceed
6.0 S . For Class 2 and 3 piping, seismic loads are not
required for consideration of occasional loads in satisfying
the Level B Service Limits for Eq. (9). Seismic anchor
motion stresses are not required for consideration of
secondary stresses in Eq. (10). However, stresses that are
due to the combination of range of moments caused by
thermal expansion and SSE anchor motions must not
exceed 3.0 S .
B

SSAR Section 3.7 states that the cutoff frequency for
dynamic analysis is 60 Hz for suppression pool
hydrodynamic loads.
For piping systems with a
fundamental frequency greater than 20 Hz, the cutoff
frequency is 100 Hz for suppression pool hydrodynamic
loads. These cutoff frequencies were previously used in
the hydrodynamic analyses for currently operating BWR
plants. Because the hydrodynamic load methodology used
for the ABWR is the same as that used for the operating
BWR plants, the cutoff frequency is acceptable for the
ABWR.
3.12.5.15

proposed that the OBB be equal to one-third of the SSB.
The DFSER noted that the staff was discussing details with
OE for the necessary actions that will be required for
eliminating the OBB from the design of SSCs in the
ABWR and that the staffs evaluation of using a tingleearthquake design based on only the SSB will be addressed
in the FSER. This was DFSER Open Items 3.1-1 and
14.1.3.3.5.15-1.

h

SSAR Section 3.9, defines a number of revised
requirements associated with the elimination of the OBE.
SSAR Section 3.7.3.2, "Determination of Number of
Earthquake Cycles," states that the SSE is the only design
earthquake considered for the ABWR.
The fatigue
evaluation of ASME components would take into
consideration two SSE events with 10 peak stress cycles
per event. Alternately, an equivalent number of fractional
vibratory cycles may be used (but with an amplitude not
less than one-third of the maximum SSE amplitude) when
derived in accordance with Appendix D of IEEE Standard
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344-1987. The staff found this commitment consistent
with the NRC guidance document previously discussed
above and the Commission-approved
staff
recommendations on the issue of OBE elimination as
discussed in Section 3.1.1 of this report. This is acceptable.
SSAR Table 3.9-1, "Plant Events," was revised to replace
the OBE cycles with 20 peak SSE cycles for evaluation of
Service Level B limits. A footnote was added to require
the effects of SAMs owing to SSE to be evaluated to
ensure functionality during and following an SSE. The
staff finds this commitment consistent with the NRC
guidance document and the Commission-approved staff
recommendations on the issue of OBE elimination as
discussed in Section 3.1.1 of this report. This is acceptable.
SSAR Table 3.9-2, "Load Combinations and Acceptance
Criteria," was revised to replace the normal operation and
OBE load combination with a normal and SSE combination
for fatigue evaluation of Class 1 components under Service
Level B. Footnote 7 of this table defines the changes and
additions to the stress limits of ASME Code, Section III,
Subsections NB-3600 and NC/ND-3600. For Class 1
piping, the stress owing to the larger of the full range of
SSE SAM moment or the resultant range of thermal plus
one-half the SAM moment must not exceed 6.0 S . SSE
inertia and SAM loads must be included in NB-3600
Eqs. (10) and (11). For Class 2 and 3 piping, the stress
that is due to the larger of the full range of SSE SAM
moment or the resultant range of thermal plus one-half the
SAM moment must not exceed 3.0 S . SSE inertia and
SAM loads must not be included in NC/ND-3600 Eqs. (9),
(10), and (11). The staff finds these revised stress limits
consistent with the requirements of the NRC guidance
document. On the basis of this information and the more
detailed discussion of this issue in Section 3.1.1 of this
report, DFSER Open Items 3.1-1 and 14.1.3.3.5.15-1 are
resolved.
B

h

3.12.5.16

Code Cases N-391 and N-392 are endorsed by the staff in
RO 1.84 and are acceptable.
3.12.5.17

Modal Damping for Composite Structural

The staff reviewed the issue of modal damping for
composite structures during its audit on March 23 through
26, 1992, at OS's offices in San Jose, California. At that
time, the SSAR did not describe the application of modal
damping for composite structures in the analysis of piping
systems. However, a review of a GE internal document
entitled, "Piping Systems Design Criteria and Analysis
Methods," contained a table of damping values for various
types of piping supports. The damping values for the
piping supports (e.g., snubbers and struts) were higher
than the damping values tabulated for the piping.
OE indicated that these values were presented because
modal damping for composite structures could be used in
a response spectrum analysis as an option. In the DFSER,
the staff reported that if OE plans to use the modal
damping for composite structures as an option for piping
analysis, then a description and justification of the
approach must be provided in the SSAR. This was
DFSER Open Items 3.9.2.2-6 and 14.1.3.3.5.17-1.
SSAR Section 3.7.3.8.1.7, "Damping Ratio," states that
strain-energy-weighted modal damping can also be used in
the dynamic analysis of piping systems. Strain-energy
weighing is used to obtain the modal damping coefficient
owing to the contributions of damping from different
elements of the piping system. The element damping
values are specified in SSAR Table 3.7-1. The procedure
for calculating strain-energy-weighted modal damping is
given in SSAR Section 3.7.2.15. The staff reviewed the
information in the SSAR and found it acceptable;
therefore, DFSER Open Items 3.9.2.2-6 and
14.1.3.3.5.17-1 are resolved.
3.12.5.18

Minimum
Analyses

Temperature

for

Thermal

Welded Attachments

For the analysis of local stresses at welded attachments to
piping (e.g., lugs, trunnions, or stanchions), the SSAR
presents several ASME Code Cases. Code Case N-318-3
is acceptable to the staff and is endorsed in RG 1.84. The
staff noted that this Code Case is conditionally approved in
RO 1.84 on the basis that the applicant specifies (1) the
method of lug attachment, (2) the piping system involved,
and (3) the location in the system where the case is to be
applied. The staff concludes, however, that for the ABWR
design certification, these conditions in RO 1.84 are not
needed to reach a safety conclusion and, therefore, are not
required.

In the DFSER, the staff noted that GE had not provided
any information that would establish a minimum
temperature at which an explicit piping thermal expansion
analysis would be required. Unless GE had provided this
information in the SSAR, the staff would have required
that thermal analyses be performed for all temperature
conditions above ambient. These were DFSER Open
Items 3.9.3.1-3 and 14.1.3.3.5.18-1.
SSAR Section 3.9.3.1, "Loading Combinations, Design
Transients and Stress Limits," states that piping loads due
to the thermal expansion of the piping and thermal anchor
movements at supports are included in the piping load
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combinations. All operating modes,are evaluated, and the
maximum moment ranges are included in the fatigue
•valuation. Piping systems with maximum operating
temperatures of less than or equal to 65.6 °C (150 *F) are
not required to be analyzed for thermal expansion loading
because, when below this temperature, thermal-induced
stresses will be low and inconsequential to piping designs.
The staff reviewed this information and concluded that OE
had defined a reasonable and acceptable minimum temperatare at which an explicit thermal analysis would be
performed. On the basis of this evaluation, DFSER Open
Items 3.9.3.1-3 and 14.1.3.3.5.18-1 are resolved.

(3)

OE meets ODC 4 with regard to piping systems
important to safety being designed to accommodate
the effects of and to be compatible with the
environmental conditions of normal and accident
conditions.

(4)

OE meets ODC 14 with regard to the reactor
coolant pressure boundary of the primary piping
systems being designed, fabricated, constructed,
and tested to have an extremely low probability of
abnormal leakage, of rapid propagating failure, and
of gross rupture.

3.12.5.19

(5)

OE meets ODC 15 with regard to the reactor
coolant piping systems being designed with specific
design and service limits to assure sufficient margin
that the design conditions are not exceeded.

Intersystem LOCA

In SECY-9O-016, dated January 12, 1990, the NRC staff
discussed the resolution of the intersystem LOCA issue for
advanced light-water reactor plants by requiring that lowpressure piping systems that interface with the RCPB be
designed to withstand full RCS pressure to the extent
practicable. In its June 26, 1990, SRM, the Commission
approved these staff recommendations provided that all
elements of the low-pressure systems are considered. In
the DFSER, the staff noted that OE had not yet submitted
the details of the piping design for the full RCS pressure.
This was DFSER Open Item 14.1.3.3.5.19-1.
SSAR Subsection 3.9.3.1, "Loading Combinations, Design
Transients, and Stress Limits," requires that low-pressure
piping systems that internee with the RC boundary be
designed with a pipe wall thickness calculated for a
pressure equal to 0.4 times the RCS pressure but not less
than mat of a achedule 40 pipe. On the basis of a staff
review and discussions with OE and the more detailed
evaluation in Section 3.9.3.1.1 of this report, the staff
finds this requirement acceptable. Therefore, DFSER
Open Item 14.1.3.3.5.19-1 is resolved.
3.12.5.20

Conclusions

3.12.6 Pipe Support Criteria

3.12.6.1 Applicable Codes
The staff reviewed the methodology used in the design of
ASME Code Class 1, 2, and 3 component supports as
described in SSAR Sections 3.9.3.4 and 3.9.3.5. The staff
also assessed the design and structural integrity of three
types of supports: plate and shell, linear, and component
standard types. All ASME Code Class 1, 2, and 3
component supports for the ABWR standard plant will be
constructed in accordance with ASME Code, Section III,
Subsection NF. In addition, the SSAR states that the
design is augmented by the application of Code Case
N-476, Supplement 89.1, which governs the design of
single-angle members. It further states that if eccentric
loads or other torsional loads are not accommodated by
designing the load to act through the shear center, analyses
will be performed in accordance with such torsional
analysis methods as "Torsional Analysis of Steel
Members," AISC Publication Tl 142/83.

One the basis of its review, the staff concludes that(1)

GE meets ODC 1 and 10 CFR Part 50, Appendix B
with regard to piping systems being designed,
fabricated, constructed, tested, and inspected to
quality standards commensurate with the importance
of the safety function to be performed, and with
appropriate quality control.

(2)

GE meets ODC 2 and 10 CFR Part 100,
Appendix A with regard to design transients and
resulting load combinations for piping and pipe
supports to withstand the effects of earthquakes
combined with the effects of normal or accident
conditions.

NUREG-1503

Although Code Case N-476 has not been endorsed by the
staff in RG 1.84, the staff finds that it provides adequate
design rules for the single-angle members. The staff finds
that GE's proposed documents provide sufficient technical
guidelines to perform a torsional analysis of steel members
and are acceptable.

The staff finds Subsection NF acceptable for the design of
piping supports. The staff has not endorsed the use of
ANSI/AISC N-690, "Specification for the Design,
Fabrication and Erection of Steel Safety-Related Structures
for Nuclear Facilities," in lieu of Subsection NF (see
Section 3.12.6.12 of this report for more information).
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3.12.1.2 Jurisdictional Boundaries
SSAR Section 3.9.3.4, defines thejurisdictional boundaries
between pipe supports and interface attachment points,
such as structural steel, in accordance with the ASME
Code, Section in, Subsection NF (1989 edition). The
staffs review of the jurisdictional boundaries described in
the 1989 edition find* that they are sufficiently defined to
ensure a clear division between the pipe support and the
structural steel and are acceptable.
3.12.6.3 Loads and Load Combinations
SSAR Section 3.9.3.4.1 states that the loading
combinations for the design of piping supports correspond
to those used for the design of the supported pipe. The
staff* evaluation of tha load combinations for the
supported pipe is contained in Section 3.12.S.3 of this
report. The stress limits for pipe supports are in
accordance with the ASME Code, Section m , Subsection NF and Appendix F (1989 Edition). The supports are
generally designed or qualified by the load rating method
as described inNF-3260 or by the stress limits specified in
NF-3231. This is acceptable.

SSAR Section 3.9.3.4 states that concrete anchor bolts
(including under-cut-type anchor bolts) that are used for
pipe support base plates will be designed to the applicable
factors of safety that are defined in IE Bulletin 79-02,
Revision 2. SSAR Section 3.9.3.4 further states that pipe
support base plate flexibility will be accounted for in the
calculation of concrete anchor bolt loads, in accordance
with IB Bulletin 79-02, Revision 2. On the basis of these
statements, the staff concludes that the ABWR pipe support
baseplate and anchor bolt designs will be in accordance
with applicable portions of IE Bulletin 79-02, Revision 2,
and ate acceptable. Loading combinations for component
supports are discussed in the section above.
In addition, SSAR Section 3.9.3.4 states that the COL
applicants shall provide justification for the use of safety
factors for concrete anchor bolts other than those specified
in IE Bulletin 79-02. This justification must be submitted
to the NRC for review and approval prior to installing of
the bolts. SSAR Section 3.9.3.4 also states that COL
applicants shall account for pipe support base plate
flexibility in accordance with IE Bulletin 79*02. This is
acceptable.
3.12.6.5 Use of Energy Absorbers and Limit Stops

3.12.6.4 Pipe Support Baseplate and Anchor Bolt
Design
SSAR Section 3.9.3.4 of earlier amendments stated that the
concrete anchor bolts, which would be used for pipe
support base plates, will be designed to the applicable
factors of safety defined in Office of Inspection and
Enforcement (IE) Bulletin 79-02, Revision 1. Loading
combinations for component supports are discussed in the
previous section. In general, the factors of safety for
anchor bolts are acceptable. However, in the DFSER, the
staff noted that in SSAR Section 3.9.3.4, "Component
Supports," OE had not discussed the use of specific types
of anchor bolts to be used for pipe support base pistes in
the ABWR standard plant. For example, under-cut-type
anchor bolts behave in a ductile manner, but the staffs
position is that the safety factors in IE Bulletin 79-02,
Revision 2, are still applicable unless justification for
alternative safety factors is provided. Therefore, the COL
applicant should justify the use of safety factors for anchor
bolts other than those provided in IE Bulletin 79-02,
Revision 2, and submit the justification to the staff for
review and approval before their use. These were DFSER
COL Action Items 3.9.3.3-1 and 14.1.3.3.6.4-1. In
addition, the staff noted that irrespective of the type of
concrete anchor bolt used for piping supports, the COL
applicant should implement the action item in IE Bulletin
79-02 related to pipe support baseplate flexibility. This
was DFSER COL Action Item 14.1.3.3.6.4-2.

The DFSER noted that GE had not provided the specific
analysis methods or procedures to be used for the ABWR
pipe support design. The staff requested that OE address
in the SSAR the use of seismic restraints other than
snubbers and their modeling assumptions. This was part
of DFSER Open Items 3.9.3.3-1 and 14.1.3.3.6-1.
SSAR Section 3.7.3.3.1.7, "Modeling of Special
Engineered Pipe Supports," states that modifications to the
normal linear-elastic piping analysis methodology used
with conventional pipe supports are required to calculate
the loads acting on the supports and on the piping
components when special engineered supports are used.
These supports include energy absorbers and limit stops,
which are described in SSAR Section 3.9.3.4.1(0). The
modifications are needed to account for greater damping of
the energy absorbers and the non-linear behavior of the
limit stops. If these special devices are used, the modeling
and analytical methodology will be in accordance with
methodology accepted by the regulatory agency at the time
of design certification or at the time of COL application,
per the discretion of the COL applicant. In addition, the
information required by RO 1.84 related to the use of
energy absorbers (ASME Code Case N-420) will be
provided to the regulatory agency. This is acceptable.
Although the staff has not yet endorsed the use of limit
stops, the commitment in SSAR Section 3.7.3.3.1.7 to use
design criteria in accordance with that accepted by the
regulatory agency at the time of either design certification
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or COL application, ia alto acceptable to the staff. On the
basis of this evaluation, the applicable parts of DFSBR
Open Items 3.9.3.3-1 and 14.1.3.3.6-1 are resolved,

(especially large frame-type structures) in the design of the
pipe support anchorage. Thit was part of DFSBR Open
Items 3.9.3.3-1 and 14.1.3.3.6-1.

3.12.1.6 Use of Snubbers

SSAR Section 3.7.3.3.4 includes t description of the
design loads to be considered in the analysis of frame-type
supports. It explains that in addition to the loads
transmitted from the piping to the support, the tupport
internal loads caused by the weight, thermal, and inertia
effects, which are due to the tupport structure itself, must
be included in the tupport analysis. Therefore, the seismic
self-weight excitation will be included, which is acceptable;
therefore, DFSBR Items 3.9.3.3-1 and 14.1.3.3.6-1 are
resolved with regard to this issue.

The DFSBR noted that OB had not provided the specific
analysis methods or procedures to be used for the ABWR
in the SSAR the types of snubbers to be used in the
part of DFSBR Open Items 3.9.3.3-1 and 14.1.3.3.6-1.
SSAR Section 3.9.3.4.1, "Piping," provides a description
and CTtminatiflfl raquirementt. It states mat bom
mechanical and hydraulic type snubbert will be used. It
describes how their operational and performance
characteristics will be verified by test. From its review of
the description, the staff concluded that the information
provided it consistent with applicable portions of SRP
Section 3.9.3 and is acceptable; therefore, the applicable
parts of DFSBR Open Items 3.9.3.3-1 and 14.1.3.3.6-1
are resolved.

3.12.6.9 Design of Supplementary Steel
SSAR Section 3.9.3.4 provides design criteria for the
design of pipe supports, using supplementary steel.
Supplementary steel for pipe supports are designed in
accordance with ASME Code, Section III, Subsection NF.
The use of Subsection NF is standard industry practice and
hat been proven to provide adequate design guidelines for
the design of structural steel for use as pipe supports. This
is acceptable.

3.12.6.7 Pine Support Stiffnesses
3.12.6.10
The DFSER noted that OB had not provided the specific
analysis methods or procedures to be used for the ABWR
pipe support design. The staff requested that OB address
in the SSAR the pipe support stiffness values and support
deflection limits used in the piping analyses. This was part
of DFSER Open Items 3.9.3.3-1 and 14.1.3.3.6-1.
SSAR Sections 3.7.3.3.1.6, "Modeling of Piping
Supports, ' and 3.7.3.3.4, "Analysis of Frame Type
Supports," describe the criteria for using equivalent
stiffnesses for snubbers and struts, including their
supporting structures, and for frame type supports.
Methods for determining the stiffnesses of each support
type were provided. Stiffnesses for frame type supports
and for supporting structures must be included unless they
can be shown to be rigid. OB provided a deflection limit
criteria that must be met for supports that are modeled as
rigid. The staff reviewed this information and found it
acceptable. Therefore, DFSER Open Items 3.9.3.3-1 and
14.1.3.3.6-1 are resolved with regard to the issue of pipe
support stiffness.

Consideration of Friction Forces

The DFSER reported that OE had not provided the specific
analysis methods or procedures to be used for the ABWR
pipe support design. The staff requested that OE address
in the SSAR the coefficient of friction to be used for
considering friction forces between the pipe and the steel
frames. This was part of DFSER Open Items 3.9.3.3-1
and 14.1.3.3.6-1.

1

SSAR Section 3.7.3.3.4, "Analysis of Frame Type Supports," includes a description of the design loads that must
be considered in the analysis of frame-type supports. One
of the design loads includes friction loads caused by a pipe
sliding on the support. In calculating these loads, QE will
use static coefficients of friction of 0.80 for steel on steel
and 0.15 for lubricated plates. The staff finds this
acceptable because the magnitude of these specified static
coefficients is sufficiently conservative to define the
friction force developed at different kinds of contact
surfaces of a sliding pipe on its support; therefore, the
applicable parts of DFSER Open Items 3.9.3.3-1 and
14.1.3.3.6-1 are resolved.

3.12.6.8 Seismic Self-Weight Excitation
3.12.6.11
The DFSER reported that OB had not provided the specific
analysis methods or procedures to be used for the ABWR
pipe support design. The staff requested that OE address
in the SSAR the seismic excitation of the pipe supports
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Pipe Support Gaps and Clearances

The DFSER noted that OE had not provided the specific
analysis methods or procedures to be used for the ABWR
pipe support design. The staff requested that GE address
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the hot and cold gapa to be need between the pipe and the
box-frame-type of support. Thia WM part of DFSER Open
Items 3.9.3.3-1 and 14.1.3.3.6-1.
SSAR Section 3.7.3.3.4 include! information on allowable
gapa. It atatea that the total gap or diametral clearance
between the pipe and frame support shall be between
1.6 mm (1/16 in.) and 4.76 mm (3/16 in.) when the pipe
is in either the hot or cold condition. The staff finds thia
acceptable because a small gap will ensure validity of using
the linear analysis methodologies presented in the SSAR
for piping design; therefore, the applicable parts of
DFSER Open Items 3.9.3.3-1 and 14.1.3.3.6-1 are
resolved.
3.12.6.12

Instrumentation l i n e Support Criteria

In the DFSER the staff noted that OE had not provided
any information on the design criteria for the structural
design of instrumentation line supports.
The staff
requested that this information be included in the SSAR.
This waa DFSER Open Item 3.9.3.3-2 and part of DFSER
Open Item 14.1.3.3.6-1.
SSAR Sections 3.7.3.8.1.9 and 3.9.3.4.1 state that
supportsforASMS Code, Section III instrumentation lines
are analyzed in accordance with SSAR Subsection 3.7.3,
"Seismic Subsystem Analysis," and designed in accordance
with SSAR Section 3.9.3.4, "Component Supports."
Thus, these instrumentation lines will be analyzed, using
the same methodology that will be applied to small-bore
piping, and will be designed in accordance with ASME
Code, Section III, Subsection NF. The staff finds this
acceptable because these criteria and this guidance are
sufficient to ensure code compliance and seismic design
adequacy of the instrumentation line supports; therefore,
DFSER Open Item 3.9.3.3-2 and the applicable part of
DFSER Open Item 14.1.3.3.6-1 are resolved.
The industry has taken the position that ANS/AISC N-690
ia useful in the design of instrumentation sensing line
supports and has recommended that the industry be
allowed to use it. Its use would have the effect of
reducing the QA recordkeeping requirements and Code
stamping required by Section NF of ASME Code,
Section III. The staff believes that ANS/AISC N-690
alone ia not an acceptable standard for construction of
ASME component supports. ASME Code, Section HI,
Subsection NF, should be used. However, the staff ia
currently participating in the ASME effort to incorporate
N-690 into Subsection NF. Subsequent to a staff-endorsed
version of NF incorporating N-690, Subsection NF will
specify the rules acceptable to the staff for construction of
ASME Code Class supports. In the DFSER, the staff
stated that when this staff-approved version is available,

the COL applicant seeking its use may submit a request to
the staff for approval on a plant-specific basis. Thia was
DFSBR COL Action Item 14.1.3.3.6.12-1. Upon further
considerstion, the staff determined that a COL action
item would not be appropriate because, aa discussed in
Section 3.12.2.1 of this report, DFSER COL Action
Item 14.1.3.3.2.1-1 provides a commitment for the COL
applicant to ensure that the design will be consistent with
ASMS Code and addenda aa endorsed in 10 CFR SO.SSa
in effect at the time of application. Therefore, DFSER
COL Action Item 14.1.3.3.6.12-1 is deleted.
3.12.6.13

Pipe Deflection Limits

In the DFSBR the staff noted that OE had not provided the
specific analysis methods or procedures to be used for the
ABWR pipe support design. The staff requested that OE
include this information in the SSAR design criteria that
will ensure that the maximum deflections of the piping at
support locations for static and dynamic loadings are
within an allowable limit to preclude failure of the pipe
supports and hangers. Thia was part of DFSER Open
Items 3.9.3.3-1 and 14.1.3.3.6-1.
SSAR Section 3.9.3.4.1, "Piping," includes design criteria
to ensure that maximum deflections at pipe supports will
be within allowable limits. The staff reviewed the
deflection criteria and found them acceptable because they
are compatible with design assumptions and standard
engineering practice; therefore, the applicable portions of
DFSER Open Items 3.9.3.3-1 and 14.1.3.3.6-1 are
resolved.

3.12.6.14

Conclusions

On the baais of these discussions and the evaluation of
SSAR Sections 3.9.3.3,3.9.3.4,3.9.3.5,3.7.3.3, the staff
concludes that supports of piping systems important to
safety are designed to quality standards commensurate with
their importance to safety. The staff's conclusion is based
on the following:
(1)

OE satisfies the requirements' of ODC 1 and
10 CFR 50.55a by specifying methods and
procedures for the design and construction of
safety-related pipe supports in conformance with
general engineering practice, and

(2)

OE satisfies the requirements of ODC 2 and ODC 4
by designing and constructing safety-related pipe
supports to withstand the effects of normal
operation aa well aa postulated events such aa
LOCAa and dynamic effects resulting from the
SSE.
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3.12,7 High-Energy Line-Break Criteria
GDC 4 requires that SSCs important to safety be designed
to be compatible with and to accommodate the effects of
the environmental conditions resulting from normal
operations, maintenance, testing, and postulated accidents,
including LCCAs. It also requires that they be adequately
protected against dynamic effects (including the effects of
missiles, pipe whipping, and discharging fluids) that may
result from equipment failures and from events and
conditions outside the nuclear power plant.
In accordance with SRP Section 3.6.2, Revision 2, the
staff reviewed OB*s proposed criteria and methodology to
postulate pipe breaks and leakage cracks and to analyze the
effects of breaks in high-energy fluid systems on adjacent
safety-related SSCs with regard to pipe whip and jet
impingement loadings. In the DFSER, the staff noted that
the COL applicant should use these criteria and methodology to postulate locations of pipe breaks and leakage
cracks to ensure adequate protection against the dynamic
effects of postulated ruptures of piping in the ABWR
standard design.
This waa DFSBR COL Action
Item 14.1.3.3.7-1. SSAR Section 3.6.5.1, "Details of
Pipe Break Analysis Results and Protection Methods,"
states that the COL applicant shall provide a summary jof
the dynamic analyses applicable to high-and moderateenergy piping systems in accordance with Section 3.6,2.5
of RO 1.70. Thia is acceptable.

earthquake for the postulation of pipe break locations. On
the basis of thia incorporation and the staffs evaluation of
this issue in Section 3.1.1.3 of this report, the staff concludes mat the ABWR criteria are consistent with staff
positions discussed in Section 3.1,1 of mis report, which
is acceptable.
The staff also told OB mat relaxation of the current BTP
MBB 3-1, Revision 2, June 1987, Section B.I.e.(1Kb)
criteria to the previous BTP MBB 3-1, Revision 1,
July 1981 criteria would be acceptable. These criteria are
for the postulation of pipe breaks in ASME Code,
Section III, Class 1 high-energy fluid-system piping in
areas other than containment penetration. Thia staff
position stated is based on the following rationale:
For ASME Code Class 1 piping, the NRC position for
postulating pipe breaks is delineated in the Branch
Technical Position MEB 3-1 of the SRP 3.6.2. Prior
to issuance of Revision 2 of BTP MEB 3-1 in
June 1987, breaks were postulated at intermediate
locations between terminal ends of a pipe run if the
maximum stress range as calculated by Code Eq. (10)
> 2.4 S i o i either by Eq. (12) or Eq. (13)
> 2.4 S . These stated were implemented in many
plants operating today.
a

n

In Revision 2 of BTP MEB 3-1, the same criteria are
maintained for break exclusion in the containment
penetration areas. However, for other areas, the
criteria were revised requiring that breaks be postulated
at any intermediate locations when only Eq. (10)
exceeds 2.4 S„. The use of Eq. (12) and Eq. (13) waa
eliminated.

In the DFSER, the staff also identified Open Items 3.6.2-2
and 14.1.3.3.7-1 regarding the edition of ANSI/ANS-58.2,
"Design Basis for Protection of Light Water Nuclear
Power Plants Against the Effects of Pipe Rupture," which
is referenced in SSAR Section 3.6.2.2.1. Originally, there
were inconsistencies between the criteria for evaluating the
effects of fluid jets on essential SSCs specified in SSAR
Section 3.6.2.3.1 and corresponding criteria specified in
SRP 3.6.2 and ANSI/ANS-58.2, 1988 Edition. SSAR
Table 1.8-21, "Industrial Codes and Standards Applicable
to ABWR," specifies the current 1988 Edition of the
ANSI/ANS-58.2 Standard.
In addition, the criteria
described in SSAR Section 3.6.2.3.1 are consistent with
SRP Section 3.6.2 and ANSI/ANS-58.2, 1988 edition.
This is acceptable; therefore, DFSER Open Items 3.6.2-2
and 14.1.3.3.7-1 are resolved.
7

By letter dated September 11, 1992, the staff provided GE
with guidance for the use of a single-earthquake design for
SSCs in the ABWR. This guidance proposes that the
criteria for postulating pipe breaks in seismically designed,
high-energy piping systems be based on normal and
operational transients only, excluding earthquake loadings.
SSAR Sections 3.6.1 and 3.6.2 and Tables 3.9.1 and 3.9.2
incorporate the staff guidance for the use of a single-
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The staff reviewed the impact of BTP MEB 3-1,
Revision 2, and *ound that the Revision 2 criteria are
inconsistent in that they allow higher limits in the
containment penetration areas than in other areas. It
would appear that the break exclusion area should
provide a margin greater than (or at least equal to) the
margin for areas outside the break exclusion area. In
addition, the Revision 2 criteria will result in a
significant increase in the number of postulated pipe
breaks, which may be counter-productive in terms of
enhancing plant safety.
For these reasons, the staff concludes that the Revision 1
criteria related to allowing the use of Eq. (12) and
Eq. (13) should be reinstated for the postulation of
intermediate pipe breaks in ASME Code Class 1 piping
systems.
SSAR Section 3.6.2 includes the use of
Revision 1 of BTP MEB 3-1 criteria in B.l.c.(l).(b). On
the basis of this evaluation and a similar evaluation in
Section 3.6.2 of this report, the staff concludes that these
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criteria are an acceptable deviation of applicable criteria in
SRP 3.6.2, Revision 2.

applicant shall perform an augmented inservice inspection
program, as defined. This is acceptable.

During the audit performed at GE in San Jose, California,
on March 23 through 27, 1992, the staff discussed with
OE the as-yet-developed procedures for the ABWR for
postulated pipe break analyses. This was a part of DFSER
Open Item 3.6.2-1. SSAR, Appendix 3L, "Evaluation of
Postulated Ruptures in High Energy Pipes," defines a
procedure for evaluating dynamic effects of fluid dynamic
forces resulting from postulated ruptures in high-energy
piping systems. The four major steps in the evaluations
include: (1) the identification of rupture locations and
rupture geometry, (2) the design and selection of pipe whip
restraints, (3) the procedure for dynamic time-history
analysis with simplified models, and (4) the procedure for
dynamic time-history analysis, using detailed piping
models. The staffs review concludes that the procedure
in Appendix 3L is consistent with applicable guideline*) in
SRP Sections 3.6.2 and 3.9.2 and are acceptable;
therefore, this part of DFSER Open Item 3.6.2-1 is resolved. The remainder of DFSER Open Item 3.6.2-1 is
discussed in Section 3.6.2 of this report.

3.12.7.3 Pipe Break Criteria Outside the Containment
Penetration Areas

3.12.7.1 High-Energy Piping Systems
Pipe whip need only be considered for those high-energy
piping systems having fluid reservoirs with sufficient
capacity to develop a jet stream. The criteria for
determining high- and moderate-energy lines in SRP
Section 3.6.1, Branch Technical Position (BTP) ASB 3-1,
are adequately defined in Section 3.6.2.1 of the SSAR.
All high-energy systems are listed in SSAR Tables 3.6-3
and 3.6-4.
3.12.7.2 Pipe Break Criteria Within the Containment
Penetration Areas
Breaks are not postulated in the ABWR design for those
portions of high-energy piping between the isolation valves
outside and inside the containment that are designed to
meet ASME Code, Section III, Article NE-1120, and the
additional design guidelines in SRP Section 3.6.2,
including BTP MEB 3-1, Revision 2, June 1987. These
guidelines recommend that an augmented inservice
inspection program be implemented for those portions of
piping within the break-exclusion region. In the DFSER,
the staff noted that the COL applicant should perform a
100-percent volumetric examination of circumferential and
longitudinal pipe welds in the break-exclusion region
during each inspection interval as defined in Article IWA-2400, ASME Code, Section XI. This was
DFSER COL Action Item 14.1.3.3.7.2-1. SSAR Section 3.6.5.3, "Inservice Inspection of Piping in
Containment Penetration Areas," states that the COL

For ASME Code, Class 1, 2, and 3, and non-ASME
seismic Category I high- and moderate-energy lines that
are not in the containment penetration area, Section 3.6.2
of the SSAR provides the criteria for determining postulated break and crack locations and the methodology used to
evaluate the dynamic effects of pipe whip, jet thrust, and
jet impingement that result from such breaks.
SRP Section 3.6.2 guidelines state that if a structure
separates a high-energy line from an essential component,
the separating structure should be designed to withstand the
consequences of the pipe break in the high-energy line that
produces the greatest effect at the structure, irrespective of
the Act that the pipe break criteria in SRP Section 3.6.2
might not require such a break location to be postulated.
The ABWR structures are designed to withstand the
dynamic effects of pipe breaks where the pipe rupture
criteria require break locations to be postulated. In
addition, for areas where physical separation of redundant
trains is not practical, a high-energy line separation
analysis (HELSA) will be performed by the COL applicant
to determine which high-energy lines meet the spatial
separation requirements and which lines require further
protection. For the HELSA evaluation, which is discussed
in Section 3.6.1.3.2.2 of the SSAR, no particular break
points are evaluated. Breaks are postulated at any point in
the piping system and any structure identified as necessary
by the HELSA evaluation are designed for worst-case
loads. This was DFSER COL Action Item 14.1.3.3.7.3-1.
SSAR Section 3.6.5.1, Item (8), states that the COL
applicant will perform the HELSA as described. This is
acceptable.
Using this HELSA evaluation, the staff finds that an
adequate level of protection is provided to ensure that the
safety-related function of components, systems, and
equipment will not be adversely impacted by a postulated
high-energy line break. Plant arrangement provides
physical separation to the extent practical and the HELSA
evaluation ensures that no more than one redundant train
can be damaged. If damage could occur to more than one
division of a redundant safety-related system within 9.14 m
(30 ft) of any high-energy piping, other protection devices
such as barriers, shields, enclosures, deflectors, or pipe
whip restraints are used. When necessary, the protection
requirements are met through the use of walls, floors,
columns, abutments, and foundations. Thus, the staff finds
that the HELSA criteria satisfy the intent of the SRP 3.6.2
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guideline by ensuring that structures are adequately
designed to withstand the consequences of a worst-case
pipe break with no adverse impact on the safety-related
function of systems, components, and equipment and are
acceptable.

staff review and approval, the use of the LBB approach
has not been pre-approved by the staff in the ABWR
design certification phase. Hence, it is a design option for
the COL applicant to consider in lieu of performing highenergy line break analyses as discussed in Section 3.12.7
of this report.

3.12.7.4 Conclusions
The staff concludes that the criteria for postulating pipe
rupture and crack locations and the methodology for
evaluating the subsequent dynamic effects resulting from
these ruptures comply with SRP Section 3.6.2, meet
GDC 4 and, are therefore, acceptable.
The staffs
conclusion is based on the evaluations in Section 3.12.3.7
of this report and the following:
The proposed pipe rupture locations are adequately
determined, using the staff-approved criteria and
guidelines. GE has sufficiently and adequately defined the
design methods for high-energy mitigation devices and the
measures to deal with the subsequent dynamic effects of
pipe whip and jet impingement to provide adequate
assurance that if the COL applicant completes the highenergy line break analyses, the ability of safety-related
SSCs to perform their safety functions will not be impaired
by the postulated pipe ruptures.
The provisions for protection against the dynamic effects
associated with pipe ruptures of the RCPB inside the containment and the resulting discharging fluid provides
adequate assurance that design-basis LOCAs will not be
aggravated by the sequential failures of safety-related
piping, and that the performance of the emergency core
cooling system will not be degraded as a result of these
dynamic effects.'

GDC 4 permits the application of the LBB methodology to
piping systems. It states, in part, that "dynamic effects
associated with postulated pipe ruptures in nuclear power
units may be excluded from the design basis when analyses
reviewed and approved by the Commission demonstrate
that the probability of fluid system piping rupture is
extremely low under conditions consistent with the design
basis for the piping." The analyses referred to in GDC 4
(52 Federal Register. 41288-41295, October 27, 1987)
should be based on specific plant data, such aa piping
geometry, materials, piping loads, and pipe support
locations. The staff must review the LBB analyses for
specific piping designs before the applicant can exclude the
dynamic effects from the design basis for the piping
system.

The staff concludes that COL applicants seeking approval
of the LBB approach for high-energy piping systems in the
ABWR standardized plant must submit to the NRC staff an
LBB plant-specific analysis in accordance with GDC 4.
The staff recognizes that the LBB technology is continually
evolving, therefore, the staff will review LBB requests for
the ABWR plant on a case-by-case basis, using the staffs
methodology and acceptance criteria in effect at the time
of the submittal.

3.12.9 Generic Piping Design ITAAC
The COL applicant is responsible for the arrangement of
piping and restraints and the final design considerations for
high- and moderate-energy fluid systems inside and outside
the containment, including the RCPB. The COL applicant
should use these staff-approved high-energy line break
criteria and these guidelines to ensure that the SSCs
important to safety that are in close proximity to the
postulated pipe ruptures will be protected. Using these
will ensure that the consequences of pipe ruptures will be
adequately mitigated so that the reactor can be safely shut
down and be maintained in a safe-shutdown condition in
the event of a postulated rupture of a high- or moderateenergy piping system inside or outside the containment.
3.12.8 Leak-Before-Break Criteria
SSAR Section 3.6.3 and Appendix 3E provide a
description of the evaluation procedures for an LBB
methodology. Since no LBB analysis was submitted for
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In Section 3.3 of the CDM, dated June 17, 1992, GE
provided its ITAAC for piping design. Table 3.3 therein
identified 12 certified design commitments (design
elements) for the ABWR piping design and the
corresponding ITAAC. In a meeting held at GE*s offices
in San Jose, California, on January 11 through 21, 1993,
the staff and GE reached agreement on the resolution of
comments from the industry/NUMARC on the generic
piping design ITAAC (also referred to as the Piping
DAC).
The piping design description has been
substantially expanded to include additional certified design
commitments. The ITAAC design commitments have been
reduced in number to consolidate those design commitments that are implicit in the ASME Code, Section HI,
requirements and to eliminate some design criteria that
were deemed not appropriate for inclusion into ITAAC.
GE gave the NRC additions and changes to the SSAR to
support the piping D AC/ITAAC changes.
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The staffs evaluation of the certified design commitments
and ITAAC for piping design ia given in the following
sections.
3.12.9.1 Fatigue
i

GE provided a certified design commitment that the piping
will be designed for a fatigue life of 60 years. The COL
applicant will perform a fatigue analysis for ASME Code
Class 1 piping systems in accordance with the applicable
requirements of ASME Code, Section HI. Section III
rules will be followed for ASME Code Class 2 and 3
piping, using a stress range reduction factor of 1.0 for
those piping systems expected to experience less than
7000 thermal cycles in their 60-year design life.
The COL applicant will be required to ensure that the
fatigue analysis meets the ASME Code requirements for
the 60-year design life. The acceptance criteria for the
fatigue design of ASME Code Class 1 piping will be that
the cumulative usage factor is less than 1.0 as specified in
the ASME Code, Section HI.
The staff finds that a fatigue analysis of safety-related
piping is a necessary certified design commitment to
ensure the integrity of the RCPB and the ability of the
piping systems to perform their safety function for a
60-year design life. The design acceptance criterion for a
cumulative usage factor to be less than 1.0 is consistent
with current ASME Code requirements for fatigue
evaluation as stated in Subparagraph NB-3222.4. The
COL applicant will consider in its fatigue analysis the
environmental effects as discussed in Section 3.12.5.7 of
this report.
The inspection of the ASME Code certified stress report,
including the fatigue analyses ensures that the ASME Code
requirements for fatigue will be satisfied. However, in the
DFSER, the staff reported that an additional certified
design commitment is needed for any ASME Code Class 2
and 3 piping system that is expected to experience 7000 or
more thermal stress cycles in its 60-year design life. For
any such piping, the COL applicant should use a stress
reduction factor of less than 1.0 as required by Subparagraph NC/ND-3611.2 of the ASME Code, Section in. In
addition, if an ASME Code Class 1 fatigue evaluation is
required for ASME Code Class 2 and 3 piping systems, as
discussed in Section 3.12.S.8 of this report, a cumulative
usage factor of 1.0 should be met and environmental
effects should be considered. This was DFSER Open
Item 14.1.3.3.9.1-1.
Section 3.9.3.1 of the SSAR provides information on
loading combinations, design transients, and stress limits
for ASME Code Class 1, 2, and 3 components and

supports. SSAR Section 3.9.3.1.19 states that the Class 1,
2, and 3 piping is constructed in accordance with the
ASME Boiler and Pressure Vessel Code, Section III. For
Class 1 piping, stresses are calculated on an elastic basis
and evaluated in accordance with NB-3600 of the ASME
Code, Section HI. For Class 2 and 3 piping, stresses are
calculated on an elastic basis and evaluated in accordance
with NC/ND-3000 of the Code. From GE's commitment,
the staff concluded that any Class 2 or 3 piping that is
expected to experience 7000 or more thermal stress cycles
must be designed to meet the allowable expansion stress
range defined in NC/ND-3611.2(e) and based on the
appropriate stress range reduction factor given in
Table NC/ND-3611.2(e)-l for the total number of mil
temperature cycles in its 60-year design life. The staff
also concluded that for any piping system in which an
ASME Code Class 1 fatigue evaluation will be performed,
the evaluation must be performed in accordance with the
requirements of NB-3653 and a cumulative usage factor of
1.0 must not be exceeded, considering the total number of
stress cycles in its 60-year design life.
In SSAR
Section 3.9.3.1.1.7, OE commits to performing additional
evaluations for environmental effects on fatigue design.
The staff evaluation of this issue is discussed in Sections 3.12.S.7 and 3.12.5.8 of this report.

On the basis of these commitments, the staff concludes that
there is reasonable assurance that the design of the ABWR
piping systems will be adequately evaluated for fatigue
effects.
3.12.9.2 Pipe-Mounted Equipment Allowable Loads
GE provided a certified design commitment that the loads
imposed by the piping system on pipe-mounted equipment
will meet the vendor allowable loads. The COL applicant
will inspect the design documents and document that the
as- designed interface loads meet the vendor's specified
allowable loads.
This was DFSER COL Action
Item 14.1.3.3.9.2-1. SSAR Section 3.9.3.1.21, "PipeMounted Equipment Allowable Loads," states that the
COL applicant shall inspect the piping design reports and
document that the pipe applied loads on attached equipment
are less than the equipment vendor's specified allowable
loads.
The staff finds it necessary to ensure that the calculated
loads imposed by the piping on the equipment nozzles and
other attachment interfaces are within the vendor's
recommended allowable values. This verification will
ensure that the equipment and supports will function as
intended under normal operating, transient, and accident
conditions.
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On the basis of these commitments for a COL applicantfto
verify that the calculated piping loads are within the
equipment and interface allowable loads, the staff
concludes that there is reasonable assurance that the
ABWR pipe-mounted equipment and piping attachment
interfaces will adequately satisfy the vendor interface
allowable limits to ensure that the equipment can perform
its intended safety functions under normal, operating, transient, and accident loading conditions.
3.12.9.3 Piping Analysis Methods
GE provided a certified design commitment that would
require that the analytical methods and load combinations
be referenced or specified in a certified stress report. The
COL applicant will use a suitable dynamic analysis method
or an equivalent.static load method in the analysis of the
piping system.
The analytical methods to be used to complete the ABWR
piping design will ensure the pressure integrity, structural
integrity, and the functional capability of the piping system
under normal operating and accident loading conditions and
will use a suitable dynamic analysis or an equivalent static
analysis method as approved by the staff. The analysis
methods approved by the staff for the ABWR piping design
are discussed in Section 3.12.3 of this report. The key
analysis input parameters approved by the staff for the
ABWR piping analysis are discussed in Section 3.12.5 of
this report.
On the basis of these commitments for a COL applicant to
use the above staff-approved analysis methods and input
parameters for the ABWR piping analyses, the staff
concludes that there is reasonable assurance that the
ABWR analysis methods are adequate to ensure the
pressure integrity, structural integrity, and functional
capability of the piping.

jet impingement shields) will be used to restrain the
whipping pipe and deflect the blowdown loads. The COL
applicant will inspect to verify the existence of a pipe
break analysis report or LBB report as stated in SSAR
Section 3.6.5.1. The COL applicant will also inspect the
as-built high-energy pipe break mitigation features as discussed in SSAR Section 3.6.4.
A pipe rupture analysis will be completed by the COL
applicant to demonstrate that safety-related SSCs will be
protected against the dynamic effects of a postulated pipe
break, using the methods described in Sections 3.6.2 and
3.12.7 of this report. As an alternative, the COL applicant
may submit a request for staff approval to eliminate
breaks, using an LBB approach as discussed in Section 3.12.8 of this report.
On the basis of these commitments for a COL applicant to
perform high-energy line break analyses, using the staffapproved analysis methods, and to verify the results of the
analyses, the staff concludes that there is reasonable
assurance that the safety-related SSCs in the ABWR are
adequately protected against the dynamic effects of
postulated HELBs.
3.12.9.5 Functional Capability
GE provided a certified design commitment mat all ASME
Code Class 1, 2, and 3 piping systems essential for the
safe shutdown of the plant must be designed to ensure that
they will maintain sufficient dimensional stability to
perform their required function under all loading
conditions. In Section 3.12.5.12 of this report, the staff
evaluated the stress limits GE specified to ensure the
functional capability of safety-related piping systems. In
no case will the piping stress exceed the primary stress
limits designated for Service Level D in the ASME Code,
Section III. The Service Level D limits are 3.0 S (not to
exceed 2.0 S ) for ASME Code Class 1 piping and 3.0 S
(not to exceed 2.0 S ) for Class 2 and 3 piping.
m

y

3.12.9.4 High-Energy Line Break Analysis
GE provided a certified design commitment that would
require an analysis demonstrating that safety-related
systems, components, and structures are protected against
the dynamic effects associated with the postulated rupture
of high-energy piping systems.
The COL applicant will prepare a pipe rupture analysis
report or an LBB analysis report to verify that the safety
of the plant will not be adversely affected by the dynamic
effects resulting from the postulated pipe breaks. For
those impacted components needed to safely shut down the
plant, the ASME Code requirements for faulted plant
conditions and operability limits must be met. Pipe
rupture mitigation devices (e.g., pipe whip restraints and
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The staff finds that the limits specified by GE to ensure
functional capability of piping as discussed in
Section 3.12.5.12 of this report are acceptable. The use
of Service Level D limits (not to exceed 2.0 S ) are
consistent with the staff recommendations as documented
in NUREG-1367, "Functional Capability of Piping
Systems," for ensuring the functional capability of piping
systems that were based on high-level dynamic tests
sponsored by the EPRI and the NRC staff.
y

On the basis of these commitments for a COL applicant to
limit piping stresses in the certified stress report to the
design acceptance criteria discussed above, the staff
concludes that there is reasonable assurance that the piping
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is capable of performing its safety function under all
normal operating, transient, and accident conditions.
3.12.9.6 Analytical Modeling of Piping
OB provided a certified design commitment to verify the
piping analysis modeling technique for the commuter code
to be used by the COL applicant to complete its piping
stress analyses. The piping analysis model must address
the key parameters needed to ensure adequate static and
dynamic characteristics of the piping system. The key
parameters for the piping model are discussed in
Section 3.12.4.2 of this report. The computer program
and the modeling techniques must be evaluated, using the
NRC benchmark program discussed in Section 3.12.4.3 of
this report.
The COL applicant will verify the sufficiency of the
computer code and modeling techniques in conjunction
with the piping benchmark program.
On the basis of these commitments for a COL applicant to
verify that the piping benchmark results are within the
acceptable range of values specified in the benchmark
program, the staff concludes that there is reasonable
assurance that the computer code and analytical modeling
techniques to be used to complete the AB WR piping design
and analyses are adequate.
3.12.9.7 ASME Code Classification
GE provided a certified design commitment that the
ABWR piping, its appurtenances, and its supports must
satisfy the ASME Code class, seismic category, and QG
requirements commensurate with their classification. The
COL applicant will review the ASME Code-required
design documents for installed components to verify the
completion of a certified stress report and related Coderequired documents.
On the basis of this commitment for a COL applicant to
verify the existence of Code-required documents, the staff
concludes there is reasonable assurance that the piping and
its subcomponents will be adequately designed, fabricated,
and examined in accordance with the applicable ASME
Code requirements.
3.12.9.8 Fracture Toughness
GE provided a certified design commitment that the piping
systems made of ferritic material must not be susceptible
to brittle fracture. Only intrinsically tough grades of
ferritic materials will be used. The COL applicant will
perform fracture toughness tests in accordance with the
requirements of the ASME Code, Section III.

On the basis of these requirements for a COL applicant to
verify that ferritic materials satisfy the requirements of
ASME Code, Section III, the staff concludes that there is
reasonable assurance that the material for piping systems
will be adequately specified to preclude brittle fracture
under pressure loadings for the expected service
conditions.
3.12.9.9 Cracking in Stainless Steel Piping
GE provided a certified design commitment that the
fabrication process for piping systems made of austenitic
stainless steel will be selected to minimize the possibility
of cracking during their 60-year design life. Special
chemical, fabrication, handling, welding, and examination
requirements will be satisfied to minimize the potential for
cracking. The guidelines in NUREG-0313, Revision 2,
will be followed as stated in SSAR Section 5.2.3.4.
On the basis of these commitments for a COL applicant to
use the material and processes that satisfy tbe ASME Code
and special requirements, the staff concludes that there is
reasonable assurance that the austenitic stainless steel
piping systems will be adequately fabricated to minimize
the potential for cracking during service.
3.12.9.10

As-Built Piping Verification

GE provided a certified design commitment that the asbuilt piping system must be reconciled with the certified
piping design. The COL applicant will perform an
inspection to verify the pipe routing configurations, as well
as the location, size, and orientation of piping supports,
valves, and equipment, and to identify deviations from the
as-designed condition as described in SSAR
Section 3.9.3.1.20.
The piping configuration and
component location, size, and orientation will be within the
specified tolerances. Deviations (outside the tolerances)
will be evaluated to ensure that the vendor-allowable loads
and ASME Code, Section III, stress limits are satisfied.
The tolerances to be used for the reconciliation of the asbuilt installation of piping systems will be obtained from
the EPRI report, "Guidelines for Piping System
Reconciliation (NCIG-05, Revision 1)," NP-5639 dated
May 1988. The staffs acceptance of this approach is
documented in a letter from G. Arlotto (NRC) to W.
Weber (Nuclear Construction Issues Group) dated February 3, 1988. The staffs endorsement of the EPRI report
is subject to the restriction that (1) the acceptable as-built
piping tolerances not be increased beyond those stated in
NP-S639 and (2) they be limited to the piping systems
analyzed using linear-elastic methods and qualified on the
basis of the staff-approved design criteria specified in this
report.
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On the basis of these commitments for a COL applicant to
verify that the installation tolerances are satisfied and that
all deviations are reconciled using the staff-approved
methods and design acceptance criteria discussed in this
report, the staff concludes that there is reasonable
assurance that the ABWR piping systems will be
constructed in accordance with the design documents.
3.12.9.11

Pressure Integrity

GE provided a certified design commitment that the ASME
Code Class 1, 2, and 3 piping will be designed to the
requirements of ASME Code, Section III, as discussed in
Section 3.12.2.1 of this report to retain its pressure
integrity for its 60-year design life.
The COL applicant will inspect the ASME Code-required
documents to verify that ASME Code, Section III, requirements are satisfied for ASME Code Class 1, 2, and 3
piping systems.
The COL applicant will perform
hydrostatic pressure tests of the ASME Code Class 1, 2,
and 3 piping in accordance with the ASME Code requirements. In addition, the COL applicant wUl ensure that the
low-pressure piping systems that interface with the RCS
pressure are adequately designed to withstand full RCS
pressure in the event of an intersystem LOCA as discussed
in Section 3.12.5.19 of this report.
On the basis of these commitments for a COL applicant to
perform these inspections and tests, the staff concludes that
the ASME Code Class 1, 2, and 3 piping systems will be
designed, constructed, and tested to ensure their pressure
integrity in service under normal operating, testing,
transient, and accident conditions.
3.12.9.12

Interferences

GE provided a certified design commitment that piping will
be designed with adequate clearances to preclude
interferences with nearby SSCs resulting from piping
displacements.

3.12.9.13

Erosion-Corrosion

OE provided a certified design commitment that piping
systems will be designed to minimize the effects of
erosicn-corrosion. Erosion-corrosion will be controlled as
discussed in SSAR Section 5.2.3,2.2.3. The EPRIdeveloped code CHECMATE will be used for two-phase
environments to predict corrosion rates and to identify
areas where design improvements to the material selection,
hydrodynamic conditions, oxygen content, and temperature
may be required to ensure adequate margin for extended
piping performance.
On the basis of this certified design commitment for a
COL applicant to evaluate the erosion-corrosion effects in
piping systems, the staff concludes that there is reasonable
assurance mat the effects of erosion-corrosion are
minimised in the piping design for the 60-year plant life.

3.12.9.14

Conclusions

In the DFSER, the staff requested that OE revise the CDM
for piping design to ensure that all its certified design
commitments in Table 3.3 of the CDM are included in the
design description.
This was DFSER Open
Item 14.1.3.3.9.13-1. In a revision to Section 3.3,
"Piping Design," of the Tier 1 CDM document, GE
expanded the design description to include the certified
design commitments.
GE has also included this
information in the final CDM. On the basis of this
evaluation, DFSER Open Item 14.1.3.3.9.13-1 is resolved.
The staff concludes that the certified design commitments
and ITAAC for piping design incorporate the staffapproved piping design criteria and analysis methods for
ensuring that the piping systems will be adequately
designed to perform their safety-related functions for all
postulated combinations of normal operating, operating
transient, and accident conditions, and provide reasonable
assurance that the piping systems are built in conformance
with the certified design.

The COL applicant will verify that the maximum calculated pipe deflections under normal operating, transient,
and accident conditions do not exceed the minimum
specified clearances between the piping and nearby SSCs
ss stated in SSAR Section 3.9.3.1.22.

3.12.10 Overall Conclusions

On the basis of these commitments for a COL applicant to
verify that maximum calculated pipe deflections are within
the minimum specified clearances or do not impact nearby
SSCs, the staff concludes that theretereasonable assurance
that the piping deflections under normal operating,
transient, and accident conditions will not cause interferences with nearby SSCs.

(1)
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The staff concludes that GE has provided sufficient
information in the SSAR for the staff to reach a safety
determination in ABWR piping and pipe support design.
The staffs conclusion is based on the following:
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conditions to enwre adequate design of all safetyrelated piping and pipe supports in ABWR for their
safety functions.

(2)

OB satisfies 10CFR Part 52 requirements by
providing reasonable assurance that the piping
systems will be designed and built in accordance
with the certified design. The implementation of
these preapproved methods and satisfaction of the
acceptance criteria will be verified through the
performance of the ITAAC by die COL applicant to
ensure that the as-constructed piping system are in
conformance with the certified design for their
safety functions.

(3)

OB satisfies 10 CFR Part 100, Appendix A,
requirements by designing the safety-related piping
systems, with reasonable assurance to withstand the
dynamic effects of earthquakes with appropriate
combination of other loads of normal operation and
postulated events with adequate margin for ensuring
their safety functions.

Any change to the commitments involving the piping
analysis methodology discussed in Section 3.12 of this
report would involve an unreviewed safety question and,
therefore, requires NRC review and approval prior to
implementation.
Any requested change to these
commitments must either be specifically described in the
COL application or be submitted for license amendment
after COL issuance.
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4 REACTOR
4.1 General

acceptable fuel design limits are not possible or can
be reliably and readily detected and suppressed.

Hie reactor assembly consists of the reactor pressure
vessel, pressure containing appurtenances that include
control rod drive (CRD) housings, in-core instrumentation
housing, and the head vent and spray assembly. The
reactor pressure vessel includes the reactor internal pump
(RIP) casing and flow reatrictors in each of the steam
outlet nozzles and the shroud support and pump deck that
form the partition between the RIP suction and discharge.
Hie design and description of the reactor pressure vessel
are discussed in Section 5.3 of this report.

(3)

The fuel for the advanced boiling water reactor (ABWR)
is similar in design, including most geometrical and
material details, to the fuel commonly used for reloading
most BWR cores. The fuel design bases, limits, analysis
methodologies, and evaluations for the ABWR also are the
same as those used and approved for initial loading and
reloading of previous BWR cores. The ABWR fuel and
core design provides the basis for the representative first
cycle power distributions and rod patterns as presented in
SSAR Appendix 4A and as used in the safety analyses of
SSAR Chapters 6 and IS. The ABWR Cycle 1 core
design, along with the fuel and control rod design (see
below) are designated Tier 2 items and no inspections,
tests, analysis, and acceptance criteria (TTAAC) are
involved. However, pertinent elements of the fuel and
control rod design criteria (SSAR Appendices 4B and 4C)
are Tier 1 items and are included in the design
descriptions. GE submitted the design description for the
fuel and control rod. The adequacy and acceptability of
these design descriptions are evaluated in Section 14.3 of
this report.

The major reactor internal components are the core (fuel,
channels, control blades, and instrumentation), the core
support structure (including the shroud, top guide, and
core plate), the shroud head and steam separator assembly,
the steam dryer assembly, the feedwater spargers, and the
core flooding spargers. Except for the Zircaloy in the
reactor core, these reactor internals are stainless steel or
other corrosion-resistant alloys. Hie fuel assemblies
(including fuel rods and channel), control blades, shroud
head and steam separator assembly, and steam dryers and
in-core instrumentation dry tubes are removable when the
reactor vessel is opened for refueling or maintenance.
A fuel and control rod design and core loading pattern
typical of many currently operating boiling water reactors
(BWRs) wag used as the basis for the core design for the
first cycle and for the system response analysis for
standard safety analysis report (SSAR) Chapters 6 and 15.
These elements of the core design meet criteria approved
by the Nuclear Regulatory Commission (NRC) as
presented in SSAR Appendices 4B, 4C, and 4D.

Although the areas are Tier 2, the staff review has
concluded that the fuel and control rod design criteria (of
SSAR Appendices 4B and 4C), the first cycle fuel, control
rod and core design, and the methods used to analyze these
components may not be changed without prior NRC review
and approval. The specific fuel, control rod, and core
designs presented in SSAR Chapter 4 will constitute, based
on this staff review and approval, an approved design that
may be used for the COL first cycle core loading, without
further NRC staff review. If any other design is requested
for the first cycle, the COT. applicant will be required to
submit for staff review that specific fuel, control rod, and
core design analysis and corresponding safety analysis
described in SSAR Chapters 6 and 15. The review for the
fuel, control rod, and core design will be based on fuel
and control rod design criteria as described below.

4.2 Fuel System Design
The staff reviewed the fuel system design in accordance
with Standard Review Plan (SRP) Section 4.2, which
includes the acceptance criteria of General Design Criteria
(GDC) 10, 12, and 27, as discussed below and the
reference to fuel designs approved by the NRC or to fuel
that meets acceptance criteria approved by the NRC for
GE Nuclear Energy (GE) fuel (NEDE-3U52P, "GE Fuel
Bundle Designs Evaluated with GESTAR - Mechanical
Analysis Bases/ SSAR Appendix 4B ard SSAR
Reference 4.2-2).
(1)

(2)

GDC 27 requires that the reactivity control systems
have a combined capability, in conjunction with
poison addition by the emergency core cooling
system, of reliably controlling reactivity changes
under postulated accident conditions, with
appropriate margin for stuck rods.

GDC 10 requires that acceptable fuel design limits
be specified that are not to be exceeded during
normal operation, including the effects of
anticipated operational occurrences.

Although it is not specifically referenced in the SSAR, GE
customarily presents relevant generic information relating
to core initial and reload cycle designs and analyses,
including methodology related to fuel and control rod
thermal-mechanical, nuclear, and thermal-hydraulic
phenomena, in the licensing topical report NEDE-24011 -P,

GDC 12 requires that power oscillations which
could result in conditions exceeding specified
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"General Electric Standard Application for Reactor Fuel"
(GESTARII) (proprietary). Currently approved GE BWR
fuel designs are described in the OB report NBDB-31152P,
"General Electric Fuel Bundle Designs Evaluated with
GESTAR-Mechanical Analysis Bases" (proprietary). GB
states in SSAR Section 4.2 that BP 8 x SR fuel is used for
the reference core design. The BP 8 x 8R is a standard
fuel design frequently used in current BWRs for cycle
reloads. An eight-fey-eight array of prepressurized fuel
pins and a barrier coating on the inner surface of the fuel
cladding are used. A discussion and NRC staff approval
of features of the fuel may be found in GESTAR n,
Supplement for United States, Appendix C, and in Reference 4.2-2 of the ABWR SSAR. The fuel assembly
descriptions are in Section AY of NEDE-3U52P, Volume
3, Revision 3. These reviews covered all of the areas in
SRP Section 4.2. Compliance of the fuel design with the
fuel design criteria (discussed below) is presented in SSAR
Appendix 4D, and the design is shown to meet all
requirements. This fuel is acceptable for the ABWR.

criteria are essentially identical to the criteria approved by
the staff for GESTAR II, they are generally acceptable.
However, some additions or restrictions are necessary.
The staff review of the Appendix 4B criteria and the staff
audit of the generic criteria have indicated that the
following restrictions are necessary for the long-term use
of the criteria:

GE provided the primary reference to acceptable fuel
design for the ABWR in SSAR, Appendix 4B. This
appendix provides a set of acceptance criteria to be
satisfied by new ftiel designs for the ABWR. These
criteria were developed from preceding generic work in
response to the NRC staff generic request that such
acceptance criteria be established by each fuel vendor.
With the NRC approval of the generic criteria, new fuel
designs (or changes) satisfying the criteria would not
require explicit staff review for current reactors.

NRC-epproved analytical models and analysis
procedures of General Criterion (1) to be used without
further review must be limited to those referenced in
GESTAR II, Revision 10, or previous revisions.
Methods developed and approved in later GESTAR II
revisions will not automatically apply to the ABWR and
will have to be specifically reviewed and approved for
ABWR use.

•

Fuel burnup limits must be specified and justified on
the basis of material properties versus exposure data
for each fuel type used in the ABWR and may be
extended only with NRC review and approval. This
was identified as DFSER Confirmatory Item 4.2-1.

In response to the staff request for burnup limit and review
statements in the fuel criteria, GE stated that such a
criterion is unnecessary and not a safety issue. However,
they proposed the following statement for the SSAR.
Bumup limits will be specified for each fuel type
used in the ABWR.
The current maximum
exposure limit for any GE fuel design is 70 Giga
watts days metric ton of uranium (GWd/MTU)
(6,048 MJ/gu (3,214 * 10EG BTU)LbU peak
pellet exposure ( - 6 0 GWd/5,184 MJ/gU
(2,755*10E6 BTU/LbU or 60 GWd/MTU) rod
average exposure). Any extension to this maximum
exposure limit in excess of 10 GWd/MTU will be
submitted to the NRC for review and approval
based on the available supporting materials
properties vs. exposure information and planned
surveillance program. In no event will the GE fuel
design maximum exposure limit required by the
NRC be lower than the maximum of all exposure
limits approved by the NRC for LWR fuel vendors.

In response to the NRC staff generic request, GE
submitted Amendment 22 to GESTAR II, containing
proposed fuel licensing acceptance criteria for current
BWRs. These criteria include considerations of fuel
thermal-mechanical, nuclear, and thermal-hydraulic aspects
of design analyses. The NRC staff and the Committee to
Review Generic Requirements reviewed and approved
these criteria. The staff safety evaluation report (SER)
accepting these criteria can be found in GESTAR n,
Revision 10, Supplement for United States, Appendix C.
However, the staff has noted deficiencies in the generic
fuel licensing criteria. In its audit summary, "Audit Team
Audit of GE II Fuel Design Compliance With
NEDE-240U-P-A," dated March 25,1992, the staff noted
the lack of a burnup limit requirement in the fuel criteria
at that time. A parallel fuel burnup problem area (DFSER
Confirmatory Item 4.2-1) for the ABWR is discussed
below.

The staff found that the proposed fuel burnup limit in this
submittal is higher than that previously approved for GE
(5,184 MJ/gU (2,755*10E6 BTU/LbU or 60 GWd/MTU),
peak pellet), that an unreviewed extension of
10 GWd/MTU is excessive, and that limits approved for
other vendors do not necessarily apply to GE fuel without
specific review for GE. The staff considers the burnup
limit a safety question and has several fuel operating
concerns at bumup levels above those currently approved
for BWRs (about 5,184 MJ/gU (2,755*10E6 BTU/LbU or

For the ABWR, GE has not directly referenced
GESTAR II or the fuel criteria amendment. Instead GE
has provided SSAR Appendix 4B which provides s similar
set of criteria for the ABWR. Since the Appendix 4B
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Supporting Accelerated ABWR Schedule-ResponsetoOpen
Item F4.2-1," dated February 4, 1994, which now states
that (1) fuel bumup limits will be specified for fuel used in
the ABWR design, (2) the current limit for the ABWR fuel
is 60 GWd/MTU rod average exposure, and (3) any extension of this limit will be submitted to the NRC for review
and approval. These changes provide an acceptable resolution of the need for bumup restrictions indicated in the
staff review. The 60 GWd/MTU limit is acceptable based
on the staff review of high performance data for GE fuel
during the NRC audit of the fuel design process for the GE
11 fuel referenced above. The data supporting the high
bumup performance that were examined during the audit
included GB 8 x 8 fuel of the type used in the ABWR
reference core. This submittal resolved Open Item F4.2-1.

60OWd/MTU) peak-pellet burnup). These concerns
impact normal operation, off-normal transients, and
accidents.
A brief summary of the concerns are:
•

no prototypical LWR operating data above about
5,357 MJ/gU (2,847*10E6 BTU/LbU or
62 GWd/MTU)

•

no fuel transient data above about 3,974 MJ/gU
(2,112*10E6 BTU/LbU or 46 GWdVMTU)

•

significant drop in cladding ductility observed at about
5,184 MJ/gU (2,755*10E6 BTu/LbU or
60 GWd/MTU)

•

decrease in fuel thermal conductivity and changes in
other physical properties

•

changes in loss-of-coolant accident (LOCA) rod
behavior at higher burnup levels

•

With approval of the ABWR fuel criteria, new ABWR fuel
designs (or changes) satisfying the criteria would not
require explicit staff review, other than that required by its
use by a COL applicant for the first cycle core loading.
Similar to the presentation of the ABWR fuel design, GE
has provided a specific design for the control rod. This
design was used in the safety analyses of SSAR Chapters 6
and 15. GE also has proposed control rod design criteria,
similar in concept to those for the fuel designs, to be used
as a basis for die proposed control rods or future new
design submittals. Just as for the fuel design, the specified
control rod design used in the ABWR safety analyses will
constitute, based on the staff review and approval, an
approved design that may be used by the COL applicant
for the first cycle without further staff review. If the COL
applicant changes the design, the staff will require new
submittals for review and approval.

fission gas release

Other issues that need to limits be addressed on a design
specific basis for an extension in fuel burnup are the
following:
•
•
•

assembly and cladding corrosion .
fuel rod and assembly axial growth
grid spacer spring relaxation

Since GE has provided a fuel burnup limit, the staff
considers DFSER Confirmatory Item 4.2-1 resolved.
However, GE has been requested to augment its proposed
fuel design criteria for the ABWR to include fuel burnup
limits and to indicate that these limits may be extended
only with NRC review and approval. In its later submittal
on this subject, GE omitted previous objections that the
staff has not imposed explicit burnup limits in the past.
(They had appeared indirectly in the maximum average
planar linear heat generation rate (MAPLHGR) TS
maximum burnup listing, but this would effectively
disappear in the core operating limit report.) However,
they proposed a peak burnup limit of 6,048 MJ/gU
(3,214*10E6 BTU/LbU or 70 GWd/MTU (peak pellet)
which is greater than the limit previously approved by the
staff (60), and they also proposed that extensions to
approved values that would not need staff review and
approval should be at least 10 GWd/MTU, which the staff
considers to be highly excessive. This was an Open
Item F4.2-1 for the ABWR review. In response to this
open item, GE provided changes to the fuel licensing
acceptance
criteria Section 4B.3(2)(j),
"Submittal

The ABWR control rod design has, for the most part, the
same geometrical and material design characteristics of
those approved and used for current reactors for the first
cycle and for replacement, including current improvements
for corrosion-cracking control. The ABWR design differs
significantly from current control rod designs only in that
it does not provide a velocity limiter for the rod drop
accident event. GE believes that this event is not credible
because information on the blade-drive uncoupling signal
will be provided in the new ABWR rod drive design. In
any case, the velocity limiter has become much less
significant with axial reactivity shaping Gadolinia burnable
poison in the fuel than with the early fuel designs that
required the velocity limiter. Because of the burnable
poison distribution or, later in the cycle, burnup
distribution, most of the available reactivity increase from
the dropped rod is inserted in a short distance and appears
in the transient without significant dependence on the
velocity limiter action.
NRC consultant analyses
(Brookhaven National Laboratory (BNL) - NUREG-36891,
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•Effecti of Rod Worth and Drop Speed on the BWR OffCenter Rod Drop Accident," and ANS Transactions,
November 1985) have ihown little sensitivity to drop
velocity.
Thua removal of the velocity limiter is
acceptable.

The staff concludes that with approval of the specific fuel
design type and of the fuel licensing acceptance criteria of
SSAR Section 4B, as indicated above, and with the staff
acceptance of the control rod design criteria in SSAR
Section 4C, the ABWR core design approach meets the
requirements of SRP Section 4.2 and is acceptable.

In SSAR Appendix 4C, OB aubmitted the set of control
rod licensing acceptance criteria for the ABWR. These
criteria describe the safety-related functional performance
requirements for the control rods. The staff reviewed
these criteria in Appendix 4C and proposed additions and
modifications necessary to provide acceptable criteria. The
changes which were submitted in the OB response were
(1) removal of a statement from the general criteria
indicating that a control rod design meeting the criteria did
not require specific NRC review and (2) indicating that
surveillance programs are to be implemented when changes
in design features could impact the control function. Also
added to the bases for the criteria were (1) inclusion of
irradiation effects to the street and strain limits, (2) further
details of inspection of lead depletion rods with new design
features, and (3) inclusion of crudding, crevices, and stress
corrosion effects upon control rod material. The OB
responses were responsive and satisfactory, and these
criteria, as revised, were acceptable. This was DFSER
Confirmatory Item 4.2-2. GE incorporated the appropriate
changes have been in SSAR Amendment 31. The staff
finds it to be acceptable. Therefore, DFSER Confirmatory
Item 4.2.2 is resolved.
Current GE control rod designs that have been reviewed
and approved by the NRC are suitably adaptable for the
ABWR (when modified by ihe elimination of the velocity
limiter). OE has provided a description of the reference
control rod blade design in SSAR Section 4.2. GE has
provided an evaluation of the design via a comparison with
the Appendix 4C criteria. GE has revised SSAR Section 4.2.3.2.2.1 to indicate they have completed the
evaluation of the control rod design, based on the criteria
of SSAR Appendix 4C. GE has stated that the control rod
evaluations described in Section 4.C.3 have been
completed for the reference control rod design, and the
criteria are satisfied.
The control rod evaluation,
performed by GE using proprietary Japanese data, was not
submitted for staff review but is available for audit. It was
not necessary to audit this data because the reference
control rod blade design is similar to previously approved
GE control rod designs. As discussed above, the staff
finds GE's conclusions to be reasonable. The control rod
design and evaluation were Open Item 14 in the draft
safety evaluation report (DSER), and DFSER
Confirmatory Item 4.2-3, respectively. Both items are
now resolved.
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4.3 Nuclear Design
The start reviewed the nuclear design in accordance with
SRP Section 4.3 which includes the relevant requirements
of the GDC related to the reactor core and reactivity
control systems. The relevant requirements are as follows:
(1)

ODC 10 requires that acceptable fuel design limits
be specified that are not to be exceeded during
normal operation, including the effects of
anticipated operational occurrences.

(2)

ODC 11 requires that in the power operating range,
the prompt inherent nuclear feedback characteristics
tend to compensate for a rapid increase in
reactivity.

(3)

ODC 12 requires that power oscillations which
could result in conditions exceeding specified
acceptable fuel design limits are not possible or can
be reliably and readily detected and suppressed.

(4)

ODC 20 requires automatic initiation of the
reactivity control systems to assure that acceptable
fuel design limits are not exceeded as a result of
anticipated operational occurrences and to assure
automatic operation of systems and components
important to safety under accident conditions.

(5)

ODC 25 requires that no single malfunction of the
reactivity control system (this does not include rod
ejection or dropout) causes violation of the
acceptable fuel design limits.

(6)

ODC 26 requires that two independent reactivity
control systems of different design be provided, and
that each system have the capability to control the
rate of reactivity changes resulting from planned,
normal power changes. One of the systems must
be capable of reliably controlling anticipated
operational occurrences. In addition, one of the
systems must be capable of holding the reactor core
subcritical under cold conditions.

(7)

GDC 27 requires that the reactivity control systems
have a combined capability, in conjunction with

Reactor System
poison addition by the emergency core cooling
system, of reliably controlling reactivity changes
under postulated accident conditions, with
appropriate margin for stuck rods.
(8)

moderation ratio increase), which in turn will result in a
smaller (absolute magnitude) void reactivity coefficient
throughout the range of power operating conditions. Both
the lowek average power density and smaller void
reactivity coefficient tend to improve core thermal
hydraulic stability and pressurization transient response.
Ine moderation ratio increase tends to make the
end-of-cycle low power (low temperature) moderator
temperature reactivity coefficient less negative and possibly
slightly positive. But the increase is not sufficient to cause
an operational problem during startup or shutdown or a
reactivity insertion problem, even assuming the maximum
potential integrated positive reactivity is available for rapid
insertion into the core.

ODC28 requires that the effects of postulated
reactivity accidents neither result in damage to the
reactor coolant pressure boundary greater than
limited local yielding, nor cause sufficient damage
to impair significantly the capability to cool the
core.

In SSAR Section 4.3, GE describes how the ABWR meets
GDC 10, 11, 12, 20, 25, 26, 27, and 28 and the other
requirements of SRP Section 4.3 by direct reference to the
fuel licensing acceptance criteria in SSAR Appendix 4B.
Appendix 4B contains proposed criteria on fuel design and
on related neutronic and thermal-hydraulic aspects of the
fuel design. As discussed in Section 4.2 of this report, the
staff approved these criteria in its review of the ABWR
fuel system design.

In the operations examples, the ABWR control rods are
withdrawn in patterns that are generally similar to current
reactor withdrawal patterns using the banked position
withdrawal sequence (BPWS). The primary difference is
mat, throughout the withdrawal patterns, multiple rods will
be withdrawn simultaneously. Rather than pulling rods
individually to provide the stop banked patterns of BPWS,
the rods in a group will be withdrawn simultaneously by
the electric-drive motor systems. Similar to current BPWS
patterns, about 1/8 of the 205 control rods in each of the
4 rod groups will be withdrawn to a 50-percent rod density
checkerboard pattern (to about hot critical conditions).
Because of the rod distribution in the patterns, the total
group reactivity worths will not be very large (about
2 percent delta-K each for groups 2, 3, and 4 withdrawal
when criticality might be expected). Operational control
with this reactivity magnitude, and its accompanying
differential reactivity worth, will be straightforward and
not significantly different from current operation. Groups
3 and 4 (covering cold to hot critical) will be operated in
a jog mode to avoid any approach to period scram levels.
Beyond 50-percent rod density, the groups will be divided
into groups of four or eight rods that will moved
simultaneously, with patterns similar to BPWS and operation similar to BWR/6s. The simultaneous withdrawal for
the first 50-percent groups will reduce the maximum
reactivity worth, which could be associated with a (postulated) rod drop accident to insignificant levels. In the
power range, the ABWR examples use a "control cell
core" strategy, which, combined with axial zoning of fuel
enrichment and burnable poison, will result in very little
movement of the control rods over most of the cycle in the
normal power operation range. These various control rod
operational characteristics are either very similar to current
approved operation or are improvements. The operation
and characteristics are acceptable.

As discussed in Section 4.2 of this report, OB used a
specific core design for the first cycle and for the ABWR
system response analysis and provided specific designs bf
first core fuel assembly enrichment patterns based on the
core design. OE has also developed, with staff approval,
a slightly revised fuel assembly enrichment pattern with
neutronic parameters falling within the bounds of the
reference design but with decreased local power peaking.
This is to be used for the first cycle as required by the
staff review of the fuel misorientation event, as discussed
in Section 15.3(2) of this report. In SSAR Appendix 4A,
OE describes use of an example control rod pattern
throughout a cycle and the resulting power distributions for
the cycle. The core operating limits on process variables
determined from the reference core safety evaluation are
incorporated in the core associated technical specifications
(TS). SSAR Chapters 6 and 15 provide the analyses to
satisfy the acceptance criteria tor all design-basis transients
and accidents initiated from worst-case steady-state
operating conditions within TS operating limits for the
design life of the core.
The core design and control rod pattern operations are
generally similar to current BWR designs. They only
differ in relatively small ways, in details of the geometry
and operating limits, which result in small differences in
neutronic parameters and characteristics. These differences are generally in a direction of a more conservative
core neutronic design and operation than, for example, a
BWR/6. They are designed with slightly lower average
power densities. The ABWR control rod pitch will be
slightly greater than current designs and this will result in
a six percent larger core water to UO2 volume ratio (a

Design criteria for the core neutronics for the ABWR are
included in the fuel design criteria in SSAR Appendix 4B.
The nuclear criteria are 4B.4, 1 through 8. These criteria
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parameters for this design fall within the range of
applicability of existing critical power correlathns.

provide for fuel and moderator reactivity coefficients,
shutdown margin, and fuel storage, reactivity. These
criteria are in OBSTAR Amendment 22 and are discussed
in Section 4.2 of this report in connection with the fuel
design. They are acceptable.

The only significant new design feature of the recirculation
flow system is the use of the reactor internal pumps
(RIPs). This system is discussed in Section 5.4.1 of this
report. This change from current OE BWR design does
not produce a significantly different power/flow operation
map for the ABWR than that produced by current OB
BWRs, although map parameters are slightly changed in
some areas.
OB provided a power/flow map,
corresponding to the core design (discussed in SER
Sections 4.2 and 4.3 of this report), to be used in systems
response analyses. Each COL applicant should provide a
plant-specific power/flow map at the time of application
and for core reloads. This was DFSER COL Action
Item 4.4-1. OE has also included this action item in the
SSAR and the staff finds it to be acceptable. Flow lines
and control rod lines of the power/flow map generally will
be within the range of operation currently permitted for
BWR/68, although natural circulation occurs at a slightly
lower flow. The ABWR is expected to operate with a
minimum pump speed of 30 percent of nominal full-flow
speed, providing a minimum (all pumps operating) flow of
about 40 percent. The ABWR design replaces the usual
cavitation restriction region with a steam separation limit
region to provide for acceptable moisture carryover.
There is an interlock to reduce RIP speed to prevent
operation in this restricted region. The maximum expected
flow for the RIP system is about 115 percent of normal
full flow. For the submitted design power/flow map, OE
did not consider operating above the 102-percent power
control rod line. These power/flow parameters generally
are within expected bounds and present an acceptable
region for normal operation. As indicated in SSAR Section 4.4.3.2, for normal operation at least 9 of the 10 RIPs
are required to be operating. GE has provided a
power/flow map for bom 9 and 10 RIP operation.

The staff concludes that on the basis of (1) meeting the
relevant fuel licensing acceptance criteria of SSAR
Appendix 4B, (2) the general similarity to current
operating OE BWR cores, and (3) the additional
conservatism relative to current BWRs in the area of
power density and less negative void coefficient, the
ABWR nuclear design meets the requirements of SRP
Section 4.3 and is acceptable.

4.4 Hiermal Hydraulic Design
The NRC staff reviewed the thermal-hydraulic design of
the ABWR reactor core in accordance with SRP
Section 4.4. SSAR Section 4.4 describes how the ABWR
meets GDC 10 and the other requirements of SRP
Section 4.4 by direct reference to the fuel licensing
acceptance criteria in SSAR Appendix 4B. As discussed
in Section 4.2 of this report, SSAR Appendix 4B contains
criteria on fuel design and related neutronic and thermalhydraulic aspects of the fuel design. The staff approved
these criteria after its review of the ABWR fuel system
design.
OE provided a specific first cycle core design for the
ABWR and used mis design for system response analysis.
As discussed in Section 4.2 of this report, the fuel used in
this design is the same as currently approved fuel used in
existing BWRs and the core fuel arrangement is similar to
current fuel loadings. Alternate fuel loading designs for
the first or subsequent cycles will have to conform to the
fuel criteria of SSAR Appendix 4B, or be specifically
reviewed and approved by the staff; for the first cycle any
changes will have to be reviewed and approved by the
NRC, along with any changes necessary for the analyses
of SSAR Chapters 6 and 15. These criteria include the
requirements for providing new thermal-hydraulic data
such as critical power ratio correlations and limits on fuel
stability characteristics.

In addition to the above boundaries of the power/flow
map, there is a restricted region in the
low-flow/high-power areas of the map that is intended to
eliminate possible problems with thermal-hydraulic
stability. (This is Region III on the map, generally
considered to be approximately above the 80-percent
control rod line and below the 40-percent flow line.)
Operation will not be permitted in this region. Automatic
startup logic will be programmed to block rod withdrawal
in this region during low power and startup operation and
to insert rods to withdraw from the region if entered
inadvertently from higher power/flow regions.

The reference core design is generally similar to current
BWR designs. It only differs in relatively small ways in
details of the geometry and operating limits, and which
result in small differences in neutronic and thermalhydraulic parameters and characteristics.
These
differences generally reflect a more conservative core
neutronic and thermal-hydraulic design and operation than,
for example, a BWR/6. The core has a with slightly lower
average power density. The fuel bundle and overall core
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In the DFSER, the staff stated that the information
presented by GE and the staff review of the subject of
instability during ATWS transients was not complete. This
was DFSER Open Item 4.4-1. GE subsequently submitted
a report describing their analyses of oscillations during
limiting ATWS transients susceptible to thermal-hydraulic
instability and possibly large oscillations (Ref: GE ATWS
Stability study, February 19, 1993, GE transmitted by
letter dated February 22, 1993).
GE performed
calculations using the TP ACO code, which has been used
for stability studies for operating BWRs and has been
audited by the staff. The ABWR calculations were
reviewed by the staff and its consultants, and the stability
characteristics of the ABWR have been explored using the
Oak Ridge National Laboratory LAPUR code, commonly
used by the staff for stability analyses. The LAPUR
calculations showed, in accord with GE findings, that the
ABWR is more stable than most current BWRs and will
have smaller power oscillations, if any, at comparable
operating conditions. The GE TRACG calculations appear
to bound the worst expected ATWS conditions for
instability and do not result in exceeding ATWS fuel
failure limit criteria. The ABWR mitigating actions are
similar to the BWROG proposed actions for current
BWRs, and in SSAR Section 4.4.3.7 states that the ABWR
emergency procedure guidelines will incorporate any
changes recommended by the BWROG committee on
thermal-hydraulic stability. There is automatic feedwater
reduction and boron injection via the standby liquid control
system. The feedwater runback and lowering of reactor
level below the feedwater spargers are very effective in
reducing oscillations magnitudes. The TRACG modelling
and input for these calculations were found to be
acceptable. The staff concludes that the issue of instability
induced large power oscillations during ATWS has been
properly addressed for the ABWR. GE has also included
this information in the SSAR and the staff find it to be
acceptable. On the basis of this evaluation, this item is resolved.

status of the reactor that are not present in current
reactors. Thesefeaturesare (1) smaller inlet orifices (loss
coefficient doubled) to increase single-phase pressure drop,
(2) wider control rod pitch to increase flow area and
increase the moderator/fuel ratio and reduce the void
reactivity coefficient, (3) more steam separators to reduce
the two-phase pressure drop, (4) multiple RIPs on multiple
power supplies along with minimum pump speed logic to
reduce the likelihood of significant flow loss, and
(5) regional local power range monitor (LPRM) and
average power range monitor neutron flux time histories
available for operator display to detect oscillations.
|
The control rod insertion to withdraw from Region III, if
entered, will be provided by the selected control rod run-in
system.
This system is described in SSAR
Section 7.7.1.2. Multiple control rods will be automatically inserted (simultaneously) to move to a stable region
(e.g., from the 100-percent control rod line to below
25-percent power if two or more RIPs trip and flow is
below the trip set point). Set points for power and flow
will be adjustable and may be changed if stability analyses
require it.
The NRC, in parallel with work by the BWR Owners'
Group (BWROG) stability sub-committee, has for some
time been reviewing generic questions relating to BWR
stability. This review is still in progress. Questions
concerning the need and the methods for improved stability
control so as not to exceed core thermal-hydraulic safety
limits and to understand and control, if necessary, adverse
affects of power oscillation during anticipated transient
without scram (ATWS) events are essentially complete.
The ABWR design features indicated above are desirable
for improving inherent stability and the system for control
rod blocking and insertion to provide exclusion from
Region III are consistent with some of the proposed long
term solutions (LTS) for current BWRs. The BWROO has
developed several (LTS that have been approved by the
NRC for application to operating reactors. The region
exclusion system for the ABWR is similar to the BWROO
LTS Option IA. In response to a staff question requesting
review of the recent LTS work and the possibility of its
application to the ABWR, OE has stated that in addition to
the region exclusion system, the BWROO Option III
system, the oscillation power range monitor, which is
based on the detection of oscillation signals by the LPRMs,
will be implemented in the ABWR design (see SSAR Section 7.6.1.1.2.2).
This LTS methodology has been
accepted by the staff (letter from A. Thadani, NRC, to L.
England, BWROO, "Acceptance for Referencing of
Topical Reports NEDO-31960 and NEDO-31960
Supplement 1, 'BWR Owners Group Long-Term Stability
Solution Licensing Methodology*") and is considered to be
acceptable for the ABWR.

The ABWR design, as initially presented, did not include
a loose-parts monitoring system (LPMS). However, in
response to the staff position that an LPMS is required,
GE submitted an LPMS general description, including a
design basis, system description, system operation, safety
evaluation, test, and inspection and application. This
system is designed in conformance with Regulatory Guide
(RG) 1.133, "Loose-Parts Detection Program for the
Primary System of Light-Water-Cooled Reactors,"
Revision 1. The system includes sensors (accelerometers
located at natural loose parts collection regions, e.g.,
steam outlet nozzle, feedwater inlet nozzle, control drive
housings), signal conditioning, signal analysis, alarms, and
calibration. The sensitivity is such that a sensor will be
able to detect a metallic part between 0.1-14 kg (0.25 to
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acceptable if they meet the relevant requirements of:
GDC 1 as it relates to structures, systems, and components
important to safety being designed, fabricated, erected, and
tested to quality standards commensurate with the
importance of the safety functions to be performed;
GDC 14 as it relates to the reactor pressure boundary
being designed, fabricated, erected and tested so as to have
an extremely low probability of abnormal leakage, of
rapidly propagating failure and of gross rupture; GDC 26
as it relates to the control rod being capable of reliably
controlling reactivity changes so that specified acceptance
fuel design limits are not exceeded; and Section SO.SSa, of
Title 10 of the Code of Federal Regulations, Part 50 as it
relates to structures, systems, and components shall be
designed, fabricated, erected, constructed, tested, and
inspected to quality standards commensurate with the
importance of the safety functions to be performed.

30 lbs) with a kinetic energy of 0.7 joule (0.5 ft-lb) on an
inside surface within 1 m (3 ft) of a sensor. There will be
provisions for online channel checks and functional tests
and offline calibration. The system is designed to meet the
seismic and environmental operability recommendations of
RG 1.133, Revision 1. OB has provided an ITAAC for
the LPMS as part of its Tier 1 certified design material
submittal. It provides for design commitment for detector
locations and sensitivity with appropriate accompanying
inspections, tests, and criteria. In the DFSER, the staff
stated that, as DFSER Open Item 4.4-2, Certified Design
Commitment 1 in the LPMS ITAAC should be expanded
to explicitly state that the LPMS design is consistent with
the requirements of RO 1.133, Revision 1. This has been
done; therefore, DFSER Open Item 4.4 2 is resolved. OE
has submitted the Design Description, the ITAAC for the
LPMS. The adequacy at acceptability of the ABWR
Design Description and ITAAC are evaluated in
Section 14.3 of this report.
On the basis of this
evaluation, this open item is resolved.

The SSAR states that the properties of the materials
selected for the ABWR CRD mechanism will be equivalent
to those given in Appendix I to Section III of the American
Society of Mechanical Engineers (ASME) Code; Parts A,
B, and C of Section II of the ASME Code; and RG 1.85.
No cold-worked austenitic stainless steels except those with
controlled hardness or strain are employed in the CRD
system. All materials used in this system will be selected
for their compatibility with the reactor coolant as described
in Articles NB-2160 and NB-3120 of the ASME Code.
The materials selected as identified in SSAR Section 4.5.1
will be resistant to stress corrosion in a BWR environment.
The controls imposed on the austenitic stainless steel of the
CRD mechanism conform to the recommendations of
RGs 1.31, "Control of Ferrite Content in Stainless Steel
Weld Metal," (Revision 3) and 1.44, "Control of the Use
of Sensitized Stainless Steel," (Revision 0).

Core flow patterns are expected to be uniform at the core
inlet during normal operations as a result of flow
distributions from the downcomer through the RIPs, into
the lower plenum, up through the orifices of the lower
core plate, and into die fuel assemblies. TS will require
for normal operation that at least 9 of the 10 RIPs are
operating. Operation with fewer than 9 RIPs operating
will require supporting analyses and justification by the
COL applicant. This was DFSER TS Item 4.4-1. GE
asserts that, with the allowed number of RIPs inoperable,
pump operation will be close to normal and bounded by
one recirculation loop operation in current jet pump BWRs
(with, in effect, half the pumps out) for which there are no
restrictions other than similar-type LOCA power-density
restrictions. The restriction to no fewer than 9 RIPs
operating is a recent modification of SSAR Section 4.4 and
of the TS, and therefore, DFSER TS Item 4.4-1 is
resolved. The restriction and specification are acceptable.
The staff requested GE to provide existing flow test
information. This was DFSER Confirmatory Item 4.4-1.
GE has provided references in SSAR Section 4.4 to such
information on current reactors relevant to the above
restricted modes of operation. GE has also included this
information in the SSAR and the staff finds it to be
acceptable. Therefore, DFSER Confirmatory Item 4.4-1
is resolved.

All materials selected for application in CRD mechanism
components will conform with the ASME Code Section III
or RG 1.85. Fabrication and heat treatment practices
performed in accordance with the Code and regulatory
guide provide added assurance that stress corrosion
cracking will not occur during the design life of the
components. Both martensitic and precipitation-hardening
stainless steels will be given tempering or aging treatments
in accordance with staff positions.
Cleaning and
cleanliness control will be in accordance with American
National Standards Institute Standard N 45.2.1-1973,
"Cleaning of Fluid Systems and Associated Components
During Construction Phase of Nuclear Power Plants," and
RG 1.37, "Quality Assurance Requirements for Cleaning
of Fluid Systems and Associated Components of WaterCooled Nuclear Power Plants," Revision 0.

4.5 Reactor Materials
4.5.1 Control Rod Drive System Structural Materials
The acceptance criteria used as the bases for the staffs
evaluation of control rod drive (CRD) structural materials
are SRP Section 4.5.1. The CRD structural materials are
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materials for the CRD mechanism conform to the staffs
regulatory guidance to ensure mat the requirements of
GDC 1,14, and 26 of Appendix A to 10 CFR Part 50 and
the requirements of 10 CFR SO.SSa are satisfied. This is
acceptable.

The staff finds that the information in the SSAR related to
reactor internal materials meets the criteria of SRP
Section 4.5.2 and is, therefore, acceptable.

4.6 Functional Design of Fine Motion
Control Rod Drive System

4.5.2 Reactor Internal Materials
The staff reviewed the fine motion control rod drive
(FMCRD) system in accordance with SRP Section 4.6.
The staff performed an audit review of each of the areas
listed in the "Areas of Review" portion of the SRP section
according to the guidelines provided in the "Review
Procedures" section of the SRP section. Conformance
with the acceptance criteria formed the basis for the staffs
evaluation of the CRD system with respect to the
applicable regulations of 10 CFR Part 50.

The acceptance criteria used as the bases for the staffs
evaluation of reactor internal materials are SRP
Section 4.5.2. The reactor internals are acceptable if the
design, fabrication, and testing of the materials used in the
reactor internal and core support structures meet the code
and standards commensurate with the safety function to be
performed so that the relevant requirements of GDC 1 and
Section 50.55a of Title 10 of the Code of Federal
Regulations, Part 50 are met.

The ABWR incorporates electric-hydraulic FMCRDs,
which provide electric fine rod motion during normal
operation and hydraulic pressure for scram insertion. Fine
motion during normal operation is provided by a ball nut
and spindle arrangement driven by the electric stepper
motor. In response to a scram signal, the control rods are
inserted hydraulically via the stored energy in the scram
accumulator similar to the current operating BWR CRDs.

The SSAR states that the requirements of GDC 1 and
10 CFR 50.55a will be met with regard to ensuring that
the design, fabrication, and testing of the materials used in
the reactor internal and core support structures are of high
quality standards and adequate for structural integrity. The
controls imposed on components constructed of austenitic
stainless steel will satisfy the recommendations of
RGs 1.31 and 1.44.

A scram signal is also given simultaneously to insert the
FMCRDs electrically via the FMCRD motor drive. This
diversity, hydraulic and electric methods of scramming
provides a high degree of assurance of rod insertion on
demand.

The materials to be used for the construction of
components of the reactor internals and core support
structures were identified in SSAR Section 4.5.2 by specification and found to be in conformance with the
requirements of NG-2000 of Section III and Parts A, B,
and C of Section II of the ASME Code. Extensive tests
and satisfactory performance have shown that the specified
materials are compatible with the BWR environment. The
controls imposed on the reactor coolant chemistry satisfy
the chemistry limits specified in EPRI report NP-4947,
"BWR Hydrogen Water Chemistry Guidelines 1987
Revision," December 1988. This will provide reasonable
assurance that the reactor internal and the core support
structures will be adequately protected during operation
from conditions that could lead to stress corrosion,
including irradiation-assisted stress corrosion cracking and
loss of component structural integrity.

The FMCRD and recirculation flow control system
(RFCS) are designed to control reactivity during power
operation. Reactivity will be controlled in the event of fast
transients by automatic rod insertion. During ATWS
conditions, the internal recirculation pumps will be tripped
automatically. In the event the reactor cannot be shut
down with the control rods, the operator can actuate the
standby liquid control system (if not automatically started)
that pumps a solution of sodium pentaborate into the
primary system. The evaluation of the functional design
of the standby liquid control system is addressed in Section 9.3.5 of this report. This evaluation resolved Open
Item 15 fromtheDSER (SECY-91-153). Compliance with
the ATWS rule is discussed in Section 15.5 of this report.

The materials selection, fabrication practices, examination
and testing procedures, and control practices provide
reasonable assurance that the materials used for the reactor
internal and core support structures will be maintained in
a metallurgical condition that will preclude inservice
deterioration. Conformance with the requirements of the
ASME Code constitutes an acceptable basis for meeting,
in part, the requirements of GDC 1 and 10 CFR 50.55a.

Reactivity in the cere will be controlled by the FMCRD by
moving control rods interspersed throughout the core.
These rods will control the reactor's overall power level
and will provide the principal means of quickly and safely
shutting down the reactor.
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Reactor System
GE submitted a proprietary failure modes and effects
analysis for the FMCRD system. The single-failure
analysis of the FMCRD and hydraulic control unit (HCU)
components indicates that the system design is satisfactory.
This resolved Open Item 17 from the DSER
(SECY-91-153). A supply pump (with a spare pump on
standby) will provide the HCUs with water from the
condensate treatment system and/or condensate storage
tank to supply CRD purge water and to supply the purge
water to the RIPs and reactor water cleanup pumps. The
supply pump also will provide water to a scram
accumulator in each HCU to maintain the desired water
inventory. When necessary, the accumulator will force
water into the drive system to scram the control rods
connected to that HCU; the volume of water in the scram
accumulator will be sufficient to scram two rods. A single
Mure in an HCU would result in the failure of two rods
only. The M e d rods would not be adjacent; they would
be sufficiently separated so that the reactivity effect would
essentially be the same as for the Mure of one rod in
current BWRs. Therefore, adequate shutdown margin
exists with a single HCU failure even though the HCU is
shared by two drives.

These protection and reactivity control systems, taken
together, satisfy the requirements of GDC 26, 27, and 29
pertaining to reactivity control system redundancy and
capability, combined reactivity control system capability,
and protections against anticipated operational occurrences.

The FMCRD is designed to permit periodic functional
testing during power operation with the capability to
independently test individual scram channels and motion of
individual control rods. The FMCRD is also designed so
that failure of all electrical power or instrument air will
cause the control rods to scram, thereby protecting the
reactor. This satisfies the protection system Mure mode
requirements of GDC 23.

The control rod mechanical design incorporates a brake
system and ball check valve, which will reduces the
chances of rapid rod ejection. This engineered safeguard
will protect against a high reactivity insertion rate from a
potential control rod ejection. Normal rod movement and
the rod withdrawal rate will be limited through the
FMCRD.

Preoperational tests of the CRD hydraulic system will be
conducted to verify the capability of the system. Startup
tests will be conducted over the range of temperatures and
pressures from shutdown to operating conditions to
determine compliance with applicable TS. Each rod that
is partially or fully withdrawn during operation will be
exercised one notch at least once each week. After each
refueling shutdown, control rods will be tested for compliance with scram time criteria from the fully withdrawn
position.
The FMCRD is designed to control reactivity under normal
operating conditions and during anticipated operational
occurrences. This capability is demonstrated by the safety
analyses discussed in SSAR Chapter 15 (including effects
of stuck rods). This CRD system also will be capable of
holding the core subcritical under cold shutdown
conditions. The RFCS will be capable of accommodating
reactivity changes during normal operating conditions.
The standby liquid control system will be capable of
bringing the reactor subcritical under cold shutdown
conditions in the event the control rods cannot be inserted.
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The control rod system design incorporates appropriate
limits on the potential amount and rate of reactivity
increase. Control rod withdrawal sequences and patterns
will be selected to achieve optimum core performance and
low individual rod worths.
The rod control and
information system (RCIS) will reduce the chances of
withdrawal other than by the preselected rod withdrawal
pattern. The RCIS function will assist the operator with an
effective backup control rod monitoring routine that
enforces adherence to established control rod procedures
for startup, shutdown, and low-power-level operations.
A malfunction in the FMCRD could result in a reactivity
change. GE demonstrated in SSAR Chapter 15 that the
FMCRD system will limit these postulated transients to
within acceptable fuel design limits, as required by
GDC 25.

GE adopted an internal CRD housing support to replace
the support structure of beams, hanger rods, grids, and
support bars used in current BWR designs. This system
will use the outer tube of the drive to provide support.
This tube will be welded to the drive middle flange and
will attach by a bayonet lock to the guide tube base. The
guide tube, supported by the housing extension, will
prevent downward movement of the drive in the event of
housing Mure. The CRD housing support is designed to
prevent ejection of a CRD and attached control rod.

The FMCRD is designed to detect separation of the control
rod from the drive mechanism. Two redundant and
separate Class IE switches will be provided to detect the
separation of either the control rod from the hollow piston
or the hollow piston from the ball nut. Actuation of either
of these switches will cause an immediate rod block and
will initiate an alarm in the control room, thereby reducing
the chances of a rod drop accident. The ABWR control
rod design does not include a velocity limiter because of
the design features described. The design features of the
reactivity control system will limit the potential amount
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Reactor System
GE submitted the LaSalle test report on FMCRD in-plant
test program by letter dated October 12,1989. This report
is proprietary. The in-plant test shows that the basic
design of the FMCRD is acceptable. There is significant
operating experience with the FMCRDs. In Europe, 2,700
drives are in service with over 15,000 drive years of
experience. Thus, FMCRDs in BWRs, are a proven
technology. Open Item 16 in the DSER (SECY-91-153)
was resolved in the DFSER.

and rate of reactivity increase to ensure that GDC 28 is
satisfied for postulated reactivity accidents.
The safety concerns associated with a pipe break, given in
NUREG-0803, "Safety Concerns Associated With a Pipe
Break in the BWR Scram System," are not applicable for
the ABWR. The ABWR design does not include scram
discharge volume piping. The water displaced by the CRD
during the scram will be routed to the reactor pressure
vessel.
Nitrogen charge pressure for the CRD accumulator is
substantially increased in the ABWR design. The initial
N charge pressure will be 1,4817 kPa (2,134 psig)
compared with a maximum of 10,446 kPa (1,500 psig) for
the operating BWRs. GE's calculations have verified that
even with initial N charge pressure of 12,859 kPa
(1,850 psig), there is sufficient differential pressure to
drive the CRD fully with a reactor pressure of 9,584 kPa
(1,375 psig). (The peak calculated reactor pressure for a
main steam isolation valve closure event during ATWS is
less than 9,584 kPa (1,375 psig)). The calculations have
shown that at 4.53 seconds, when the CRD is fully
inserted, the accumulator N charge pressure is calculated
as 10,625 kPa (1,526 psig) with reactor pressure at
9,584 kPa (1,375 psig). There is a remaining differential
pressure of 166 kPa (151 psid), demonstrating that
accumulator pressure is more than adequate for the rod
insertion.
2

2

2

GE submitted the design description and the ITAAC for
the FMCRD system. This was DFSER Open Item 4.6-1.
GE has provided a revised set of design descriptions and
ITAAC. The adequacy and acceptability of the ABWR
design descriptions and ITAAC are evaluated in
Section 14.3 of this report.
On the basis of this
evaluation, this open item is resolved.
The staff concludes that the functional design of the
reactivity control system conforms to the requirements of
GDC 23, 25, 26, 27, 28, and 29 with regard to demonstrating the ability to reliably control reactivity changes
under normal operation, anticipated operational
occurrences, and accident conditions, including single
failures. The design of the reactivity control system
conforms to the applicable acceptance criteria of SRP
Section 4.6, and is acceptable.
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5 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS
5.1 Introduction

contain a table identifying the ASME component code,
code edition, and applicable addenda for all ASME Code,
Section III, Class 1 and 2 pressure vessel components,
piping, pumps, and valves in the RCPB.
SSAR
Section 5.2.1.1 states that the ASME Code edition, applicable addenda, and component dates will be in accordance
with 10 CFR 50.55a and that ASME Code, Section HI,
will be used for the design of ASME Code Class 1, 2, and
3 pressure retaining components and their supports. The
specific edition and addenda are given in SSAR
Tables 1.8-21 and 3.2-3. The ASME Code is considered
Tier 1 information; however, the specific edition and
addenda are considered Tier 2 information partly because
of the continually evolving design and construction
practices (including inspection and examination techniques)
of the Code. Fixing a specific edition and addenda d>uing
the design certification stage might result in inconsistencies
between design and construction practices during the
detailed design and construction stages. The ASME Code
involves a consensus process to reflect the evolving design
and construction practices of the industry. Although
reference to a specific edition of the Code for the design
of ASME Code Class components and their supports is
suitable to reach a safety finding during me design
certification stage (as reflected in the discussion of the
reactor pressure vessel (RPV) design in Section 5.2.4 of
this report), it is necessary that the construction practices
and examination methods of an updated Code that would
be effective at the COL stage be consistent with the design
practices established at the design certification stage.

The reactor coolant systems (RCS) and connected
subsystems are evaluated in the following sections.

5.2 Integrity of Reactor Coolant Pressure
Boundary
5.2.1 Compliance With Code and Code Cases
The staff reviewed the measures used to provide and
maintain the integrity of the reactor coolant pressure
boundary (RCPB) and other pressure-retaining components
and their supports that are important to safety for the
design lifetime of the plant.
5.2.1.1 Compliance With 10 CFR 50.55a
According to 10 CFR 50.55a, components important to
safety are subject to the following:
(1)

RCPB components must meet the requirements for
Class 1 (Quality Group (QG) A) components
specified in ASME Code, Section III, except for
those components that meet the exclusion requirements of 10 CFR 50.55a(c)(2).

(2)

Components classified as QG B and C must meet
the requirements for Class 2 and 3 components,
respectively, specified in ASME Code, Section in.

SSAR Table 3.2-1 classifies the pressure-retaining
components of the RCPB as ASME Code, Section HI,
Class 1 components. These Class 1 components are designated QG A in conformance with Regulatory Guide
(RG) 1.26, "Quality Groups Classifications and Standards
for Water-, Steam-, and Radioactive-Waste-Containing
Components of Nuclear Power Plants," Revision 3. The
staff reviewed the QG A RCPB components in accordance
with SRP Section 5.2.1.1, as discussed below.
In addition to the QG A components of the RCPB, certain
lines that will perform a safety function and that meet the
exclusion requirements of 10 CFR 50.55a(c)(2) are
classified as QG B in accordance with Position C.l of
RG 1.26, Revision 3, and will be constructed as ASME
Code, Section III, Class 2 components. The staffs review
of these components and other pressure-retaining
components that will be constructed to ASME Code, Section III, Class 2 and Class 3 specifications, is discussed in
Section 3.2.2 of this report.

To avoid this potential inconsistency for the advanced
boiling water reactor (ABWR) pressure-retaining components and their supports, it is appropriate that the ASME
Code be specified as Tier 1 information and the specific
edition and addenda as Tier 2 information so that the COL
applicant has the option to revise or supplement the referenced Code edition with portions of the later Code editions
and addenda and still ensure consistency between the
design and construction practices.
In this manner,
consistency with the latest design, construction, and
examination practices also is ensured. However, the staff
finds that there might be a need to fix certain design
parameters from a specific Code edition or addenda during
its design certification review particularly when that
information is important for establishing a significant
aspect of the design or is used by the staff to reach its final
safety determination. Such considerations, if necessary,
are reflected in the various sections of this report.

Therefore, all ASME Code, Class 1, 2, and 3
pressure-retaining components and their supports shall be
designed in accordance with the requirements of ASME
Code, Section III, using the specific edition and addenda

SRP Section 5.2.1.1 recommends that safety analysis
reports for both construction permits and operating licenses
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given in the SSAR. The COL applicant should ensure that
the design is consistent with the construction practices
(including inspection and examination methods) of the
ASME Code edition and addenda in effect at the time of
the COL application, as endorsed in 10 CFR 50.55a. The
COL applicant should identify in its application the
portions of the later code editions and addenda for NRC
staff review and approval. This was DFSER COL Action

Item 14.1.3.3.2.1-1. The resolution of this item is
discussed in Section 3.12.2.1 of this report.

NCA-llWRulw

PttimfortificationPosition

NCA-1140(a)(1) - Under the rules of this Section, the
owner or his designee shall establish the Code edition and
addenda to be included in the Design Specifications. All
items of a nuclear power plant may be constructed to a
single Code edition and addenda, or each item may be
constructed to individually specified Code editions and
addenda.

(1) The vendor must specify the Code edition and addenda
in the SSAR during design certification. The COL
applicant may update the Code edition or addenda (or
portions thereof) referenced in the SSAR using a process
similar to that specified in 10 CFR 50.59 without prior
NRC approval unless the proposed change involves a
change to the certified design or an unreviewed safety
question. The COL applicant may update the referenced
edition or addenda for all items of a nuclear power plant
or a specific item if the construction practices (including
fabrication, inspection, and examination methods) are not
compatible with the design requirements. All changes to
the referenced edition and addenda must be documented
and maintained by the COL applicant and must be
available for audit.

NCA-1140(a)(2) - In no case shall the Code edition and
addenda dates established in the Design Specifications be
earlier than 3 years prior to the date that the nuclear power
plant construction permit application is docketed.

(2) The specific Code edition and addenda are required to
be established during design certification except for
Section XI requirements related to inservice inspection
(ISI), inservice testing, and system pressure tests, which
must meet the requirements of 10 CFR 50.55a(f) and (g).
Further discussions and any exceptions to 10 CFR
50.55a(f) and (g) are noted in Sections 5.2.4 and 6.6 of
this report.

NCA-1140(b) - Code editions and addenda later than those
established by (a) above may be used by mutual consent of
the owner or his designee and certificate holder. For Division 2 design and construction, the consent of the designer
shall also be obtained. Specific provisions within an
edition or addenda later than those established in the design
specifications may be used, provided that all related
requirements are met.

(3) This is acceptable subject to the conditions noted in
Position (1) above.

NCA-1140(c) • Code Cases are permissible and may be
used beginning with the date of approval by the ASME
Council (and the American Concrete Institute for Division
2 design and construction). Only Code Cases that are
specifically identified as being applicable to this
Section may be used.

(4) As discussed in Section 5.2.1.2 of this report, only
those Code Cases identified in RG 1.84, Revision 24, or
1.85, Revision 24, as specified in the SSAR may be used.
The COL applicant may submit for staff review and
approval future Code Cases that are endorsed in future
revisions of RGs 1.84 and 1.85 with its COL application,
provided these cases do not involve a change to the certified design or an unreviewed safety question.
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Since the above position is not totally consistent with
ASME Code, Section HI, Subsection NCA-1140, "Use of
Code Editions, Addenda, and Cases," the following
comparison is provided:
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NCA-lHQRttlw

Pwim Certification Position

NCA-l 140(d) - Code Cases may be used by mutual
consent of the owner or his designee, and the certificate
holder on or after the date permitted by (c) above. For
Division 2 design and construction, the consent of the
designer shall also be obtained.

(5) Code Cases to be used in the design of the standard
plant must be identified by the vendor in the SSAR during
design certification.

NCA-l 140(e) - Existing materials previously produced and
certified in accordance with Code editions and addenda
earlier than the one specified for construction of an item
may be used, provided all of the following requirements
are satisfied.

(6) Does not apply to design certification.

(i)

The material (NCA-1220) meets the applicable
requirements of a material specification
permitted by paragraph 2121 of the applicable
subsection of the Section HI edition and addenda
specified for construction.

(ii)

The material meets all the requirements of
Article 2000 of the applicable Subsection of the
Section HI edition and addenda specified for
construction.

(iii)

The material was produced under the provisions
of a quality system program that had been accepted by the society or qualified by a party
other than the society (NCA-3820), in
accordance with the requirements of the latest
Section HI edition and addenda issued at the
tune the material was produced. Material
exempted from portions of the provisions of
NCA-3800 by paragraph 2610 of the applicable
Subsection of Section i n may be used, provided
the requirements of (i) and (ii) above are met.

NCA-l 140(f) • Code editions, addenda (including the use
of specific provisions of editions addenda permitted by (b)
and (e) above), and Cases used shall be reviewed by the
owner or his designee for acceptability to the regulatory
and enforcement authorities having jurisdiction at the
nuclear power plant site.

(7) The vendor must specify the Code edition and addenda
in the SSAR during design certification. Use of later editions and addenda (or portions thereof) and Code Cases not
approved during design certification must be reviewed by
the COL applicant or its designee for acceptability to the
regulatory and enforcement authorities having jurisdiction
at the nuclear power plant site.

5-3

NUREG-1503

Reactor Coolant System and Connected Systems
or have beeu reviewed and endorsed by the staff and are
acceptable for use on the ABWR design. Compliance with
the requirements of these Code Cases will result in a
component quality that is commensurate with the importance of the safety functions of these components,
constitutes the basis for satisfying GDC 1, and is
acceptable.

5.2.1.1.1 Conclusion
The staff concludes that the construction of all ASME
Code, Class 1, 2, and 3 components and their supports
will conform to the appropriate ASME Code editions and
addenda and the Commission's regulations and that
component quality will be commensurate with the
importance of the safety function of all such components
and their supports. This constitutes an acceptable basis for
satisfying ODC 1 and is acceptable.

5.2.2 Overpressure Protection
The staff evaluated overpressure protection in the ABWR
in accordance with SRP Section 5.2.2, which states that
the acceptance criteria also are based on ODC 31 as it
relates to the fracture behavior of the RCPB. This review
area is addressed in Section 5.3.1 of this report. SRP
Section 5.2.2 also states that overpressure protection
during low-temperature operation need not be considered
for BWRs, since BWRs never operate in water solid
conditions.
Hence, overpressure protection during
low-temperature conditions is not addressed for the
ABWR.

5.2.1.2 Applicable Code Cases
SSAR Table 5.2-1 identifies specific ASME Code Cases
that will be applied in the construction of
pressure-retaining ASME Code, Section III, Class 1, 2,
and 3 components. The staffs review of this table is
based on the guidelines in RO 1.84, "Design and
Fabrication Code Case Acceptability - ASME Section HI,
Division 1," and RO 1.85, "Materials Code Case
Acceptability - ASME Section El, Division 1.' All ASME
Code Cases that have been either conditionally or
unconditionally endorsed by the staff are discussed in one
of these ROs, as applicable. Table 5.2-1 of the SSAR lists
15 code cases that will be used in the design of the
ABWR. All of these code cases have been endorsed by
the staff and are included in one of the above RGs.

The RCPB is designed with a pressure relief system to:

In SSAR Sections 3.9.3.4 and 3.9.3.5, Code Case N-476,
"Class 1, 2, 3, and MC Linear Component Supports Design Criteria for Single Angle Members, Section III,
Division 1, Subsection NF," is referenced as augmenting
ASME Subsection NF rules for the design of component
supports. As stated in Section 3.9.3.3 of this report, the
staff finds this code caus acceptable. Therefore, it will DO
an acceptable addition to SSAR Table 5.2-1.

prevent the pressure in the RCPB from rising beyond
110 percent of the design value

•

provide automatic depressurization if small breaks in
the nuclear system should occur together with failure of
the high-pressure core flooder (HPCF) and reactor core
isolation cooling (RCIC) system.
(This depressurization will allow operation of the low-pressure
flooder systems to protect the fuel barrier.)

To be acceptable, the pressure relief system must permit
verification of its operability and must withstand adverse
combinations of loadings and forces resulting from normal,
upset, emergency, and faulted conditions.

The only acceptable ASME Code Cases that may be used
for the design of ASME Code, Class 1, 2, and 3 piping
systems in the ABWR standard plant are those either
conditionally or unconditionally approved in ROs 1.84 and
1.85 in effect at the time of design certification. However,
the COL applicant may submit, with its COL application,
future code cases that are endorsed in RGs 1.84 and 1.85
at the time of the application provided they do not alter the
staff 8 safety findings on the ABWR certified design. In
addition, the COL applicant should submit those Code
Cases that are applicable to RO 1.147, "Inservice
Inspection Code Case Acceptability - ASME Section XI,
Division 1," which is in effect at the time of the COL
application.

Overpressure protection in the ABWR will be provided
using 18 safety/relief valves (SRVs); of which 8 are part
of the automatic depressurization system (ADS). The
18 SRVs are divided into six nominal pressure set point
groups and mounted on the four main steamlines (MSLs)
between the reactor vessel and the first isolation valve
inside the drywell. The SRVs will discharge through
piping to the suppression pool. The design of the ABWR
pressure relief system is similar to that for BWR 4, 5, and
6 plants.
The SRVs are classified as QG A and seismic Category I,
as shown in SSAR Table 3.2. The SRVs are designed to
meet RGs 1.26, Revision 3, and 1.29, "Seismic Design
Classification," Revision 3.

The staff concludes that all of the Code Cases in SSAR
Table 5.2-1 either meet the guidelines of RG 1.84 ot 1.85
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report. The analyses show that the maximum pressure will
remain below the 9.5-MPa (1,375.3-psig) limit. For the
most severe transient (i.e., closure of all main steam
isolation valves (MSIVs) with a high neutron flux scram),
the maximum vessel bottom pressure is calculated to be
8.8 MPa (1274.4 psig) when all 18 SRVs are assumed to
operate in the safety mode. The analysis assumed that the
plant was operating at 102.7 percent of rated steam flow
of 7.85 X 10E+6 kg/hr (about 17 X 10E+6 lb/hr) and a
vessel dome pressure of 7.2 MPa (1,040 psig). This is
consistent with SRP Section 5.2.2 and is acceptable.

The nominal pressure set points of the SRVs will be
distributed in six valve groups with a minimum set point
of 7.9 MPa (1,149.2 psig) and a maximum of 8.2 MPa
(1,189.0 psig) in the safety mode of operation. The
nominal pressure set points of the SRVs in the relief mode
of operation will be at a minimum of 7.5 MPa
(1,089.5 psig) and maximum of 7.9 MPa (1,139.2 psig).
The SRVs can also be operated in the relief mode by
remote-manual controls from the main control room. Four
SRVs can also be operated from the remote shutdown
panel. The effects of flow-induced SRV discharge line
backpressure on the performance of the SRV are addressed
by sizing the line to ensure that the steady-state
backpressure does not exceed 40 percent of the SRV inlet
pressure. These sizing criteria control the effective
backpressure buildup and maintain the required force
balance needed to keep the SRV open and to permit proper
blowdown.

GE based the sizing of the SRVs on the initiation of a
reactor scram by the high-neutron flux scram, which is the
second safety-grade scram signal from the reactor
protection system following MSIV closure. The staff
believes that the qualification and redundance of reactor
protection system equipment, coupled with the fact that the
reactor vessel pressure is limited to less than 110 percent
of design pressure, provides adequate assurance that the
reactor vessel integrity will be maintained for the limiting
transient event.

In the DFSER, the staff noted that before the valves are
installed, the SRV manufacturer will test them
hydrostatically according to ASME Code, Section III
requirements. During startup testing, opening response
time and set pressure tests will be conducted to verify that
design and performance requirements have been met. This
was DFSER COL Action Item 5.2.2-1. Since these tests
are being addressed in Chapter 14 of the SSAR, they need
not be specified as a COL action item. Therefore, COL
Action Item 5.2.2-1 is resolved.

The staff evaluation of TMI-2 Action Items (NUREG-0737
requirements that are incorporated
into
10 CFR 50.34(f)(l)(vi), (l)(v), (2)(vi), 2(x), and (2)(xi)),
as related to SRVs, is discussed in Chapter 20 of this
report.
GE performed the overpressure protection analysis for a
core loading pattern, which is described in Chapter 4 of
the SSAR.

ODC IS defines the basis for overpressurization protection
in a nuclear reuctor. It requires that the RCPB design
conditions not be exceeded during any condition of normal
operation, including anticipated operational occurrences.
To satisfy this criterion, the overpressurization protection
system for the ABWR is designed in compliance with
ASME Code, Section III, which requires that the
maximum pressure reached during the most severe
pressure transient be less than 110 percent of the design
pressure. For the ABWR, that pressure limit is 9.5 MPa
(1,375.3 psig). GE analyzed the series of transients that
would be expected to require SRV actuation to prevent
overpressurization. The analysis was performed using the
computer-simulation model ODYNA. ODYNA is the
ABWR version of OD YN incorporating changes unique to
the ABWR such as reactor internal pumps (RIPs). ODYN
is described in GE Topical Report NEDO-24154. The
staff reviewed ODYN and found it acceptable as
documented in "Safety Evaluation for the General Electric
Topical Report Qualification of the One-Dimensional Core
Transient Model for Boiling Water Reactors, NEDO-24154
and NEDO-24154-P Volumes I, II, III, June 1980." The
staff performed an audit of ODYNA and found the changes
to be acceptable. The acceptability of ODYNA for ABWR
transient analysis is discussed in Section 15.1 of this

GE originally submitted the design description and the
inspection, test, analysis, and acceptance criteria (ITAAC)
for SRVs. At the time the DFSER was issued, the ITAAC
review was in progress. Therefore, this was DFSER Open
Item 5.2.2-1. GE has since submitted revised design
description and ITAAC in its certified design material
(CDM). The adequacy and acceptability of the CDM are
evaluated in Chapter 14.3 of this report. Therefore, this
item is resolved.
The staff concludes that the pressure relief system, in
conjunction with the reactor protection system, will
provide adequate protection against overpressurization of
the RCPB and that the overpressurization system is acceptable and meets the relevant requirements of GDC 15.
5.2.3 Reactor Coolant Pressure Boundary Materials
The staff reviewed RPCB materials in accordance with
SRP Section 5.2.3. The RPCB materials are acceptable if
they meet the requirements of (1) GDC 1 and 30 as related
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accordance with ASME Code, Section III. This
compatibility with the reactor coolant and compliance with
the ASME Code satisfy the requirements of GDC 4 as
related to the compatibility of components environmental
conditions.

to quality standards for design, fabrication, erection and
testing; (2) ODC 4 as related to compatibility of
components with environmental conditions; (3) GDC 14
and 31 as related to extremely low probability of rapidly
propagating fracture and gross rupture of the RCPB;
(4) Appendix B to 10 CFR Part 50 as related to onsite
material cleaning control; (5) Appendix O to 10 CFR Part
SO as related to material testing and acceptance criteria for
fracture toughness of the RCPB; and (6) 10 CFR SO.SSa
as related to quality standards and fracture toughness.

The main source of radiation buildup in operating plants is
cobalt-60, which is formed by neutron activation of
cobalt-59. GE reduced the cobalt content in alloys to be
used in high-fluence areas such as fuel assemblies and
control rods. It replaced cobalt-base alloys, used for pins
and rollers in control rods, with non-cobalt alloys. This
will reduce occupational exposure from cobalt-60 during
operation and maintenance of plant components.

In the DSER (SECY-91-153), the staff noted that the
materials used for the construction of RCPB components
had been identified by specification and were in
conformance with Section III of the ASME Code and
NUREG-0313. However, the staff requested that GE use
Revision 2 (not Revision 1 as proposed by GE) of
NUREG-0313. GE revised the SSAR (Amendment 14) to
reference NUREG-0313, Revision 2. GE's compliance
with the provisions of the Code for material specifications
and conformance with NUREG-0313, Revision 2, satisfy
the quality standards of GDC 1 and 30 and 10 CFR
SO.SSa.

The materials to be used for the construction of the RCPB
are compatible with the thermal insulation used in these
areas and conform to the recommendations of RG 1.36,
"Nonmetallic Thermal Insulation for Austenitic Stainless
Steels," Revision 0. They satisfy the requirements of
GDC 14 and 31 as they relate to the prevention of RCPB
failure.
The ferritic steel tubular products and the tubular products
fabricated from austenitic stainless steel that GE proposes
to use will be examined nondestructively in accordance
with the provisions of ASME Code, Section III. This is
acceptable and satisfies the quality standards of GDC 1 and
30 and 10 CFR SO.SSa.

In the DFSER, the staff noted that the construction
materials for the RCPB had been identified in SSAR
Table 5.2-4 and were compatible with the primary coolant
water, which will be chemically controlled in accordance
with appropriate technical specifications (TS). This was
DFSER TS Item 5.2.3-1.
GE addressed DFSER TS Item 5.2.3-1 in its April 16,
1993, submittal, "Response to TS Items in ABWR DRAFT
FSER," which stated that the reactor coolant chemistry
limits had been removed from the improved TS
(MUREG-1433 and -1434) and thus would not be included
in the ABWR TS. The reactor coolant chemistry limits are
to be controlled by appropriate administrative controls
outside of TS. This is acceptable. Therefore, this item is
resolved.

The fracture toughness tests, required by the ASME Code
and augmented by Appendix G to 10 CFR Part 50, provide
reasonable assurance that adequate safety margins against
nonductile behavior or rapidly propagating fracture can be
established for all pressure-retaining components of the
RCPB.
The use of Appendix G to ASME Code,
Section III, and the results of fracture toughness teste
performed in accordance with the ASME Code and NRC
regulations in establishing safe operating procedures
provide adequate safety margins during operations, testing,
maintenance, and postulated accident conditions. This
satisfies the requirements of GDC 14 and 31 and 10 CFR
50.55a regarding the prevention of RCPB fracture and of
gross rupture. The use of low-alloy steel is restricted to
the RPV. The controls imposed on preheat temperatures
for welding of ferritic steels conform to the requirements
of ASME Code, Section III, and provide reasonable
assurance that components made from ferritic steels will
not crack during fabrication. These controls also minimize
the possibility of subsequent cracking due to the retention
of residual stresses in the weldment and satisfy the quality
standards requirements of GDC 1 and 30 and
10 CFR 50.55a.

The RCP materials of construction identified io the SSAR
that will be exposed to the reactor coolant have been
identified and are compatible with the primary coolant
water, which will be chemically controlled to maintain
adequate water purity. This compatibility has been proven
by extensive testing and satisfactory performance. This
includes conformance with the recommendations of RG
1.44, "Control of Sensitized Stainless Steel," Revision O,
and with the staff guidelines of NUREG-0313, Revision 2.
General corrosion of all materials, except unclad carbon
and low-alloy steels will be negligible. For unclad carbon
and low-alloy steel, GE has provided conservative
corrosion allowances for all exposed surfaces in
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5.2.4 Inservice Inspection and Testing of the Reactor
Coolant Pressure Boundary

The controls imposed on electroslag welding of ferritic
steels are not necessary because electroslag welding will
not be used for RCPB components.

SSAR Section 5.2.4 and Table 5.2-8 describe certain
commitments and plans for the preservice inspection (PSI)
and inservice inspection (ISI) programs. GE discussed
basic inspection concepts and general ASME Code
provisions because it had reasoned that the requirements of
the NRC regulations might be controlled by the date of
order of each specific component subject to examination.
The staff review was performed in accordance with SRP
Section 5.2.4, except as discussed below.

The controls imposed on the welding of RCPB materials
under conditions of limited accessibility are in accordance
with the recommendations of RG 1.71, "Welder
Qualification for Areas of Limited Accessibility,"
Revision 0, and provide assurance that proper
requalification of welders will be required in accordance
with the welding conditions. These controls also satisfy
the quality standards requirements of GDC 1 and 30 and
10 CFR SO.SSa. The controls imposed on stainless steel
weld cladding are not necessary because the use of lowalloy steels is restricted to the RPV.

Throughout the service life of the plant, the COL applicant
will have the overall responsibility for the ISI of the RCPB
although other organizations also will contribute to the
examination activity (e.g., the reactor vendor, the architect-engineer and the inspection agency). The staff and GB
representatives discussed the issue of ISI requirements
during meetings on March 25 and 26, 1992, as
documented in an NRC meeting summary dated April 28,
1992. It was determined that GE is responsible for
designing the RPV for accessibility to perform PSI and
ISI. For all ASME Code, Class 1, 2, and 3 components,
the development of the PSI and ISI programs is the
responsibility of the COL applicant.

The controls to avoid stress corrosion cracking in RCPB
components constructed of austenitic stainless steels
conform to the recommendations of RGs 1.44 and 1.37,
"Quality Assurance Requirements for Cleaning of Fluid
Systems and Associated Components of Water-Cooled
Nuclear Plants," and NUREG-0313, Revision 2. Cold
work of austenitic stainless steel is controlled by applying
limits on hardness, bend radii, and surface finish on
ground surfaces. The controls to be followed during
material selection, fabrication, examination, and
protection, in accordance with these recommendations, in
order to prevent excessive yield strength, sensitization, and
contamination provide reasonable assurance that the RCPB
components of austenitic stainless steels will be in a
metallurgical condition that minimizes susceptibility to
stress corrosion cracking during service. These controls
meet the requirements of GDC 4 pertaining to the
compatibility of components with environmental conditions
and those of GDC 14 pertaining to the prevention of
leakage and failure of the RCPB.

Pursuant to 10 CFR 50.55a(g)(3), "Components which are
classified as ASME Code Class 1 shall be designed and be
provided with access to enable the performance of
inservice examination of such components and shall meet
the preservice examination requirements set forth in
Section XI of editions of the ASME Boiler and Pressure
Vessel Code and Addenda applied to the construction of
the particular component." The applicable construction
code should be determined by Paragraph NCA-1140 of
ASME Code, Section III, but the construction code that is
selected must be incorporated by reference in 10 CFR
50.55a(b).

Since hydrogen water chemistry will be used, a hydrogen
injection of less than 1 part per million (ppm) in the
feedwater will also be used to minimize intergranular stress
corrosion cracking (IGSCC) of the reactor internals in the
ABWR. To suppress IGSCC, the reactor coolant conductivity will be maintained below 0.3 microsiemen/cm and
sufficient hydrogen will be added to the feedwater to
reduce the electrochemical potential below -0.23 volt
(standard hydrogen electrode). These controls will further
ensure that the materials exposed to the reactor coolant will
not be subject to IGSCC. This is acceptable.

Throughout the service life of a nuclear power facility,
components (including supports) that are classified as
ASME Code Class 1 must meet the requirements in ASME
Code, Section XI, that become effective after the editions
specified in 10 CFR 50.55a(g)(2) and are incorporated by
reference in 10 CFR 50.55a(b), to the extent practical
within the limitations of design, geometry, and materials
of construction of the components. The inservice
examination of components conducted during the initial
10-year interval must conform to the requirements of the
latest edition and addenda of ASME Code, Section XI,
incorporated by reference in 10 CFR 50.55a(b) on the date
12 months before the date of issuance of the operating
license. The regulations also require that the ISI program
be updated for each subsequent 10-year interval to comply

The staff concludes that the RCPB materials are acceptable
because of the above reasons and because they meet the
requirements of GDC 1, 4, 14, 30, and 31 of Appendix A
to 10 CFR Part 50; of Appendices B and G to 10 CFR
Part SO; and of 10 CFR 50.55a.
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DFSER that QE should include in its SSAR PSI program
provisions that ultrasonic testing be performed in
accordance with Appendices VII and VIII pursuant to
10 CFR 50.55a(g)(3).
This was DFSER Open
Item 5.2.4-1. However, on further review the staff
determined that this open item could be resolved by the
action taken by the COL applicant.

with the ASME Code incorporated by reference in 10 CFR
50.55a.
Compliance with the requirements of the regulations for
the PSI and ISI must be based on commitments for or by
the COL applicant. The applicable ASME Code or Codes
for both design and ISIs are not known at the time of
design certification. In addition, the regulation permits the
COL applicant the option to change to a newer edition of
ASME Code, Section XI, by component, during the
construction of the plant.

OE responded to this open item by including additional
information in SSAR Section 5.2.6.2. This section states
that the COL applicant will submit, for staff review, the
complete plant-specific ISI/PSI program, including references to the edition and addenda of ASME Code, Section XI, that will be used for selecting components subject
to examination, a description of the components exempt
from examination by the applicable code, and isometric
drawings used for the examination. This is acceptable.
Therefore, DFSER Open Item 5.2.4-1 is resolved.

The staff review of the information in the SSAR
emphasized design access and the use of an effective
nondestructive examination (NDE) methodology. Since
the PSI requirements are established and known at the time
each component is ordered, 10 CFR 50.55a(g) does not
have provisions for "relief requests" for impractical
examination requirements. ASME Code, Section XI has
provisions to use certain shop and field examinations in
lieu of the onsite preservice examination. Therefore, the
NRC staff concluded in the DFSER that the COL applicant
must incorporate plans for NDE during construction in
order to meet all access requirements of the regulations.
This was DFSER COL Action Item 1,.2.4-1.

The requirements for the initial ISI program will be
determined by the ASME Code in effect 1 year before
issuance of the COL. The COL applicant is required to
meet the ISI requirements "to the extent practical within
the limitations of design, geometry and materials of
construction of the components." The regulations have
provisions for staff evaluation, on written request, of new
ASME Code requirements determined by a licensee to be
impractical for its facility.

OE responded to this COL item by including additional
information in SSAR Section 5.2.6.2, "Plant-Specific
ISI/PSI." This section states that the COL applicant will
submit the complete plant-specific ISI/PSI program to the
NRC including references to the edition and addenda of
ASME Code, Section XI, that will be used for selecting
components subject to examination, a description of the
components exempt from examination by the applicable
code, and isometric drawings used for the examination.
This is acceptable. Further, SSAR Section 5.2.4.2 states
that all items within the Class 1 boundary are designed to
provide access for the examinations required by ASME
Code, Section XI, IWB-2500. This is also acceptable.

In the DSER (SECY-91-355), the staff found that the
SSAR information pertaining to compliance with
10 CFR 50.55a(g), design access, PSI requirements, and
proposed methodology for ISI was unacceptable. This was
DSER Outstanding Issue 1. In SSAR Section 5.2.4, OE
addressed the topics discussed in SRP Section 5.2.4. GE
described the access provisions for examining the major
components of the RCPB including the reactor vessel,
closure head, RPV studs, nuts and washers, reactor vessel
support skirt, piping, pumps, valves, and component
supports. GE stated that all items within the Class 1
boundary are designed to provide access for the
examinations required by ASME Code, Section XI,
IWB-2500. This is acceptable and resolved DSER
Outstanding Issue 1.

ASME Code, Section XI, states that the PSI should be
conducted with equipment and techniques equivalent to
those that are expected to be used for subsequent ISIs.
Ultrasonic testing of RCPB components will improve in the
near future, as indicated by ASME Code, Section XI,
Appendix VII,
"Qualification of Nondestructive
Examination Personnel for Ultrasonic Examination," and
Appendix VIII, "Performance Demonstration for
Ultrasonic Examination Systems."
The NRC has
referenced in 10 CFR 50.55a(b) the ASME Code,
Section XI edition that includes the published
Appendix VII. In addition, the NRC staff has established
a technical contact to coordinate the implementation of
Appendix VIII. Therefore, the staff concluded in the
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SSAR Table 5.2-1 lists the applicable ASME Code Cases
for the major RCPB components. In a letter dated March
11, 1992, GE stated that the Code addenda requirements
for the ABWR plants will comply with 10 CFR 50.55a,
except for the RPV, because as of that date the 1989
Edition of the ASME Code had not been referenced by the
regulation. The 1989 Edition was subsequently referenced
by 10 CFR 50.55a. As a result of a meeting on March 25
and 26, 1992, it was determined that the COL applicant
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would be responsible for the development of the PSI and
ISI programs for all ASME Code, Class 1, 2, and 3
components. Since the applicable ASME Code edition for
the PSI and ISI programs at the time of the COL
application cannot be determined at the time of design
certification, pursuant to 10 CFR 50.55a(g), the development of the PSI and ISI programs for ASME Code,
Class 1, 2, and 3 components for the ABWR was DFSER
COL Action Item 5.2.4-2. In the DSER (SECY-91-153),
the staff noted that its reviews of the PSI and ISI programs
were in progress.
These were DSER Outstanding
Issues 20 and 23. In response to the above items, OE
included additional information in the SSAR to state that
the COL applicant will submit the complete plant-specific
ISI/PSI program to address a number of concerns including
those discussed above. This is acceptable. The staff
concludes that the SSAR enables the COL applicant to
meet the requirements of the NRC regulations defined in
10 CFR 50.55a, except for the RPV, which is evaluated
below as an individual component pursuant to 10 CFR
Part 52. Therefore, DSER Outstanding Issues 20 and 23
are resolved.

ation category defined by ASME Code, Section XI, will be
100 percent accessible for PSI. The staff assumes that PSI
of the nozzle-to-shell regions will be accomplished by shop
and field inspections during construction as permitted by
the Code. Although the RPV nozzle-to-shell welds might
have limited areas that will not be accessible from the
outer surface for inservice volumetric examination using
current examination techniques, the actual Code edition for
ISI, as defined by 10 CFR 50.55a(g), cannot be
determined until the construction of the ABWR plant is
essentially complete. Therefore, the staff will review all
examination limitations with the COL application. This is
acceptable because the concepts described above are
equivalent or superior to examinations performed on
existing operating BWRs. However, the staff concluded in
the DFSER that the COL applicant must monitor the
construction of structural supports around the RPV and the
installation of auxiliary equipment to ensure that the design
access that will be provided is not adversely affected. This
was DFSER COL Action Item 5.2.4-3.
GE responded to this item in SSAR Section 5.2.6.2, which
states that the COL applicant will submit the complete
plant-specific ISI/PSI program to the NRC including
references to the edition and addenda of ASME Code,
Section XI, that will be used for the selection of
components subject to examination, a description of the
components exempt from examination by the applicable
code, and isometric drawings used for the examination.
This is acceptable. GE also stated that the COL applicant
will submit plans for preservice examination of the RPV
welds to address the degree of compliance with RG 1.150,
"Ultrasonic Testing of Reactor Vessel Welds During
Preservice and Inservice Examinations," Revision 1.
Further, SSAR Section 5.2.4.2 states that all items within
the Class 1 boundary are designed to provide access for
the examinations required by ASME Code, Section XI,
IWB-2500. This is also acceptable.

GE committed to design the RPV so that PSI based on the
requirements of ASME Code, Section XI, 1989 Edition,
can be performed. This edition is specified in the RPV
ITAAC, Section 2.1.1, "Reactor Pressure Vessel System."
The RPV shell welds are designed for 100 percent
accessibility for both PSI and ISI. The RPV nozzle-toshell welds will be 100 percent accessible for PSI but
might have limited areas that will not be accessible from
the outer surface for inservice volumetric examination
using current examination techniques. The staff will
review the ISI program in accordance with the ASME
Code edition in effect and the ISI techniques available at
the time of the COL application.
The staff reviewed GE's use of the 1989 Edition of ASME
Code, Section XI, and evaluated the extent of examination,
design access, methodology for NDE, and personnel qualifications. Subarticle IWB-2200 "Preservice Examination"
of the 1989 Edition states that examinations required for
Class 1 components shall be completed before initial plant
startup. In addition, these PSIs should be extended to
include essentially 100 percent of the pressure- retaining
welds in all Class 1 components except in those
"components exempt from examination" as defined by
IWB-1220(a), (b), or (c). GE's use of the 1989 Edition of
ASME Code for design of the RPV should not significantly
change the extent of examination required by 10 CFR
50.55a(g).

The SSAR Section 5.2.4.3.2.1 states that ultrasonic testing
of the reactor vessel welds will be performed in
accordance with RG 1.150 and that personnel performing
ultrasonic examinations shall be qualified in accordance
with ASME Code, Section XI, Appendix VII. Ultrasonic
examination systems will be qualified in accordance with
an industry-accepted program for implementing ASME
Code, Section XI, Appendix VIII. GE does not consider
the supplemental examinations recommended in GE service
information letters (SILs) and rapid communication service
information letters (RICSILs) for previous BWR designs
applicable to the ABWR. In the ABWR design either the
components addressed by the SIL or RICSIL (e.g., jet
pumps) have been eliminated or the need for the
examination no longer exists because of the elimination of
crevices and the use of materials resistant to the known

GE committed to design the RPV with essentially
100 percent of the shell welds accessible for both PSI and
ISI. The RPV nozzle-to-shell welds, a different examin-
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degradation mechanisms (e.g., IGSCC) on which the SIL
and RICSIL eiaminations were based. GE'e proposed
methodology for'NDB of the reactor vessel and personnel
qualifications are acceptable because the concepts described
above have been successfully used in existing operating
BWRs.
Periodic examinations and hydrostatic testing of pressureretaining components of the RCPB by the COL applicant
in accordance with ASMB Code, Section XI, and 10 CFR
Part 50 will provide reasonable assurance that structural
degradation or loss of leaktight integrity during service will
be detected in time to permit corrective action before the
safety functions of a component are compromised.
Compliance with the PSI and ISI requirements of ASMB
Code and 10 CFR Part 50 constitutes an acceptable basis
for satisfying CDC 32.
As a vendor-specific issue, OB based its design of the RPV
on the 1989 Edition of the ASMB Code, which is a
national standard referenced by 10 CFR 50.55a(b). The
staff reviewed the design of the RPV using the 1989
Edition of the ASMB Code to determine if the design is
technically acceptable. In the DFSER, the staff concluded
that GE*s proposal related to the examination of the RPV
will be technically acceptable, if it is properly described in
the SSAR and the Tier 1 document. OB was asked to
revise the SSAR to indicate that it had based its design of
the RPV on the 1989 Edition of the ASMS Code and
that PSI will be performed in accordance with that same
code edition, rather than the code in effect at the time of
COL application (as required by 10 CFR 50.55(g). In
addition, a discussion of the PSI and the 1989 Edition of
the Code will be added to the RPV Tier 1 document design
information. This was DFSER Confirmatory Item 5.2.4-1.
OE responded to this item in SSAR Section 5.2.4 by
stating that the design for performing PSI on the reactor
vessel shall be based on the requirements of ASME Code,
Section XI, 1989 Edition. For the required preservice
examination, the reactor vessel shall meet the acceptance
standards of Section XI, IWB-3510. The RPV shell welds
are designed for 100-percent accessibility for both PSI and
ISI. The RPV nozzle-to-shell welds will be 100-percent
accessible for PSI but might have limited areas that will
not be accessible from the outer surface for performing
inservice examination techniques. The staff reviewed
revised SSAR Section 5.2.4 and found it acceptable. After
a discussion with the applicant, the staff decided that PSI
requirements will include ultrasonic examination in
addition to the radiographic examination required by
Section III of the Code. These requirements are included
in the RPV Tier 1 design description. However, the
specific edition of the ASME Code (1989) is considered
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Tier 2 information as previously discussed in Section 5.2.1.1 of this report. This item is resolved.
5.2.5 Reactor Coolant Pressure Boundary Leakage
Detection
The staff reviewed the RCPB leakage detection systems in
accordance with SRP Section 5.2.5. Staff acceptance of
the RCPB leakage detection systems is based on the design
meeting the requirements of ODC 2 as it relates to the
ability of systems to maintain and perform their safety
functions following an earthquake and meeting the
requirements of ODC 30 as it relates to the detection,
identification, and monitoring of the source of reactor
coolant leakage. Conformance with ODC 2 is based on
the design meeting the guidelines of RO 1.29, Positions
C. 1 and C.2 while conformance with ODC 30 is based on
the design meeting the guidelines of RO 1.45, Positions
C.l through C.9.
A limited amount of leakage is to be expected from
components forming the RCPB. Leakage is classified into
two types, identified and unidentified. Components such
as valve stem packing, pump shaft seals, and flanges will
not be completely leaktight. Because some leakage is
expected from them, it will be collected and monitored.
This leakage from the selected components (1) is
considered identified leakage and (2) its total flow rate will
be monitored separately from unidentified leakage (which
may be symptomatic of an unexpected failure of the
RCPB). Items (1) and (2) above are requirements of
Position C. 1 of RO 1.45, "Reactor Coolant Pressure Boundary Leakage Detection Systems," Revision 0. The sensitivity of detection methods (3.79 L/min (1 gpm)) and
leakage limits (ranging from 3.79 L/min (1 gpm) to
19 L/min (5 gpm)) for unidentified leakage will be
selected to detect and correct potential through-wall flaws
(cracks) in the RCPB before such cracks can grow sufficiently to threaten the safety of the plant.
Reactor coolant leakage for the ABWR involves leakage
within the drywell, leakage external to the drywell (i.e., in
the equipment areas in the reactor building, the main steam
tunnel, and the turbine building) and intersystem leakage.
These are discussed below.
(0
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Leajfflge Within the Pmyell
Identified LgaJaggl Within the drywell, the drywell
equipment drain sump will collect leakage from the
reactor vessel head flange inner seal, stem inner
packing for large remote power-operated valves,
and other known leakage sources. The sump is
designed with two pumps, timers, and
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instrumentation for control room monitoring. The
sump instrumentation and timers will monitor
identified leakage by measuring the rate of change
in sump level and the sump's fill-up and pump-out
times. The ABWR design provides control room
indication and alarm capabilities. The sump level
monitoring instrument and the fill-up and/or pumpout timer will activate an alarm in the control room
when the total leak rate reaches 95 L/min
(25 gpm).
Different parameters will monitor
leakage from individual sources. The leakage from
the head flange inner seal will be monitored by
means of a seal drain line pressure instrument.
Safety/ relief valve (SRV) and valve stem leakage
will be monitored by temperature sensors provided
on each SRV discharge line. These monitors will
continuously indicate and/or record leakage in the
control room. In addition, the monitors will trip
and activate an alarm in the control room if leakage
from the monitored components is detected. The
stems for large power-operated valves will be
equipped with drain lines to the sump. A remoteoperated solenoid valve installed in each drain line
can be used during plant operation, in conjunction
with additional sump instrumentation, to identify
leaking valve packing and to isolate leakage flow
from the valve stem's inner seal.
Unidentified Leakage; Within the drywell, the
drywell floor drain sump will collect unidentified
leakage from sources such as control rod drives,
valve flanges, closed cooling water for reactor
services (e.g., cooling of RIP motor), condensate
from the drywell atmosphere coolers, and other
leakage not collected in the drywell equipment drain
sump. The sump is designed with two pumps,
timers, and instrumentation for control room
monitoring. Sump fill-up and pump-out times will
be monitored. The instrumentation will activate an
alarm in the control room when preset limits are
reached. The rate of change in sump level will be
indicated continuously in the control room. Other
primary detection methods for small unidentified
leaks will include increases in condensate flow rate
from the drywell air coolers and increases in the
radioactivity count level for noble gases, iodines,
and particulates in the drywell atmosphere. The
flow rate for condensate, which results from
condensation of thermally hot leakage inside the
drywell, will be monitored by flow instrumentation
provided on the common drain line for the
condensate from all the coolers. The radioactivity
count levels will be monitored by drywell radiation
monitors. These variables will be continuously
indicated and/or recorded in the control room. The
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monitors will activate alarms in the control room
when their preset limits are reached.
The
sensitivity and response time for all these primary
detection systems is 3.79 L/min (1 gpm) or its
equivalent in leas than 1 hour, thus satisfying
Positions C.2 and C.5 of RO 1.45, Revision 0.
Secondary detection methods will include
monitoring the drywell temperature and pressure for
gross unidentified leakage. These variables will be
recorded in the control room and will activate
control room alarms when they are high. Excessive
leakage inside the drywell (e.g., during a
loss-of-coolant accident (LOCA)) will be detected
by high drywell pressure, low reactor vessel
pressure, or high steamline flow (for breaks
downstream of the flow elements).
The
instrumentation for these monitored variables will
trip, activate alarms and isolate the appropriate
valves when their predetermined limits are
exceeded. Position C.3 of RG 1.45, Revision 0,
states that at least three methods of leak detection
should be used in the design. Position C.7 of
RO 1.45, Revision 0, states that indicators and
alarms for each leakage detection system should be
provided in the main control room. Also, it states
that procedures for correcting various indications to
a common leakage equivalent should be available to
reactor operators. The leakage detection methods
described above meet Position C.3 of RO 1.45,
Revision 0, and are acceptable. The instrumentation and alarms discussed in the SSAR meet the
indicator and alarm provisions of Position C.7 of
RO 1.45, Revision 0 and are acceptable. The
applicant referencing the ABWR design will
provide the procedures to convert leakage indicators
to a common leakage equivalent.
The total leakage rate from the RCPB consists of
all leakage, identified and unidentified, that flows
into the drywell floor drain and equipment drain
sumps. OE specifies an identified leakage rate limit
of 95 L/min (25 gpm) and an unidentified leakage
rate limit of 3.79 L/min (1 gpm) from the RCPB.
GE also states that the total leakage rate from both
categories from the RCPB is limited to 95 L/min
(25 gpm).
Position C.9 of RG 1.45, Revision 0, requires that
the TS include limiting conditions for identified and
unidentified leakage and address the availability of
various instruments to ensure adequate coverage.
The technical specification limits on RCS leakage
are 3.79 L/min (1 pgm) for unidentified leakage
and 98.4 L/min (26 gpm) for total leakage. Since
the above limits are either equal to or less than
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current BWR standard TS limits for RCPB leakage
limits, the system meets Position C.9 of RO 1.45,
Revision 0, and is acceptable. This was DFSER
TS Item 5.2.5-1. GB has provided the applicable
TS.
Therefore, DFSER TS Item 5.2.5-1 is
resolved.
(2)
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will be indicated, alarmed, and recorded in the
control room.
In some cases, a
high-temperature condition will provide isolation
signals to close appropriate valves. These
monitors will be suitable to detect leakage of
95 L/min (25 gpm) or less into the monitored
areas.
In addition to area temperature
monitoring, leakage external to the drywell
originating from specific systems can be
detected by monitoring other parameters such as
low steam pressure and high steam flow in the
RCIC system and main steamlines (MSLs), high
RCIC exhaust line diaphragm pressure, and high
differential flow between suction and discharge
lines of the CUW system. These detection
systems will activate alarms in the control room
and/or initiate closure of applicable valves when
the preset limits for the corresponding
parameters are reached.

ft* Drvwell

The areas designated as external to the drywell that
are monitored for reactor coolant leakage include
the equipment areas in the reactor building, the
main steam tunnel, and the turbine building. The
process piping for each monitored system is located
in separate compartments or rooms, where feasible,
to facilitate the detection of the leak through area
temperature indications. Each leakage detection
system has the capability to detect leak rates that
are less than the established limits for identified and
unidentified leakage from the RCPB.
Many
detection and monitoring systems will be used to
detect leakage external to the drywell.

• Main Steam Tunnel
Leakage within the main steam tunnel will be
detected by monitoring area temperatures and
radiation.
MSL area temperature will be
monitored by thermocouples located in the area
of the main steam and RCIC pipelines. All
temperature elements will be located and
shielded so that they will be sensitive to ambient
air temperature rather than the radiated heat
from hot equipment. The monitors will alarm
in the control room and provide isolation signals
to the MSL and the MSL drain line isolation
valves as well as the CUW isolation valves. If
the leakage is from the feedwater system, the
system will be isolated manually. These monitors will be suitable to detect leakage of
95 L/min (25 gpm) or less into the monitored
areas. MSL radiation will be monitored by the
process radiation monitoring system (PRMS).
The PRMS trip functions will include isolation
of the MSIVs and reactor scram. The PRMS
will initiate control room readouts and alarms.

• Equipment Arcw io the Reactor Building
Leakage from unknown or unidentified sources,
including shutdown cooling system piping,
reactor water cleanup system (CUW) piping,
process instrumentation piping, and control rod
drive hydraulic control unit (HCU) piping is
collected in several reactor building floor drain
sumps. Identified leakage from known sources
will be collected in reactor building equipment
drain sumps.
Pumps, timers, and instrumentation used for
processing and monitoring the reactor building
equipment and floor drain sumps will be the
same as those provided for the drywell
equipment and floor drain sumps. Sump levels
and sump fill-up and pump-out times will be
monitored. Alarms will be initiated in the
control room when the applicable set points are
reached.
•
In addition to the above parameters (i.e., sump
levels and sump fill-up and pump-out times),
other parameters also will be used for detecting
leakage. Equipment rooms that house the
RCIC, RHR, and CUW components will be
monitored by dual-element thermocouples that
sense high ambient temperature. These sensors
will indicate possible reactor coolant leaks in
these areas. The high-temperature condition
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Turbine Building
Reactor coolant leakage in the turbine building
will be detected by monitoring MSL pressure,
main condenser vacuum, and turbine building
ambient temperature in areas traversed by the
MSL. These monitors will alarm and indicate
in the control room and, in some cases, will
also provide signals for isolating the MSIV and
MSL drain lines.

Reactor Coolant System and Connected Systems
Large leaks external to the drywell will be
detected by monitoring MSL flow rate,
reactor vessel level, RCIC steamline flow
rate, and low pressure on the RCIC
steamline or the RCIC turbine. Abnormal
conditions detected by any of the above
monitors will alarm in the control room, and
isolation of appropriate system(s) will be
initiated.
Intersvstem Leakage
Position C.4 of RO 1.4S, Revision 0, states that
provisions should be made in the design to monitor
systems connected to the RCPB for signs of
intersystem leakage.
The ABWR design provides for monitoring
intersystem leakages (i.e., leakages from the reactor
coolant system (RCS) into other connected
systems).
Detection of leakage into systems
connected to the RCS is necessary because intersystem leakage could result in damage to those
systems. The systems of concern are:
•
•
•
•
•
•
•
•

HPCF system
RCIC system
RHR shutdown cooling (SDC) system
RHR low-pressure core flooder (LPFL)
secondary side of RHR heat exchangers
secondary side of RIP heat exchangers
secondary side of CUW heat exchangers
secondary side of fuel pool cooling (FPQ heat
exchangers

In response to request for additional information
(RAI) Question (Q)430.2c, GE submitted
information regarding the detection of intersystem
leakage for systems connected directly to the RCS.
In the DFSER, the staff stated that this information
should be incorporated into SSAR Section 5.2.5.
This was identified as Confirmatory Item 5.2.5-1.
OE added a reference to the response to RAI
Q430.2c in the text of SSAR Section 5.2.5.2.2(11).
Since the response is presented in SSAR Chapter 20
and is adequately reference^ in Section 5.2.5,
Confirmatory Item 5.2.5-1 is resolved. GE's
response to the RAI is summarized below.
The ABWR high-pressure safety injection system
consists of two HPCF divisions (Divisions B and C)
and the RCIC system. There is no connection
between the RCS and the inlet suction of HPCF
divisions B and C. Both divisions will draw their
suction flow from the condensate storage pool or
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suppression pool, and not from the RCS. The
discharge lines of the HPCF divisions connect to
the RCS through normally closed discharge check
valves and injection valves. Substantial (potential)
leakage through the closed discharge check valves
and closed injection valves into either of the
discharge lines would result in pressurization of
both the discharge line and the HPCF pump suction
line, leading to a control room alarm indicating
high HPCF B (or C) suction pressure. Significant
pressurization of the suction piping would result in
a discharge to the suppression pool via a pressure
relief valve.
There is no connection between the RCS and the
suction or discharge of the RCIC system. The
system will draw its suction flow from the
condensate storage pool or suppression pool, and
not from the RCS. The discharge line of the RCIC
system connects to feedwater line B through
normally closed discharge check and injection
valves and is not considered to be connected to the
reactor system pressure boundary. Therefore, the
provisions of SRP Section 5.2.5 are not applicable
to the RCIC system.
Each of the three suction lines for the shutdown
cooling mode of the RHR system connect to the
RCS through a shutdown cooling line suction valve
and through both an inboard and an outboard
containment isolation valve. Substantial (potential)
leakage through both of the closed containment
isolation valves into any of the suction lines would
be detected by pressure sensors located between the
outboard containment isolation valve and the keylocked closed RHR shutdown cooling mode suction
valve. High pressure in this section of piping
would result in a control room alarm. Significant
pressurization of this section of piping would result
in a discharge to the suppression pool via a pressure
relief valve.
In the LPFL mode of RHR, suction flow will be
drawn from the suppression pool through normally
opened RHR pump suction valves, and not from the
RCS.
The RHR discharge lines will be used by all three
RHR divisions to return flow to the reactor for both
the shutdown cooling mode or LPFL mode of
operation. The discharge lines normally will be
filled with water by the RHR discharge line fill
pumps. Only RHR divisions B and C will discharge directly into the RPV; division A will
discharge into feedwater line A.
Therefore,
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intersystem leakage is only postulated to occur in
RHR divisions B and C. The discharge lines of
RHR connect to the RPV through normally closed
discharge check valves and injection valves.
Substantial (potential) leakage through the closed
discharge check valves and closed injection valves
into either of the discharge lines would result in
pressurization of the discharge line, leading to a
control room alarm. Significant pressurization of
the discharge piping would result in a discharge to
the suppression pool via a pressure relief valve.

•

These methods meet Position C.8 of RG 1.4S, Revision 0,
and are acceptable.

Radiation monitors will detect reactor coolant
leakage into the reactor building cooling water
(RCW) system, which will provide cooling water to
the RHR heat exchangers, die RIP heat exchangers,
the CUW nonregenerative heat exchangers
(NRHXs), and the fuel pool pooling and cleanup
(FPC) heat exchangers. At least two process
radiation monitoring channels will monitor leakage
into each of the two common cooling water headers
that will receive RCW return flow from the above
heat exchangers. Each channel will alarm on highradiation conditions that indicate process leakage
into the CUW system.
'
The staff concludes that intersystem leakage applicable to
the ABWR, such as that into the RHR, HPCF, and RCfc
systems, would be highly unlikely because it would have
to occur through closed check valves and/or closed
containment isolation valves. All potential intersystem
leakage from the RCPB will be into closed systems,
normally filled with water. Therefore, indicators for
abnormal water levels or flows in the affected areas will
not be used for monitoring intersystem leakage. For these
systems, high-pressure alarms will be used. Thus, the
ABWR design satisfies the requirements of Position C.4 of
RG 1.4S, Revision 0, and is acceptable.
Position C.8 of RG 1.45, Revision 0, states that leakage
detection systems should be equipped with provisions to
permit testing for operability and calibration during plant
operation.
The ABWR leakage detection systems are equipped with
features to permit operability testing and calibration during
plant operation using the following methods:
•

simulation of input signals into trip units

•

comparison of methods (e.g., comparison of airborne
particulate monitoring or air cooler condensate flow
with sump fill-up rate)

NUREG-1503

comparison of channels when more than one channel is
used for any one detection method (e.g., area
temperature monitoring)

However, in the DFSER, the staff noted that the COL
applicant should provide information regarding the
sensitivity of detection methods and leakage limits for
unidentified leakage and procedures and graphs for
converting various indicators into a common leakage
equivalent to meet the procedures portion of Position C.7
of RG 1.45. This was DFSER COL Action Item 5.2.5-1.
GE has included this action in SSAR Section 5.2.5.9. This
is acceptable.
GE originally submitted the design description and the
ITAAC relating to RCPB leakage detection. At the time
the DFSER was issued, the ITAAC review was in
progress. Therefore, this was DFSER Open Item 5.2.5-1.
GE has since provided revised design description and
ITAAC. The adequacy and acceptability of the design
description and the ITAAC are evaluated in Chapter 14.3
of this report. Therefore, DFSER Open Item 5.2.5-1 is
resolved.
The leakage detection systems proposed for the ABWR
design meet RG 1.45, Revision 0, Positions C.l through
C.5, C.8, and C.9. RG 1.29, Revision 3, states in
Positions C. 1 and C.2 that systems required for monitoring
systems important to safety should be designed to meet
seismic Category I standards and to withstand the effects
of a safe shutdown earthquake (SSE) without failure.
RG 1.45, Revision 0, indicates in Position C.6 that the
airborne particulate monitoring system should function
when subjected to an SSE, and the leakage detection
system should be capable of performing its functions
following seismic events not requiring shutdown. The
ABWR leakage detection systems are designed to remain
functional following seismic events. Specifically, the
drywell airborne particulate radioactivity monitoring
system is designed to seismic Category I standards. Thus,
the requirements of GDC 2, "Design Basis for Protection
Against Natural Phenomena," and the guidelines
of RG 1.29, Revision 3, Positions C.l and C.2, and of
RG 1.45, Revision 0, Position C.6, are satisfied.
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Indicators and alarms for each leakage detection system are
provided in the control room. Level and flow from floor
and equipment drain sumps, both internal and external to
the drywell, will be monitored for leakage. Condensate
flows from the drywell air cooler also will be monitored
and will alarm in the control room on high flow.

Reactor Coolant System and Connected Systems
The staff concludes that the leakage detection systems provided to detect leakage from components of the RCPB
furnish reasonable assurance that structural degradation
that may develop in pressure-retaining components will be
detected on a timely basis. Thus, corrective action can be
taken before such degradation becomes sufficiently severe
to jeopardize the safety of the system, or before the
leakage increases to a level beyond the capability of the
makeup system to replenish the loss. On the basis of the
information in the SSAR and the evaluation above, the
staff concludes that the systems are in conformance with
the guidelines of RG 1.29, Revision 3, Positions C.l and
C.2, and RO 1.45, Revision 0, Positions C. 1 through C.9,
and satisfy the requirements of GDC 2 and 30. Therefore,
the RCPB leakage detection systems meet the acceptance
criteria of SRP Section S.2.S and ate acceptable.

When components of austenitic stainless steels are welded,
ASME Code controls will be supplemented by
conformance with the recommendations of RG 1.31,
"Control of Ferrite Content in Stainless Steel Weld Metal,"
Revision 3, and NUREG-0313, Revision 2.
These
controls will provide reasonable assurance that the welds
will not contain microcracks and will be resistant to
IGSCC and satisfy GDC 1,14, and 30 and 10 CFR 50.55a
as related to the integrity of the RCPB.

The materials specified for construction of the reactor
vessel and its appurtenances have been identified oy
specification on SSAR Table 5.2-4 and found to be in
conformance with Section i n of the ASME Code. GEhas
identified special requirements with regard to the control
of residual elements that the staff considers acceptable.
Compliance with the provisions of the Code for material
specifications satisfies GDC 1 and 30 and 10 CFR 50.55a.

When components of low-alloy steels are welded, ASME
Code controls will be supplemented by conformance with
the recommendations of RG 1.50, "Control of Preheat
Temperature for Welding of Low-Alloy Steel," Revision 0.
Low-alloy steel components either will be held for an
extended time at preheat temperatures to ensure the
removal of hydrogen, or preheat will be maintained until
postweld treatment.
This will provide reasonable
assurance that components made from low-alloy steels will
not crack during fabrication and will minimize (he potential
for subsequent cracking.
Adherence to the
recommendations of RG 1.43, "Control of Stainless Steel
Weld Cladding of Low-Alloy Steel Components,"
Revision 0, is not necessary because the RPV
specifications require that all low-alloy steel be produced
in accordance with fine grain practice. This will provide
reasonable assurance that underclad cracking will not occur
during the weld cladding process. These controls satisfy
GDC 1 and 30 and 10 CFR 50.55a.

Ordinary processes will be used for the manufacture,
fabrication, welding, and NDE of the reactor vessel and its
appurtenances. Fabrication processes and NDEs will be
performed in accordance with the requirements specified
in the ASME Code. Compliance with these ASME Code
provisions meets GDC 1 and 30 and 10 CFR 50.55a.

Integrity of the reactor vessel studs and fasteners is
ensured by conformance with the recommendations of
RG 1.65, "Materials and Inspections for Reactor Vessel
Closure Studs," Revision 0, which satisfies GDC 1, 30,
and 31 and 10 CFR 50.55a and the requirements of
Appendix G to 10 CFR Part 50.

5.3 Reactor Vessel
5.3.1 Reactor Vessel Materials

In the DSER (SECY-91-153), the staff noted that GE
should discuss the onsite cleaning and cleanliness controls
for austenitic stainless steel. This was DSER Outstanding
Issue 21. As discussed in SSAR Section 5.3.1, the
controls to be used during all stages of welding to prevent
contamination and sensitization that could cause stress
corrosion cracking in austenitic stainless steel conform with
the recommendations of RGs 1.37, Revision 0, and 1.44,
Revision 0, and NUREG-0313, Revision 2.
These
controls will provide reasonable assurance (1) that
austenitic stainless steel components will be properly
cleaned on site, thus satisfying Appendix B to 10 CFR
Part 50, and (2) that welded components will not be
contaminated or excessively sensitized before or during the
welding process, thus satisfying GDC 1, 4, and 30 and
10 CFR 50.55a. This is acceptable and resolved DSER
Outstanding Issue 21.

The staff reviewed the fracture toughness of the reactor
vessel materials, the RCPB materials, and the materials
surveillance program for the reactor vessel beltline region
according to SRP Section 5.3.1.
GDC 31 require that the RCPB be designed with sufficient
margin to ensure that, when stressed under operating,
maintenance, and test conditions, the boundary behaves in
a nonbrittle manner and the probability of rapidly
propagating fracture is minimized. GDC 32 require that
the RCPB be designed to permit an appropriate material
surveillance program for the RPV. The fracture toughness
requirements for the ferritic materials of the RCPB are
defined in Appendices G and H to 10 CFR Part 50.
The edition and addenda of the ASME Code that are
applicable to the design and fabrication of the reactor
vessel and RCPB components are specified in 10 CFR
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50.55a. The ASME Code edition and addenda that are
applicable to the ABWR are specified in SSAR
Tables 1.8-21 and 3.2-3.

confirm this conclusion, the COL applicant must provide
details of its surveillance program including the specific
materials in each surveillance capsule, the capsule lead
factors, the withdrawal schedule for each capsule, the
neutron fluence to be received by each capsule at the time
of its withdrawal, and the vessel end-oMife peak neutron
fluence. This was DFSER COL Action Item 5.3.1-2.

In the ABWR SSAR, OE states that the reactor vessel will
comply with the fracture toughness requirements of
Appendix G to 10 CFR Part 50. However, the staff
concluded in the DFSER that to confirm this conclusion,
the COL applicant must provide fracture toughness data
based on the limiting reactor vessel materials. This was
DFSER COL Action Item 5.3.1-1.

GE responded to this item in SSAR Section 5.3.4 by
stating that the COL applicant will submit the following
information to the NRC: the specific materials in each
surveillance capsule, the withdrawal schedule for each
surveillance capsule, the neutron fluence to be received by
each capsule at the time of its withdrawal, and the vessel
end-of-life peak neutron fluence. This is acceptable.

GE responded to this item in SSAR Section 5.3.4 by
stating that the COL applicant will provide fracture
toughness data based on the limiting reactor vessel
materials. This is acceptable.
'
Appendix G, "Protection AgainstNonductile Failures," to
Section III of the ASME Code is used, together with the
fracture toughness test results required by Appendices G
and H to 10 CFR Part 50, to calculate the pressuretemperature limits for the ABWR reactor vessel. The
fracture toughness tests required by the ASME Code and
Appendix G to 10 CFR Part 50 provide reasonable
assurance that adequate safety margins against the
possibility of nonductile behavior or rapidly propagating
fracture can be established for all pressure-retaining
components of the RCPB. These methods will provide
adequate safety margins during operating, testing,
maintenance, and anticipated transient conditions.
Compliance with these code provisions and NRC
regulations is acceptable and satisfies GDC 31.
The materials surveillance program will be used to monitor
changes in the fracture toughness properties of ferritic
materials in the reactor vessel beltline region resulting
from exposure to neutron irradiation and the thermal
environment, as required by GDC 32. The ABWR
surveillance program, which must comply with
Appendix H to 10 CFR Part 50 and American Society for
Testing and Materials (ASTM) E-185-82, "Standard
Recommended Practices for Surveillance Tests for Nuclear
Reactor Vessels," requires thai fracture toughness data be
obtained from material specimens that are representative of
the limiting base weld and heat-affected-zone materials in
the beltline region.
These data will permit the
determination of the conditions under which the vessel can
be operated with adequate margins of safety against
fracture throughout its service life.
In the SSAR, GE states that the reactor vessel materials
surveillance program will comply with the requirements of
Appendix H to 10 CFR Part 50 and ASTM E-185-82.
However, the staff concluded in the DFSER that to
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The materials surveillance program will generate
information on the effects of irradiation on material
properties so that changes in the fracture toughness of the
material in the ABWR reactor vessel beltline region can be
properly assessed and adequate safety margins against the
possibility of vessel failure can be provided. The
surveillance program must generate sufficient information
to permit the determination of conditions under which the
reactor vessel will be operated with an adequate margin
against rapidly propagating fracture throughout its service
lifetime. On the basis of a 40-year design life, ASTM
E-185-82 recommends that three materials surveillance
capsules be installed in the reactor vessel beltline.
However, in the DFSER, the staff noted that for the
ABWR, the design life is expected to be increased to
60 years. Accordingly, GE needed to reassess the number
of materials surveillance capsules to be provided to account
for the additional 20-year increase in the expected life of
the vessel. The staff noted that GE should revise its SSAR
to address changes to the materials surveillance program,
including the number and location of the vessel surveillance capsules, for the ABWR reactor vessel to account
for the 60-year design life of the plant. This was DFSER
Open Item 5.3.1-1.
GE addressed this open item in the SSAR. Specifically,
GE committed to provide four surveillance capsules instead
of the three previously proposed capsules. GE also
required that the capsules be placed to produce a lead
factor of approximately 1.2 to 1.5. Furthermore, GE
specified that the weld metal specimens be made from the
same heat of weld wire and lot of flux and that the same
welding practice as that for the beltline weld be used. GE
also calculated that the predicted end-of-license adjusted
reference temperature of the reactor vessel will be less
than 38 °C (100 °F). The staff finds this response
acceptable because these requirements will ensure that the
surveillance program will generate sufficient information
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available, this guide may need additional revision, since
the relationship between the increase in RTj^jyr *od
neutron fluence is empirically derived from analysis of
material surveillance data on U.S. commercial nuclear
reactor vessels.

to determine die conditions under which the reactor vessel
will be operated throughout its 60-year service lifetime.
Therefore, this open item is resolved.
Compliance with Appendix H to 10 CFR Part 50 and
ASTM E-185-82 ensures that the surveillance program will
be capable of monitoring radiation-induced changes in the
fracture toughness of the reactor vessel material and will
satisfy the requirements of ODC 32 regarding the design
of an appropriate materials surveillance program for the
reactor pressure vessel.

The pressure-temperature curves in SSAR Figure 5.3-1 are
system hydrotest limits with fuel in the vessel, non-nuclear
heating limits, and nuclear (core critical) limits. In the
DFSER, the staff noted that these three limits were
different from the suggested limits on preservice
hydrostatic tests, inservice leak and hydrostatic tests,
heatup and cooldown operations, and core operation in
SRP Section 5.3.2. The pressure-temperature curves in
the SSAR were generic and were not valid for any specific
effective full-power years. The staff found that the general
shapes of the curves are acceptable, but the curves should
be used as a reference only. For approval of any COL,
COL applicants must submit plant-specific calculations of
RTJTOT, stress intensity factors, and pressure-temperature
curves similar to those in RG 1.99 and SRP Section 5.3.2.
This was DFSER COL Action Item 5.3.2-1.

5.3.2 Pressure-Temperature Limits
The acceptance criteria for reviewing the
pressure-temperature limits are given in SRP Section 5.3.2
and Appendices G and H to 10 CFR Part 50. Appendices O and H describe the operating conditions that require
pressure-temperature limits and provide the bases for these
limits, specifically requiring that pressure-temperature
limits provide safety margins at least as great as those
recommended in ASME Code, Section III, Appendix G.
Appendix C to 10 CFR Part 50 requires additional safety
margins whenever the reactor core is critical (except for
low-level physics tests) for the materials in the closure
flange and beltline regions.
The staff reviewed the pressure-temperature limits that will
be imposed on the RCPB during the following operations
and tests to ensure that there will be adequate safety
margins against nonductile behavior or rapidly propagating
failure of ferritic components as required by GDC 31:
•
•
•
•

preservice hydrostatic tests
inservice leak and hydrostatic tests
heatup and cooldown operations
core operation - criticality

Appendices G and H to 10 CFR Part 50 require the
applicant to predict the amount of increase in reference
temperature, RT^y, resulting from neutron irradiation.
The increase in R T J ^ J resulting from neutron irradiation
is then added to the initial R T ^ j and the margin to
establish the adjusted reference temperature. The staffs
recommended method for calculating the increase in
RTJTOT resulting from neutron irradiation is contained in
RG 1.99, "Radiation Embrittlement of Reactor Vessel
Materials," Revision 2. The relationships in the guide
were derived by statistical analysis of 216 material data
points that were reported from the testing of irradiated
materials.
These materials were contained in surveillance capsules
and had been irradiated inside U.S. commercial nuclear
reactor vessels.
As more surveillance data become

GE responded to this item in the SSAR, Section 5.3.4, by
stating that the COL applicant will submit plant-specific
calculations of R T ^ j , stress intensity factors, and
pressure-temperature curves similar to those in RG 1.99
and SRP Section 5.3.2. This is acceptable.
In response to the staffs questions, GE submitted a
calculation of the R T ^ i shift for the vessel plate and weld
metal. The calculation followed RG 1.99, closely. The
calculated RT^y was low (-22 °C (-8 °F) for the weld
metal and -8.4 °C (17 °F) for the plate) because of the
low neutron fluence and the low copper and nickel contents
used in the calculation.
GE predicted the neutron fluence at end of life to be 6 x
10 n/cm , which is low in comparison to the existing
BWR design. In the DFSER, the staff noted that GE
should submit additional information to show how the
fluence value of 6 x 10 n/cm was predicted. This was
DFSER Open Item 5.3.2-1.
17

2

17

2

GE responded to this item in SSAR Section 5.3.2.1.5. It
stated that fast neutron fluence for the ABWR vessel was
evaluated using the Oak Ridge National Laboratory code
on the CRAY X-MP Super Computer based on an eighth
core symmetry fixed source model. The neutron source
was based on a three-dimensional nodal fuel model of
ABWR for an integrated equilibrium core with a 26-group
neutron spectrum.
The results were found to be
reasonable in comparison to the BWR/6 calculations
performed earlier by the Department of Energy (DOE). In
evaluating the relative fluence, the power level and shroud-
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to-vetsel water thickness were taken into account. The
incorporation of integral pumps increased the annulus
between the shroud and the vessel walls for the ABWR.
This led to an order of magnitude reduction in expected
fluence. Therefore* this item is resolved.

regulatory guides and the rules of the ASME Code, Section HI. The stringent fracture toughness requirements of
the regulations and the ASME Code, Section HI will be
met, including requirements for surveillance of vessel
materials properties throughout service life, in accordance
with Appendix H to 10 CFR Part 50. Also, operating
limitations on temperature and pressure will be established
for the plant in accordance with Appendix G, "Protection
Against Nonductile Failure," to ASME Code Section m
and Appendix G to 10 CFR Part 50.

The staff concludes that the pressure-temperature limits
imposed on the RCS for operating and testing conditions
to ensure adequate safety margins against nonductile or
rapidly propagating failure will be in conformance with the
fracture toughness criteria of Appendix O to 10CFR
Part SO and Section HI, including Appendix G, of the
ASMB Code. The use of operating limits, based on the
criteria in SRP Section 5.3.2, provides reasonable
assurance that nonductile or rapidly propagating failure
will not occur and constitutes an acceptable basis for
satisfying the requirements of 10 CFR 50.55a and GDC 1,
14, 31, and 32.

The integrity of the reactor vessel is assured because the
vessel
(1)

will be designed and fabricated to the high
standards of quality required by ASME Code and
by any pertinent Code Cases;

(2)

will be made from material of controlled and
demonstrated high quality;

Although the staff reviewed most areas separately in
accordance with its review plans, reactor vessel integrity
is of such importance that a special summary review of all
factors relating to it was warranted. The staff reviewed
the fracture toughness of the ferritic materials for the
reactor vessel and the RCPB, the pressure-temperature
limits for operation of the reactor vessel, and the materials
surveillance program for the reactor vessel beltline. The
acceptance criteria and references that are the bases for
this evaluation are given in SRP Section 5.3.3.

(3)

will be subjected to extensive preservice inspection
and testing to provide assurance that the vessel will
not fail because of material or fabrications
deficiencies;

(4)

will operate under conditions and procedures and
protective devices that provide assurance that the
vessel design conditions will not be exceeded during
normal reactor operation, maintenance, testing, and
anticipated transients;

The staff reviewed the information in each area to ensure
that no inconsistencies existed that would reduce the
certainty of vessel integrity. The areas reviewed and the
sections of this report in which they are discussed are
given below.

(5)

will be subjected to periodic inspection to
demonstrate that the high initial quality of the
reactor vessel has not deteriorated significantly
under service conditions;

(6)

will be subjected to surveillance to account for
neutron irradiation damage so that the operating
limitation may be adjusted.

5.3.3 Reactor Vessel Integrity

•
•
•
•

RCPB materials design (Section 5.2.3)
ISI and testing of RCPB (Section 5.2.4)
reactor vessel materials fabrication methods
(Section 5.3.1)
pressure-temperature limits and operating conditions
(Section 5.3.2)

The staff concludes that the structural integrity of the
reactor vessel is acceptable and meets the requirements of
GDC 1, 4, 14, 30, 31, and 32 of Appendix A to 10 CFR
Part 50; Appendices B, G, and H to 10 CFR Part 50; and
10 CFR 50.55a.
The basis for this conclusion is that the design, materials,
fabrication, inspection, and quality assurance requirements
for the ABWR plant satisfy the NRC regulations and
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5.4 Components and Subsystem Design
5.4.1 Reactor Recirculation System
This system is not addressed in the SRP. However, since
the ABWR reactor recirculation system is unique, as
compared to the current BWR designs, an evaluation of the
system is provided.
A significant change in the ABWR from current BWR
designs is the elimination of the external loops and the
incorporation of RIPs for reactor coolant recirculation.
The containment volume is reduced as a consequence of
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inertia for operating BWRs (i.e., about 0.7-second inertia
time constant for the ABWR compared with about 3 to
5 seconds for operating BWRs). The ABWR design also
uses motor generator (MO) sets as pass-through energy
devices on 6 of the 10 RIPs. The MO sets will be
powered from two separate electrical distribution systems
and used to lengthen the coastdown of two groups of three
RIPs on loss of ofTsite power (LOOP), thus preventing the
departure from nucleate boiling on an all-pump trip. No
new safety concerns are associated with the use of RIPs,
as compared with external recirculation loops. There is
significant operating experience with the RIPs. In Europe,
nearly 100 pumps are operating in BWRs, approaching 600
pump-years of experience. Few major forced outages have
been reported as a result of pump-related problems. Thus,
RIP operation did not require the development of new
technology.

using RIPs instead of external pumps because the external
large pipes of the reactor recirculation system are
eliminated. (Rupture of large-bore external pipes in the
lower part of the reactor vessel is eliminated as the designbasis accident). There is no pipe larger than approximately 5 cm (2 in.) below the core; thus, the probability of fuel
uncovery is reduced during a loss-of-coolant (LOCA).
This improves plant safety performance. The use of RIPs
requires a vessel with a larger diameter, approximately
706 cm (278 in.), to allow pump impeller removal.
However, this results in reduced neutron flux at the vessel
beltline and reduced reactor pressure rates during transients. Full-power operation will be possible with one RIP
out of service, improving plant availability. Maintenance
of RIPs will be easier than that of current recirculation
pumps with less radiation exposure to plant personnel.
The reactor recirculation system consists of 10 RIPs with
their shafts, impellers, and diffiisers internal to the reactor
vessel and will be removed from above for service. The
RIPs are mounted vertically onto and through the pump
nozzles which are arranged in an equally spaced ring
pattern on the bottom head of the RPV. The RIPs are
single-stage, vertical pumps driven by variable-speed
induction motors. The pump speed will be changeable by
varying the voltage and frequency output of the individual
pump motor's electrical power supply. The RIPs will
provide recirculation flow from the downcomers through
the lower plenum and up through the lower grid, the
reactor core, and steam separators. The flow rate will
range from minimum flow, established by the pump
characteristics, to above the maximum flow required to
obtain rated reactor power.
The RIP motors are variable-speed, four-pole, ac induction
wet-motor type. The operating speed of the pump motor
will depend on the variable voltage and the variable
frequency output of the adjustable speed drives. The RIP
motors will be cooled by circulating water in the motor
cavity through the shell side of the recirculation motor heat
exchanger. Hot water in the shell side of the heat
exchanger will be cooled by the reactor building cooling
water system. There is one heat exchanger per motor. A
clean purge flow will be provided by the control rod drive
system to prevent reactor water from entering the motor
cavity region, thereby preventing any impurity buildup.
Also, anti-reverse rotation devices will be installed on the
motor shaft to prevent possible damage of the motor
caused by reverse pump flow. For service, the motors
will be removed from below the RPV.
The staff discusses acceptability of the flow coastdown
characteristics to maintain fuel thermal margins during
abnormal operational transients in Chapter IS of this
report. The RIP inertia is significantly less than the pump

Tests conducted to verify that the core flow pattern for
9-pump operation is not significantly different from
10-pump operation showed that the flow distribution to the
reactor core is uniform even if one RIP is idle.
OE originally submitted the design description and the
ITAAC for the recirculation flow control system. At the
time the DFSER was issued, the ITAAC review was in
progress. Therefore, this was DFSER Open Item 5.4.1-1.
OE has since provided revised design description and
ITAAC. The adequacy and acceptability of the ABWR
design descriptions and ITAAC are evaluated in Chapter 14.3 of this report. Therefore, this item is resolved.
Since the operating limits such as maximum critical power
ratio are calculated in Chapter IS of this report for
abnormal transients using RIP coastdown and are found to
be acceptable, the staff concludes that the ABWR reactor
recirculation system is acceptable.
5.4.2 Steam Generators
This section is not applicable because the ABWR does not
use steam generators for power generation.
5.4.3 Reactor Coolant Piping
This section does not apply because the reactor internal
pumps (RIPs) are located inside the reactor pressure vessel
(RPV) and there is no major external reactor coolant
piping connected to it.

5.4.4 Main Steam Line Flow Restrictions
The functional requirements of the main steam line
restrictors are reviewed in Section 15.4.3 of this report.
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5.4.5 Main Steam Isolation Valve Leakage Control
System

capability is provided using the safety-related suction
source (i.e., suppression pool).

This section is not applicable to the ABWR because a main
steam isolation valve leakage control system is not used.
This is discussed in Section 10.3 of this report.

The RCIC system is designed as a high-pressure reactor
coolant makeup system that will start independent of the
ac power supply. All motor-operated valves will be
dc operated, except the inboard steam isolation valves.
Steam supply inboard isolation valve F035 and inboard
bypass valve F048 will be powered from ac power
sources; however, valve F035 will normally open and fail
as is; therefore, loss of ac power will not prevent RCIC
system operation. Inboard bypass valve F048 will be
closed during the system operation; and hence, loss of ac
power will not prevent RCIC system operation. The
system will provide sufficient water to the reactor vessel to
cool the core and to maintain the reactor in a standby
condition if the vessel becomes isolated from the main
condenser and experiences a loss of feedwater flow. The
system also is designed to maintain reactor water
inventory, in the event of a loss of normal feedwater flow,
while the vessel is depressurized to the point at which the
RHR system can function in the shutdown cooling mode.

5.4.6" Reactor Core Isolation Cooling System
The staff evaluated the reactor core isolation cooling
(RCIC) system for conformance to SRP Section 5.4.6.
The staffs review criteria are based on meeting the
following:
(1)

GDC 4 as related to dynamic effects associated with
flow instabilities and loads.

(2)

GDC 5 as related to structures, systems, and
components important to safety not being shared
among nuclear power units unless it can be
demonstrated that sharing will not impair its ability
to perform its safety function.

(3)

ODC 29 as related to the system being designed to
have an extremely high probability of performing
its safety function in the event of anticipated
operational occurrences.

(4)

ODC 33 as related to the system capability to
provide reactor coolant makeup for protection
against small breaks in the reactor coolant pressure
boundary so the fuel design limits are not exceeded.

(5)

ODC 34 as related to the system design being
capable of removing fission product decay heat and
other residual heat from the reactor core to
preclude fuel damage or reactor coolant pressure
boundary overpressurization.

(6)

ODC 54 as related to piping systems penetrating
primary containment being provided with leak
detection and isolation capabilities.

Unlike most current BWR designs, the RCIC system in the
ABWR is a part of the emergency core cooling system
(ECCS). The initiation logic is diversified by adding a
high drywell pressure input as well as by maintaining the
typical system initiation on RPV Level 2. In the ABWR
design, system reliability is improved by including a
bypass line to the turbine steam inlet valve (F045
dc powered) to provide for a smoother turbine start and
reduce the possibility of an overspeed trip. Since the
RCIC system is a part of tht, ECCS, full-flow testing
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In reviewing Amendment 32 to the SSAR, the staff noted
that the previously described RCIC system capability,
without ac power, of "8 hours" had been changed to "at
least 2 hours." The staff raised a concern to OB that
changing the capability from 8 hours to 2 hours would
result in a measurable increase in the core damage
frequency estimate as related to station blackout. To
clarify the changed position, OE stated and the staff agreed
that an RCIC system capability of up to 8 hours could only
be adequately demonstrated during startup tests when plant
steam is available after fuel loading. SSAR Section 5.4.6
stated that the RCIC system is designed to perform its
function without ac power for at least 2 hours with a
capability up to 8 hours. It further stated that the COL
applicant will provide analyses for the as-built facility to
demonstrate the 8-hour capability. This is acceptable and
resolved the staffs concern.
The RCIC system consists of a steam-driven turbine-pump
unit and associated valves and piping capable of delivering
makeup water to the reactor vessel through the feedwater
system. The steam supply to the RCIC turbine is taken
from main steamline B at the upstream side of the inboard
MSIV. The steam supply to the RCIC turbine will be
ensured even if MSIVs are closed. Fluid removed from
the reactor vessel following a shutdown from power operation will be normally made up by the feedwater system and
supplemented by inleakage from the control rod drive
system. If the feedwater system is inoperable, the RCIC
system will start automatically when the water level in the
reactor vessel reaches the Level 2 (L2) trip set point or
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will be started by the operator from the control room. The
system is capable of delivering rated flow within
29 seconds of initiation. Primary water supply for the
RCIC system comes from the condensate storage tank
(CST), and a secondary supply comes from the suppression
pool.

automatic actuation and verification of proper automatic
valve position to verify that the RCIC pump will develop
a minimum flow of 182 m /hr (800 gpm). This was
DFSER TS Item 5.4.6-1. GE has submitted the ABWR
TS which include the functional testing; this is acceptable.
Therefore, DFSER TS Item 5.4.6-1 is resolved.

The RCIC system design operating parameters, as shown
in SSAR Figure 5.4-9b, are consistent with expected
operational modes.

The suction piping of the RCIC system is designed for low
pressure. A relief valve, therefore, is provided to protect
against overpressurization of the line from the highpressure piping. The suction pressure piping was upgraded
from 1.37 MPa (200 psig) to 2.82 MPa (410 psig) for
resolving the generic issue pertaining to interfacing systems
loss-of-coolant-accident (ISLOCA) as discussed in
Chapter 20 of this report.

Essential components of the RCIC system are designated
seismic Category I (in accordance with RO 1.29,
Revision 3) and QO B (in accordance with RO 1.26, Revision 3), as discussed in Section 3.2 of this report. The
proposed initial test programs are discussed in Chapter 14
of this report.
The RCIC system is housed in the reactor building, which
will provide protection against wind, tornados, floods, and
other weather phenomena.
Compliance with the
requirements of GDC 2 is discussed in Section 3.8 of this
report. In addition, the system is protected against pipe
whip inside and outside the containment, as required by
GDC 4 and as discussed in Section 3.6 of this report.
The HPCF and RCIC systems are located in different
rooms of the reactor building for additional protection
against common-mode failures. Different energy sources
will be used for pump motivation (steam turbine for RCIC
pump, electric power for HPCF pumps) and different
power systems for control power. This diversity conforms
to SRP Section 5.4.6.
To protect the RCIC pump from overheating, the RCIC
system contains a miniflow line that will discharge into the
suppression pool when the line to the reactor vessel is
isolated. When sufficient flow to the vessel is achieved,
a valve in the miniflow line will automatically close, thus
directing all flow to the reactor.

The makeup water system connection to the RCIC system
will maintain the pump discharge line in a filled condition
up to the injection valve. The makeup water system
operation eliminates the possibility of an RCIC pump discharging into a voided pipe and minimize waterhammer
effects. A high point vent is provided, and the system will
be vented periodically. The RCIC system includes a fullflow test line with water return to the suppression pool for
periodic testing. The periodic tests will be performed
according to ASME Code, Section XI, as required by the
TSs. The staff requires, for any emergency core cooling
system (ECCS), that the TSs include a system functional
test at least every refueling outage, with simulated

3

Suitable provisions will be provided for isolation of the
RCIC system from the RCS by one testable valve and a
closed dc-powered valve in the RCIC system discharge
line, and two normally open motor-operated valves with
appropriate closure signals to terminate the leakage of the
pipe as a result of a break outside containment. Inservice
testing of pumps and valves is discussed in Section 3.9.6
of this report.
The RCIC system will have controls that will shut down
the system if operating conditions exceed certain limits. A
leak detection system is provided to detect leakage in the
RCIC system.
The CST level transmitter will be supported and mounted
in such a way that automatic suction transfer to the
suppression pool from the non-seismic tank will take place
without failure during a seismic event.
The RCIC system design meets RG 1.1, "Net Positive
Suction Head for Emergency Core Cooling and
Containment Heat Removal System Pumps," Revision 0.
In the DSER (SECY-91-153), the staff identified
Outstanding Issue 24, which required an evaluation of the
TMI-2 Action Items as related to the ECCS. The staffs
evaluation of these items (NUREG-0737 requirements that
are incorporated into 10 CFR 50.34(f)(l)(v) and (l)(ix)),
as related to the RCIC system, is provided in Chapter 20
of this report. Therefore, DSER Outstanding Issue 24 is
resolved.
During an earlier review, the staff found that the testing of
steam isolation valves (F035 and F036) leading to the
RCIC turbines in currently operating BWRs did not include
actual operating conditions such as a differential pressure
of about 7,000 kPa (1,000 psig) and a temperature of
286 °C (546 °F) expected during a steam pipe break
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downstream of the valves. Thus, there is no verification
that the isolation valves will close during a break as a
result of dynamic steam flow forces. Generic Issue
(GI>87, "Failure of HPCI Steamline Without Isolation,"
addresses this concern. Tests performed as part of the
NRC effort to resolve GI-87 have reinforced concerns
about the operability of motor-operated valves (MOVs)
under these design-basis conditions. The staff concerns
regarding operability of MOVs are given in Generic Letter
89-10 (June 19S9) and its supplements. GE assumed
closure of these valves in the steamline break analysis.
Therefore, this functional requirement is incorporated into
the ITAAC. In the DFSER the staff noted that the COL
applicant referencing the ABWR design should verify test
data showing the steam isoNation valves (F035 and F036)
will isolate under actual operating conditions of a differential pressure at about 7,000 kPa (1,000 p«ig) and a
temperature of 286 °C (546 °F). This was DFSER COL
Action Item 5.4.6-1. Since verification of the valves
performance by the preoperational and power ascention
testing is discussed in Chapter 14 of the SSAR, it need not
be specified as a COL action item.

5.4.7 Residual Heat Removal System

GE originally submitted the design description and the
ITAAC for the RCIC system. At the time the DFSER was
issued, the ITAAC review was in progress. Therefore,
this was DFSER Open Item 5.4.6-1. GE has since
provided a revised design description and ITAAC. The
adequacy and acceptability of the ABWR design
description and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.

The RCIC system meets GDC 4, 5, 29, 33, 34, and 54 as
identified in SRP Section 5.4.6. Compliance with GDC 4
on protecting the system against dynamic effects associated
with flow instabilities and loads is discussed in Section 3.6
of this report. Since the ABWR is .a single-unit plant,
GDC 5 are not applicable. The RCIC system meets
GDC 29 and 34 because it is designed to performed its
function without the availability of any ac power and, in
conjunction with the high-pressure core flooder system, is
designed to ensure an extremely high probability of
accomplishing its safety function. The RCIC system is
used to supply reactor coolant makeup for small leaks.
Accordingly the system meets GDC 33. Compliance with
GDC 54 is discussed in Section 6.2 of this report.
The staff concludes that the design of the RCIC system
conforms to the Commission's regulations and is,
therefore, acceptable.
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The staff evaluated the residual heat removal (RHR)
system according to SRP Section 5.4.7. The staffs review
criteria are based on meeting the following:
(1)

GDC 2 with respect to the seismic design of
systems, structures, and components whose failure
could cause an unacceptable reduction in the
capability of the residual heat removal system.
Acceptability is based on meeting position C-2 of
RG 1.29 or its equivalent.

(2)

GDC 4 as related to dynamic effects associated with
flow instabilities and loads (e.g., water hammer).

(3)

GDC 5 which requires that any sharing among
nuclear power units of structure, systems and
components important to safety will not significantly impair their safety function.

(4)

GDC 19 with respect to control room requirements
for normal operations and shutdown.

(5)

GDC 34 which specifies requirements for a residual
heat removal system.

The RHR system consists of three independent loops •
subsystems A, B, and C. Each loop contains a motor"
driven pump, heat exchanger, piping, valves,
instrumentation and controls. Each loop can take suction
from either the RPV or the suppression pool and will be
capable of discharging water to either the RPV or back to
the suppression pool through a full-flow test line. Each
shutdown cooling loop has its own heat exchanger, which
will be cooled by the reactor building cooling water
system. RHR subsystems B and C can be used for
wetwell and drywell sprays. The RHR system will operate
in the following modes:
(1)

shutdown cooling

(2)

suppression pool cooling

(3)

wetwell and drywell spray cooling

(4)

low-pressure flooder mode

(5)

fuel pool cooling

(6)

ac independent water addition

5-22

Reactor Coolant System and Connected Systems
During all six modes of operation, the same major
hardware components (e.g., RHR pump, heat exchanger)
will be used. Shutdown cooling, fuel pool cooling,
wetwell spray cooling, drywcll spray cooling, and ac
independent water addition will all be started manually.
The low-pressure flooder mode and the suppression pool
cooling mode will be started automatically. Modes (2),
(3), and (4) are reviewed in Sections 6.2 and 6.3 of this
report; Mode (5) is reviewed in Section 9.1.3 of this
report.

instrument division.
Furthermore, the inboard and
outboard valves of the shutdown cooling system also will
close on low reactor water level and will be powered from
different electrical divisions. This meets the intent of BTP
RSB 5-1 and, therefore, is acceptable. High-pressureAowpressure system interaction protection functions are
discussed in Section 7.6.1.3 of this report.

The normal operational mode of the RHR system is the
shutdown cooling mode, which will be used to remove
decay heat from the reactor core to achieve and maintain
a cold shutdown condition. Shutdown cooling will be
started manually when the RPV is depressurized to about
931 kPa (135 psig). The heat removed in the RHR heat
exchangers will be transported to the ultimate heat sink by
the reactor building cooling water system.
There are three suction lines directly from the RPV for
shutdown cooling rather than from the external reactor
recirculation loop. This design is an improvement over the
present single suction line in current operating BWRs
because the single line is more vulnerable to a loss of
shutdown cooling by single failure of valves in the line.
The RHR shutdown cooling return line for RHR subsystem
A is routed to the RPV through the feedwater system. The
RHR shutdown cooling return lines for RHR subsystems
B and C are routed to the RPV directly.
The RHR system also includes an ac-independent water
addition subsystem that consists of piping and manual
valves connecting the fire protection system to the RHR
pump discharge line on loop C downstream of the pump's
discharge check valve. This flow path will allow water to
be injected into the reactor vessel and the drywell spray
during postulated beyond-design-basis conditions where all
ac power and all ECCS pumps are unavailable. Additionally, an external hookup outside the reactor building is
provided so that a fire truck pump can be connected as an
alternative water source.
In Branch Technical Position (BTP) RSB 5-1 of the SRP,
the staff recommends that the valves provided in the
suction line (valves F010 and F011) of the RHR system to
isolate it from the RCS have independent and diverse
interlocks to protect the RHR system. Although the
ABWR design does not explicitly meet the guidance on
diversity, it does meet the intent of the guidance to provide
high reliability against inadvertent opening of the isolation
valves. The pressure signal that provides the interlock
function will be supplied from 2-out-of-4 logic, which has
four independent pressure sensor and transmitter inputs.
The independence is provided by each being in a separate

In the DSER (SECY-91-153), the staff noted that OB
should describe in detail how the RHR system design
meets the pressure relief requirements of BTP RSP 5-1.
This was Outstanding Issue 22. This same issue was also
identified as Outstanding Issue 31 in a follow up DSBR
(SBCY-91-235). GE investigated potential overpressurization transients when the RHR system is not isolated from
the RCS. GE also evaluated all the reactor nozzle penetrations to determine if they could be a source of high
pressure into the RPV during shutdown. GE concluded
mat relatively cold water from the feedwater (condensate
pump) system could be injected into the RPV through
either of two valves in die feedwater line by inadvertent
operator action or by a valve failing open. The condensate
pumps are rated for approximately 49,210 L/min
(13,000 gpm), which is one-third feedwater flow, with a
shutoff head of approximately 4,137 kPa (600 psig). A
pressure in the range of 2,758 to 3,447 kPa (400 to
500 psig) could occur upstream of the feedwater inlet
valves in the RPV by inadvertent operation of the
condensate pumps. This high pressure could lift the RHR
pressure relief valve set at 2,275 kPa (330 psig). To
provide protection against this situation, which would
cause an overpressure condition in the RHR low-pressure
piping, a design change was made by GE that will close all
feed pump discharge and bypass valves by a reactor water
level (L8) signal. The staff concludes that the pressure
relief requirements of the RHR system satisfy BTP
RSB 5-1 and are acceptable.
This resolved DSER
(SECY-91-235) Outstanding Issue 31.
Inservice testing of pumps and valves is discussed in Section 3.9.6 of this report. Relief valves are provided in
each of the low-pressure lines that interconnect with the
RCS to protect against overpressurization from RCS
leakage.

The RHR pumps are motor-driven centrifugal pumps and
are sized for the low-pressure flooder mode of operation.
The available net positive suction head for the RHR pumps
is adequate to prevent cavitation and to ensure pump
operability in accordance with RG 1.1, Revision 0.
Environmental qualification for long-term operability of the
RHR pumps is discussed in SSAR Appendix 31 and
evaluated in Section 3.11 of this report.
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Three discharge line fill pumps are provided to maintain
the RHR discharge header full of water and pressurized to
reduce waterhammer during system initiation.

As a part of the high-/low-pressure interface design review
(Generic Issue 105, "Interfacing Systems LOCA at
LWRs"), GE originally proposed to change the design
pressure of the RHR suction piping from 1379 to 2827 kPa
(200 psig to 410 psig). At the time the DFSER was
issued, GE was still assessing this change and other
interfaces in the design. Therefore, this was DFSER Open
Item 5.4.7-2. The SSAR now describes design improvements to reduce the possibility of an ISLOCA. The
adequacy and acceptability of the ABWR design with
regard to the ISLOCA concerns are evaluated in
Chapter 20 of this report. Therefore, this item is resolved.

Each train of the RHR system can be tested during normal
plant operation by pumping water from the suppression
pool back into the pool. In the DFSER, the staff noted
that the TS should include (1) verification of low-pressure
flooder mode operability, (2) demonstration of the
capability to start each pump from the control room, and
(3) performance of a system functional test without requiring coolant injection into the reactor vessel. This was
DFSER TS Item 5.4.7-1. OE has submitted the ABWR
TS, which include the above three areas in Section 3.5.1.
Hence, DFSER TS Item 5.4.7-1 is resolved.

RHR system vulnerabilities during shutdown und lowpower operation are addressed in Section 19.4 of this
report.

The preoperational test program for the RHR system is
discussed in Chapter 14 of this report.

The RHR system meets the requirements of GDC 2, 4, 5,
19, and 34 as identified in SRP Section 5.4.7. It is
designed to the seismic Category I recommendations of
RG 1.29, as discussed in Section 3.2 of this report. It is
housed in the reactor building for protection against the
effects of flooding, tornados, hurricanes, and other natural
phenomena. Compliance with GDC 2 is discussed in
Section 3.2 of this report. Compliance with GDC 4 on
protecting the system against dynamic effects associated
with flow instabilities and loads are discussed in
Section 3.6 of this report.
Since the ABWR is a
single-unit plant, GDC 5 are not applicable. The RHR
system meets GDC 19 because its design includes
necessary instrumentation and controls with respect to
control room requirements. By meeting BTP RSB 5-1, the
RHR system complies with GDC 34.

The RHR system is designed to operate with or without
offsite power. The RHR system will be controlled from
the control room. RHR shutdown cooling subsystems A
and B also can be operated from the Remote Shutdown
Panel.
The staff concludes that the RHR system has the capability
to bring the reactor to cold shutdown conditions in a
reasonable time (within 36 hours as specified by SRP
Section 5.4.7).
GE originally submitted the design description and the
ITAAC for the RHR system. At the time the DFSER was
issued, the ITAAC review was in progress. Therefore, this
was DFSER Open Item 5.4.7-1. GE has since provided a
revised design description and ITAAC. The adequacy and
acceptability of the ABWR design description and ITAAC
are evaluated in Chapter 14.3 of this report. Therefore,
this item is resolved.
The staff finds that the RHR system is designed to
minimize the possibility of an ISLOCA in the following
ways. The low-pressure systems at pump discharge
directly interfacing with the RCS are designed with
3,447-kPa (500-psig) piping that provides for a rupture
pressure of at least 6,895 kPa (1,000 psig). In addition,
the high-/low-pressure motor-operated isolation valves have
safety-grade, redundant pressure interlocks. Also the
motor-operated valves will only be tested when the reactor
is at low pressure. All inboard check valves on the RHR
system are testable and have position indication.
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The staff concludes that the design of the RHR system
conforms to the Commission's regulations and is,
therefore, acceptable.
5.4.8 Reactor Water Cleanup System
The staff reviewed the reactor water cleanup system
(CUW) description and piping and instrumentation
diagrams in accordance with SRP Section 5.4.8. Staff
acceptance of the design is based on compliance with the
requirements of (1) GDC 1 as related to the design
meeting standards commensurate with the system's safety
function; (2) GDC 2 as related to the system being able to
withstand the effects of natural phenomena; (3) GDC 14 as
related to assuring the integrity of the RCPB; (4) GDC 60
as related to the capability of the system to control the
release of radioactive effluents to the environment; and
(5) GDC 61 as related to designing the system with
appropriate confinement.
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The CUW performs the following function*:
(1)

Removes solid and dissolved impurities from the
reactor coolant.

(2)

Provides containment isolation which ensures that
the major portion of the system is outside the
RCPB.

(3)

Discharges excess reactor water during startup,
shutdown, and hot standby' conditions to the
radwaste system or the main condenser.

(4)

Provides flow to the RPV head spray for rapid
RPV cooldown.

(5)

Minimizes RPV temperature gradients by
maintaining circulation in the bottom head of the
RPV during periods when the reactor internal
pumps are not operating.

The CUW is a closed-loop system comprised of a
regenerative heat exchanger, two nonregenerative hejat
exchangers (cooled by RCW), two filter-demineralizers,
two circulating pumps, system isolation valves, and other
piping, valves, and instrumentation. The system takes its
suction from the shutdown cooling suction line of RHR
loop "B" and the RPV bottom head drain line. CUW
discharges back to the vessel via either the feedwater
system or the RPV head spray line. The system capacity
is 2 percent of rated feedwater flow, which is twice the
capacity of previous BWRs.

The majority of the system (including all safety-related
components) is located in the nondivisional quadrant of the
secondary containment portion of the reactor building.
The system is classified as non-safety related with the
exception of the containment isolation valves. System
piping and components in the drywell, up to and including
the outboard containment isolation valves, form part of the
RCPB are classified as seismic Category I, QG A. The
remainder of the system is classified as nonseismic, QG C.
Low-pressure piping in the backwash and precoat area
downstream of the block valves is classified as QG D.
Nonsafety components receive power from non-class IE
supplies. Based on this QQ and seismic classification
design information, the staff concludes that the CUW
system meets the guidelines of RGs 1.26 and 1.29 and,
therefore, the requirements of GDC 1 and GDC 2 as they
relate to the CUW design meeting the standards
commensurate with the system's safety function and the
system being able to withstand the effects of natural
phenomena.

The two safety-related containment isolation valves on the
suction line of the CUW system and the isolation valve on
the RPV head spray line receive isolation signals from the
leak detection system (LDS). These valves are powered
by class-IE power sources and automatically isolate on
indications of low reactor water level, high ambient main
steam tunnel area temperature, high mass differential flow,
high ambient CUW equipment area temperature, or
initiation of the standby liquid control (SLC) system. The
isolation valves are designed and tested to ensure that they
close during maximum flow and differential pressure
conditions. Based on this information, along with the
seismic and quality group classifications for that portion of
the system up to and including the containment isolation
valves discussed earlier, the staff concludes that the system
meets the requirements of GDC 14 as it relates to assuring
the integrity of the RCPB.
GE performed pressure and temperature and cooldown
analyses for CUW breaks inside the secondary
containment. The resulting pressures and temperatures
were within the environmental qualification envelope for
components which would be affected by the breaks and
were within the design pressure and temperature limits for
the primary and secondary containment structures (see
Chapter 6 of this report).
The CUW suction line contains a flow restrictor inside the
containment to monitor flow and to restrict flow during a
line break, as well as a motor-operated shutoff valve for
long-term system isolation. In addition, upon indication of
high radiation levels in the secondary containment, SGTS
actuates and processes potentially radioactive effluents
before release to the environment. FDU vents are routed
to the backwash receiving tank while piping vents and
drains are routed to the low conductivity portion of the
liquid radwaste system. Unidentified leakage from CUW
piping is collected and monitored in the reactor building
floor drain sumps. These design features, along with the
automatic system isolation features discussed earlier,
ensure that releases of radioactive effluents to the
environment are limited. This satisfies the requirements of
GDC 60 as it relates to controlling the release of
radic*ctive material.
The filter demineralizers are of the pressure precoat type
using filter aid and powdered mixed ion-exchange resins as
a filter and an ion-exchange medium. Spent resins cannot
be regenerated and will be sluiced from the filterdemineralizer unit to a backwash-receiving tank from
which they will be transferred to the radwaste system for
processing and disposal. Resins will be discarded on the
basis of filter-demineralizer performance, as indicated by
monitored effluent conductivity, differential pressure across
the unit, and sample analysis. A strainer is installed in the
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effluent line of each filter demineralixer to prevent resins
from entering the system in the event of failure of a
fUte^demmeralizer resin support. Each strainer and filterdemineraliiiBC vessel has a control room alarm that will be
energized by high differential pressure. If differential
pressure increases beyond the alarm point, the filter
demineraluDer will isolate automatically. Banod on this
information (along with the information discussed earlier
regarding system* vents and drains), the staff concludes that
the CUW design meets the requirements of GDC 61 as it
relates to designing the system with adequate confinement
features.
Hydrogen water chemistry that conforms to with the guideline contained m Electric Power Research Institute (EPRI)
Report NP-4947-SR, "BWR Hydrogen Water Chemistry
Guidelines," 1987 Revision, will be used. This document
aUo includes hydrogen water chemistry limits, responses
to out-of-specification water chemistry, chemical analysis
methods, data management and surveillance schemes, and
management philosophy required to establish and
implement a successful water chemistry control program.
Therefore, the CUW system design satisfies the reactor
chemistry limits specified in RG 1.56, "Maintenance of
Water Purity in Boiling Water Reactors," Revision 1, and
EPRI Report NP-4947-SR.
The Advisory Committee on Reactor Safeguards (ACRS)
performed an independent review of the CUW system and
provided the results to both GE and the NRC staff. GE
reviewed the results and provided responses to each of the
ACRS concerns identified in the ACRS report. The staff
hss reviewed GE*s responses and has concluded that the
modified CUW design adequately addresses the issues
raised during the ACRS independent review and
documented in the report.
Major concerns in the ACRS report included (1) CUW
configuration and design features, (2) CUW processing
capacity, (3) quality group and seismic classification of
components, (4) quality and consistency of information in
the SSAR, (5) design of system isolation valves, and
(6) role of the system in safety analyses.
(1)

CUW Configuration and Design Features
The ACRS concerns in this area included (a) the
letdown path for excess water during plant heatup,
(b) reverse flow from the feedwater system into the
main steam tunnel (MST) or secondary containment
on a CUW pipe break, and (c) high-temperature
isolation of the system'sfilter-demineralizerunite
(FDUs) and resin retention in the FDUs.
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(a)

LETDOWN PATH FOR EXCESS WATER

It was unclear whether the CUW system provided
letdown to the condensate storage tank. GE
clarified that CUW discharges excess water to the
main condenser or to the liquid waste management
system.
(b)

REVERSE FLOW FROM
FEEDWATER SYSTEM

THE

GE modified the system design to ensure mat
reverse flow from the feedwater system to the
secondary containment and steam tunnel would not
occur as a result of a CUW line break in these
areas. Previously, check valve G31-F014 and
motor operated valve G31-F015 were located inside
secondary containment with G31-F014 upstream of
G31-F015. In this configuration, a break in the
CUW line upstream of these valves, along with a
failure of G31-F015 to close, could result in
excessive blowdown of the CUW line into the
secondary containment area. In response to this
concern, GE modified the valve arrangement so that
G31-F014 is now inside the MST next to the tunnel
wall and G31-F015 is located against the outer
MST wall. In this configuration, a CUW line
break with a failure of G31-F015 will not result in
excessive system blowdown into the secondary
containment because check valves in the nuclear
boiler system (NBS) (B21-F006A and B21-F006B)
as well as G31-F014 are available to prevent
reverse flow. In addition, two motor-operated
valves in the NBS (B21-F007A and B21-F007B) are
available to provide additional long-term manual
isolation. These NBS valves are classified as
safety-Class 2, Quality Group B, and seismic
Category I.

The three containment isolation valves for CUW
are designed to close on a signal from the Leakage
Detection and Isolation System (LDS). The LDS
provides this signal on low reactor water level, high
ambient MST area temperature, high mass
differential flow, high ambient CUW equipment
area temperature, and SLCS actuation. Based on
this information, the staff concludes that the
modified CUW design provides assurance that
excessive feedwater or CUW blowdown will not
occur as a result of a CUW pipe failure inside
secondary containment.

Reactor Coolant System and Connected Systems
(c)

HlbH-TEMPERATURE ISOLATION OF
THE SYSTEM'S FILTER-DEMINERALIZER UNITS (FDUa) AND RESIN
RETENTION IN THE FDUa

The ACRS report identified a concern regarding
protection of the FDU resins from high temperature
water. The high temperature aetpoint for automatic
bypass of the FDUa was not provided in the SS AR.
OE later clarified that the FDUs are isolated and
bypassed at 54 °C as shown on SSAR Figure
5.4-13, sheet 2.
I

(2)

CVW Processing Capacity

(3)

Quality grow and Seismic Clarification of
*9BB£WBJ|U£ISVBIIUB

The ACRS report identified a concern relating to
the conversion of Japanese safety classification
codes to equivalent domestic codes. Specifically,
ambiguities were identified in note 11 of SSAR
Table 1.7-1 (this table correlates the Japanese and
domestic codes). As a result, GE modified this
table to remove any ambiguities.
(4)

Quality and Consistency of Information in

The ACRS identified several concerns related to
CUW flexibility and processing capacity. These
included (a) increased processing capacity and
(b) the effectiveness of the nonregenerative heat
exchanger (NRHX) when used as an alternate
means of decay heat removal.

The ACRS expressed a concern regarding the
quality and consistency of information not only in
the SSAR section relating to CUW, but also in
other SSAR sections. The staff has worked with
GE throughout the review process to identify any
ambiguities and inconsistencies found in the SSAR.
These have largely been identified and corrected.

(a)

(5)

INCREASED PROCESSING CAPACITY

The ABWR design doubles the traditional CUW
processing capacity from 1 percent in current
BWRa to 2 percent in the ABWR. The ACRS
report expressed concern regarding the impact of
this increase.
Specifically, the ACRS was
concerned that design details such as resin bed
volumes, resin types, and resin bed replacement
criteria were not provided in the SSAR.
Subsequently, GE clarified that the ABWR commits
to maintaining the water chemistry requirements
stated in the SSAR. The COL applicant will
determine the proper components to meet the
chemistry requirements.
(b)

EFFECTIVENESS OF THE NONREGENERATIVE HEAT EXCHANGER
(NRHX) WHEN USED AS AN
ALTERNATE MEANS OF DECAY HEAT
REMOVAL

The ACRS report stated that additional heat
exchanger parameters are needed to determine if the
NRHX can be used as an effective means of
removing decay heat during high pressure
conditions with RHR unavailable. Subsequently,
GE provided information which showed that the use
of the NRHXs is not a primary means of
accomplishing the heat removal function and that
this method of heat removal has only a small
impact on the PRA core damage frequency.
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Design of System Isolation ValVW

The ACRS report identified a concern regarding the
design adequacy of the system isolation valves.
Specifically, current BWRs must meet Generic
Letter 89-10 regarding reliable containment
isolation valve closure against maximum differential
pressure and flow.
However, despite this,
problems still exist.
Demonstration of the
reliability and capability of these valves through the
use of in-service testing cannot be achieved since
the worst-case conditions cannot be created in-situ.
As a result, the assumptions used in the safety
analysis and PRA may not be valid. In response,
GE clarified that type-testing of all isolation valves
are conducted in the shop at worst-case design
conditions and each installed valve is tested in-situ.
The requirements on these valves are provided in
SSAR Section 3.9.6 and evaluated in Section 3.9.6
of this report. In addition, verifications are made
as part of the ITAAC process.
(6)

Role of fte System in Safety Analyses

The ACRS report identified concerns related to
system failure as it relates to the safety analysis.
This included (a) maximum inventory loss and
(b) isolability of the bottom head drain line.
(a)

MAXIMUM INVENTORY LOSS.

The ACRS report stated that because of the
uncertainty of whether the CUW line break was
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evaluated in Chapter 6 of the SSAR, it appealed
that the total inventory loss from this break
(assuming a 30-second CUW line isolation) may be
more than that from a main steam line (MSL) break
with subsequent MSIV isolation. Subsequently, OB
clarified that the worst-case break outside
containment (from a loss-of-mass perspective)
occuixedasaresultofafeedwaterlinebraak. The
CUW line break analysis assumed a 75-second
isolation time (45 second time delay on system
differential flow indication and 30 second closure
time). In this conservative analysis the total
inventory loss was less than that from a MSL break
with subsequent MSIV isolation.
(b)

acceptability of the design description and ITAAC
are evaluated in Section 14.3 of this report.
The reactor water cleanup system (CUW) will be
used to aid in maintaining the reactor water purity
and to reduce the reactor water inventory as
required by plant operations. The review has
included piping and instrumentation diagrams and
process diagrams along with descriptive information
concerning the system design and operation.

The staff concludes that the proposed design of
CUW is acceptable and meets the relevant
requirements of General Design Criteria 1, 2, 14,
60, and 61. This conclusion is based on the
following:

ISOLABUJTY OF THE BOTTOM HEAD
DRAIN LINE

The original CUW design included a manuallyoperated valve on the reactor pressure vessel (RPV)
bottom head drain line inside containment. The
ACRS report identified a concern regarding
isolability of this line. Subsequently, OE modified
the design to make this a remote manually-operated
shutoff valve and moved the valve to a position
immediately upstream of the inboard containment
isolation valve on the CUW suction line. In
addition, the RPV bottom head drain line connects
to the main CUW suction line at a "tee." The
centerline of this connection is at least 389 mm
(15.3 in.) above the top of active fuel. If an
unisolated CUW line break should occur, the
shutofT valve can be used to isolate the break. If
mis were to fail, the RPV water level would be
maintained at the level of the "tee" connection. An
isolated line break is discussed in SSAR Subsection
19.9.1.
Other concerns identified in the ACRS report
related to the treatment of CUW in the PRA and
the ITAAC.
In both cases GE provided
information which resolved the concerns.
Based on the information provided by GE in
response to the concerns raised in the ACRS report,
the staff concludes that the issues have been
adequately addressed.
In the DFSER, the staff requested GE to provide
adequate design description and inspections, tests,
analyses, and acceptance criteria (ITAAC) relating
to CUW. GE provided a revised set of design
description and ITAAC.
The adequacy and
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(1)

GE has met the requirements of GDC 1 by
designing, in accordance with the guidelines
of RG 1.26, the portion of the CUW
extending from the reactor vessel to the
outermost primary containment isolation
valves to Quality Group A and by designing,
in accordance with position C.2.C of
RG 1.26, the remainder of the CUW outside
primary containment (excluding the precoat
unit) to Quality Group C.

(2)

GE has met the requirements of GDC 2 by
designing, in accordance with positions C. 1,
C.2, C.3, and C.4 of RG 1.29, the portion
of the CUW extending from the reactor
vessel to the outermost primary containment
isolation valves to seismic Category I.

(3)

GE has met the requirements of GDC 14 by
meeting RG 1.56 in maintaining reactor
water purity and material compatibility to
reduce corrosion probabilities, and thus
reducing the probability of RCPB failure.

(4)

GE has met the requirements of GDC 60
and 61 by designing a system containing
radioactivity with confinement and by
venting and collecting drainage from CUW
components through closed systems.

Based on this information, the staff concludes that
the CUW design for the ABWR is acceptable.

6 ENGINEERED SAFETY FEATURES
6.1 Engineered Safety Features Materials

materials will satisfy Appendix I to Section m of the
ASME Code and Parts A, B, and C of Section II of the
code. This revision was acceptable and resolved part of
Open Item 25 from the DSER (SECY-9M53).

(.1.1 Metallic Materials
Hie staff reviewed the engineered safety features (ESF)
materials in accordance with SRP Section 6.1.1. The
engineered safety features materials are acceptable if they
meet the requirements of: ODC 1 and Section 50.55a of
10 CFR Part 50 as they relate to quality standards being
ussd for design, fabrication, erection, and testing of ESF
components and the identification of applicable codes and
standards; ODC 4, as it relates to compatibility of ESF
components with environmental conditions associated with
normal operation, maintenance, testing, and postulated
accidenfe, including loes-of-coolant accidents; ODC 14, as
it relates to design, fabrication, and testing of reactor
coolant pressure boundary so as to have extremely low
probability of abnormal leakage, of rapidly propagating
failure, and of gross rupture; ODC 31, a it relates to
extremely low probability of rapidly propagating fracture
and gross rupture of the reactor pressure coolant boundary;
ODC 35, as it relates to assurance that the clad metalwater reaction ia limited to negligible amounts; ODC 41 as
it relates to control of the concentration of hydrogen in the
containment atmosphere following postulated accidents to
assure that the containment integrity is maintained; and
Appendix B to 10 CFR Part 50 as it relates to the
requirement that measures should be established to control
the cleaning of material and equipment in accordance with
work and inspection instructions to prevent damage or
deterioration.

To meet the requirements of ODC 4,14, and 41, the water
used in the ESF systems should be controlled to provide
assurance mat ntress corrosion cracking of unstabilized
austenitfc stainless steel components will not occur. In the
DSER (SECY-91-153), the staff made the following
recommendations:

To meet the requirement* of ODC 1, I4 and 31 of
Appendix A to 10 CFR Part 50, the requirement of
10 CFR 50.55a and to ensure that the ESF materials
perform the necessary safety function, the ASME Code
and industry standards should be satisfied for the ABWR
design. SSAR Table 5.2-4 lists the pressure-retaining
materials and materials specifications for the reactor
coolant pressure boundary components. SSAR Table 6.1-1
lists the pressure-retaining materials'and materials specifications for the primary containment system, emergency
core cooling systems (ECCSs) and their auxiliary systems,
and the standby liquid control system. In the DSER
(SECY-9M53), the staff stated that the ESF materials
should satisfy ODC 1, 14, and 31 and 10 CFR 50.55a to
ensure low probability of leakage, rapidly propagating
failure, and gross rupture. To do so, the ESF materials
selected should satisfy Appendix I, "Design Stress Intensity
Values, Allowable Stresses, Material Properties, and
Design Fatigue Curves," to Section III of the ASME Code
and Parts A, B, and C of Section II of the code. In its
transmittal of October 9, 1991, GE addressed this item by
revising SSAR Section 6.1.1.1.1 to state that the ESF

•

OB should follow Electric Power Research Institute
(EPRI) report, "Boiling Water Reactor (BWR) Water
Chemistry Guidelines," NP-3589-SR-LD, April 1985,
for the water used for ECCS and spray systems.

•

OE should follow EPRI report, "Guidelines for
Permanent BWR Hydrogen Water Chemistry
Installations -1987 Revision," NP-5283-SR-A, September 1987, for the design, construction, and operation of
hydrogen water chemistry installations.

•

OE should follow EPRI report, "BWR Hydrogen Water
Chemistry Guidelines: 1987 Revision," NP-4947-SR,
October 1988, for water chemistry limits, responses to
out-of-specification water chemistry, chemical analysis
methods, and data management and surveillance and
management philosophy required to establish and
implement a successful water chemistry control
program.

In the DSER (SECY-91-153), the staff also stated that
SSAR Sections 6.1.1.1.2 and 6.1.1.2 should have adhered
to the above recommendations. This was DSER Open
Item 25.

f

In its letter of March 11,1992, GE responded to this item
by revising SSAR Section 9.3.9 (SSAR Amendment 21) to
state that the hydrogen water chemistry system will
conform to the guidelines in EPRI reports NP-5283-SR-A
and NP-4947-SR. This response was acceptable and
resolved Open Item 25 from the DSER (SECY-91-153);
however, because OE also might use pure water chemistry,
the staff concluded in the DFSER that GE should commit
to follow EPRI Report NP-3589-SR-LD. This was
identified as DFSER Confirmatory Item 6.1.1-1. GE
advised the staff in its letter of March 8, 1993, that
compliance with EPRI report NP-3589-SR-LD was no
longer appropriate because it had committed to use
hydrogen water chemistry and was following the guidelines
of EPRI report NP-4947-SR.
The staff finds this
commitment acceptable.
This resolved DFSER
Confirmatory Item 6.1.1-1.
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SSAR Section 6.1.1.1.3 adheres to the materials
specifications that satisfy Appendix I to Section III of the
ASME Code and Parts A, B, and C of Section II of the
code; therefore, Sectioii 6.1.1.1.3 satisfies GDC 4, 14,
and 35 and Appendix B to 10 CFR Part SO as they pertain
to materials specifications.

4, 14, 31, 35, and 41; and the requirements of 10 CFR
Part 50.
6.1.2 Protective Coating Systems (Paints) and Organic
Material
The staff performed its review in accordance with SRP
Section 6.1.2.
The protective coating systems are
acceptable if the protective coatings that will be applied
inside the containment meet the requirements of
Appendix B to 10 CFR Part 50 as it relates to the quality
assurance (QA) requirements for the design, fabrication,
and construction of safety-related structures, systems, and
components.
The Appendix B to 10 CFR Part 50
requirements are satisfied if the protective coatings
conform to the testing requirements of ANSI N101.2-1972,
"Protective Coatings (Paints) for Light Water Reactor
Containment Facilities," and the QA guidelines of
RO 1.54, "Quality Assurance Requirements for Protective
Coating Applied to Water-Cooled Nuclear Power Plants."
This provides assurance that the protective coatings will
not fail under design-basis-accident (DBA) conditions and
generate significant quantities of solid debris that would
impair the performance of the ESF.

The controls to be placed on concentrations of teachable
impurities in nonmetallic ther****! JMMI^QB used on BSF
components comply with the guidelines of RO 1.36,
"Nonmetallic Thermal Insulation of Austenitic Stainless
Steels," Revision 0.
Therefore, by complying with
RO 1.36, the ESF thermal insulation specifications meet
the requirements of GDC 1, 14, and 31.
OB has met GDC 1, 14, and 31 and 10 CFR 50.55a with
respect to ensuring an extremely low probability of
leakage, of rapidly propagating failure, and of gross
rupture, since the materials selected for the ABWR ESF
satisfy Appendix I to Section i n of the ASME Code and
Parts A, B, and C of Section II of the code. During
bending and fabrication, the bend radius, the material
hardness, and the surface finish or ground surface are to
be controlled. If the controls are not met, the materials
are required to be solution heat-treated again. Fracture
toughness specifications for the ferritic materials meet the
requirements of the code.

OE stated that the coating system materials to be used on
the exposed surfaces within the drywell will be qualified in
accordance with ANSI N101.2-197;!. The protective
coating system for the containment will be applied in
accordance with RG 1.54. However, GE has indicated
that the COL applicant may use materials in relatively
small areas in the drywell that will not conform to
RG 1.54.

The controls on the use and fabrication of the austenitic
stainless steel of the systems satisfy the guidance of
RG 1.31, "Control of Ferrite Content of Stainless Steel
Weld Metal," Revision 3, and RG 1.44, "Control of the
Use of Sensitized Stainless Steel," Revision 0. Fabrication
and ht it treatment practices performed in accordance with
these requirements provide added assurance mat the
probability of stress corrosion cracking will be reduced
during the postulated accident time interval.

Since GE will meet the QA requirements of Appendix B to
10 CFR Part 50 and since the containment coating systems
have been evaluated for suitability to withstand a postulated
DBA environment, the staff concluded in the DFSER that
the protective coating systems and their applications were

Conformance with the code and RGs and with the staff
positions mentioned above constitutes an acceptable basis
for meeting the requirements of ODC 1, 4, 14, 35, and
41; Appendix B to 10 CFR Part 50; and 10 CFR 50.55a,
according to which the systems are to be designed,
fabricated, and erected so that they can perform their
functions as required.

However, the staff also concluded in the DFSER that the
COL applicant referencing the ABWR design should
indicate the total amount of protective coatings and organic
materials used inside the containment that did not meet the
requirements of ANSI N101.2-1972 and RG 1.54. This
was identified as DFSER COL Action Item 6.1.2-1.

As discussed above, GE has met GDC 1, 14, 31, and 35
and Appendix B to 10 CFR Part 50 with respect to
ensuring that the ABWR reactor coolant boundary and
associated auxiliary systems will have an extremely low
probability of leakage, of rapidly propagating failures, and
of gross rupture.

GE included this information in SSAR Section 6.1.3,
which requires that the COL applicant indicate the total
amount of protective coatings and organic materials used
inside the containment that do not meet the requirements
of ANSI N101.2 and RO 1.54. This is acceptable.

Based on the above discussion, the staff concludes that the
ESF metallic materials satisfy the requirements of GDC 1,
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6.2

Containment Systems

temperature are 310 Idlopascal (kPa) (45 pounds per
square inch gauge (psig)) and 171 °C (340 °F),
respectively. The design drywell-to-wetwell differential pressures are 4-172.4 kPa (25 psig) and -13.8 kPa
(-2 psig). The design drywell-to-reactor building
negative differential pressure is -13.8 kPa (-2 psig).

The containment systems for the ABWR include a
containment structure as the primary containment, a
secondary containment (reactor building) surrounding the
primary containment and housing equipment essential to
safe shutdown of the reactor and fuel storage facilities, and
supporting systems. The primary containment is designed
to prevent the uncontrolled release of radioactivity to the
environment with a leakage rate of 0.5 percent by weight
per day at the calculated peak containment pressure related
to the DBA. The secondary containment is designed to
confine the leakage of airborne radioactive materials from
the primary containment. SSAR Figure 6.2.1 shows the
principal features of the ABWR containment.

•

A system of drywell-to-wetwell vent channels that will
blow down from the drywell and discharge into the
suppression pool following a LOCA. There are
30 vents in the vertical section of the LD below the
suppression pool water level, each with a nominal
diameter of 0.7 m (2.3 ft). These vents are arranged
in 10 circumferential columns, each containing three
vents. The three-vent centerlines in each column are
located at 3.5 m (11.48 ft), 4.87 m (15.98 ft), and
6.24 m (20.48 ft) below the suppression pool water
level when the suppression pool is at the low water
level.

•

A wetwell that consists of an air volume and
suppression pool, with a net free-air volume of
5,960 m (210,475 ft ) and a minimum pool volume of
3,580 m (126,427 ft ) at low water level.

6.2.1 Primary Containment Functional Design
The ABWR primary containment is designed with the
following main features:
•

A drywell that consists of two volumes: (1) an upper
drywell (UD) volume surrounding tho reactor pressure
vessel (RPV) and housing the steam and feedwater
lines and other connections of the reactor primary
coolant system, safety/relief valves (SRVs), and the
drywell heating, ventilation, and air conditioning
(HVAC) coolers; and (2) a lower drywell (LD) volume
housing the reactor internal pumps (RIPs), control rod
drives, and under-vessel components and servicing
equipment.

3

3

3

3

The wetwell is designed for an internal pressure of
310 kPa (45 psig) and a temperature of 103.9 °C
(219 °F). The design wetwell-to-reactor building
negative differential pressure is -13.8 kPa (-2 psig).
The suppression pool, which is located inside the
wetwell annular region between the cylindrical RPV
pedestal wall and the outer wall of the wetwell, is a
large body of water that will serve as a heat sink for
postulated transients and accidents and as a source of
cooling water for the ECCS. In the case of transients
that result in a loss of the ultimate heat sink, energy
will be transferred to the pool by the discharge piping
from the reactor system's SRVs. In the event of a
LOCA in the drywell, the drywell atmosphere will be
vented to the suppression pool through the system of
diywell-to-wetwell vents.

The UD is a cylindrical, steel-lined, reinforcedconcrete structure with a removable steel head and a
reinforced-concrete steel diaphragm floor. The
cylindrical RPV pedestal, which is connected rigidly to
the steel diaphragm floor, separates the LD from the
wetwell. Ten UD-to-LD connecting vents (DCVs),
approximately 1 m x 2 m (3.3 ft x 6.6 ft) in
cross-section, are built into the RPV pedestal. The
DCVs extend downward through steel pipes with an
inside diameter of 1.2 m (4 ft), each of which has three
horizontal vent outlets into the suppression pool.

This primary containment design basically uses combined
features of the Mark II and Mark III designs, except that
the drywell consists of UD and LD volumes. The vents to
the suppression pool are a combination of the vertical
Mark II and horizontal Mark i n systems. The wetwell is
similar to a Mark II wetwell.

The drywell, which has a net free volume of 7,350 m
(259,563 ft ), is designed to withstand design pressure
and temperature transients following a loss-of-coolant
accident (LOCA) and also the rapid reversal in
pressure when the steam in the drywell is condensed by
ECCS flow during post-LOCA flooding of the RPV.
A wetwell-to-drywell vacuum relief system will prevent
backflooding of the suppression pool water into the LD
and protect the integrity of the steel diaphragm floor
slab between the drywell and wetwell and the drywell
structure and liner. The drywell design pressure and
3

3

6.2.1.1 LOCA Chronology
Following a postulated LOCA, the drywell pressure
increases as a result of blowdown of the reactor coolant
system. Pressurization of the drywell causes the water
initially in the vent system to be accelerated into the pool
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until the vents are cleared of water. During this clearing
process, the water leaving the horizontal vents forms jets
in the suppression pool and causes water jet impingement
loads on the structures within the suppression pool and on
the containment wall opposite the vents.

this process, floors and other flat structures experience
downward loading, and therefore, the containment wall
theoretically can be subjected to a small pressure increase.
However, this pressure increase has not been observed
experimentally.

During the vent-clearing transient, the drywell also is
subjected to a pressure differential and the RPV pedestal
wall experiences a vent-clearing reaction force.

As the reactor blowdown proceeds, the primary system is
depleted of high-energy fluid inventory and the steam flow
rate to the vent system decreases. This reduced steam
flow rate leads to a reduction in the drywell-to-wetwell
pressure differential that, in turn, results in a sequential
recovering of the horizontal vents. Suppression pool
recovery of a particular vent row occurs when the vent
stagnation differential pressure corresponds to the
suppression pool hydrostatic pressure at that row of vents.

Immediately following vent clearing, an air and steam
bubble forms at the exit of the vent. The bubble pressure
initially is assumed equal to the existing drywell and
wetwell differential pressure. This bubble transmits a
pressure wave through the suppression pool water and
results in a loading on the suppression pool boundaries and
on equipment located in the suppression pool.

Toward the end of the reactor blowdown, the top row of
vents is capable of condensing the reduced blowdown flow
and the two lower rows are totally recovered. As the
blowdown steam flow decreases to very low values, the
water in the top row of vents starts to oscillate, causing
what has become known as vent chugging. This action
results in dynamic loads on the top vents and on the RPV
pedestal wall opposite the upper row of vents. In addition,
an oscillatory pressure loading condition can occur on the
drywell and wetwell.
Because this phenomenon is
dependent on a low ateam mass flux (the chugging
threshold appears to be in the range of 49 kg/sec/nr
(10 lb/sec/ft )), it is expected to occur for all break sizes.
For smaller breaks, it may be the only mode of
condensation that the vent system will experience.

As the sir and steam flow from the drywell becomes
established in the vent system, the initial vent exit bubble
expands to equalize the suppression pool hydrostatic
pressure. GE*s large-scale pressure suppression test facility (PSTF) tests show that the steam fraction of the flow
is condensed, but continued injection of drywell air and
expansion of the air bubble results in a rise of the
suppression pool surface. During the early stages of this
process, the pool swells in a bulk mode (i.e., a slug of
solid water is accelerated upward by the air pressure).
Structures close to the pool surface experience loads as the
rising pool surfjac© impacts the lower surface of the
structure. In addition to these initial impact loads, these
structures experience drag loads as water flows past them.
Equipment in the suppression pool also experiences drag
loads.

2

The staffs evaluation of these LOCA-related pool dynamic
loads is given in Section 6.2.1.6 of this report.
Shortly after onset of a DBA, the ECCS pumps
automatically start and pump suppression pool water into
the RPV. This water floods the reactor core, and the
water starts to cascade into the drywell from the break.
When this occurs will depend on the size and location of
the break. Because the drywell is full of steam at the time
of vessel flooding, the sudden introduction of cool water
causes rapid steam condensation and drywell
depressurization. When the drywell pressure falls below
the wetwell airspace pressure, air from the wetwell redistributes between the drywell and wetwell through the
wetwell-to-drywell vacuum relief system. Eventually
enough air returns to equalize the drywell and wetwell
pressures; however, during this drywell depressurization
transient, there is a period of negative pressure on
the drywell structure. A negative load condition of
-13.8 kPa (-2 psig) is, therefore, specified for drywell
design. The staffs evaluation of this drywell-to-wetwell
negative differential pressure is given in Section 6.2.1.5.1
of this report.

Data from PSTF air tests indicate that after the pool
surface has risen approximately 1.6 times the initial
submergence of the top vent (which translates to 3.66 m
(12 ft) above the initial pool surface for the Mark III
design) the thickness of the water ligament could be as
small as 0.61 m (2 ft) or less, significantly reducing the
impact loads. This phase is referred to as "incipient
breakthrough," that is, the ligament begins to break up.
To account for possible nonconservatism in the test facility
arrangement and instrumentation error bands, the staff has
determined that the breakthrough height should be set at
5.5 m (18 ft) above the initial pool surface for the Mark
III design. The staffs evaluation of the breakthrough
height for the ABWR design is given in Section 6.2.1.6 of
this report.
As the drywell air flow through the horizontal vent system
decreases and the air/water suppression pool mixture
experiences gravity-induced phase separation, pool upward
movement stops and the fallback process starts. During
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temperature analysis as Open Items 3 and 10.
concerns are discussed below.

6.2.1.2 Containment Analysis
The staffs review of the containment design included the
temperature and pressure responses of the drywell and
wetwell ft a spectrum of LOCAs, the capability of the
containment to withstand the effects of steam bypass from
the drywell directly to the air region of the suppression
pool, the capability of the drywell and wetwell to withstand
external pressure, and the negative drywell-to-wetwell
differential pressure. In addition, the staff considered
GE's proposed design bases and criteria for the
containment, the analyses and test data in support of the
criteria and bases, and the loads resulting from pool
dynamic phenomena.

Specific

As discussed inttv>DSER (SECY-91-355), GE had not
provided a detailed discussion to describe how the two
ABWR drywell volumes (Open Item 3) and the
combination vertical and horizontal vent system are
modeled in the computer code to represent the physical
geometry of the containment, and how the air carryover
from the two drywell volumes to the wetwell is treated in
the computer code. The impact of any difference in the
hydrodynamic force, caused by venting, between the
Mark HI design (vent annulus) and ABWR design (pipe
vents) was also unclear. In addition, the staff required
tests or analyses to verify that following a LOCA:

Containment Aflfilytiffftl Motid
In its alculation of the short-term and long-term
containment pressure-temperature response to postulated
high-energy line breaks, OE used the same analytical
models and conservative assumptions that were presented
and reviewed for the Mark III containment in General
Electric Standard Safety Analysis Report (GESSAR) II
(NUREG-0979). The staff found these to be acceptable,
using independent confirmatory analyses with the
CONTEMPT-LT28 computer code. These models and
assumptions are discussed in the ABWR SSAR and
NEDO-20533 and its Supplement 1, "The G.E. Mark III
Pressure Suppression Containment Analytical Model." In
response to the staffs request for additional information
(RAI), GE stated that the analytical models described in
NEDO-20533 are appropriate to calculate the ABWR
containment responses to postulated accidents. Although
originally written for predicting of Mark III transients,
these models, which simulate the transient conditions in the
containment, can be adapted for the ABWR containment
configuration. These models simulate the drywell, vent
systems, and wetwell (suppression pool and airspace).
They are, therefore, adaptable to other containment
configurations having the same basic components.

•

the combination vertical and horizontal drywell-towetwell vent system will perform (to demonstrate
venting clearing, condensation, and chugging) as
predicted

•

the containment will perform (air carryover and
containment pressure and temperature responses) as
predicted by the analytical model

In a meeting held on May 6, 1992, GE clarified its model
assumed for drywell volumes and the vent system. The
same as for the Mark III containment model, GE assumed
that the UD and LD volumes act as a single node and the
drywell-to-wetwell vent system as a horizontal vent for its
ABWR analysis. The contents of the LD start transferring
to the wetwell as soon as the pressure starts decreasing.
GE assumed 50 percent of the LD contents is transferred
into the wetwell. The staff raised questions klout the
validity of these assumptions because they do not reflect
the actual ABWR configuration. By a letter dated May 22,
1992, GE provided additional information to justify the
conservatism of those assumptions. GE calculated the
drywell pressure using a more realistic two-node drywell
model and compared it with the drywell pressure described
in the SSAR using the single-node drywell model. The
results show that the single-node model results in a higher
peak drywell pressure. Therefore, the single-node model
is acceptable in that it is more conservative. This resolved
Open Item 3, which was identified in the DSER
(SECY-91-355). Furthermore, because the peak containment pressure occurs substantially later, after the ventclearing process is complete, the slight geometrical
differences are expected to result in negligible effects on
the containment peak pressure and overall vent-clearing
process. GE's use of NEDO-20533 for the ABWR is
acceptable.

As indicated earlier, the ABWR containment design uses
combined features of Mark II and Mark III designs, except
for the unique feature of two drywell volumes (upper and
lower). The vent system is a combination of vertical
(Mark II design) and horizontal (Mark III design)
drywell-to-wetwell vent systems, and the wetwell
(suppression pool and airspace) is similar to a Mark II.
The staff was unable to conclude in the DSER
(SECY-91-3SS) that the assumptions and models used to
predict the containment pressure and temperature transients
following a LOCA in the ABWR containment were
acceptable. In the DSER (SECY-91-355), the staff
identified the issue of containment pressure and

Regarding the test programs, GE stated that the ABWR
test program is described in SSAR Appendix 3B. The test
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program includes 24 teats of LOCA condensation
oscillation and chugging loads. These loads for the ABWR
are identified to be potentially different from those for the
MARK HI design. GE expects other test data that were
developed for the Mark III to be applicable for the ABWR
because the total area ratio of the horizontal vents and
vertical vents in the ABWR will be comparable with that
in the Mark m . Thia was identified as Open Item 3 in the
DSER (SECY-91-355), which is resolved.
The
hydrodynamic loada described in Appendix 3B are
evaluated in Section 6.2.1.6 of thia report. DSER Open
Item 10 ia dealt with in that section. The staff concludes
that OE's assumptions and models for ABWR containment
response analysis are acceptable.
6.2,1.3 Short-Term Pressure Response

calculated differential pressure. OE's calculated drywell
peak pressure for the FWLB is 268 kPa (33 psig) and
maximum calculated temperature is 170 °C (338 °F)
resulting from the MSLB. The design pressure for the
drywell is 310 kPa (45 psig), which provides a margin of
15 percent above the peak calculated pressure in the
drywell and is equal to the margin recommended in the
SRP. Therefore, thia design margin for containment
pressure is acceptable.
The calculated wetwell peak pressure and maximum
temperature are 179 kPa (26 psig) and 97.2 °C (207 °F),
which ia 6.7 °C (12 °F) below the design temperature of
103.9 °C(219 °F) resulting from the FWLB. The design
pressure for the wetwell is 310 kPa (45 psig), which
provides a margin of 42 percent above the peak calculated
pressure in the wetwell.

The maximum drywell-to-wetwell differential pressure
occurs during the blowdown phase (short term) of a
LOCA. GE has performed analyses of various postulated
primary system breaks, including a double-ended rupture
of the main feedwater line, a double-ended rupture of the
main steamline, and small-break accidents. The analyses
show that the main feedwater line break (FWLB) yields the
limiting drywell-to-wetwell differential pressure and peak
drywell and wetwell pressure and is, therefore, the
design-basis accident for the drywell and wetwell. The
main steamline break (MSLB) yields the limiting drywell
temperature. OE has provided comparative plots of
drywell and wetwell short-term pressure and temperature
responses to design-basis, 0.0465 m (0.5 ft ), 0.093 m
(0.1 ft ), and 0.0093 m (0.01 ft ) breaks in both the main
feedwater and main steamline piping inside the drywell.
These figures substantiate the large guillotine breaks
resulting in the highest drywell and wetwell pressure and
temperature. However, in the DSER (SECY-91-355), the
staff stated that these figures, comparing different size pipe
breaks, did not indicate the same value of peak drywell
and wetwell pressure as reported in SSAR Table 6.2-1.
The staff asked OE to clarify these discrepancies.
2

2

2

2

The calculated drywell-to-wetwell peak differential
pressure is 110.3 kPa (16 psig) and the design
drywell-to-werweil differential pressure is 172.3 kPa
(25 psig), which provides a design margin of 56 percent.
The staff concludes that the containment pressure and
temperature transients following a LOCA in the ABWR
containment are consistent with SRP Section 6.2.1 and,
therefore, are acceptable.
6.2.1.4 Long-Term Response

2

Following the short-term blowdown phase of the accident,
the suppression pool temperature and containment pressure
continuously increase because of the input of decay heat
and sensible energy into the containment. During this
period, the ECCS pumps, which take suction from the
suppression pool, reflood the RPV up to the level of the
main steam nozzles. Subsequently, ECCS water flows out
of the break and fills the drywell, establishing a
recirculation flow path for the ECCS. The relatively cold
ECCS water condenses the steam in the drywell and
rapidly brings the drywell pressure down.
After
approximately 10 minutes, the residual heat removal
(RHR) heat exchangers are automatically activated to
remove energy from the containment by using the RHR
service water system for recirculation cooling of the
suppression pool. This is a conservative assumption
because the RHR design permits automatic initiation of
containment cooling well before 10 minutes.
The
containment spray also is conservatively assumed not to be
used.

2

In a letter dated May 22,1992, OE compared the reported
values in Table 6.2-1 and the corresponding calculated
values in SSAR Figures 6.2-6,6.2-8,6.2-13, and 6.2-17.
It demonstrated the consistency of the reported values
between the table and figures in the SSAR. This is
acceptable and this item is resolved. It was not tracked in
the DSER or DFSER as an open item.
SRP Section 6.2.1.1C states that, for Mark III plants at the
construction permit stage, the containment design pressure
should provide at least a 15-percent margin above the peak
calculated containment pressure and the design differential
pressure between the drywell and the containment should
provide at least a 30-percent margin above the peak
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In the long-term analysis, GE accounted for potential
postaccident energy sources, including decay heat, pump
heat rate, sensible heat, and metal-water reaction energy.
GE's long-term model also assumed that the containment
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negative drywell-to-werwell pressure differential of
-13.8 kPa (-2 psig). Therefore, this transient is used to
determine the size and the number of wetwell-to-drywell
vacuum breakers.

atmosphere would be saturated and equal to the
suppression pool temperature at any time. Tnerefbre, the
containment pressure is equal to the sum of the partial
pressure of air and the saturation pressure of water
corresponding to the pool temperature.

On the basis of its analysis, OE further states that with a
typical vacuum breaker diameter of 50.8 cm (20 in.), a
loss coefficient, K, of 3, and one single failure, eight
wetwell-to-drywell vacuum breakers are required to
maintain the drywell-to-wetwell and drywell-to-reactor
building negative pressure differentials below the design
negative pressure differentials of -13.8 kPa (-2 psig).

OE calculated a peak suppression pool temperature of
96.9 °C (206.46 °F). The calculated long-term secondary
peak containment drywell and wetwell pressures are well
below the calculated short-term peak pressures. OE's
analysis for long-term response following a LOCA in the
ABWR containment is acceptable in accordance with SRP
Section 6.2.1.

In the DSER (SECY-91-355), the staff identified Open
Item 4 regarding the adequacy of the vacuum breaker
design. Specifically, OE needed to clarify the arrangement
of vacuum breakers (e.g., LB or UD, two valves in series
for bypass single-failure protection) and the test program
that would demonstrate the performance of the vacuum
breaker system.

6.2.1.5 Reverse Containment Pressurization
Certain events in the primary containment cause
depressurization transients that can create negative
drywell-to-wetwell, drywell-to-reactor building, or
wetwell-to-reactor building pressure differentials.
Therefore, vacuum relief provisions may be necessary to
limit these negative pressure differentials within design
values. The events that cause containment depressurization
are
•

inadvertent drywell/wetwell spray actuation during
normal operation

•

post-LOCA drywell depressurization as a result of
condensation of the steam by the spilled ECCS
subcooled water

•

In a telephone conversation on August 9, 1991, OE stated
that analyses had been performed using first-principle
analytical models. These analyses were similar to those
performed for other BWRs and assumed that the spray
efficiency was 100 percent. Subsequently, in a letter dated
May 22, 1992, GE explained that there are eight vacuum
breaker valves, including one valve to meet the singlefailure criterion.
Each penetration opening into the LD has one valve.
These 50.8-cm (20-in) swing check valves open passively
on negative differential pressure and require no external
power to actuate them. They will be installed horizontally
in the wetwell airspace. Position locations of these valves
are shown in Figures 1.2-3C and 1.2-13K in SSAR
Amendment 6. Also, vacuum breakers are equipped with
position switches facilitating the monitoring of valve
position inside the control room. The design of the
wetwell-drywell vacuum breakers is acceptable.

wetwell spray actuation following a stuck-open relief
valve

6.2.1.5.1 Drywell Depressurization
Drywell depressurization, which creates a negative
drywell-to-wetwell pressure differential and/or a negative
drywell-to-reactor building pressure differential, is caused
by two major events:
•

post-LOCA drywell depressurization as a result of
condensation of the steam by the spilled ECCS
subcooled water

•

inadvertent drywell spray actuation during normal
operation

Concerning the testing aspect of the DSER (SECY-91-355)
open item, the ABWR technical specifications (TS) must
require the periodic inspection and testing of vacuum
breakers during outages to ensure their operability. This
was DFSER TS Item 6.2.1.5.1-1. Such testing is included
in the BWR Owners Group Standard Technical
Specifications, which GE is adopting for the ABWR.
Since GE has included an acceptable testing requirement,
this item is resolved.

OE states that drywell depressurization following an
FWLB results in the most severe negative pressure
transient in the drywell. Without vacuum relief, this
negative pressure transient may create a drywell-to-wetwell
negative pressure differential of -275.8 kPa (-40 psig).
This pressure differential is much greater than the design

DSER Open Item 4 is resolved because the design of the
wetwell-drywell vacuum breakers has been found to be
acceptable in accordance with SRP Section 6.2.1, and
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because the system will be tested aa specified in the TS for
the ABWR.

relief valve cases because of the relatively smaller mass of
condensable vapor present during normal operation.

In a letter dated May 26,1994, GE provided the results of
an analysis that evaluated the effect of drywell spray
actuation following a LOCA. The results of this analysis
are bounded by the post-LOCA drywell depressurization
case resulting from steam condensation by the spilled
ECCS subcooled water.

Calculation of the peak wetwell-to-reactor building
negative differential pressure is based on an energy balance
of the containment atmosphere before and after spray
activation, assuming that the final air-vapor mixture is at
100-percent relative humidity (RH) and that there are no
reactor building-to-wetwell vacuum breakers. Using these
assumptions, the peak calculated wetwell-to-reactor
building negative differential pressure was determined by
OE analysis, assuming worse-accident conditions, to be
-12.2 kPa (-1.77 psig). This is 10 percent less than the
ABWR design value of -13.8 kPa (-2.0 psig). In a
meeting with OE on May 6,1992, the staff questioned the
appropriateness of the assumption of 20-percent initial
drywell RH in the analysis. In response to the staffs
concern, OE performed a sensitivity study assuming a
conservative drywell RH of 60 percent and a minimum
suppression pool temperature of 23.9 °C (75 °F) for the
postulated drywell and wetwell spray actuation during
normal operation. The resulting maximum negative
differential pressure shown in a letter dated June 10,1992,
is -10.2 kPa (-1.48 psi), which is less limiting than the
case reported in the SSAR. The limiting case of wetwell
spray actuation following a stuck-open relief valve is
independent of the drywell humidity.

6.2.1.5.2 Wetwell Depresrarization
Wetwell depressurization, which creates a
wetwell-to-reactor building negative pressure differential,
can be caused by the following events:
•

inadvertent drywell and/or wetwell spray actuation
during normal operation

•

wetwell spray actuation following a stuck-open relief
valve

•

drywell and wetwell spray actuation following a 7 OCA

OE states that the limiting negative pressure transient in
the wetwell corresponds to wetwell spray actuation
following a stuck-open relief valve. The effect of relief
valve discharge into the suppression pool also heats the
wetwell airspace, thus increasing its pressure. When the
pressure in the wetwell becomes greater than the drywell
pressure of 1.7 kPa (+0.25 psig), the wetwell-to-drywell
vacuum relief system allows the flow of air from the
wetwell to the drywell, thereby pressurizing both drywell
volumes. Wetwell pressure and temperature peak when
the reactor decay heat decreases below the heat removal
capability from continued pool cooling and wetwell spray.
Wetwell temperature and pressure decrease, but the
drywell pressure remains at its peak value. When the
pressure difference between the two volumes becomes
greater than the hydrostatic head of water above the top
vent, air flows back into the wetwell airspace, slowing
down wetwell depressurization. The pressure differential
between the drywell and the wetwell is maintained constant
at the hydrostatic head above the top row of horizontal
vents. The final pressure in the wetwell is lower than the
drywell pressure because more air is transferred to the
drywell during wetwell pressurization than is received
during wetwell depressurization.

From its analysis given in the SSAR, OE concluded that
vacuum relief from the reactor building to the wetwell was
not required. The staff asked OE in what way was the
design of the ABWR different from the designs of Mark II
and i n plants, which do require vacuum relief. OE stated
that the wetwell spray system flow will be limited by
design to a maximum flow of 1,893 L/min (500 gpm),
which has the effect of limiting the negative pressure
transient response to -12.2 kPa (-1.77 psig). Therefore,
the staff concludes that the limiting case reported in the
SSAR is acceptable. The staff also finds that the initial
conditions, assumptions, and methodology used in the OE
analysis are acceptable, as discussed above, and mat
vacuum relief from the reactor building to the wetwell is
not needed.
6.2.1.6 Suppression Fool Dynamic Loads
OE submitted proprietary SSAR Appendix 3B to address
the issue of suppression pool dynamic loads for the
ABWR. The scope of Appendix 3B encompasses SRV
actuation and LOCA phenomena, SRV discharge loads,
LOCA loads, submerged structure loads, and load
combinations.
Although similar to the Mark i n
containment design, the ABWR has the following
distinctive features that affect suppression pool dynamic
loads: wetwell airspace pressurization, an LD volume, a

Inadvertent drywell or wetwell spray actuation during
normal operation can cause depressurization of the sprayed
volume because of the resultant condensation of vapor
presect in the airspace. However, the magnitude of this
depressurization is less than the post-LOCA or stuck-open
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The ABWR SRV discharge is directed to the suppression
pool through X-quenchers that OE has stated are identical
to the quenchers used for the Mark II and Markm
designs. Therefore, OE concluded that the hydrodynamic
load methodology, developed for the Mark II and i n
designs, was applicable for both the ABWR suppression
pool geometry and the X-quencher configuration.
However, in the DSER (SECY-91-355), the staff
questioned how OE had addressed the SRV loads that
would result from a second opening of the SRV while the
SRV tailpipe is still hot from the initial SRV discharge
(commonly referred to by the staff as "subsequent
actuation" or "consecutive actuation" in NUREO-0802,
"Safety/Relief Valve Quencher Loads: Evaluation, for
BWR Mark II and m Containments") (Open Item 5). A
subsequent SRV valve actuation becomes a concern
because following the first actuation of the SRV, the
second actuation could generate higher loads on the
structure.

smaller number of horizontal vents (30 in the ABWR
compared with 120 in the Mark HI), horizontal vent
extension into the pool, vent submergence, and suppression
pool width.
SRV actuation and LOCAs are the events that can impose
dynamic loads on the suppression pool. SRVs discharge
steam from the RPV through discharge piping that is
routed into the suppression pool and fitted at the
suppression pool end with a quencher to enhance heat
transfer between the hotter SRV discharge fluid (steam and
air) and the cooler suppression pool water.

SRV discharge into the suppression pool consists of the
following three phases, which are listed in the order in
which they occur: water clearing, air clearing, and steam
flow. The discharge pipe standing column of water first
is pushed out, or cleared, into the pool by blowdown steam
pressure. Water clearing creates SRV pipe pressure and
thermal loads, pipe reaction forces, drag loads on
structures submerged in the pool, and pool boundary loads.
After water clearing, air clearing occurs as air above the
water column in the pipe is forced out the pipe and into the
pool. The air-clearing phase generates expanding bubbles
in the pool that cause transient drag loads on submerged
structures as a result of both the velocity and acceleration
fields and oscillating pressure loads on the pool boundary.
Finally, the steam-flow phase creates pipe reaction forces,
quencher thrust forces, structure thermal loads, and
oscillating pool boundary loads as a result of steam jet
condensation at the quencher.

The water reentering the tailpipe (reflood) after the initial
actuation of the SRV has been found in experiments to be
transitory because the water column within the tailpipe
does not reach equilibrium quickly. In addition, the
tailpipe wall has not cooled to its initial temperature before
the second actuation of the SRV. If the reactor system
pressure should rise again to greater than the SRV set
point, the SRV would discharge. However, the noncondensable gas from the drywell atmosphere that reentered
the tailpipe through the vacuum breaker would have been
heated by the tailpipe wall. This discharge (commonly
called SRV air-clearing loads) could produce
hydrodynamic wall pressures in the pool that might be
significantly different from the initial air-clearing loads
because of the higher noncondensable gas temperature in
the tailpipe. As a result, the staff concluded that loads
from both the initial and second actuation should be
considered in the design of the system. GE stated in its
submittal of June 1, 1992, that both the first and possible
second actuation were considered and the structures will be
analyzed to accommodate these second actuation loads.
GE stated that these analyses are scheduled to be
completed before final design approval. This item became
DFSER Open Item 6.2.1.6-1.

For the ABWR, the FWLB and MSLB cause dynamic
loads in the suppression pool. As with the SRV discharge,
these events can be characterized by several phenomena
that occur in the following order: vent clearing, pool
swell, high steam flow, and chugging. After an FWLB or
MSLB, with sufficient pressurization of the drywell, water
in the vents is forced out into the pool. This vent water
clearing causes submerged jet-induced loads on nearby
structures and the pool basemat. After vent clearing, an
air and steam bubble flows out the vents. The air
component, originating from the drywell air, expands in
the pool causing a rise in pool surface level called pool
swell. Pool swell imposes loads on submerged structures
and pool boundaries. After pool swell, a period of high
steam flow occurs and steam is condensed in the pool vent
exit area, imposing no significant loads on the pool system.
Later, as vent steam flow decreases, the steam
condensation process causes the steam bubble, which has
been growing, to suddenly collapse, creating oscillatory
loads. This process is called chugging and imposes
significant vent and suppression pool boundary loads.

OE stated in SSAR Section 3.9.3.3.1 that loading of the
main steam and discharge piping resulting from SRV
discharge was calculated on the basis of simultaneous
actuation of all SRVs followed by a second actuation of all
SRVs. The methodology used by GE to calculate
hydrodynamic loading on SRV discharge piping resulting
from initial and subsequent SRV actuations is consistent
with the methodology used for earlier BWR (Mark II and
III) designs. The effect of subsequent valve actuation is
considered by assuming the SRV discharge pipe has been
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heated by the initial SRV actuation. OB assumed an initial
SRV pipe temperature of 149 °C (300 °F) for the drywell
piping and 93 °C (199 °F) for the wetwell piping. These
temperature values are based on measured data from inplant SRV blowdown tests. This methodology, which the
staff finds acceptable, is consistent with that used for
earlier BWRs and resolved DFSER Open Item 6.2.1.6-1.

Another part of Ope; Item 6 from the DSER
(SECY-91-355) was associated with the justification used
to establish the pool dynamic loads for the ABWR. The
ABWR suppression pool contains structures above and
below the normal level of the pool (such as SRV tailpipes,
access tunnels to the LD, and a walkway in the
suppression pool) that would be subject to pool drag and
pool swell impact loads during the initial vent clearing and
pool swell phenomena. The staff requested that GE
provide the specific tests used to support the methodology
to establish the hydrodynamic loads for the ABWR. GE
committed to provide these tests in the SSAR. GE had
identified the general database that will be used and the
methodology to develop the hydrodynamic loads, but had
not submitted data on the actual primary or secondary
loads (wall pressure, thermal, drag, impact, etc.). This
methodology for defining hydrodynamic loads was
considered acceptable in the DFSER. This resolved both
parts of Open Item 6 identified in the DSER
(SECY-91-355). This resulted in DFSER Confirmatory
Item 6.2.1.6-1 - GE would provide the specific load
definition design information in a future SSAR amendment.

i

The staff also questioned, in the DSER (SECY-91-355),
the acceptability of the complete elimination of suppression
pool temperature limits. OE had stated in its earlier
submittal that suppression pool temperature limits for
steady-state steam condensation were no longer needed. In
the basis for this conclusion, GE referenced an analysis
submitted to the staff by the BWR Owners Group.
However, the staff had not yet completed its review of the
BWR Owners Group request for the elimination of
suppression pool temperature limits. This was Open
Item 6 of the DSER (SECY-91-355). In addition, the date
for completing the staffs review was shown to be very
close to the date necessary for final closure of all issues
for the ABWR. In light of these uncertainties, GE
documented in its submittal of June 1,1992, that the same
suppression pool temperature limits will be used for the
ABWR as those used in current Mark I, II, and HI plants
to ensure steady condensation of the SRV discharge.
These criteria are documented in NUREG-0783,
"Suppression Pool Temperature Limits for BWR
Containments."

GE provided a typical pressure time history at the bottom
of the pool boundary in SSAR Figure 3B-29. The staff
finds this plot to be an acceptable hydrodynamic load
definition for design certification. This resolved DFSER
Confirmatory Item 6.2.1.6-1.

As currently implemented in the Mark I, II, and III
designs, the suppression pool temperature limits involve a
three-tier approach. The lowest temperature threshold
requires the operator totakesuch actions as activating pool
cooling to reduce the suppression pool temperature. The
plant, however, can continue to operate at power during
this time. The intent of this threshold is to ensure that the
operator takes action to reduce pool temperature. This
temperature is typically 35 °C (95 °F). Operation can
continue until the suppression pool reaches 43 °C
(110 °F). At thistemperature,an automatic scram on high
suppression pooltemperatureoccurs. Finally, if the pool
reaches 49 °C (120 °F), the TS require depressurization of
the reactor coolant system and initiation of cold shutdown
conditions. This was DFSER TS Item 6.2.1.6-1. GE
included this item in its TS, which the staff has found are
acceptable in Chapter 16 of this report, thus resolving this
TS item.
This process ensures that suppression pool temperature
limits for reactor scram and reactor depressurization, as
defined in NUREG-0783, will not be reached. The staff
finds acceptable GE's commitment to maintain current
suppression pool temperature limits. This part of Open
Item 6 in the DSER (SECY-91-355) is resolved.

NUREG-1503

The ABWR configuration is similar to the Mark II
containment design in that the suppression pool volume of
the ABWR wetwell is approximately equal to the Mark II
and III suppression pool volumes. Also, the sizes of the
drywell volumes are quite similar. GE stated in its
submittal of June 1, 1992, that the ABWR wetwell
airspace volume is 5,947 m (210,000 ft ) as compared
with a Mark II wetwell volume of 4,672 m (165,000 ft ).
Therefore, it considered the methodology used to evaluate
the bulk backpressure due to suppression pool gas space
compression from pool swell for the Mark II design to be
equally applicable for the ABWR.
3

3

3

3

The PICSM computer code, which models the transient
behavior of suppression pool swell surface elevation,
pressure in the wetwell airspace, and pool surface velocity,
is described in GE technical report NEDE-21544 (proprietary). GE validated test data generated for the Mark II
design; however, the code was not reviewed and approved
by the staff.
The staff identified Open Item 10 in the DSER
(SECY-91-355), related to modeling assumptions used by
GE. For ABWR applications, the PICSM code was used
to compare Mark III suppression pool swell test data from
the pressure suppression test facility (PSTF) with analytical
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predictions from PICSM. The parameters that wore
compared were gas backpressure, water slug velocity, and
water slug swell height. OB concluded that the PICSM
code was technically adequate to model the suppression
pool gas space pressure; however, the calculated water
slug surface elevation required some modeling adjustments
because of the horizontal vent configuration of the
Mark III. A horizontal vent configuration introduces an
air bubble into the suppression pool that does not spread
uniformly across the entire suppression pool; therefore, it
produces a swell that is not radially uniform. The pool
swell has a higher rise on the inside radius of the pool.

OB also noted that the pool swell phenomenon is
dependent on areactorsystem blowdown into the drywell
and that the largest postulated pipe break in the ABWR is
a feedwater line break (FWLB). The Mark II and HI
designs must accommodate a recirculation line break that
OB has eliminated in the design of the ABWR. A
postulated FWLB into the ABWR drywell is calculated to
be a lower pressurization event, causing less blowdown
flow, because of the smaller pipe break size and energy
input than was considered for Mark II and m designs.
Because of the lower mass and energy input into the
drywell from an FWLB, the suppression pool response is
expected to be less severe.

The Mark III vent design is quite similar to that of the
ABWR.
Because of this similarity, OB felt that
comparison with the Mark i n data would be sufficient to
validate the program for use on the ABWR design. This
type of comparison also was necessary to determine if the
difference in vent design (such as submergence of the vent
and number of vents) would significantly affect the
calculated results using the PICSM code.

OB also stated that the pool-to-vent area ratio is larger for
the ABWR than for the Mark II and m designs. For the
ABWR, the pool-to-vent area ratio is 38.5, for Mark II the
ratio is typically 20.0, and for Mark III it is typically 12.0.
OB believes that the larger pool relative to the vent area
will cause the pool hydrodynamic loads to be reduced.
This position is supported by NUREG-0808, "Mark II
LOCA-Related Hydrodynamic Load Definition."

Because of the horizontal vents for both the ABWR and
the Mark III, the air bubble does not penetrate the entire
width of the pool as was described above. As a result, the
suppression pool water slug is not a constant thickness.
The PICSM code does not implicitly model this
nonuniform pool swell elevation. TTus nonuniform pool
swell is different from the Mark II design in which the air
bubble is uniformly distributed over the entire suppression
pool. The vertical Mark II downcomers then distribute the
air bubble throughout the entire pool cross-section. As a
result, the air is injected into the pool in an almost uniform
manner yielding an almost constant water slug thickness.
Because of the difference in vent configuration between the
Mark II (which the PICSM code would model accurately)
and the Mark III, GE found it necessary to develop a
correlation for the PICSM code to account for the uneven
pool slug rise observed in the Mark III PSTF tests. GE
stated that by modeling 80 percent of the suppression pool
horizontal surface area, it achieved agreement between
PICSM calculated pool swell velocity and elevation and the
PSTF test results. GE included mis comparison in its
submittal of June 1, 1992.

GE showed that the PICSM code without the correction
factor can correctly predict the suppression pool airspace
pressure time histories resulting from a reactor system
blowdown in the drywell. By using a reduction factor of
80 percent for pool surface area, GE correctly predicted
the swell elevation. On the basis of these comparisons,
GE believes that the PICSM code has been validated for
use on the ABWR.

The staff documented its evaluation of definition of the
Mark II design containment hydrodynamic load in
NUREG-0808. In the evaluation of the pool swell
phenomena (discussed in Section 2.1 of the NUREO
report), the staff relied on comparisons with a substantial
amount of data from tests conducted by both GE and Japan
Atomic Energy Research Institute. These tests were
directly applicable to the Mark II design. The computer
code used for these comparisons was a GE-developed
program called PSAM (GE topical report NEDO-21061,
Revision 0, November 1975). It was used as part of the
Mark II hydrodynamic load evaluation program. The staff
has reviewed the Mark II program and approved the
methodology and PSAM in NUREG-0808. However, it
did not find GE's methodology within PSAM acceptable.
Rather, the staff based its acceptance on the favorable
comparisons with the database. As a result, the use of the
program for configurations other than those encompassed
by the test data would not be accepted without further
comparisons with applicable test data.
The PICSM code, which GE referenced in its submittal of
June 1, 1992, had not been reviewed by the staff. In
addition, the use of the 80-percent area reduction factor
may significantly alter the results of the program. GE's
justification for use of an 80-percent reduction on pool surface area to achieve correct swell heights is based on the
comparison with PSTF test heights for a Mark Ill-type
suppression pool. However, GE did not discuss other such
critical parameters of pool swell as water slug velocity and
the way velocity is affected by the 80-percent reduction
factor. In addition, the 80-percent reduction factor also
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may affect such factors as the effect of gas backpressure
on the water slug because of the reduced water slug
surface area exposed to the gas backpressure and inertia of
the water slug may be affected by the reduced surface
area. GE did not discuss these effects or the PICSM
code's treatment of them in its submittal. PICSM is a
newer version of the PS AM computer code; however, OE
has not indicated the specific differences between the
codes.

analyses, and acceptance criteria (ITAAC) were required
for pool swell impact loads. (The ABWR ITAAC are
discussed in Chapter 14 of this report.) The staff has
determined that the design of the plate and supporting
analysis are not needed for design certification but can be
provided in the COL application, because of GE's
commitment to have the analysis performed in accordance
with the Mark II and III design methodology.

The staff agrees that the ABWR suppression pool design
is similar to the Mark III design in terms of the water slug
shape and that PSTF test data for Mark i n may have
limited applicability to the ABWR. This closes out Open
Item 18 identified in the DSER (SECY-91-355).
However, since the database discussed in the submittal of
June 1, 1992, did not contain specific test results for an
ABWR geometry (actual vent size and configuration were
not used for ABWR-specific tests), the staff evaluated the
uncertainties of the test results and whether these
uncertainties can be tolerated in the ABWR design.

As specified in SSAR Section 6.2.7.4, the COL applicant
will review the issue of providing appropriate structural
features for protecting these vacuum breakers from pool
swell loads and propose to the NRC staff an appropriate
design for ensuring that these valves are adequately
protected. The structural shielding features for pool swell
loads will be determined on the basis of the methodology
approved for the Mark II and III designs. For design of
structural shielding features, pool swell loads will be
defined to the maximum practical extent possible. This
commitment to a COL action item is acceptable, and
resolved DSER Open Item 6.2.1.6-2.

As a result, the staff evaluated the ABWR design and the
PICSM load predictions to determine the degree of margin
associated with each safety-related component. At a height
of 7 m (23 ft) above the normal pool surface level, there
are eight drywell-to-wetwell vacuum breakers that are
mounted on the suppression pool wall and potentially
subject to pool swell loads. The design indicates 7 m
(23 ft) from the normal liquid level in the suppression pool
to the bottom of the valve. The vents are equally spaced
around the circumference of the suppression pool.
Underneath the vacuum breakers, a continuous catwalk
surrounds the pedestal wall within the suppression pool at
the 6-m (20-ft) elevation, which is approximately 1 m
(3 ft) below the vacuum breakers. The flooring is grating
except for the area immediately below each vacuum
breaker. GE states that a solid steel plate in this area will
protect the valves from any direct effect of the pool swell
water slug.

In the DSER (SECY-91-355), the staff raised an issue
concerning the modeling assumptions used for calculating
suppression pool boundary loads during the pool swell
period occurring as a result of a postulated hydrodynamic
event caused by a LOCA. The question was raised
concerning the modeling assumptions used for conducting
the tests to determine the resultant pool loads.
GE stated in its submittal of June 1, 1992, that it
conducted a test program for suppression pool
hydrodynamic loads specific to the ABWR because of
anticipated differences in condensation oscillation (CO) and
chuffing (CH) loads in the ABWR design when compared
to the Mark III design. GE anticipated differences in loads
because the airspace (5,947 m (210,000 ft )) in the
ABWR suppression pool is much smaller than that in the
Mark III design (4,672 m (1,140,000 ft )). This smaller
wetwell airspace volume increases the pool backpressure
and may dampen pool response. Also, the LD in the
ABWR may have an effect in that the total drywell volume
of the ABWR is 7,334 m (259,000 ft ) compared to
7,787 m (275,000 ft ) for Mark III. However, the LD is
a physically separate volume from the UD and is
connected to the UD through the vent duct system
compared with Mark III, where the drywell is one large
volume. The ABWR also has a reduced number of
horizontal vents (30) at a deeper submergence of 3.5 m
(11.48 ft) from the top vent relative to the Mark III, which
has 120 vents at a submergence of 2 m (7 ft). The
suppression pool for the ABWR is also wider (7.5 m
(24.6 ft)) than that in the Mark III (6.2 m (20.5 ft)).
3

3

PICSM predicts liquid impact up to 6 m (21 ft) and froth
impact beyond 6 m (21 ft). As a result, the design is
based on the solid decking of the catwalk absorbing
100 percent of any possible liquid pool swell load.
Additionally, the valves are designed to withstand froth
loads assuming no load reduction as a result of the steel
plate. This approach seems to be bounding in nature, and
the loadings assessed for the valves are acceptable.
However, GE has not specified the method for calculating
the load to which the steel plate is designed or the specific
load to which the plate will be subjected. This was DSER
(SECY-91-355) Open Item 6.2.1.6-2, which was not
tracked in the DFSER. The staff also stated in the DFSER
that Tier 1 design information and inspections, tests,
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The staff identified Open Item 9 in the DSER
(SECY-91-355) concerning the scaling laws used by OE
for developing the ABWR load definition. OE conducted
24 simulated blowdown tests on a single-cell model (a
36-degree sector of the ABWR suppression pool) that
represented a single vent pipe system. The test facility
used was scaled for two sizes of blowdown experiments.
The subscale (SS) tests represented the ABWR scaled by
a reduction factor of 2.5 and a scaled single vertical and
single horizontal vent pipe system. The partial full-scale
(FS) tests were conducted with the same scale factor for
pool dimensions but a full-scale vertical and horizontal
vent system and two horizontal vent pipes into the pool.
The ABWR has three horizontal vent pipes into the
suppression pool.

has not been demonstrated, nor has there been any attempt
to justify the approach on the ABWR docket. The
Mark m tests for unstable CO were conducted on a fullsize vent system, which would not interfere with the
frequency content of the measured wall pressures in the
test facility.

Using the SS and FS configuration in its test facility, OE
ran 24 blowdown tests to obtain data on CO and CH loads
to produce wall pressure data to be used to generate the
load definition. Thirteen tests were conducted for CO
loads on the SS test configuration and eleven were
conducted for CH loads on the FS test configuration. For
the SS tests, OE stated that linear dimensions were scaled,
but thermodynamic properties associated with steam
condensation such as pressure, temperature, and enthalpy
were maintained at full-scale values.
The staff evaluated the above approach and concludes that
these additional tests have added to the overall database
relative to pool condensation loads and are acceptable.
This resolved Open Items 7, 8, and 9, as identified in the
DSER (SECY-91-355). However, GE had not addressed
the use in the ABWR design of Mark III data from the
PSTF blowdown tests that were conducted to verify the GE
methodology used for the Mark III load definition studies.
These tests were conducted and demonstrated the use of
scaled tests, as reported in NUREG-0978, which showed
close agreement between 1/3 and 1/9 scaled tests. The
PSTF tests for Mark III on all scaled tests reported in
NUREG-0978 were conducted with full-scale vent lengths
and all three horizontal vents.
GE also had not demonstrated that the past condensation
tests can or should be neglected in the development of the
load definition for the ABWR. In addition, the staff was
concerned about the adequacy of using only the SS and FS
tests for which one and two horizontal vent pipes into the
pool were used instead of the three vent pipes used in the
ABWR and the PSTF tests for Mark III.
For previous tests conducted for Mark III at the PSTF,
three horizontal vent pipes that were full scale were used.
For the ABWR SS tests, the vent system was scaled,
which the staff believes will affect the measured frequency
spectrum. The use of scaled frequency responses for CO

Therefore, to resolve DSER Open Item 10, the staff
concluded that GE should address the differences in load
definition using the Mark m and II test databases and
determine the effect on structural response of possible
differences from frequency signatures for both CO and CH
loads. The use of the ABWR SS and FS tests without
correlation to the Mark III test database had not been
demonstrated to be sufficient for modeling without the fullscale vent pipe configuration and was unacceptable. This
was DFSER Open Item 6.2.1.6-3.
SSAR Figure 3B-22 shows a pressure time history
representative of CO loads associated with the ABWR
using the source load approach. SSAR Figure 3B-23
shows a pressure time history representative of Mark in
CO loads. This pressure time history is based on the
Mark III CO correlation as described in the GESSAR II
(NUREG-0979). This comparison showed higher pressure
amplitudes in the ABWR that were attributed to (1) a
greater submergence depth (3.5 m (11.5 ft) compared with
2.3 m (7.5 ft)), (2) all three horizontal vents remaining
open in the ABWR tests whereas the bottom two vents
were closed in the Mark III tests at the onset of CO
conditions, and (3) the contribution from increasing
wetwell overpressure during the CO period in the ABWR
tests. ABWR CO loads were not compared to Mark II test
data because Mark II has a vertical vent while the ABWR
has a horizontal vent. GE stated that a typical large chug
from the full-scale database as shown in Figure 3B-24
exhibited characteristic features similar to chugging data
from Mark II and Mark III testing. For the ABWR, GE
defined the chugging load by using the key-chug approach,
which was the same approach as that used for Mark II.
GE also stated that the data supported the understanding
(observed from prior tests) that chugging has some
dependence on system parameters, such as mass flux and
pool temperature, along with a substantial degree of
randomness.
The staff believes that GE has adequately considered the
differences between the Mark II, Mark III, and ABWR
databases to determine that the suppression pool wall
pressures for ABWR do not exhibit any unusual
characteristics when compared to the Mark III wall
pressures. The SS and FS tests appear to be adequate
representations of the ABWR downcomer vents for
predicting the suppression pool hydrodynamic response for
unstable CO and CH loads. The staff finds that the
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proposed load definition methodology for unstable CO and
CH loads acceptable. This resolved DFSER Open
Item 6.2.1.6-3.

•

basis for selecting subcompartment
thermodynamic conditions

initial

•

individual subcompartment design pressure differential

6.2.1.7 Subcompartment Pressure Analysis
Internal structures in the drywell, wetwell, and secondary
containment form subcornpartments or restricted volumes
oat are subjected to differential pressure after postulated
pipe ruptures. In the drywell there are two such volumes:
(1) the RPV annulus, which is the annular region formed
by the RPV and the reactor shield wall, and (2) the
drywell head, which is a cavity surrounding the RPV head.

The design of the containment subcompartments was baaed
on the postulated worst-case design-basis accident (DBA)
occurring in each subcompartment. For each containment
subcompartment in which high-energy lines will be routed,
mass and energy release data corresponding to a postulated
line break were calculated. All breaks were considered to
be full double-ended breaks.

In response to RAI Question (Q)430.17 regarding
subcompartment pressurazation from high-energy line
breaks, OE submitted SSAR Tables 6.2-3 and 6.2-4 and
Figures 6.2-37* through 6.2-37e. These tables and figures
present subcompartment node and vent path initial
conditions, break conditions, and physical characteristics
as well as a flow chart showing the volume and junction
connections between each subcompartment. OE modeled
a total of 23 subcompartments connected with 35 separate
flow path vents for the subcompartment analysis. Most of
the vents are blowout panels that have a characteristic
opening pressure and time. The subcompartments enclose
some compartments of the RHR, ECCS, reactor water
cleanup (RWCU), main steam, and main turbine systems.
OE presented the calculated peak differential pressure for
each subcompartment in SSAR Table 6.2-3.
The staff evaluated the aforementioned information in
accordance with the requirements and guidance in RO 1.70
(Rev. 3) and SRP Section 6.2.1.2. The staff requested in
Open Item 11 in the DSER (SECY-91-355) the following
additional information:
•

mass and energy release rates assumed for the
subcompartment analyses

•

methodology (i.e., computer codes), if any, used in
calculating subcompartment pressurization

•

nodalization sensitivity studies for the individual
subcompartments to justify the final model
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Within the limitations of the available information, the staff
made the following additional observations in Open
Item 12 in the DSER (SECY-91-355).
•

The selected subcompartment initial humidity specified
in SRP Section 6.2.1.2, ItemII.B.1, is 0 percent.
Because of the capability of water vapor to absorb
more energy than dry air, a humidity level of 0 percent
results in a maximum peak differential pressure during
a high-energy line break in a subcompartment. In its
analysis, OE used a higher value for initial humidity.

•

On the basis of subcompartment volume and relief vent
properties, the trend of calculated peak differential
pressure for rooms with the same pipe break was
analyzed. A number of calculated subcompartment
peak pressures did not follow the basic trend that was
expected (that is, for the same pipe break, peak
pressure should increase with smaller room volume
and/or smaller vent area). The subcompartments with
questionable peak pressures were SA7, SA4, SR5,
SR4, and SR9.

•

Using the COMPARE MODE 1A computer code,
subcompartment and vent properties from SSAR
Tables 6.2-3 and 6.2-4 and main steamline break mass
and energy release data from SSAR Figures 6.2-24 and
6.2-25, the staff performed a review calculation for the
pressurization of rooms SSI and ST1 (steam tunnel and
turbine building). This analysis showed pressures for
the steam tunnel and for the turbine building that were
significantly different from those reported in the SSAR.

These observations showed inconsistencies in
subcompartment peak pressure trends, subcompartment
pressures, and analytical assumptions. These differences,
when considered collectively, may result in a less
conservative structural design of containment
subcompartments. The staff identified the above concerns
as Open Items 11 and 12 in the DSER (SECY-91-355).
In a letter dated May 22, 1992, GE stated that its
proprietary computer code, SubCompartment Analysis
Method (SCAM), was used for the subcompartment
analyses. GE stated that the SCAM code was used for the
Mark m standard plant and was benchmarked against
13 NRC-specifiedgubcompartmeut standard problems. GE
has not submitted SCAM to the NRC for computer code
review and approval. SCAM calculates the transient
thermal-hydraulic response of connected subcompartments
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to high-energy line break*. Each volume is modeled as a
homogenous mixture with connecting flow paths using a
self-choking compressible flow model and the volume
pressure and temperature calculated for each time step.
The vent flow model waa extensively verified by
experimental comparison in OB report NEDO-20533.
SCAM treats air as an ideal gas and initializes the contents
of each volume as a homogeneous mixture of air and water
vapor. SCAM does not include gravitational potential
energy in its flow energy equation and does not include the
effects of heat transfer between materials in the volumes
and the flowing fluid.
By a letter dated May 11, 1992, OB provided additional
information on mass and energy release rates assumed for
its subcompartment analyses. GE calculated the mass and
energy release rate for main steam and RWCU line breaks
by including friction losses in the pipe segment between
the RPV and the postulated break location as well as flow
choking (i.e., critical flow) and inventory depletion effects.
Isolation valve closure determines the time for cessation of
break flow. Friction losses included pipe length, fittings,
elbows, valves, and other equipment with a hydraulic
resistance in the pipe segment. This methodology resulted
in different mass and energy release rates being calculated
for the same pipe type and size break in different subcompaitments. OE indicated in a telephone conversation on
May 19, 1992, that the inconsistency identified in Open
Item 12 of the DSER (SECY-91-153), may be explained
by the use of these mass and energy release data. The
pipe break mass and energy release data used by GE are
based on estimated pipe lengths, fittings, elbows, valves,
and other hydraulic resistance components in the pipeline.
This assumed hydraulic resistance (i.e., fl/D) constitutes
part of the design basis for the ABWR and must be
confirmed and adhered to in the actual as-built plant, since
deviations in such parameters as pipe routing and numbers
and types of valves could affect the results of the
subcompartment analysis. The staff indicated in the
DFSER that this information should be included in the
ITAAC for the ABWR containment. This was identified
as a part of DFSER Open Item 6.2.1.7-1. On further
evaluation, the staff revised its previous position and
determined that the information on fl/D should be included
in the SSAR rather than the ITAAC. In Amendment 30,
GE provided this information (fl/D) in Table 6.2-4A and
mass and energy release data in Table 6.2.4B of the
SSAR. This is acceptable. This part of DFSER Open
Item 6.2.1.7-1 is resolved. In addition, the staff and GE
agreed that subcompartment analyses using as-built fl/D
data and effects on die mass and energy releases should be
included in the ITAAC. This is discussed below.

Most of the flow junctions are blowout panels that have a
blowout pressure of '1.45 kPa (0.5 prig). Three different
types of double-ended pipe breaks were analyzed in the
subcompartment analysis: 71.1 cm (28 in.) main steam,
15.2 cm (6 in.) main steam, and 20.3 cm (8 in.) RWCU.
All Mowdowns and corresponding peak subcompartment
pressures occurred over a period of leas than 1 minute.
All subcompartmenCa were initialized at maximum expected
air temperature and pressure and a humidity of 10 percent.
Junctions were modeled with their flow area, forward and
reverse lorn coefficient and associated inertia based on
flow length and area. Tne SCAM analyses did not include
any nodalization sensitivity studies and relied on internal
time step selection routines.
As part of the review of the ABWR subcompartment
analyses, the staff performed independent audit calculations
with the COMPARE MOD1A computer code, which is a
subconmartment analysis code developed by Los Alamos
National Laboratory for the NRC and approved for this
application in SRP Section 6.2.1.2 (Item HI). The staff
developed a model of the ABWR subcompartment
volumes, junction vents, and mass and energy release data
baaed on the information provided by GE. Five of the
pipe breaks were analyzed using COMPARE. These five
pipe breaks resulted in peak pressures for 8 of the
23 subcompartments in the ABWR. The results of the
COMPARE calculations of peak differential pressure were
similar in magnitude and trend to those reported by GE.
In all cases, the GE-calculated peak differential pressure
was larger than that calculated by COMPARE. This is
attributed to differences in modeling blowout panels and
vent flow correlations between SCAM and COMPARE.
However, the SCAM results were all bounding. Based on
the COMPARE audit calculations, the staff confirmed in
the DFSER that the results of the GE subcompartment
pressure analyses were acceptable.

Review of the ABWR subcompartment analysis shows that
the analyais waa performed in accordance with SRP
Section 6.2.1.2. Independent check calculations with the
COMPARE MOD1A computer code confirmed both the
trends and magnitude of the peak subcompartment
differential pressures reported by GE in the SSAR.

The GE SCAM subcompartment model for the ABWR
consisted of a total of 23 volumes and 35 flow junctions.
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Although SRP Section 6.2.1.2 states that zero initial
humidity should be assumed for volumes, GE assumed a
10-percent humidity. GE stated that the subcompartment
initial thermodynamic conditions were those corresponding
to plant normal operating conditions, as defined in SSAR
Appendix 31. The staffs COMPARE analyses confirm
that the effect of the 10-percent initial humidity is
insignificant.
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ItemII.B.2 of SRP Section 6.2.1.2 requires that an
appropriate nodaliation scheme be chosen and confirmed
by sensitivity studies so that there is no substantial pressure
gradient within a node. In a meeting of May 6,1992, OB
stated that on the basis of its judgment of adequacy, no
specific nodalitation sensitivity studies were performed.
Furthermore, in a conference call on May 19, 1992, and
in a letter dated May 22, 1992, OB committed to revise
the SSAR to include the values of design differential
pressure for each subcompartment in order to confirm that
the margin between calculated and design peak differential
pressure of 40 percent required by SRP Section 6.2.1.2
(Item II.B.5) is achieved for the ABWR. The staff found
this 40-percent design margin acceptable subject to the
SSAR revision to reflect this commitment. This was
identified as Confirmatory Item 6.2.1.7-1 in the DFSER.
In Amendment 30, OB provided this information in SSAR
Table 6.2-3. There are a few exceptions in which the
40-percent margin cannot be satisfied. However, there
still exist substantisl margins such as 28 percent,
34 percent, or 38 percent shown in Table 6.2-3. The staff
has determined that these few exceptions are acceptable
provided the subcompsrtment analyses using as-built data
are included in the ITAAC. Therefore, the staff concludes
that DFSER Confirmatory Item 6.2.1.7-1 is resolved. In
addition, DSER Open Items 11 and 12 (SECY-91-153)
were resolved in the DFSER.
Following the issuance of the DSER (SECY-91-355), OE
modified the reactor shield wall, extending it to a height of
0.1 m (0.33 ft) below the containment top slab. This
results in a smaller vent area for a pipe break in the shield
snnulus. The staff requested GE to confirm the adequacy
of the revised shield wall design. In Amendment 30, GE
states that the results of its subcompartment pressurization
re-analysis, accounting for the reduced vent area and
redefined DBA break in the annulus, demonstrate the
adequacy of the shield wall structure and the RPV and its
internal structures. Therefore, mis new issue of annulus
pressurization resulting from the modification of the shield
wall is resolved.
Therefore, on the basis of the above discussion, the staff
concludes that . GE's subcompartment analysis is
acceptable.
GE submitted the design description and ITAAC for the
ABWR containment. The ITAAC were being reviewed by
the staff when the DFSER was issued. This was identified
as DFSER Open Item 6.2.1.7-1.
OE subsequently
submitted a revised design description and ITAAC. In
ITAAC Section 2.14.1, "Primary Containment System,"
GE has included containment pressure and temperature
analyses of the DBA using as-built data. In addition, the
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verification of the subcompartment analysis of the reactor
building is included in ITAAC Section 2.15.10, "Reactor
Building," as part of the structural analysis reconciling asbuilt data, which is described in Section 3H.S.3 of the
SSAR. Tne staff finds the above commitments regarding
subcompartment analyses acceptable. Therefore, DFSBR
Open Bern 6.2.1.7-1 is resolved. The adequacy and
acceptability of the design description and the ITAAC are
evaluated in Section 14.3 of this report.
6.2.1.8 Steam Bypass of the Suppression Pool
The staff evaluated GE's analysis of steam bypass of the
suppression pool provided in SSAR Section 6.2.1.1.5 in
accordance with SRP Section 6.2.1.1.C. Containment
pressurization from steam bypass of the suppression pool
is strongly affected by the containment size and wctwoll-todrywell volume ratio. Of the Mark I, II, and HI
containments, the ABWR containment design is most
similar to the Mark II in size and wetwell-to-drywell
volume ratio. Therefore, the staff concludes that the
acceptance criteria in SRP Section 6.2.1.1.C for Mark II
containments are the most applicable. These acceptance
criteria specify (1) an effective steam bypass capability for
small breaks (A/K ) of 46.S cm (0.0S ft ) (2) automatic
initiation of wetwell sprays, (3) preoperational highpressure leak test, (4) periodic low-pressure leak tests,
(5) periodic visual inspection of the vacuum relief system,
(6) redundant position indicators and alarms on all vacuum
breakers, and (7) monthly operability test of vacuum
breakers.
1/2

2

3

In a pressure suppression-type containment, such as the
ABWR, steam released from the primary system following
a postulated LOCA is collected in the drywell volume and
directed through the drywell connecting vents to the
suppression pool where it is condensed. Therefore, no
steam is supposed to enter the wetwell air volume.
However, the potential exists for steam to bypass the
suppression pool by leakage through the vacuum breakers
or directly from leak paths in the drywell-to-wetwell
boundary.
Such bypass could lead to undesirable
pressurization of the containment, as the pressure
suppression function has been lost. BWRs have the
capability to accommodate limited amounts of suppression
pool bypass. An allowable amount of suppression pool
bypass can be defined as the amount that will not result in
the containment pressure exceeding the containment design
pressure.
6.2.1.8.1 Analyses
GE performed the analyses given in SSAR
Sections 6.2.1.1.5.3 and 6.2.1.1.5.4 to investigate the
sensitivity of the containment design to suppression pool
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bypaaa. In general, alow reactor depretsurizaiion eventa
lead to more limiting suppression pool bypaia caees. This
is the case because the horizontal vents in the suppression
pool remain covered and all of the steamreleasedfrom the
reactor passes through the bypass pathway into the wetwell
airspace.
For the first analysis, OB assumed a controlled reactor
cooldown rate of 55.6 *C (100 *F) per hour for
approximately 6 hours.
Hie assumptions were
conservative, and credit was not taken for structural heat
sinks or actuation of the containment sprays. The analysis
indicates a maximum allowable effective leakage path
(A/K *) of 5 cm (0.0054 ft ).
1

2

OB deviates from the SRP in Section 6.2.1.1.5.6.1 of the
SSAR by not requiring automatic actuation of the wetwell
sprays 10 minutes after a LOCA signal. OB's analyses in
Section 6.2.1.1.5.3 of the SSAR show thai approximately
30 minutes is available for initiation of the containment
sprays after the wetwell pressure has paased the lower limit
of the containment spray actuation levels.
The staff concludes that. OE has demonstrated mat
sufficient time is available to initiate containment sprays
for the analyzed bypass scenario. Therefore, the staff
agrees that automatic initiation of containment spray is not
necessary.

2

6.2.1.83 Periodic Testing and Inspection
For the second analysis, OB also assumed a controlled
reactor cooldown rate of SS.6 *C (100 *F) per hour for
approximately 6 hours and credited operation of the
wetwell portion of containment sprays with a flow rate of
114m /hr (4,026 f^/hr) and heat transfer to the
containment boundary surfaces. A spectrum of postulated
reactor coolant system pipe breaks were evaluated to
determine the moat limiting case. The containment sprays
were assumed to initiate 30 minutes after the containment
reached a pressure of 103.0 kPa O (14.9 psig). This
pressure is above the emergency operating procedure spray
actuation pressure as specified in SSAR Section 18A. This
analysis is similar to that performed for the Mark II
containments.
The analysis indicates a maximum
allowable effective leakage path (A/K ) of SO cm
(0.0S4 ft ).
3

1/2

2

2

The staff concludes that sufficient capability exists in the
containment to handle limited amounts of steam bypass of
the suppression pool.
6.2.1.8.2 Wetwell Sprays for Mitigation of Steam
Bypass
As discussed in Section 6.2.1.8.1 above, OB assumed a
wetwell spray flow of 114 m /hr (4,026 fr^/hr) to mitigate
the consequences of steam bypass. Wetwell spray cannot
be operated in isolation. Combined wetwell and drywell
sprays are the normal mode of operation. With operator
intervention, the wetwell sprays could be combined with
either the suppression pool cooling mode or low pressure
vessel injection mode. An orifice is included in the
wetwell spray line to limit the flow to the stated amount.
Wetwell spray flow is balanced by the orifice to provide
(1) enough flow to mitigate pressurization of the wetwell
due to steam bypass and (2) not too much flow to exceed
the negative design pressure of the wetwell as discussed in
SSAR Section 6.2.1.1.4.
3

The acceptance criteria in SRP Section 6.2.1.1.C indicate
the need for a preoperational high-pressure leak test,
periodic low-pressure leak tests, and periodic visual
inspection of the vacuum relief system.
In Section 6.2.1.1.5.7 of the SSAR, OE committed to perform
them testa and inspection. The acceptance criterion for
both the high- and low-pressure leak testa is a measured
bypass leakage area that ia less than 10 percent of the
effective suppression pool bypass capability (A/K ) of
50 cm (0.054 ft ).
1/z

2

2

The preoperational high-pressure leak test is discussed in
SSAR Sections 6.2.1.1.5.7.1 and 14.2.12.1.41. The lowpressure leak teat ia discussed in SSAR
Section 6.2.1.1.5.7.2 and is included in Surveillance
Requirement 3.6.1.1.3 of TS 3.6.1.1, "Primary Containment. ' The periodic visual inspection of the vacuum relief
system is discussed in SSAR Section 6.2.1.1.5.7.4 and will
be performed each refueling outage in accordance with TS
3.6.1.6, "Wetwell-to-Drywell Vacuum Breakers."
The staff concludes that these testing and inspection
requirements will ensure that the suppression pool steam
bypass capability of the containment is not exceeded.
6.2.1.8.4 Vacuum Breaker Position Indicators and
Alarms
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In Section 6.2.1.1.5.8.1 of the SSAR, OB committed to
provide redundant position indicators on all vacuum
breakers with redundant indication and alarm in the control
room. The sensitivity of the indicator system is adequate
to detect a total valve opening, for all valves, that is less
than the design bypass capability for a small break. The
detectable valve opening ia based on the assumption that it
is evenly divided among all vacuum breakers.
In its discussions with OE, the staff stated that the
redundant indicator and alarm system should be tested and
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6.2.1.8.5 Monthly Vacuum Breaker Oparabllity Test

position iiHMftatflf and alarms are acceptable w\4 meat SRP
Section 6.2.l.l.C (Rev. 6), "Pressure-Suppression type
BWR Containrmwta," relative to steam bypass of the
suppression pool. In addition! OB has provided sdtquwtf
justification for not providing automatic actuation of
wetwell sprays and not requiring monthly operability
(stroke) teats of the vacuum breakers. Since failure of one
of the vacuum breakers to dose could result in the
containment pressure exceeding its design basis, this
acceptability relies greatly on the instrumentation provided
to detect opening of the vacuum breaker lines and places
added importance on the wetwell spray system.

OB deviates from the SRP in Section 6.2.1.1.5.6.2 of the
SSAR by not requiring the monthly operability teat of the

6.2.1.9 Containment Debris Protection for ECCS
Strainers

the vacuum breakers adequately perform the design
function of opening and then returning to a fully closed
position.

The emergency core cooling system (ECCS) suction
strainers are located in the suppression pool, snd their
function is to ensure that debris in the suppression pool
does not lead to clogging of ECCS pumps, heat
exchangers, valves, and spray nozzles. To accomplish this
function, debris in the suppression pool will befilteredout
on the surface of the suction strainers. An excessive
accumulation of debris on the strainer surface could lead
to inadequate net positive suction head (NPSH) and failure
of the ECCS pumps.

(^braied periodically and included in ma TS. TS 3.6.1.6
requires a «*»*—»*> calibration of the vacuum breaker
position indicator system every 18 months, thus ensuring
the system's sensitivity. The staff finds this acceptable.
The staff concludes mat the vacuum breaker position
indiratAT and alarm system will ensure mat the coatribMfofr
of steam bypass of the suppression pool through the
vacuum breaker system is within the containment design
basis.

There are eight vacuum breaker lines in the ABWfL
containment with one swing check valve per line, as
opposed to most operating BWRs, which have two valves
per penetration. In the DFSER, the staff concluded that
the wetwell-drywell vacuum breaker system was
acceptable. Failure of one of the vacuum breakers to open
is within the design basis of the plant, aa only seven are
required to relieve pressure differentials.
Given the acceptability of a single barrier in the vacuum
breaker lines, monthly operability testing could result in
one of the valves failing to reseat because of the binding of
the mechanical operator. Failure of one of the vacuum
breakers to close could result in the containment pressure
exceeding its design basis.
With only one barrier per vacuum breaker line, the staff
concludes that monthly operability testing, which could
result in failure of the valves to reseat or in binding of the
mechanical operators, may not be necessary because the
valves are designed for single failure to open. However,
the staff believes that the single barrier per line places
additional importance on the vacuum breaker position
indicator and alarm system and wetwell spray system as
discussed above. These systems will ensure that the
design-basis steam bypass of the suppression pool is not
exceeded through the vacuum breakers. In addition,
TS 3.6.1.6 requires a plant shutdown within 12 hours
when one vacuum breaker is not closed or cannot be
demonstrated to be closed.
6.2.1.8.6 Conclusion
The staff concludes that GE's analysis, provisions for
periodic testing and inspection, and vacuum breaker
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In 1985, the NRC issued RO 1.82, Revision 1, "Water
Sources for Long-Term Recirculation Cooling Following
a Loss-of-Coolant Accident," which contains guidance on
the sizing criteria for ECCS strainers. Recent events at
operating reactors involving me clogging of ECCS
strainers have led the staff to conclude that the guidance in
RO 1.82, Revision 1, may not be conservative enough to
eliminate this concern. To address this issue for operating
reactors, the NRC issued Information Notice (IN) 92-71,
"Partial Plugging of Suppression Pool Strainers at a
Foreign BWR"; IN 93-34, "Potential for Loss of
Emergency Cooling Function Due to a Combination of
Operational and Post-LOCA Debris in Containment";
Supplement 1 to IN 93-34; and Bulletin 93-02, "Debris
Plugging of Emergency Core Cooling Suction Strainers."
The staff is still working on resolving this issue for
operating reactors.
To address this issue for the ABWR, OE committed to the
following: (1) the guidance for strainer sizing in RO 1.82,
Revision 1, will be met; (2) for surfaces in contact with
the suppression pool, stainless steel will be used; (3) the
upper drywell connecting vent openings will be protected
with horizontal plates and vertical trash racks; (4) the
strainers will be in a "T" configuration; (5) a suppression
pool cleanup system will be used; and (6) the COL
applicant will develop a program for maintaining
suppression pool cleanliness.
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u the advance SBR, the staffstated that it believed that the
actions specified by 0 6 wefe appropriate; however, OB
did not address the possible lack of conservatism in
RG 1.12, Revision 1, duetothe deleterious effect of finely
fragmented insulation. Reducing the total amount of
insulation in the containment would not resolve mis
problem frtPiwttf the «d«i«g criterion is based on
correlations in the regulatory guide. Therefore, toss
ifuflffrftflii would lead to ftiwlfr* strainers. The staff
believed an acceptable fesolutioo to *f*^ issue was to sise
the strainers in accordance with RO 1.82, Revision 1, but
provide a nctor of 3 ailing margin to account for
uncertainty in the synergetic effects of strainer clogging
from insulation, corrosion products, and other debris, u
the advance S6R, the staff identified this as Open
ItemF6.2.1.9-l.

system can be placed in operation by means of a
manual initiation push-button switch.
•

After a LOCA, the suppression pool cooling subsystem
provides a means to remove heat released into the
suppression pool. During this mode of operation,
water is pumped from the suppression pool through the
RHR heat exchangers and back to the suppression pool.
This mode is automatically initiated, as needed, by
dosing the LPFL injection valves and opening the
suppression pool return valves. In response to a
request for additional information (RAI), OE stated that
the heat removal function will be initiated within
10 minutes after a LOCA. The staff found this to be
sufficiently conservative and adequate to achieve the
necessary containment cooling function.

In Amendment 35, OB committed to stoe the RHR suction
strainers 3 times the area that results from RO 1.82 for all
breaks. The HPCF and RCIC system suction strainers are
sized according to RO 1.82, but with conservatism in the
mass of debris rifiFVTnri to be deposited on the strainers
from a design basis aspect. OB also committed to provide
a 10 percent margin in the net positive suction head
available from the static head of the suppression pool for
conservatism.
Baaed on the commitments in
Amendment 35, the staff finds this acceptable. This
resolved Open Item F6.2.1.9-1.

•

The containment heat removal system, which is an integral
part of the RHR system, consists of three redundant loops.
Each loop is designed so that a failure in one loop cannot
cause a failure in another. In addition, each of the loops
and associated equipment are located in a separate
protected area of the reactor building to minimize the
potential for single failure, including the loss of ondte or
offsite power causing the loss of function of the entire
system. The system equipment, piping, and support
structures are designed to seismic Category I criteria.

Containment (Wetwell and Drywell) Spray Cooling
Mode
Two of the RHR loops include containment spray
cooling subsystems. Each subsystem provides both
wetwell and drywell spray cooling. This subsystem
provides steam condensation and primary containment
atmospheric cooling after a LOCA by pumping water
from the suppression pool, through the RHR heat
exchangers, and into the wetwell and drywell spray
spargers in the primary containment. The normal
mode of containment spray operation ia combined
wetwell and drywell sprays. However, the wetwell
sprays can be operated in conjunction with either the
suppression pool cooling mode or low pressure flooder
mode. The drywell sprays can be operated in isolation
through a series of operator actions; however, this is
not intended to be used in isolation following an
accident.

1.2.2 Containment Heat Removal System

Provisions have been made to pennit inservice inspection
(LSI) of the RHR system components and functional testing
of active components.

Low-Pressure Flooder (LPFL) Mode

The location of suction and return lines in the suppression
pool will facilitate mixing of the return water with the total
pool inventory before the return water becomes available
to the suction lines.

After a LOCA, containment cooling starts ss soon as
the LPFL injection flow begins. During this mode,
water from the suppression pool is pumped through the
RHR heat exchangers and injected into the reactor
vessel. The LPFL mode is automatically initiated by
a low water level in the reactor vessel or high pressure
in the drywell. In addition, each loop in the RHR

RO 1.1, "Net Positive Suction Head (NPSH) for
Emergency Core Cooling and Containment Heat Removal
System Sumps," prohibits design reliance on pressure or
temperature transients expected during a LOCA for
ensuring NPSH. The ABWR NPSH design assumes 0-kPa
(O-psig) containment pressure and the maximum expected
fluid temperatures resulting from a LOCA and, therefore,

The containment heat removal system encompasses the
following RHR operating modes:
•

Suppression Pool Cooling Mode
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and air conditioning (HVAC) system and the standby gas
treatment system (SOTS). They are both located inside
aecottdary containment.

ia acceptable. The supprceaion pool makeup system will
provide additional water from the condensate storage tank
(CST) through the suppression pool cleanup (SPCU)
system to the suppression pool by gravity flow during
normal conditions. Following a LOCA, the ECCS will
take suction from die suppression pool. The quantity of
water is sufficient to account for all conceivable
postaccident entrapment volumes (i.e., places where water
can be stored while maintaining long-term of die drywell
vents with water).

The HVAC system will maintain a slightly negative
pressure in the secondary containment during normal
operation to prevent any radioactivity from escaping to the
environment.
The SOTS will provide postaccident
filtration and removal of airborne halogens and particulates
from the secondary containment. The SOTS ia designed
to maintain a negative pressure of -0.25 in. water gauge
(secondary containment to environment) after any
postulated accident.
OE indicates that testing and
inspection of die integrity of the secondary containment ia
part of the testing of the SOTS. The staff a evaluation of
the SOTS ia given in Section 6.5.3 of this report.

The staff concludes that the containment heat removal
systems satisfy SRP Section 6.2.2 and RO 1.1 and are
acceptable.
{.2.3 Secondary Containment Functional Design
The ABWR secondary containment boundary completely
surrounds the primary containment and ia designed to
remove fission products released from the primary
containment during a DBA to limit the whole-body and
thyroid doses to 10 CFR Part 100 requirements at the site
boundary and the ODC 19 limit for the control room
operator, as discussed in Chapters 12, IS, and Section 6.4
of this report.
The staff reviewed the secondary
containment functional design in accordance with SRP
Section 6.2.3. The design is considered acceptable if the
relevant requirements of ODC 4, 16, and 45 and
Appendix J to 10 CFR Part SO are complied with. The
relevant requirements are aa follows. ODC 4 as it relates
to structures, systems, and components important to safety
being designed to accommodate the effects of normal
operation, maintenance, testing and postulated accidents,
and being protected against dynamic effects (e.g., the
effects of missiles, pipe whipping, and discharging fluids)
that may result from equipment failures. ODC 16 as it
relates to reactor containment and associated systems being
provided to establish an essentially leak-tight barriers
against the uncontrolled release of radioactivity to the
environment. ODC 43 aa it relates to atmosphere cleanup
systems having the design capability to permit periodic
functional testing to assure system integrity, the operability
of active components, and the operability of the system aa
a whole and the performance of the operational sequence
that brings the system into operation. 10 CFR Part SO,
Appendix J aa it relates to the secondary containment being
designed to permit preoperational and periodic leakage rate
testing so that bypass leakage paths are identified.
The components of the secondary containment are designed
to withstand missiles, pipe whip, postaccident
environments, seismic events, a single active failure, and
a lose of offsite power coincident with an accident, in
accordance with ODC 4. The two systems that fulfill this
function are the secondary containment heating, ventilation
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SRP Section 6.2.3 states that all openings, such aa
personnel doora and equipment hatches, should be under
administrative control. These openings should be provided
with poaition indicatora and alarma having readout and
alarm capability in the main control room (MCR). The
effect of open doora or hatches on the functional capability
of the depreesurization and filtration systems should be
evaluated. The staff requested (in RAI Q430.34) that OE
provide a list of the secondary containment openings and
the instrumentation used to ensure that each one is closed
during a postulated DBA. In response to RAI Q430.34,
OE submitted SSAR Table 6.2-9, which lists all secondary
containment penetrations along with their elevation and
diameter; however, OE did not sufficiently address the
staff concerns. The staff identified this issue as Open
Item 14 in the DSER (SECY-91-355).
To address the staffs concern, OE revised SSAR
Table 6.2-9 and provided notes to the table, marking the
applicable penetrations with an asterisk. The notes state
that (1) the HVAC openings have safety-related isolation
valves with both local monitoring and remote (in control
room) monitoring and (2) the doors are monitored in the
control room in accordance with SSAR Section 13.6.3.4.
The staff finds that GE's response is acceptable because
the other penetrations, not covered by the notes, are fluid
piping systems that are designed under containment
isolation provisions. Therefore, DSER Open Item 14 is
resolved.
Furthermore, in RAI Q430.32 and Q430.34, the staff
asked for information on the capability of the SOTS to
draw a negative pressure following an accident assuming
that all lines that do not receive an isolation signal are
open and assuming the worst-case single failure of a
secondary containment isolation valve (CIV) to close. In
addition, the staff asked OE to identify the instrumentation
used to ensure that the ClVa shut. GE's initial response
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did not specify the alarm capability for these indicators and
did not address alarms available in the control room.

is limited to 90 hours per year for both trains combined.
There are alarms and indicators for all LOCA and highradiation mitigation systems.

In response to RAI Q430.32, OB revised SSAR
Section 6.5.1.3.1 to state mat a secondary frontwiniPf *
draw-down analysis will be performed to demonstrate the
capability of the SOTS to maintain the designed negative
pressure following a LOCA, including inleakage from the
open* nonisolated penetration lines identified during
construction engineering and in the event of the worst
single failure of a secondary CIV to close. OB also added
SSAR Section 6.5.5.1 to state that the COL applicant will
perform an SOTS dose, functional damage, and drawdown analysis in accordance with SSAR Sections 6.5.1.2.3.7 and 6.5.1.3.1(5). The staff found GB»s
response acceptable. This was identified as COL Action
Item 6.2.3-1 in the DFSBR.
1

To further address this issue, OB submitted a list of
secondary containment penetrations in SSAR Table 6.2-9.
All piping and cable-tray penetrations will be sealed with
a sealing compound for leakage and fire protection and are
all provided with containment isolation features. To
ensure that the SOTS is capable of maintaining the design
negative pressure, OB stated that the draw-down analysis
would assume 50-percent containment inleakage regardless
of valve positions. During construction engineering, the
COL applicant will identify the piping that could cause
inleakage. SSAR Section 6.5.1.3.2 states that each SOTS
fan is sissed to individually establish a continuously
negative differential pressure (considering the effect of
wind) within 10 minutes after SOTS initiation. The dose
analysis assumes direct leakage from the containment to
the environs for twice the required draw-down period.
The staff finds that the SOTS design includes some
conservatism when considering any malfunction of
secondary containment isolation features. The staff
concludes that it does not need to evaluate the results of
the draw-down analysis for its FSER safety finding.
Therefore, COL Action Item 6.2.3-1 'u acceptable as
included in the SSAR.
The staff has reviewed the secondary containment
functional design and the capability of the SOTS to
maintain a negative pressure in the secondary containment
following a LOCA. The SOTS has two parallel and
redundant filter trains, both of which will be automatically
actuated (one train will be placed in the standby mode) by
a high drywell pressure signal or a low reactor water level
signal, or when high radioactivity is detected in the
secondary containment or refueling floor ventilation
exhaust. The system will be on standby during normal
plant operation and may be manually initiated from the
control room for primary containment de-inerting prior to
plant shutdown. Normal operation of the SOTS at power

The staff concludes that the secondary design and the
SOTS meet the requirements of ODC 16 as it relates to
establishing an essentially leak-tight barrier against the
uncontrolled release of radioactivity to the environment,
and are adequately designed to ensure that failure of any
active component, assuming loss of offsite power, cannot
impair the capability of the system to perform its safety
function and, therefore, is acceptable.

Secondary Contoinnynt Bvpaw Leakage
Although the primary containment is enclosed by the
secondary containment, there are systems that penetrate
both the primary and secondary containment boundaries,
creating potential paths through which radioactivity in the
primary containment could bypass the leakage collection
and filtration systems associated with the secondary
containment. A number of the system lines contain
physical barriers or design provisions that can effectively
eliminate bypass leakage. These include water seals,
containment isolation provisions, and vent return lines to
the controlled regions. The acceptance criteria by which
potential bypass leakage paths are reviewed are given in
Branch Technical Position (BTP) CSB 6-3, "Determination
of Bypass Leakage Paths in Dual Containment Plants," of
theSRP.
BTP CSB 6-3 states that the evaluation of bypass leakage
involves both the identification of bypass leakage paths and
the determination of leakage rates. Potential bypass
leakage paths are formed by penetrations which pass
through both the primary and secondary containment
boundaries. Penetrations that pass through both the
primary and secondary containment may include a number
of barriers to leakage (e.g., isolation valves, seals, gaskets,
and welded joints). While each of these barriers aid in the
reduction of leakage, they do not necessarily eliminate
leakage. Therefore, in identifying potential leakage paths,
each of these penetrations should be considered, together
with the capability to test them for leakage in a manner
similar to the containment leakage tests required by
Appendix J to 10 CFR Part 50.
In RAI Q430.33, the staff requested GE to specify and
justify the maximum allowable fraction of primary
containment leakage that may bypass the secondary
containment boundary. In its response, GE stated that only
valve leakage through process piping can bypass the
secondary containment and that leakage will be monitored
via the containment local leakage test (Type C test) on the
outboard CIV valves. In response to the related RAI
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Q430.52 (b and c), OB stated that information on potential
bypass leakage paths is given in SSAR Section 6.2.3 and
SSAR Table 6.2-10.

includes the number and location of isolation valves, valve
actuation signals and valve control features, the positions
of valves under various plant conditions, the protection
afforded isolation valves from missiles and pipe whip, and
the environmental design conditions specified in the design
of components. The containment isolation system design
bases and containment isolation provisions should conform
to ODC 1, 2, 4, 16, 54, 55, 56, and 57, as appropriate.
Justification should be provided if deviations from these
requirements exist.

OB has evaluated each penetration in the secondary
containment in accordance with the guidance of BTP
CSB6-3. SSAR Table 6.2-10 identifies where each path
terminates, the leakage Harriers for the path, and whether
the path is considered a potential bypass leakagepath. The
potential bypass leakage paths identified in SSAR
Table 6.2-10 are the drywell and wetwell purge systems
and the main steam system. Each of these paths hiss
redundant containment isolation valves which are Type C
tested in accordance with Appendix J. Additionally, the
drywell and wetwell purge systems terminate inside the
secondary containment where the SOTS collects and treats
any leakage.
GE has accounted for 4.2 m /hr
(140 standard cubic feet per hour (SCFH)) leakage through
the MSIVs as the secondary containment bypass leakage
rate to the environment, and this leakage has been treated
separately in die offsite dose analysis. The testing and
inspection of the integrity of the secondary containment
will be part of the testing of the SOTS as described in
SSAR Section 6.5.1. Therefore, the staff finds that the
ABWR meets the requirements of ODC 43 and 10 CFR
Part 50, Appendix J regarding the inspection and testing of
the secondary containment system, and is acceptable.

GDC 1, 2, and 4 as they relate to systems important to
safety being designed, fabricated, erected, and tested to
quality standards commensurate with the importance of the
safety function to be performed; systems being designed to
withstand the effects of natural phenomena (e.g.,
earthquakes) without loss of capability to perform their
safety functions; and systems being designed to
accommodate postulated environmental conditions and
protected against dynamic effects (e.g., missiles, pipe
whip, and jet impingement), respectively. GDC 16 as it
relates to a system, in concert with the reactor
containment, being provided to establish an essentially
leak-tight barrier against the uncontrolled release of
radioactivity to the environment. GDC 54 i& it relates to
piping systems penetrating the containment being provided
with leak detection, isolation, and containment capabilities
having redundant and reliable performance capabilities, and
as it relates to design provision incorporated to permit
periodic operability testing of the containment isolation
system, and leak rate testing of isolation valves. GDC 55
and 56 as it relates to lines that penetrate the primary
containment boundary and either are part of the reactor
coolant pressure boundary or connect directly to the
containment atmosphere being provided with isolation
valves as follows:

3

Tier 1 design information and ITAAC are required for the
functional design of the secondary containment. OE
submitted the design description and ITAAC for the
secondary containment. However, the results of the staffs
review was not complete when the DFSER was issued.
This was identified as Open Item 6.2.3.1-1 in the DFSER.
OE subsequently submitted a revised design description
and ITAAC. The adequacy and acceptability of the design
description and ITAAC are evaluated in Section 14.3 of
this report. Therefore, DFSER Open Item 6.2.3.1-1 is
resolved.
The staff concludes that the secondary containment functional design and the SOTS are in compliance with
GDC 4, 16, and 43, and Appendix J to 10 CFR Part SO,
and with tb? guidance in SRP Section 6.2.3 and BTP
CSB 6-3 and, therefore, are acceptable.

(a)

One locked closed isolation valve inside and one
locked closed isolation valve outside containment;
or

(b)

One automatic isolation valve inside and one locked
closed isolation valve outside containment; or

(c)

One locked closed isolation valve inside and one
automatic isolation valve outside containment; or

(d)

One automatic isolation valve inside and one
automatic isolation valve outside containment.

6.2.4 Containment Isolation System
The containment isolation system includes containment
isolation valves (CIVs) and associated piping and
penetrations necessary to allow normal or emergency
passage of fluids through the primary containment while
preserving the capability to prevent or limit the escape of
fission products from the containment boundary in the
event of a LOCA. The staffs review of this system
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GDC 57 as it relates to lines that penetrate the primary
containment boundary and are neither part of the reactor
coolant pressure boundary nor connected directly to the
containment atmosphere being provided with at least one
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are monitored. The HVAC penetrations are designed to
close in the event of a design-basis accident. The required
testing procedures and frequency are included in the TS.

locked closed, remote-manual, or automatic isolation valve
outside containment.
The containment isolation provisions of the ABWR for
system lines that penetrate the containment can be
classified into three areas:
(1)

system lines that meet the explicit requirements of
GDC 54, 55, 56, and 57 regarding leak detection,
isolation, and valve location and testing

(2)

system lines that differ from the explicit
requirements of GDC 54, 55, 56, and 57, but that
difference has been justified under the specific
guidelines given in SRP Section 6.2.4, which
constitute acceptable alternate containment isolation
provisions

(3)

In Q430.36, the staff asked GE to identify the systems and
the relevant interface requirements for CIVs not within the
ABWR scope and discuss essential and nonessential
systems in accordance with RG 1.141, "Containment
Isolation Provisions for Fluid Systems," Revision 0. GE
stated that all isolation valves are within the scope of the
ABWR standard plant. However, it did not provide
containment isolation provisions for the essential and
nonessential systems. This was identified as Open Item 15
in the DSER (SECY-91-355).
In response to DSER Open Item 15, GE stated that
containment isolation provisions for the isolation valves
were specified in SSAR Table 6.2-7, which gives
information on CIVs on a system-by-system basis.
However, the table did not identify the system lines as
essential or nonessential to address the Three Mile Island
(TMI) action plan requirements (NUREG-0737,
Item H.E.4.2).
RG 1.141 contains guidance on the
classification of essential versus nonessential systems.
Each nonessential penetration (except instrument lines) is
required to meet GDC 54, 55, 56, and 57 and will be
isolated automatically by the containment isolation signal.
Essential systems, such as systems related to engineered
safety features (ESF) or systems needed for safe shutdown
of the plant, may include remote-manual CIVs.

other lines that must be reviewed on a case-by-case
basis to determine if an acceptable alternative basis
exists for allowing a deviation from the explicit
GDC on grounds not previously articulated in SRP
Section 6.2.4.

During its review, the staff requested GE to provide
additional information regarding the containment isolation
provisions. RAI Q430.31, Q430.32, Q430.34, Q430.35,
Q430.36, Q430.37, Q430.39, Q430.40, Q430.41,
Q430.43, and Q430.44, all involve issues affecting the
containment isolation system design. GE responded to all
of these questions, and its responses are acceptable with
the exception of those to Q430.34 and Q430.36.
Portions of GE's responses to Q430.32 and Q430.34,
regarding secondary containment isolation related to the
SGTS draw-down analysis, are evaluated in Section 6.2.3
of this report. In the DSER (SECY-91-355), the staff
stated that the SGTS draw-down analyses should be
included in the SGTS ITAAC. This was incorrectly
identified in the DFSER as Open Item 6.2.4.1-1. It should
have been DFSER Open Item 6.2.4-1. GE submitted a
revised set of design descriptions and ITAAC. The
adequacy and acceptability of the design description and
ITAAC are evaluated in Section 14.3 of this report. On
the basis of this evaluation, DFSER Open Item 6.2.4-1 is
resolved.
In its submittal of March 11, 1992, GE further responded
to RAI Q430.34 by stating that instrumentation
requirements for the secondary containment openings were
contained in SSAR Section 6.2.3.5. Subsequently, GE
added a statement in SSAR Section 6.2.3.2 that all piping
and cable-tray penetrations will be sealed with a sealing
compound for leakage and fire protection. All doors are
vestibule type with card reader access security systems that

The staff finds that SSAR Table 6.2-7 contains the valve
information on a system-b) p- stem basis with containment
isolation provisions for both ESF and non-ESF systems.
It concludes that the valve actuation for the ESF system
reflects the function of the essential system, and is
acceptable. Therefore, DSER Open Item 15 is resolved.

In the DSER (SECY-91-355), the staff stated that although
GE had specifically committed to meet GDC 54, 55, 56,
and 57, there was no commitment to meet GDC 1, 2, 4,
and 16 in accordance with SRP Section 6.2.4. GDC 1
requires that structures, systems, and components (SSCs)
important to safety be designed, fabricated, erected, and
tested to quality standards commensurate with the
importance of the safety functions to be performed.
GDC 2 requires that SSCs important to safety be protected
from the effects of natural phenomena. GDC 4 requires
that these SSCs be protected against dynamic effects.
GDC 16 requires that the reactor containment and
associated systems be provided to establish an essentially
leaktight barrier against the uncontrolled release of
radioactivity to the environment. This lack of commitment
to meet GDC was identified as DSER Open Item 16.
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In its response to this open item, OB stated thai the ABWR
commitments to GDC 1, 2, 4, and 16 are contained in
SSAR Sections 3.1.2.1.1, 3.1.2.1.2, 3.1.2.1.4, and
3.1.2.2.7, respectively.
Hie staff reviewed SSAR
Section 3.1 and found that OB had met the above-cited
GDC in the ABWR design.
However, SSAR
Section 3.1.1 states that the GDC are intended to guide the
design of all water-cooled nuclear power plants and the
GDC are subject to a variety of interpretations. In
reviewing these criteria in SSAR Section 3.1.2, the stafF
noted that some of the wording pertaining to the GDC did
not match the wording in 10 CFR Part SO. The staff
pointed out these discrepancies and asked GB to change the
wording. GB made the changes in SSAR Section 3.1.2.
The staff finds this acceptable. Therefore, DSER Open
Item 16 is resolved.
In addition, in response to Q430.41, OB stated that instead
of meeting the requirements of GDC 56 for the highpressure core flooder (HPCF) and residual heat removal
(RHR) test and pump miniflow bypass lines, reactor core
isolation cooling (RCIC) turbine exhaust and pump
miniflow bypass lines, and suppression pool cleanup
(SPCU) suction and discharge lines, it will use GE Safety
Standard 20, Nos. 8 and 9. The staff stated that these
standards did not meet the explicit requirements of
GDC 56 and GE must provide justification for this deviation. This was identified as Open Item 17 in the DSER
(SECY-91-355) and as Open Item 6.2.4-3 in the DFSER.
GE stated that GE Standard 20, Nos. 8 and 9, are GE's
criteria to meet GDC 56 on another defined basis.
Specifically, No. 8 is the criterion applicable to a line that
(1) penetrates the containment, (2) communicates with the
containment interior, (3) is not an instrument line, and
(4) is not a suppression pool effluent line. No. 9 is similar
to No. 8, but is applicable to me effluent line that
communicates with the suppression pool. The term
"communicates" is intended to mean that these lines are
not closed loops, they may leak, or open to the
containment interior or the suppression pool.
GE Safety Standard 20, No. 8, requires that each of these
lines be provided with two isolation valves. At least one
valve should be located outside the containment; the other
valve may be located either inside or outside the
containment. Alternative, one isolation valve outside the
containment, which will be normally closed (or a blind
flange) and will not receive a signal to open after an
accident, may be used. On influent lines having two
valves, one may be a check valve, and the valve outside
the containment must be capable of automatic or remotemanual closure, or should be normally locked closed. On
effluent lines or where a second valve is not provided on
an influent line, these valves should be capable of
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automatic and remote-manual closure or should be
normally locked closed. The valves should be located as
close as practicable to the containment. GE Safety
Standard 20, No. 9, requires that the suppression pool
effluent lines be provided with one remote-manual valve
outside the containment that should be located as close to
the containment as practicable.
GE also provided
additional information in SSAR Table 6.2-7
(Amendment 34) by adding notes h, i, j , k, 1, q, and r to
address the containment isolation provisions for these
system lines.
The staff has reviewed the valve arrangement in SSAR
Table 20.3.2-3 and SSAR Section 6.2.4.3.2.2
(Amendment 34) and finds that these system lines should
not be automatically isolated following a containment
isolation signal because of the specific safety function they
will perform.
Specifically, the RCIC system, in
conjunction with tha HPCF and RHR system, will provide
core cooling to prevent excessive fuel temperature during
a LOCA. To protect the RCIC pump from overheating,
the RCIC system contains a pump miniflow bypass line
that will discharge into the suppression pool when the line
to the reactor vessel is isolated. When flow through the
pump to the vessel is sufficient, the isolation valve in the
miniflow line will close automatically, thus directing all
flow to the reactor. The HPCF and RHR test and pump
miniflow bypass lines have isolation capabilities
commensurate with the importance to safety of isolating
these lines. The RCIC pump miniflow bypass line will be
isolated by a normally closed, remote manually actuated
valve outside the containment. The RCIC turbine exhaust
line, which penetrates the containment and will discharge
to the suppression pool, is equipped with a normally open,
motor-operated, remote-manual gate valve. The RHR and
HPCF test and miniflow bypass lines each has a motoroperated valve outside the containment. The SPCU suction
and discharge lines each has two isolation valves outside
the containment because the penetration is under water.
All these lines terminate below the suppression pool water
level and will be sealed from the containment atmosphere
following a LOCA.
Because of the specific safety function that these system
lines will perform, their automatic isolation following a
containment isolation signal is not appropriate. The staff
finds that the containment isolation provisions do not
degrade containment isolation capability and conform with
the system's function.
SRP Section 6.2.4 contains
guidance for satisfying the GDC on another defined basis
in that remote-manual actuation is provided for accident
protection.
Therefore, the staff concludes that the
containment isolation design for the system lines meets
GDC 56 on another defined basis (GE Safety Standard 20,

6-24

Engineered Safety Features
Not. 8 and 9) and is acceptable. This resolved DFSER
Open Hem 6.2.4-3.
During its review of SSAR Table 6.2-7, which delineates
CTV information in response to Q430.35, die staff
identified some isolation valve designfeaturesthat did not
conform to SRP Section 6.2.4. In the table, the normal
valve positions are either "open" or "closed." There is no
way to determine if closed is the same as locked closed as
it is stipulated in SRP Section 6.2.4. In addition, GE did
not justify the isolation valve closure times of less man
30 seconds for some relatively large-diameter valves for
the drywell atmosphere systems, such as atmospheric
control system (ACS) 55 cm (22 in.)-diameter valve
T31-F004 and flammability control system (PCS) 15 cm
(6 in.)-diametor valve T49-F006A. The selection of the
drywell atmosphere systems closure times, as specified in
SRP Section 6.2.4, should be based on the analysis of
radiological consequences for the DBA. In the DSER
(SECY-91-355), the staff asked OE to identify which
valves were "open," "closed," or "locked closed" and
provide the technical basis for drywell atmosphere closure
times. This was identified as part of Open Item 17 in the
DSER (SECY-91-355).
GE stated that valve condition is given on the system
piping and instrumentation diagram (P&ID) as locked
open/closed, normally open/closed, and normally
energized/deenergized. For clarity, the staff prefers that
these valve positions are also specified in SSAR
Table 6.2-7. In discussions with the staff, OE committed
to make the change and this became Confirmatory
Item 6.2.4-1 in the DFSER. In a subsequent amendment,
GE added a note to SSAR Table 6.2.7 which states that the
P&ID's identify which CIV's are locked closed. This is
acceptable.
This resolved DFSER Confirmatory
Item 6.2.4-1.

(16 in,)-diameter, normally closed outboard butterfly
isolation valve that will be opened only during initial
inerting of the primary containment when the reactor is
below 15-percent power. Open/close times of 20 seconds
or less are planned for all except the 5 cm (2 in.)-diameter
valves.
FCS isolation valves (T49-F00I, -F002, -F006, and -F007)
are normally closed 15 cm (6 in.)-diameter gate valves.
These valves may be actuated individually for testing
during reactor operation. Two of these valves will be air
or nitrogen operated and two valves will be motor
operated. This system will not be activated for days
following a LOCA and a closure time of less than
30 seconds is planned.
In the DSER (SECY-91-355), the staff stated that the
closure times for these valves, including instrumentation
delay, should be determined by demonstrating compliance
with 10 CFR Part 100 regarding offsite radiological
consequences. The closure time should be justified on the
basis of an analysis of the radiological consequences of a
LOCA. However, GE had not explained how the valve
open/close times were determined, or that the radiological
consequences following a LOCA meet the requirements of
10 CFR Part 100.
This was identified as Open
Item 6.2.4-4 in the DFSER, which was part of Open
Item 17 in the DSER (SECY-91-355).
OE stated that the FCS is a closed-loop system that will be
capable of controlling combustible gas concentrations in
the containment atmosphere for the design-basis LOCA
without relying on purging and without releasing
radioactive material to the environment. The time limit for
valve closure is not important, since offsite radiological
consequences need not be considered for a closed-loop
system. Therefore, the staff finds that the closure time of
less than 30 seconds for the FCS is acceptable.

In its submittal of March 11, 1992, OE stated that ACS
isolation valves (T31-F001, -F002, -F004, -F006, and F009) are 55 cm (22 in.)-diameter butterfly valves with an
air operator that can travel 90° to close. These valves will
be normally closed because their main function is to support containment purging and nitrogen inerting when the
reactor is at less than 15-percent power. The smaller
valves (T31-F005, -F039, -F040, and -F041) are 5 cm
(2 in.)-diameter, air-operated globe valves that will close
within 15 seconds. These air-operated valves may be
opened for short periods during reactor operation to lower
primary containment pressure or to keep the primary
containment pressurized (by adding nitrogen) for
preventing any air in-leakage. T31-F008 is a 25 cm
(10 in.)-diametor, normally closed outboard air-operated
butterfly isolation valve that will be connected to the SGTS
and opened in series with T31-F005. T31-F025 is a 41 cm
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SRP Section 6.2.4 states that the closure times of the
containment purge and vent isolation valves should be
established on the basis of minimizing the release of
containment atmosphere to the environs and that isolation
valve closure times of about 5 seconds or less may be
necessary. SSAR Section 6.2.4.3.2.2.2.3 (Amendment 34)
states that the ACS CTV closure time is equal to or less
than 20 seconds. The ABWR TS require the 55 cm
(22 in.)-diameter ACS CIVs to be normally sealed closed
and to be opened only when reactor power is less than
15 percent during the 24-hour period following entry into
Mode 3 for inerting the containment (startup) and the
24-hour period before entering Mode 4 for de-inerting the
containment (shutdown). If open, they will automatically
close on drywell high pressure or high radiation detected
in the exhaust flow. The exhaust radiation detectors are
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designed to be very sensitive and will be set at a lower
setpoint compared to the ones inside the containment to
ensure early detection. OB stated that the difference
between 5 and 20 seconds is considered to be insignificant
and that on the basis of its analysis, the closure times of
these valves are significantly shorter than necessary to
prevent any radiological impact Additionally, OB stated
that valves with moderate speed will be morereliableand,
therefore, ensure containment integrity.
The staff finds that the closure time of 20 seconds or less
for the ACS isolation valves is acceptable based on OE's
accident analysis and justification that slower acting valves
are more reliable. The accident analysis in Chapter IS of
the SSAR assumes, among other things, that all
containment isolation valves isolate within 60 seconds
following a postulated LOCA for calculating me ofisite
doses. The 20 second or less closure time of the ACS
CIVs is small compared to this assumption. Additionally,
the analysis assumes primary containment releases through
the penetrations to be 0.5-percent by weight per day of the
containment free volume. The contribution to the ofisite
doses due to the leakage through the ACS CIVs for the
period from 5-to 20-seconds following a LOCA is
insignificant when compared to the ofisite doses due to the
assumed leakage through the penetrations, and is
acceptable. This resolved Open Item 6.2.4-4.

nitrogen makeup during power operation. The two
5 cm-diameter exhaust valves will be used for any
necessary venting (e.g., for pressure control) during
operation. All these isolation valves are air operated and
will automatically be closed by high drywell pressure or
Level m lowreactorvessel water level signals. They also
will fail in the closed position if actuating power is lost.
The large-diameter valves are butterfly-type valves with a
closure time of less than 20 seconds. The small-diameter
valves are globe-type valves and have closure times of less
than 15 seconds. The staff finds that the containment
isolation provisions for the purge valves are in
conformance with BTP CSB 6-4. However, this valve
configuration does not comply with ODC 56, which
requires one isolation valve inside and one isolation valve
outside the containment for each penetration. This was
identified aa Open Item 6.2.4.1-1 in the DFSER and as
Open Item 18 in the DSER (SECY-91-355).

The staff requested OE (in RAI Q430.42) to address the
containment isolation provisions for the purge lines that
show conformance with BTP CSB 6-4, "Containment
Purging During Normal Plant Operations," of the SRP. In
its initial response, OE incorporated a new proprietary
SSAR Section 9.4.5.6,
"Primary Containment
Supply/Exhaust System," which gives design information
on the primary containment purge supply/exhaust system.
The system consists of the supply fan, a high-efficiency
particulate air (HEPA) filter, a purge fan, duct work, and
controls. OE also provided additional information in
SSAR Table 6.2-7 and Figure 6.2-39a (the atmospheric
control system P&ID).

OE stated that purge and vent lines do not extend into the
containment and have both inboard and outboard
containment isolation valves (CIVs) located outside the
primary containment so that they are not exposed to the
harsh environment of the wetwell and drywell and are
accessible for inspection and testing during reactor operation. SSAR Section 6.2.4.3 (Amendment 34) states, in
part, that the CIVs for the atmospheric control system
located outside the containment will be located as close to
the containment as practical. The piping from the
containment up to and including both valves is an extension
of the primary containment boundary and is designed in
accordance with ASMS Code, Section m, Class 2
requirements. The CIVs are protected from the effects of
flood and dynamic effects of pipe breaks in accordance
with SSAR Sections 3.4 and 3.6. The arrangement of the
isolation valves and connecting piping is such that a single
failure of an inboard valve, or a single active or passive
failure in the connecting piping or an outboard valve,
cannot prevent isolation of the ACS. The valves are air
operated with a pilot dc solenoid valve that will fail closed
on loss of air or loss of electrical power. The power for
the dc solenoids will be supplied from independent
electrical divisions.

In response to RAI Q430.42, OE stated that the
containment purge supply and exhaust lines, connected to
both the drywell and wetwell, consist of one supply and
one exhaust penetration each for the drywell and wetwell.
Both the purge supply and exhaust lines, each of which is
connected to both the drywell and wetwell, have two
parallel isolation valves that will be located as close as
possible to the outside of the primary containment. One of
these valves (55 cm (22 in.)-diameter) is intended for use
for (high-volume) inerting and purging. The other valve
(5 cm (2 in.)-diameter) will be used for any necessary

The staffs position on this issue is that locating both
isolation valves outside the containment is acceptable if
piping and valve design criteria are sufficiently
conservative to preclude a breach of integrity. In general,
the isolation barriers should be designed to ESF criteria
and protected against floods, missiles, pipe whip, and jet
impingement. ODC 56 permits containment isolation
provisions for lines penetrating the primary containment
boundary that differ from ODC 56, provided the basis for
acceptability is defined. The staff concludes that this valve
arrangement precludes a breach of piping integrity, meets

Containment Purge System

NUREG-1503

6-26

Engineered Safety Features
the single-failure criterion, and ia protected against the
effects of flooding, missiles, pipe whip, and jet
impingement and meets GDC 56 on another defined basis,
and is acceptable.
Therefore, DFSER Open
Item 6.2.4.1-1 is resolved.

sensitive and will be set at a lower setpoint compared
to the ones inside the containment to ensure early
detection. Therefore, the potential for a LOCA to
occur while the ACS 55 cm (22 in.)-diameter purge
isolation valves are opened is small because the valves
are allowed to be opened for limited times and the
radiological consequence analysis shows that should a
LOCA occur while they are open,, site radiological
limits will not exceed the limits of 10 CFR Part 100.

In the DSER (SECY-91-355), the staff identified a number
ofCTiteruthatsredeluwatedinBTP(^B<M,butthatGE
did not address, including
•

iwUologic^ consequence analysis for a LOCA with the
purge system initially open (BTP CSB 6-4, B.5.a)

•

system structural integrity design under LOCA
thermal-hydraulic conditions (BTP CSB 6-4, B.5.b)

•

design provisions to ensure that isolation valve closure
is not prevented by debris entrained in escaping air and
steam (BTP CSB 6-4, B.l.g)

•

during emergency core cooling system (ECCS)
backpressure containment pressure reduction analysis
for a LOCA which the purge system is initially open
(BTP CSB 6-4, B.5.C)

•

evaluation of case-by-case purge isolation valve
maximum allowable leak rate (BTP CSB 6-4, B.S.d)

•

•

•

technical justification for a purge system isolation valve
closure time of more than 5 seconds (BTP CSB 6-4,
B.l.f)
|

Penetrations, piping, isolation valves, and rupture discs
will maintain their structural integrity for all accident
conditions. Periodic Type C teste of the isolation
valves will be conducted at the containment peak
pressure. The design meets seismic Category I and
safety Class 2 requirements. Isolation valves will close
automatically following LOCA signals and will fail
cloaed on loss of instrument air. Purge system isolation valves (AO-F001, AO-F002, AO-F003, AO-F004,
AO-F006, and AO-F025) will be locked closed
whenever the reactor is above 15-percent power.
Purge exhaust isolation valve AO-F005 normally will
be closed and will open only for 90 hours per year
along with operation of the sUndby gas treatment
systems (SGTS) for containment pressure control.
Nitrogen will be added to the primtrv containment
during reactor operation by opening isolation valves
AO-F0039 and AO-F0040 for the dryvell and
AO-F0039 and AO-F0041 for the wetwell.

•

Drywell and wetwell purge penetrations will have
seismic Category I debris screens.

design provisions to ensure that simultaneous venting of
the wetwell and drywell will not occur

•

ECCS systems with suction from the suppression pool
are designed with the
primary containment at
atmospheric pressure and without crediting net positive
suction head for containment backpressure.

•

Case-by-case maximum allowable leakage rates for
isolation valve are based on valve size, type, and
containment peak pressure for Type C tests as required
by the TS. Test connections are provided. This was
DFSER TS Item 6.2.4.1-1. Sines GE included the
testing requirements in the ABWR TS, the TS item is
resolved.

•

Purge system isolation valves AO-F005, AO-F040, and
AO-F041 will be opened for short periods during
reactor operation for containment pressure control.
These valves are all 5 cm (2 in.)-diameter and are
capable of full closure within 5 seconds.

In its submittal of March 11, 1992, GE addressed these
criteria as follows:
•

Radiological consequence analysis for a LOCA with the
purge system initially open relates to SSAR Section 16.3.6.3.2, regarding the technical specification
requirements for the oxygen concentration in the
primary containment. The atmospheric control system
(ACS) 55 cm (22 in.)-diameter purge isolation valves
normally will be sealed closed during plant operation
and will be opened only during the inciting (startup)
and de-inerting (shutdown) process when reactor power
is less than 15 percent and within 24 hours of reactor
shutdown or startup. Within such a limited time, if a
LOCA does occur, these valves will have closed before
the onset of fuel failure. In the event of a radioactivity
leak during inerting/de-inerting, the radiation detectors
at the purge and vent exhaust line will detect the
condition and isolate the ACS CIVs. GE stated that the
exhaust radiation detectors are designed to be very

GE provided adequate information to address these criteria
with the exception of simultaneous venting of the drywell
and wetwell. BTP CSB 6-4 prohibits simultaneous venting
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ofthe drywell and wetwell. In the DFSER, the staff stated
that GE should show how this will be ensured. This was
identified as Open Item 6.2.4.1-2.
In its submittal of January 22, 1993, OB proposed to add
Section 6.2.4.3.S to the SSAR.
This section
(Amendment 34) states, in part, that the large (55 cm
(22 in.)) purge and vent lines for the ACS will not be used
for purging or venting during normal reactor operation.
The isolation valves in these lines are normally closed and
they are not needed for pressure control of me containment
during normal operations.
Pressure control of the
containment during operation will be maintained by a
single, small (5 cm (2 in.)) nitrogen line and a single,
small (5 cm (2 in.)) vent line. The small vent line will be
attached to the 55 cm (22 in.) drywell purge exhaust line
and bypass the closed 55 cm (F004) valve. There ia no
equivalent vent line from the wetwell. Therefore, the
drywell and wetwell will not be vented simultaneously
during operation, and the system has only one supply and
one exhaust line as required by BTP CSB 6-4. The staff
finds that GE's justification is acceptable. DFSER Open
Item 6.2.4.1-2 is resolved.
The staff also requested (in RAI Q430.254) mat GE
explain how the drywell and wetwell purge supply and
exhaust subsystems can meet BTP CSB 6-4. GE committed to provide such information. This was identified as
Confirmatory Item 6.2.5-1 in the DFSER and as part of
Open Item 21 in the DSER (SECY-91-355).

each powered from an independent electrical division, and
die CIVs are arranged so that any single active failure will
not compromise die integrity of the containment. GEalso
stated mat this arrangement has adequate redundancy and
independence and is not unduly vulnerable to common
mode failures.
The staff reviewed the valve arrangement in SSAR
Figure 6.2-39 and finds that the common CIVs mentioned
above are the outboard CIVs, which are redundant. There
are independent inboard CIVs for containment purge
supply (T31-F002, -F003), nitrogen supply (T31-F040,
-F041) and exhaust (T31-F004, -F005, -F006, -F007). All
of these inboard CIVs will be closed automatically on
receipt of a containment isolation signal and are designed
to fail in the closed position on loss of air or loss of power
to the pilot solenoid valves. Therefore, the staff concludes
that the valve arrangement does not degrade containment
integrity, meets the single-failure criterion, and is
acceptable. DFSER Open Item 6.2.4.1-3 is resolved.
10 CFR 52.47(a)(l)(u) requires that an application for a
standard design certification to include a demonstration of
compliance with any technically relevant portions of the
TMI-related requirements identified in 10 CFR 50.34(f).
In accordance with 10 CFR 50.34(f)(2)(xiv), GE has
incorporated the following containment isolation provisions
in the ABWR design:

In response, GE stated that drywell and wetwell purging is
not required during normal operation. The staff finds that
BTP CSB 6-4 does not apply to the plant that does not
have an online purge system. Therefore, DFSER Confirmatory Item 6.2.5-1 is resolved.
GDC 54 requires "containment capability having
redundancy" for piping that penetrates the containment.
However, SSAR Figure 6.2-39 shows common CIVs
for the containment purge supply (T31-F001 from the
reactor building HVAC system, T31-F025 from the 40 cm
(16 in.) nitrogen purge line, and T31-F039 from the 5 cm
(2 in.) nitrogen supply line) and exhaust (T31-F009 to the
reactor building HVAC system and T31-F008 to the
SGTS).
The staff was concerned that this valve
arrangement would leave the system vulnerable to
common-mode failures. Each purge and exhaust line
should have redundant and independent CIVs to comply
with GDC 54. This was identified as Open Item 6.2.4.1-3
in the DFSER and as part of Open Item 18 in the DSER
(SECY-91-355).
In its submittal of January 22, 1993, GE stated, in part,
that the containment purge system has redundant CIVs,
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•

The design ensures all nonessential systems will be
automatically isolated by the containment isolation
system on receipt of a containment isolation signal.

•

Each nonessential system line (except instrument lines)
is designed with two isolation barriers in series.

•

The design allows resetting the isolation sigiud without
automatically reopening the CIVs. The ABWR system
design ensures that resetting the isolation signal will not
result in the automatic reopening of the CIVs. The
reopening of any CIV is on a valve-by-valve basis once
the isolation signal has cleared and following a
subsequent logic reset.

•

The design utilizes a containment pressure setpoint for
initiating containment isolation that is as low as
compatible with normal operation. Specifically, GE
has committed to a high drywell setpoint pressure of
0.14 kg/cm^g (2 psig) to isolate nonessential
penetrations.

•

The design includes automatic closing on a high
radiation signal for all systems that provide a path to
the environs. Specifically, the containment purge and
vent isolation valves will close on high radiation levels

Engineered Safety Features
in the aeoondary containment HVAC air exhauat or in
the fuel handling area HVAC air exhaust.

and a single active failure. However, GE states
that the ACS is non-safety grade, whereas the SRP
Section 6.2.5 acceptance criteria to satisfy GDC 41
state that the combustible gas control system should
be safety grade because this system is relied on to
ensure thai containment integrity is maintained
following an accident. The staff identified this as
Open Item 19 in the DSER (SECY-91-355).

The staff finds that the containment isolation proviaioni for
the ABWR design meet the requirements of
10 CFR 50.34(iX2Xxiv).
GE submitted the design description and the ITAAC
relating to the containment isolation system. The staffs
review of this material was not complete when the DFSER
was issued. This was identified in the DFSER as Open
Item 6.2.4.1-4. OE subsequently provided a revised
design description and ITAAC. The adequacy and
acceptability of the design description and the ITAAC are
evaluated in Section 14.3 of this report. On the basis of
this evaluation, DFSER Open Item 6.2.4.1-4 is resolved.
The staff has reviewed the information in the SSAR afad
information submitted in response to staff questions
concerning the containment isolation system to ensure
conformance to SRP Section 6.2.4 and BTP CSB 6-4. It
concludes, as described in the preceding section, mat the
containment isolation system meets GDC 1, 2, 4, 16, 54,
55, 56, and 57.

GE stated that the ACS consists of a nitrogen
supply, injection, and exhaust lines and the
containment overpressure protection system. The
safety-related functions normally associated with the
ACS will be performed by the safety-related highpressure nitrogen system (HPIN).
The only
portions of the ACS that are safety related are the
containment penetrations and isolation valves that
isolate the ACS from the HPIN.
This is
acceptable. In addition, the staff's review of the
HPIN design is contained in Section 9.3.1 of this
report, and the stsff finds this HPIN design is
acceptable. This resolved DSER Open Item 19.
(2)

6.2.5 Combustible Gas Control in Containment
Following a LOCA, hydrogen may accumulate within the
containment as a result of the following phenomena:
(1) metal-water reaction between the zirconium fuel
cladding and the reactor coolant, (2) radiolytic
decomposition of the water in the reactor core and the
containment, and (3) corrosion of metals by ECCS spray
solutions. If s sufficient amount of hydrogen is generated,
it may react with the oxygen present or generated in the
containment following an accident. To monitor and
control the buildup of hydrogen and oxygen within the
containment, GE has incorporated the following systems
and capabilities in the ABWR design:
(1)

Atmospheric Control System
The atmospheric control system (ACS) is designed
to maintain the primary containment oxygen
concentration below the maximum permissible limit
(3.5 percent) in accordance with RG 1.7, "Control
of Combustible Gas Concentrations in Containment
Following a Loss-of-Coolant Accident," Revision 2,
during normal, abnormal, and accident conditions
to ensure an inert atmosphere. The containment
atmosphere will be inerted using adequately sized
nitrogen storage tanks that are provided with
makeup capability. The ACS is designed to
withstand missiles, pipe whip, flooding, tornados,
a safe shutdown earthquake, LOCA environment,
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Containment Atmosphere Monitoring System
The containment atmosphere monitoring system
(CAMS), as addressed in SSAR Section 7.6.1.6, is
a safety-grade, seismic Category I system designed
to meet GDC 41 by monitoring the drywell and
suppression chamber for high levels of hydrogen,
oxygen, and radiation during accident conditions.
The system will allow operators to confirm that the
containment is inerted so that containment nitrogen
purging can be terminated and also to verify that
de-inerting is complete to ensure safe personnel
entry into the primary containment. The system
has a measurement range of 0 to 25 percent (by
volume) at 100-percent relative humidity.
The CAMS consists of two independent but
redundant Class IE divisions, which are electrically
and physically independent to remain operable as a
result of a single active failure coincident with a
loss of offsite power.
The system has two
subsystems: radiation monitoring subsystem and
hydrogen/oxygen monitoring subsystem.
The
radiation monitoring subsystem contains
two channels pek division; one for monitoring the
drywell and the other for monitoring the
suppression chamber. Each monitoring channel
consists of an ionization chamber, a log rate meter,
and a recorder. Each channel has a range of 1 to
1QE+7/R hr and will initiate an alarm in the
control room on high radiation level or on system
failure. This subsystem can be initiated auto-
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OE stated that postaccident containment backup
purging capability is not needed to ny*****" die
oxygen concentration below 3.5 percent because the
containment is inerted. Pressure in the containment
during normal operation will be maintained by a
5 cm (2 in.) nitrogen supply line and a 5 cm (2 in.)
vent line. No continuous purging is required during
normal operation. The staff finds this acceptable.
This resolved DFSER Open Item 6.2.5-1.

matfcally on a LOCA signal or manually actuated
from the control room. The radiation monitors do
not provide any bypass or interlock capability.

1

The hydrogen/oxygen monitoring subsystem
consists of two divisions that will take samples of
the drywell and wetwell and lead them to monitors
for measurement, recording, and control room
alarm.
The piping is stainless steel and
continuously heat traced to remove moisture from
the system during measurements. Gas calibration
racks are provided to perform equipment
calibrations during operating conditions. A thermal
delay bypass feature will allow system testing
during power operation. There are no automatic
isolation functions aisoristnd with the system.

With respect to postaccident hydrogen generation
analysis, OE stated mat the analytical model
described in OE report NEDO-22155, "Generation
and Mitigation of Combustible Oas Mixtures in
Inerted BWR Mark I Containment" (nonproprietary)
was used to compute hydrogen and oxygen
generation from radiolysis. NEDO-22155 was
reviewed by the staff for the EPRI requirements
document certification and found unacceptable. As
a result, OE performed a new hydrogen generation
analysis using the RO 1.7 methodology. The
results of the analysis are provided in Appendix E
of SSAR Chapter 19. On the basis of its review of
OS's analysis, the staff concludes that the ABWR
will be able to withstand a 100-percent fuel-clad
metal-water reaction.

Each CAM subsystem will be powered from a
divisional 120-V ac d a m IB instrument bus. This
power source also will supply the heat-tracing
blanket used for the sampling lines.
The staff concludes that the CAMS has adequate
capability for monitoring the containment
atmosphere for hydrogen/oxygen control, thus
satisfying ODC 41 regarding containment
atmosphere cleanup.

(3)

Capability of
Containment

Post-LOCA

Purging

of

the

Post-LOCA primary containment backup purging
capability is required in accordance with RO 1.7 as
an aid for containment atmosphere cleanup
following a LOCA. During normal plant operation,
the bleed line will function, in conjunction with the
nitrogen purge line, to maintain primary
containment pressure at about 5.2 kPag (0.75 psig)
and oxygen concentration below 3.5 percent by
volume. This will be done by making up the
required quantity of nitrogen in the primary
containment through the makeup line or relieving
pressure through the bleed line. Flow through the
bleed line will be directed through either the SOTS
or the reactor building secondary containment
HVAC system and will be monitored for radiation.
However, OE provided neither the purge rate that
would be required to maintain the oxygen
concentration below 3.5 percent by volume nor the
radioactive consequence analysis for the staff to
review. This was identified as Open Item 6.2.5-1
in the DFSER and as Open Item 20 in the DSER
(SECY-91-355).
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(4)

Flammability
Recombiner)

Control

System

(Hydrogen

SSAR Section 6.2.5.2.7 states that there will be two
permanently installed recombiners in the secondary
containment.
However, OE did not provide
information on dedicated redundant containment
penetrations to demonstrate that the recombiners
could perform their safety function assuming a
single active failure. Also, OE did not indicate
whether the recombiners are safety grade. This
was identified as Open Item 6.2.5-2 in the DFSER
and as Open Item 21 in the DSER (SECY-91-355).
In Amendment 34, GE revised SSAR Section 6.2.5.2.7 which states, in part, that the
flammability control system (FCS) consists of two
permanently installed safety-related thermal
hydrogen recombiners located in separate rooms in
the secondary containment and controlled from the
main control room. Independent drywell and
suppression chamber penetrations are provided for
the two recombiners. Each penetration has two
normally closed isolation valves. The staff has
reviewed OE*s FCS design and finds that the
recombiner configuration meets the single-failure
criterion and is acceptable. Therefore, DFSER
Open Item 6.2.5-2 is resolved.

Engineered Safety Features
10 CFR 52.47(aXlX«) requires that an application for a
standard design certification include a demonstration of
oompUanoe with any technically relevant portions of the
TMI requirements set forth in 10 CFR 50.34(f). The
staffs evaluation of the TMI-related requirements on
hydrogen control is provided as follows:
(a)

10 CFR50.34(fXlXxii), •Evaluation of Alternative
Hydrogen Control Systems," requires the applicant
to perform an evaluation of alternative hydrogen
control systems that would satisfy the requirements
of 10 CFR 50.34(fX2Xix).
At a minimum,
consideration should be given to a hydrogen
ignition and postaccident inciting system and the
evaluation should include
•

a comparison of costs and benefits of the
alternative systems considered

•

analyses and test data to verify compliance with
the requirements of 10 CFR 50.34(fX2)(ix) for
the selected system

•

preliminary design descriptions of equipment,
function, and layout for the selected systems

uniformly distributed hydrogen concentrations in
the containment do not exceed 10 percent during
and following an accident that releases an
amount of hydrogen that would be equivalent to
that generated from a 100-percent fuel-clad
metal-water reaction, or that the post-accident
atmosphere will not support hydrogen
combustion

•

combustible concentrations of hydrogen will not
collect in areas where unintended combustion or
detonation could cause loss of containment
integrity or loss of appropriate mitigating
features

•

equipment necessary for achieving and
maintaining safe shutdown of the plant and
maintaining containment integrity will perform
its safety function during and after its exposure
to the environmental conditions attendant with
the release of hydrogen generated by the
equivalent of a 100-percent fuel-clad metalwater reaction including the environmental
conditions created by activation of the hydrogen
control system

In SSAR Section 19B.2.18, OE states that the
ABWR containment will have an inert atmosphere
and will be able to withstand the pressure and
energy addition from a 100-percent fuel-clad metalwater reaction. The staff concludes that the inerted
containment and the provision for permanently
installed hydrogen recombiners are acceptable as
hydrogen control measures and adequately address
10 CFR 50.34(fX2)(ix).

GE has provided information for the last two items
as identified above but has not provided cost and
benefit information for alternative systems. If the
alternative systems are used in the design, this
infoimation must be provided by the COL
applicant. This was identified as COL Action
Item 6.2.5-1 in the DFSER.
In its submittal of March 5, 1993, OE added
Section 6.2.7 to the SSAR. SSAR Section 6.2.7.1
(Amendment 32), regarding alternative hydrogen
control, states that the COL applicant will provide
a comparison of costs and benefits for alternative
hydrogen control in accordance with SSAR
Section 6.2.5.
Therefore, COL Action
Item 6.2.5-1 has been clarified and found to be
acceptable. The staff concludes that the ABWR
design meets the requirements of 10 CFR
50.34(fXlXxii).

(b)

•

(c)

10 CFR50.34<f)(2Xix), "Hydrogen Control System
Preliminary Design," requires the applicant to
provide a system for hydrogen control that can
safely accommodate hydrogen generated by the
equivalent of a 100-percent fuel-clad metal-water
reaction. This system and any associated systems
should provide, with reasonable assurance, that
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10 CFR 50.34(f)(3)(iv) requires the applicant to
provide one or more dedicated containment
penetrations, equivalent in size to a single 0.9 m
(3-ft)-diameter opening, in order not to preclude
future installation of systems to prevent containment
failure, such as a filtered vented containment
system. This requirement is a followup of one of
the requirements identified under TMI action plan,
Item II.B.8 of NUREG-0660,
The staffs evaluation of the size of the penetration
that can be used for venting the containment is
provided in Section 20.5.44 of this report.

(d)

10 CFR 50.34(0(3)(vi), "Dedicated Hydrogen
Penetrations (Hydrogen Recombiners)," requires the
applicant to provide redundant dedicated
containment penetrations for plant designs with
external hydrogen recombiners so that, assuming a
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eingie active failure, die tecoinMner systams can be
y^nitttffttd to die contaminant atmoaphere.
SSAR Figure 6.2-40 shows redundant dedicated
bydrogen recombiner penetratione. Tbia tatitfltt
10 CFR 50.34(iX3Xvi). However, in the DFSER,
tbe ataff stated that OB bad not provided deeign
informatioo for die recombinera in die SSAR, but
bad oominitted to inflwft *b?f infonnatioii in a
flvvAeeaMh wjQm^iw

meaaMaas^vsvemainf

1

^••aaas' taieem ej^aivetawvaa^v mm

Furthermore, in a •lbmittal dated May 7,1993, OB
reviaad SSAR Table 3.9-8 to specify mat valvee
T31-F007 and T31-F010 will be leakage rata tested
every 2 years during refueling outages in
accordance wim die requiremenis of die of the
and Pressure Veaaal Code (ASMB Code). The ataff
finda diat diia discrepancy ia clarified, and ia
acceptable.
Therefore, DFSBR Confirmatory
Item 6.2.5-3 ia resolved.

Conflrmetory Item 6.2.5-2 in die DFSER.
In Amendment 32, OB provided diia informatioo in
SSAR Section 6.2.5.2.7. The staff reviewed this
section and PAID Figure 6.2-40 (Amendment 34)
mid finde diet OB baa addreaaad die FCS deeign
requirementa in the SSAR. Thii ia acceptable.
Therefore, DFSER Confirmatory Item 6.2.5-2 ia
reeolved.
(e)

10 CFR 5 0 . 3 4 ( f ) ( 2 ) ( x v ) ,
"Containment
Purging/Venting," requires tbe applicant to provide
a capability for containment purging/venting
designed to minimize purging time consistent with
ALARA (as low ss is reaeonably achievable)
principles for occupational exposure.
It also
requires assurance that the purge system will
reliably isolate under accident conditions.
In SSAR Section 19A.2.27, OB states that during
normal operation, all large valves in containment
ventilation lines will be cloeed and only email, 5 cm
(2 in.), nitrogen makeup valves will be opened.
These are air-operated valves with rapid closure
times that prevent substantial releaaea from the
containment in the event of a transient requiring
containment isolation. OB alao states that the 5 cm
(2 in.) nitrogen bleed lines will be sufficient to
maintain normal containment pressure during
containment spray and the drywell cooling system.
However, SSAR Figure 6.2-39 shows diet
T31-F007 and T31-F010 (36 cm (14 in.) valves)
alao will be open during normal operation. In the
DFSER, the atafT requested OB to correct this
discrepancy. This waa identified as Confirmatory
Item 6.2.5-3.
In its submittal of March 5, 1993, OB revised
SSAR Section 19A.2.27 to state, in part, that all
large valves in containment ventilation lines will be
cloaed during normal operation with the exception
of two large valves in the containment overpressure
protection system (COPS) where flow will be
prevented by rupture discs in die piping.
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In SSAR Section 19A.3.3, OB states that a testing
program will be provided to ensure dud the large
ventilation valvee will cloee widiin the limits
enaured in the radiological deeign baeea. In die
DFSER, die atafT stated that die teat program
should include valves T31-F007 and T31-F010 and
diet die COL applicant should submit details of
dieee tests. This waa identified aa COL Action
Item 6.2.5-1 in the DFSER.

In response, OB stated diet valves T31-F007 and
-F010 will normally be open and will be cloaed
every 2 yean for leakage rate testing in accordance
wim die requirementa aa addressed in SSAR
Table 3.9-8, "In-service Testing of Safety Related
Pumps and Valves." Tbe staff finds that these
valves are passive pressure control valves, not the
primary containment isolation valves. Containment
integrity ia preserved by die rupture discs
downstream of die valves. These valves are subject
to leak rate testa in accordance with
ASME/American National Standards Institute
(ANSI) OM-1987, Part 10, to verify their normally
open position and their capability to close.
Inerefore, theae valves should not be included in
the ventilation valve testing program. Onthebasia
of tbia review, COL Item 6.2.5-1 ia deleted and
need not be included in the SSAR.

In response to a request for additional information
(RAI), GE agreed to amend the ABWR TS to allow
a 24-hour (rather than a 72-hour) window at the
beginning and end of a fuel cycle, during which die
large-diameter (55-cm (22-in.)) purge lines can be
open. OE baa made this modification. This waa
DFSER TS Item 6.2.5-1 and is resolved.
Tbe ataff finda that die methods used to maintain
containment pressure without backup purging
capability meet the requirementa of 10 CFR
50.34(fX2Xxv).

Engineered Safety Features
Three RAI questions (Q430.45, Q430.46, and
Q430.47) on the combustible gas control system
wet* transmitted to OB. These questions dealt with
the subjects of scope and intermoe, compliance with
RO 1.7, and BTP ASB 9-2 of me SRP regarding
hydrogen and oxygen production #fl4 aocumulation.

(4)

The design of the combustible gas control system
meats the acceptance criteria set forth in SRP
Section 6.2.5 and the limitation of hydrogen and
oxygen concentration specified in RO 1.7.

• • ^t BB

s^^jIseVMa^knflMnaa^aMMi^ W .^asftnVansmski ^•^saYsrasnesi

amended SSAR Section 6.2.5. OB states in that
auction mat the combustible gas control systems,
enfuuatfang of the PCS l t d atmospheric control
system, are completely within the scope covered by
the ABWR SSAR and that there are no interfaces
with equipment or systems outside the scope of this
submittal. OB also states that the analysis of
hydrogen and oxygen production is based on the
parameters listed in RO 1.7. The fission product
decay energy model used is that presented in SRP
Section 9.2.5, BTP ASB 9-2, and inputs to the
analysis are provided in SSAR Section 6.2.5.3.
Hie staff finds that OS's response and the SSAR as
amended adequately address the issues identified in
the staffs RAIs.

The staff reviewed OE's containment leakage testing
program described in the SSAR for compliance with the
containment leakage testing requirement in Appendix J to
10 CFR Part 50 (Appendix J). Such compliance provides
adequate assurance that the containment letktight integrity
can be verified throughout the service lifetime and that the
leakage rates will be checked periodically during service
specified limits. Maintaining containment leakage within
limits provides reasonable assurance that, if any radioactivity is released within the containment, the loss of the
containment atmosphere through potential leak paths is not
in excess of me limits specified for the site.

Generic Letter (OL) 89-16, "Installation of Hardened
Wetweil Vent," addressed the need* for modifications of
BWR containment designs to reduce their vulnerability to
severe accident challenges. The staff finds that the ABWR
design has included the containment overpressure
protection system which addresses this OL. The ABWR
design for severe accident conditions is evaluated in
Section 19.2 of this report.

Type A Test
The preoperational containment integrated leakage rate
(Type A) test is intended to measure the primary
containment overall integrated leakage rate after the
containment has been completed and is ready for operation
and the local leak rate tests (LLRTs) of all mechanical,
fluid, electrical, and instrumentation systems penetrating
the containment pressure boundary have been performed.

The staff concludes that the design of the combustible gas
control systems including the containment ACS and PCS
are acceptable and meet the requirements of 10CFR
Part 50, Sections 50.44 and 50.34 and ODC 41, 42, and
43 based on the following:
(1)

The staff reviewed the containment leakage testing
program to ensure that the containment penetrations and
system isolation valve arrangements are designed to satisfy
the containment integrated and local leakage rate testing
requirements of Appendix J.

OB has resolved all the open issues on combustible
gas control. The design meets the requirements of
10 CFR 50.44 with respect to means for controlling
hydrogen and capability for measuring hydrogen
concentration and inerting in the containment.

(2)

OE has demonstrated compliance with all
technically relevant portions of the TMI
requirements set forth in 10 CFR 50.34(f).

(3)

OE has met the requirements of ODC 41 with
respect to systems being provided to control
hydrogen and oxygen concentration in the
containment following postulated accidents,
ODC 42 with respect to periodic inspection of the
systems, and ODC 43 with respect to periodic
testing of the systems.

The objectives of the initial integrated leakage rate test
(ILRT)areto
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•

verify that the containment integrated leakage rate does
not exceed the containment design-basis accident DBA
leakage rate, L,, which is 0.5 percent by weight of the
containment atmosphere in 24 hours, at peak
containment accident pressure, P, related to DBA

•

establish a minimum allowable leakage rate, 1^, at
reduced pressure, P , which is used during subsequent
ILRTs
t

•

obtain data that may be used to develop the leakage
rate characteristics and history of the containment
system
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•

demonstrate by a verification teat the accuracy of the
integrated lntlrage rate inatnuDeotatioo to satisfactorily
determine the ?"#*fl Pfi*flt integrated leakage rate
<

w

,

The preoperational teat will be performed at both the
reduced pressure, P., ^ the peak oontainnieiit accident
pressure, P . P will be choeen ao that it ia greater than
0.5 P.. AftotheiiiitiallLRT, asetofthreeTyjwAtssta
will be performed at approximately equal intervals during
each 10-year aarvice period with the third teat of each eat
coinciding with the end of each 10-year major inaarvioa
inspection shutdown. The total moaaurcid containment
leakage rata, L^, at reduced pressure, P , should not
exceed 0,75 L, aa eatabliahed by the initial ILRT. The
accuracy of the leakage rate teata will be verified by using
a supplemental mHtKi4 of lfiakagn mosmnuiMiit
mn

4

t

TYPtBTtm
Containment penetrations whose designs incorporate
resilient seals, gaskets, or sealant compounds; piping
penetrations fitted with expansioa bellows serving aa the
containment boundary; airlock door seals; equipment and
access doors with resilient seals; and other testable
penetrations are to be Typo B tested during preoperational
tasting and thereafter at periodic intervals during the
lifetime of the unit in accordance with Appendix J. The
TypeB teata are necessary to ensure the continuing
integrity of the penetrations.

t

In conducting a Type A teat, certain systems that are
normally filled with water and operating under poat-LOCA
conditions need not be vented to the containment
atmosphere. In addition, systems required to function
during the Type A teat should be operable in their normal
mode and need not be vented, but the teat results for such
systems should be added to the Type A teat total. OB has
confirmed that the leakage teat values of such ayatem lines
will be added to the Type A test results. All other system
lines will be vented or drained before the Type A teat
However, during its initial review, the staff found that
although GB*a Type A teat program waa acceptable, OB
had not identified the systems or the reasons why these
systems would not be vented or drained during the ILRT.
This iasue waa identified aa a part of Open Item 27 in the
DSBR (SBCY-91-153).
In response to this concern, GE stated that SSAR
Section 6.2.6.1.3 provides additional criteria for the
integrated leak rate teat, thus addressing this issue. The
staff reviewed SSAR Section 6.2.6.1.3 and finds that the
criteria for ayatem lines not to be vented or drained during
a Type A teat are acceptable. This part of DSER Open
Item 27 ia resolved.
In reviewing the certified design material for the primary
containment system, the staff found that the design
description and ITAAC stated that the main steam isolation
valve (MSIV) leakage waa not included in the primary
containment allowable leakage of 0.5 percent. GE stated
that the analytical predictions of radiological consequences
in the SSAR had been based on the assumption of a
containment leakage of 0.5 percent per day plus a separate
MSIV leakage. The next revision of the SSAR waa to
clarify that MSIV leakage is to be excluded from the
0.5 percent per day. The staff reviewed SSAR Section 6.2.1.1.2 and finds that this issue has been adequately
clarified.
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To facilitate LLRT, OB has proposed a permanently
installed ayatem consisting of a pressurized gaa source
(nitrogen or air) and the manifolding and valving necessary
to subdivide the testable penetrations into groups of two to
five. Each group will then be pressurized, and if any
leakage ia detected (by pressure decay or flow meter),
individual penetrations can be isolated and tested until the
source and nature of the leak ia determined.
OB states, in SSAR Section 6.2.6, that the combined local
leakage rate of all components subject to Type B and Type
C teata (described in subsequent paragraphs) will not
exceed 60 percent of L,. Type B tests will be performed
at peak containment accident pressure during each reactor
shutdown for major fuel reloading, but in no case at
intervals greater than 2 years. Airlocks will be tested at
initial fuel loading and at least once every 6 months
thereafter. Additionally, whenever they are opened during
periods when containment integrity ia required, they will
be tested within 3 days of opening in accordance with
Appendix J. These testa are required for me airlocks since
they contain inflatable seals.
In the DSER, the staff stated that because the intent of the
Appendix J testing program has never been to require a
forced reactor shutdown just to conduct these tests within
preset test intervals, OB would either have to clarify
whether provisions for conducting all Type B tests at
power exist in the ABWR design or request an exemption
from therequirementfor conducting Type B tests at 2-year
intervals and justify the request. Also, GE had not
provided (1) the acceptance criteria for testing the airlocks,
(2) a list of all containment penetrations that are subject to
Type B testa, and (3) a list of all penetrations that are
excluded from Type B tests (if any) and the rationale for
such exclusions. In the DSER, the staff stated that it could
not conclude that the proposed Type B testing program for
the ABWR waa acceptable. These issues were identified
as part of Open Item 27 in the DSER (SECY-91-153).
OE subsequently provided information on Type B test
criteria and listed all containment penetrations in SSAR
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Table 6.2-8. Tne ataff finda that the Type B test criteria
specified in SSAR Section 6.2.6 comply with Appendix J
and SRP Section 6.2.6. SSAR Section 6.2.6.2 specifies
mat containment penetrations whose designs incorporate
resilient seals, bellows, gaskets, or sealant compounda,
airlocks and lock door aeals, equipment and access hatch
scale, wA electric canisters, wn4 other such penetrations
periodic intervale thereafter in conformance win Type B
leakage rate tests defined in Appendix J.
SSAR
Section 6.2.6.4 states that Type B and C teste may be
conducted at any time during normal plant operations or
during shutdown periods, aa long aa the time interval
between tests for any individual Type B or C test does not
exceed 2 years. The staff reviewed SSAR Section 6.2.6
and SSAR Table 6.2-8 and finda diet die Type B test
requirements are acceptable. This part of DSBR Open
Item 27 is resolved.
Tvne C Teats
All primary containment isolation valves whose seats are
exposed to the containment atmosphere after a LOCA will
be Type C tested pneumatically with air or nitrogen at P..
Valvea that are sealed by water will be leak tested with
water aa the teat medium. The teat pressure will be
applied in die aame direction aa when the valve ia required
to perform its safety function, unless it can be shown that
results from tests with pressure applied in a different
direction are equivalent or more conservative. Type C
testing will be performed by local pressurization, using
either the pressure decay method (for pneumatic testing) or
the flowmeter method (for both pneumatic and hydrostatic
testing).
SSAR Section 6.2.6.3.1 states that Type C tests will be
performed on all containment isolation valves required by
Appendix J. All testing will be performed pneumatically,
except that hydraulic testing might be performed on isolation valvea using water aa a sealant provided the valves
were demonstrated to exhibit leakage rates that did not
exceed those in the ABWR technical specifications.
However, the SRP states that Type C testing with water is
permissible only if the system line for the valve is not a
potential containment atmosphere leak path. This was
identified as Open Item 6.2.6-1 in the DFSER.
In response to the staffs concern, OE revised SSAR
Section 6.2.6.3.1 (Amendment 21) to state that all testing
will be performed pneumatically, except that hydraulic
testing using water aa a sealant may be performed during
isolation valve Type C tests provided die system line for
the valve is not a potential containment atmosphere leak
path. The staff finda die statement acceptable and DFSER
Open Item 6.2.6-1 is resolved.

During its initial review, the staff found that OE had not
adequately responded to the staffs RAI of July 7, 1988,
on a number of issues. These issues inflmded (1) Type C
test interval, (2) test pressure for main steam isolation
valves, (3) test methodology for BCCS isolation valves,
(4) test procedures for valves not covered by Appendix J
procedures and a list of such valves, (5) a lie* of all
primary containment isolation valvea that will be Type C
leak tested, (6) a list of all valves diat will be
hydrostatically tested and die test pressure, and (7) a list of
all valvea diet will be tested in the reverse direction and
die justification for such testing. Additionally, it waa not
dear whether lines diet Arwtain valvea tiwt do not have
30-dmy water-leg seals will be drained and the valvea then
part of Open Item 27 in the DSER (SECY-91-153).

follows:

(1)

SSAR Section 6.2.6.4 states that Type B and C
testa may be conducted at any time during normal
plant operations or during shutdown periods, ss
long aa die time interval between tests for any
individual Type B or C test does not exceed
2 years. OE has specified a Type C test interval.
The staff finda this acceptable, and this part of
DSER Open Item 27 ia resolved.

(2)

SSAR Section 6.2.6.3.1 specifies that MSIVs and
isolation valves isolated from a sealing system are
to use a pressure of at least P,. The atafffindathat
the teat pressure meets Appendix J and is
acceptable. This part of DSER Open Item 27 is
resolved.

(3)

OE did not address test methodology for ECCS
isolation valvea. SSAR Section 6.2.6.3 does not
mention this issue. This waa identified as Open
Item 6.2.6-2 in the DFSER.
OE stated that the test information is provided in
revised SSAR Table 6.2-7. The ataff reviewed
SSAR Table 6.2-7 and finda that the test
requirements for the ECCS isolation valves are
addressed in its associated notes g, h, i, j , k, and n.
This ia acceptable. DFSER Open Item 6.2.6-2 ia
resolved.

(4)
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OE did not provide test procedures for valves not
covered by Appendix J and a list of such valves.
This waa identified as Open Item 6.2.6-3 in die
DFSER.
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OE stated that the teat requirements for isolation
valves not covered by Appendix J ate addressed in
SSAR Section 3.9.6.2 (inservice testing of safetyrelated valves), SSAR Section 3.9.7.3 (pump and
valve inservice testing), and SSAR Table 3.9-8.
These valves are subject to ASME Code,
Section XI leak rate tests. The staffs evaluation of
these valves is provided in Chapter 3 of this report.
In response to RAI Q430.50h, OE stated that those
valves not specifically Type C tested will be tested
as part of the Type A test. OE has addressed the
test requirements for the valves not covered by
Appendix J.
The staff finds this acceptable.
Therefore, DFSER Open Item 6.2.6-3 is resolved.

(8)

(5)

OE listed all containment isolation valves that
require Type C testing in SSAR Table 6.2-7. The
staff finds that the test provisions for the values
listed in the table meet Appendix J and are acceptable. This part of DSER Open Item 27 is resolved.

During its initial review of SSAR Section 6.2.6 regarding
containment leakage testing, the staff also identified the
following open items in the DSER
(SECY-91-153).

(6)

OE did not list all the valves subject to hydrostatic
test as addressed in SSAR Section 6.2.6.3.1. This
was identified as Open Item 6.2.6-4 in the DFSER,
which was part of Open Item 27 in the DSER
(SECY-91-153).

OE stated thai the valves that do not have 30-day
water-leg seal are indicated in SSAR Table 6.2-7 by
note (u) in the Type C test requirements entry. The
staff verified that the isolation valves to be
pneumatically tested are indicated by note (u) in the
test requirements entry of the table, and finds that
they are acceptable. DFSER Open Item 6.2.6-5 is
resolved.

(1)

OE stated that the test requirements are provided in
revised SSAR Table 6.2-7. The staff reviewed
SSAR Table 6.2-7 (Amendment 34) and finds that
GE has identified, in notes d, g, h, j , k, n, and q,
those isolation valves that will be filled with water
following a LOCA.
SSAR Section 6.2.6.3.1
(Amendment 34) states that these valves are in lines
designed to be, or remain, filled with a liquid for at
least 30 days following a LOCA and will be
leakage rate tested with thai liquid. The liquid
leakage measured will not be converted to
equivalent air leakage or added to the Type B and
C test total. The staff finds that the hydrostatic test
criterion meets Appendix J and is acceptable.
DFSER Open Item 6.2.6-4 is resolved.
(7)

GE did not justify and list the valves to be tested in
the reverse direction. This was identified as a part
of Open Item 27 in the DSER (SECY-91-153).
GE stated that SSAR Table 6.2-7, note e, provides
the criterion for valves to be tested in the reverse
direction and the valves listed In the table with that
note will be tested in the revise direction. The
staff finds that the test requirement complies with
Criterion m.C.l of Appendix J and is acceptable.
This part of DSER Open Item 27 is resolved.
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OE did not specify whether lines that contain valves
that do not have 30-day water-leg seals will be
drained before the valves are pneumatically tested.
This was identified as Open Item 6.2.6-5 in the
DFSER and as part of Open Item 27 in the DSER
(SECY-91-153).
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OE did not indicate whether the test, vent, and
drain connections used to facilitate ILRTs and
LLRTs will be kept closed and under administrative
control during normal plant operations and whether
they would be subject to periodic surveillance
testing to ensure their integrity and to verify the
effectiveness of administrative controls. In the
DFSER the staff stated that SSAR Section 6.2.6.3.1
did not address its concern. This issue was
identified as Open Item 6.2.6-6 in the DFSER.
In its submittal of March 5, 1993, GE added
Section 6.2.7.2 (Amendment 32) to the SSAR to
state that the COL applicant will maintain the
primary containment boundary by administrative
controls in accordance with SSAR Section 6.2.6.3.1.
SSAR Section 6.2.6.3.1
(Amendment 34) states, in part, that all test
connections, vent lines, or drain lines consisting of
double barriers (e.g., two valves in series, one
valve and a cap, or one valve and a flange), which
are connected between isolation valves and form a
part of the primary containment boundary, need not
be Type C tested because of their infrequent use
and multiple barriers as long as the barrier
configurations are maintained using an
administrative control program. These lines will be
surveillance inspected at cold shutdown and at
31-days intervals (internal and external to the
primary containment, respectively) as required by
the TS. The staff finds that these test connections
are designed with multiple barriers, are under an
administrative control program, and will be
surveillance inspected so that any leakage can be
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leakage rate and has been treated separately in the
offtite dose analysis. Leakage through feedwater
isolation valves (FWIVs) will be monitored by Type
C test. Leakage from the purge lines also will be
monitored by Type C test and can be detected by
the radiation detectors at the purge and vent exhaust
lines. In addition, SSAR Table 6.5-2, regarding
source terms used for the standby gas treatment
system (SOTS) charcoal adsorber design, specifies
that leakage rates assumed for calculation are
0.5 percent per day for the primary containment
and 50 percent per day for the secondary
containment.

detected. In addition, Appendix J does not specify
test requirements for these lines.
This is
acceptable. DFSER Open Item 6.2.6-6 is resolved.
OE relies on closed loops outside the containment
as containment isolation barriers for some
engineered safety feature (ESF) system containment
penetrations. The staffs position is that a closed
loop outside the containment that meets the criteria
of Section 3.6 of ANSI/American Nuclear Society
56.2-1976 can be considered a second containment
isolation barrier, thereby eliminating the need for a
second containment isolation valve at the
penetration. However, each barrier (i.e., the single
isolation valve at each penetration and closed piping
loop outside the containment) is subject to leak rate
testing. Inclusion of this position in the SSAR was
identified as Open Item 6.2.6-7 in the DFSER.

Additionally, primary containment leakage could
circumvent the secondary containment and bypass
the leakage collection and filtration systems. This
leakage is generally not quantifiable through
LLRTs, but must be considered in the radiological
consequence analysis of a DBA.
SSAR
Section 6.5.1.3.2 (Amendment 34) states that, for
the ABWR dose analysis, direct transport of
containment leakage to the environment was
assumed for the first 20 minutes after initiation of
a LOCA (in addition to the leakage through the
MSIVs). Each SGTS fan is sized to establish a
continuously negative pressure within 10 minutes
after SGTS initiation.

In its submittal of April 26, 1993, OE stated that
there are two closed-loop systems in the ABWR
design that provide an extension of the containment.
These are the containment atmosphere monitoring
system and the fuel pool cooling system. These
systems will be leak tested by opening their lines to
the containment atmosphere during the containment
ILRT. The staff finds that their test requirements
have been specified in SSAR Table 6.2-7 (Amendment 32), and are acceptable.
DFSER Open
Item 6.2.6-7 is resolved.
In response to the stoff s RAI Q430.52b of July 7,
1988, GE submitted information regarding
secondary containment inleakage and potential
bypass leakage paths. However, it did not indicate
whether the bypass leakage paths will be leak tested
as specified in BTP CSB 6-3, "Determination of
Bypass Leakage Paths in Dual Containment Plants,"
of the SRP.
The staff found that SSAR
Table 6.2-10, Table 6.5-2, and Section 6.5.1.3.2
did not address this issue adequately. Clarification
of this issue was identified as Open Item 6.2.6-8 in
the DFSER.

The stoff finds that GE has provided all the
necessary measures to control bypass leakage in the
ABWR design in conformance with BTP CSB 6-3
and provide acceptable margins in the offsite dose
analysis. This is acceptable.
DFSER Open
Item 6.2.6-8 is resolved.
(4)

In response to this issue, GE identified all the
potential leakage paths that could bypass the
secondary containment in revised SSAR
Table 6.2-10.
The staff reviewed SSAR
Table 6.2-10 (Amendment 34) and finds that the
potential bypass paths are the main steamlines,
feedwater lines, drywell purge suction and exhaust
lines, and wetwell purge suction and exhaust lines.
The stoff noted that the leakage rate through the
main steam isolation valves (MSIVs) has been
considered as the secondary containment bypass
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OE did not provide procedures for factoring
potential contributions from the hydrogen recombiners into the ILRT results. However, the staff
considered this to be a COL action item. In the
DFSER, the stoff stated that it would ensure that
COL applicants factored the potential contributions
from the hydrogen recombiners into the ILRT
results in accordance with SRP Section 6.2.6. This
was identified as COL Action Item 6.2.6-1.
In response to this concern, GE added note (v) in
SSAR Table 6.2-7 (Amendment 32) to state that the
flammability control system (FCS) is a closed-loop,
safety-grade system required to be functional
following an accident. Whatever leakage (if any)
will be returned to the primary containment. In
addition, during an ILRT, these valves will be
opened and the lines will be subjected to Type A
tests. The stoff finds that any leakage from the
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operating, maintenance, testing, and postulated accident
condition the ferritic materials will behave in a nonbrittle
manner and the probability of rapidly propagating fracture
is ninimtiw 4*

penetrations or the lines connected to the hydrogen
reoombiners will be included in the ILRT results.
Therefore, COL Action Item 6.2.6-1 is deleted and
will not be included in the SSAR.

t

>

In Bulletin 82-04, "Deficiencies in Primary Containment
Electrical Penetration Assemblies/ was identified as a
candidate operating experience issue.
This bulletin
addresses potential generic safety concerns related to
electrical penetration assemblies supplied by the Bunker
Ramo Company. However, the assemblies are no longer
manufactured by Bunker Ramo and are not used in the
ABWR design. Therefore, this operating experience issue
is not applicable to the ABWR design.

The primary containment vessel of the ABWR is a
reinforced-concrete structure with ferritic parts (the
removable head, personnel locks, equipment hatches, and
penetrations), which will be made of material that has a
nilductility transition temperature, RT^-p of at least
-17 °C (30 °F) below the minimum service temperature.
This meets the requirements of GDC 51. GDC 51 is only
applicable to parts of the containment that are to be made
of ferritic materials.

OE submitted the design description and the ITAAC
relating to containment leakage testing. The staffs review
of this material waa not complete when the DFSER was
issued. This was identified in the DFSER as Open
Item 6.2.6-9. OE subsequently provided a revised design
description and ITAAC. The adequacy and acceptability
of the design description and the ITAAC are evaluated in
Section 14.3 of this report.
On the basis of this
evaluation, DFSER Open Item 6.2.6-9 is resolved.

In RAI Q251.12, the staff requested that GE clarify the
applicability of GDC 51 because it appeared that GE
intended that GDC 51 be applied to the concrete portion of
the containment. GE responded that GDC 51 is applicable
to the removable drywell head, personnel locks, equipment
hatches, and penetrations, which will be made of ferritic
materials. GE responded satisfactorily to the staffs
request and revised SSAR Section 3.1.2.5.2.2 accordingly.
Therefore, GE's commitment to GDC 51 for the items
listed above in the containment design meets SRP
Section 6.2.7 and is acceptable.

On the basis of this review, the staff concludes that the
ABWR containment leakage testing program complies with
Appendix J to 10 CFR Part 50. Such compliance provides
adequate assurance that leaktight integrity of the
containment can be verified periodically throughout its
service life to ensure that leakage rates are maintained
within the limits of the TS. Maintaining containment
leakage rates within such limits provides reasonable
assurance that, in the event of any radioactivity releases
within the containment, the loss of the containment
atmosphere through the leak paths will not be in excess of
the acceptable limits specified for the site. Compliance
with Appendix J as described in this section constitutes an
acceptable basis for satisfying the requirements of GDC 52
with respect to the capability for containment leakage rate
testing, the requirements of GDC 53 with respect to
provisions for containment testing and inspection, and the
requirements of GDC 54 with respect to the capability for
detecting piping leakages.

6.2.8 Severe Accident Considerations
GE addresses containment performance during severe
accidents in SSAR Chapter 19, and the staffs review is
documented in Chapter 19 of this report.

6.3 Emergency Core Cooling System
The staff reviewed the emergency core cooling system
(ECCS) in accordance with SRP Section 6.3. The staff
acceptance criteria are based on meeting the relevant
requirements of the following regulations:
(1)

GDC 2 as it relates to the seismic design of
structures, systems, and components (SSC) whose
failure could cause an unacceptable reduction in the
capability of the ECCS to perform its safety
function.
Acceptability is based on meeting
Position C2 of RG 1.29.

(2)

GDC 4 as related to dynamic effects associated with
flow instabilities and loads (e.g., water hammer).

(3)

GDC 5 as it relates to SSC important to safety shall
not be shared among nuclear power units unless it
can be demonstrated that sharing' will not impair
their ability to perform their safety function.

6.2.7 fracture Prevention of Containment Pressure
Boundary
The staff reviewed the ABWR measures involving fracture
prevention of ferritic materials used in the containment
pressure boundary in accordance with SRP Section 6.2.7.
Containment pressure boundary ferritic materials are
acceptable if they meet the requirements of GDC 51 as it
relates to the reactor containment pressure boundary being
designed with sufficient margin to assure that under
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(4)

GDC 17 as it relates to the design of the BCCS
having sufficient capacity and capability to assure
mat specified acceptable fuel design limits and the
design conditions of the reactor coolant pressure
boundary are not exceeded and that the core is
cooled during anticipated operational occurrences
and accident conditions.

(5)

GDC 27 requires that the reactivity control systems
have a combined capability, in conjunction with
poison addition by the emergency core cooling
system, or reliably controlling reactivity changes
under postulated accident conditions, with
appropriate margin for stuck rods.

(6)

GDC 35, 36, and 37 as they relate to the BCCS
being designed to provide an abundance of core
cooling to transfer heat from the core at a rate so
that fuel and clad damage will not interfere with
continued effective core cooling, to permit
appropriate periodic inspection of important
components, and to permit appropriate periodic
pressure and functional testing.

(7)

10 CFR Part 5, Subsection 50.46, and Appendix K
to 10 CFR Part 50 as it relates to the ECCS being
designed so that its cooling performance is in
accordance with an acceptable evaluation model.

reactor in a standby condition if the vessel becomes
isolated from the main condenser and experiences a loss of
feedwater flow. The system also is designed to maintain
reactor water inventory, in the event of a loss of normal
feedwater flow, while the vessel is depressurized to the
point where the residual heat removal (RHR) system can
function in the shutdown cooling mode at a reactor
pressure of 1,034 kPa (150 psig).

The RCIC system consists of a steam-driven turbine-pump
unit and associated valves and piping capable of delivering
3,028 L/min (800 gpm) of makeup water to the reactor
vessel through the feedwater system. Fluid removed from
the reactor vessel following a shutdown from power
operation normally will be made up by the feedwater
system and supplemented by inleakage from the control
rod drive system. If the feedwater system becomes
inoperable, the RCIC system will start automatically when
the water level in the reactor vessel reaches the level 2
(L2) trip set point or drywell pressure reaches the high
drywell pressure trip set point. The RCIC system also can
be started by the operator from the control room. The
system is capable of delivering rated flow within
29 seconds of initiation. Primary water supply for the
RCIC system will be from the condensate storage tank
(CST), and a secondary supply will be from the
suppression pool.

The ECCS is designed to provide coolant inventory to the
reactor coolant system in the event of a loss-of-coolsnt
accident (LOCA) in the pressure boundary. The ECCS
capability extends to failures as large as a double-ended
rupture of the largest piping carrying water or steam, and
spurious safety /relief valve operation.
6.3.1 System Description
The ECCS consists of the following:
•
•
•
•

reactor core isolation cooling (RCIC) system
high-pressure core flooder (HPCF) system
automatic depressurization system (ADS)
low-pressure flooder (LPFL) system

Unlike that in current BWR designs, the RCIC system in
an ABWR design is a part of the ECCS. The initiation
logic is diversified by adding a high drywell pressure input
ar well as maintaining the typical system initiation on
reactor pressure vessel (RPV) level 2.
The RCIC system is a high-pressure reactor coolant
makeup system that will start independently of the ac
power supply. The system will provide sufficient water to
the reactor vessel to cool the core and to maintain the

A detailed evaluation of the RCIC system is given in
Section 5.4.6 of this report.
The HPCF system will maintain the reactor vessel water
level above the top of the active core in the event of a
break of a 2.54 cm (1 in.)-diameter pipe or smaller and
will provide cooling in the event of large-pipe breaks.
Actuation of the HPCF system will not require the
depressurization of the reactor vessel. The HPCF system
consists of two loops. Each loop includes a single motordriven centrifugal pump that will take suction from the
CST or the primary containment suppression pool. An
automatic switching feature is based on indication of low
CST level. The HPCF flow rate is dependent on the
reactor pressure. SSAR Table 6.3-1 states that the rated
HPCF flow of 12,113 L/min (3,200 gpm) will be attained
at a reactor pressure of approximately 689 kPa (100 psig),
which is consistent with accident analysis assumptions.
The HPCF system is designed to operate from normal
offsite auxiliary ac power or from the emergency diesel
generators. Each HPCF pump will be powered from a
different diesel generator. The system will initiate
automatically by either low water level 1.5 or high drywell
pressure signals. The system also can be placed in
operation manually from the main control room and the
remote shutdown panel (loop B only).
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If the RCIC and HPCF systems do not maintain the reactor
water level, the ADS will reduce the reactor pressure so
that flow from the RHR system, which will be operating
in the LPFL mode, enters the reactor vessel in time to cool
the core and limit fuel cladding temperature.
Of the 18 nuclear system pressure relief valves, eight ADS
relief valves will relieve high pressure steam to the
suppression pool. The evaluation of the pressure relief
valves is given in Section 5.2.2 of this report. The ADS
will be actuated when the following conditions are
satisfied: (1) drywell high pressure, (2) reactor low water
level (level 1), and (3) a permissive signal of high RHR or
HPCF pump discharge pressure. A tune delay of
29 seconds will be used to confirm that the low water
level 1 signal is present and is consistent with the ECCS
pump startup time. The instrumentation and controls for
the ADS are discussed in Chapter 7 of this report.

The staff reviewed the SSAR system description and piping
and instrument drawings to ensure that abundant core
cooling will be provided during the injection phase with
and without offaite power and assuming a limiting single
failure as required by QDC 35. A low reactor vessel
water level and/or containment high pressure signal is
required to start pumps and open discharge valves.
OE provided in SSAR Section 6.3.3 an analysis to
demonstrate that the most limiting break size, break
location, and single failure had been considered for the
ABWR. The most limiting combinations are given in
Table 6.1 of this report. The staff finds that the SSAR
information supports the finding that the ECCS systems
meet the single-failure criterion.

The LPFL system will replace reactor vessel water
inventory following large-pipe breaks. The system is part
of the RHR system, which consists of three independent
loops (A, B, and C). Each loop has a motor-driven pump
with a capacity of 15,900 L/min (4,200 gpm) that will take
suction from the suppression pool and supply water to the
reactor vessel.
All three RHR loops include heat
exchangers that will be cooled by the RHR reactor building
cooling water system and transfer the decay heat from the
reactor core to the ultimate heat sink. The three LPFL
(RHR) pumps will be powered from ac power buses that
have standby backup sources of power. RHR pumps A,
B, and C will receive emergency power from the three
separate diesel generators. The RHR system valve logic
will require LPFL system alignment in the event of a
LOCA. The LOCA event takes precedence over other
RHR system functional modes. The system will initiate
automatically by either low water level 1 or high drywell
pressure signals. The reactor must be depressurized below
the reactor low-pressure permissive signal before LPFL
injection to the reactor occurs. Each of the two highpressure core flooding loops and two of the three lowpressure flooding loops will discharge water into the core
through a separate overhead flooder sparger. Lowpressure flooding loop A will discharge into the RPV
through the feedwater system. Internal vessel piping
connects each sparger to the vessel nozzle. The ABWR
flooder design and relative location will result in reduced
personnel radiation exposure as compared to the current
BWR core spray design because the peripheral location of
the flooder minimizes the need for work over the fuel
during inservice inspection. Spray distribution in the core
is not critical because there will be no core uncovery
during a LOCA.

NUREG-1503

6.3.2 Evaluation of Single Failures

6.3.3 Qialifirarion of Emergency Core Cooling System
The ECCS is designed to meet seismic Category I
requirements in compliance with RO 1.29, "Seismic
Design Classification," (Rev. 3), as discussed in Section 3.2 of this report. The ECCS is housed in structures
designed to withstand seismic events, tornados, floods, and
other phenomena, in accordance with the requirements of
GDC 2, as discussed in Section 3.2.1 of this report.
ECCS equipment is designed in compliance with RO 1.26,
"Quality Group Classifications and Standards for Water-,
Steam-, and Radioactive-Waste-Containing Components of
Nuclear Power Plants," (Rev. 4), as discussed in
Section 3.2 of this report.

Protecting the ECCS against pipe whip and against
discharging fluids, in compliance with the requirements of
GDC 4, is discussed in Section 3.6 of this report.
Evaluation of the instrumentation and controls for the
ECCS, including compliance with RG 1.47, "Bypass and
Inoperable Status Indication for Nuclear Power Plant
Safety Systems," in accordance with the applicable requirements of GDC 27, is discussed in Section 7.3 of this
report.
Compliance with the inservice inspection
requirements of GDC 36 is discussed in Section 6.6 of this
report.

Environmental qualification of the ECCS equipment for
operation under normal and accident conditions, as
required by GDC 4, is discussed in Section 3.11 of this
report.
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evaluation

Table 6.1 Single
Assumed Failure

Systems Remaining

Emergency diesel generator A

All ADS, RCIC, 2 HPCF, 2 RHR/LPFL

Emergency diesel generator B or C

All ADS, RCIC, 1 HPCF, 2 RHR/LPFL

RCIC injection valve

All ADS, 2 HPCF, 3 RHR/LPFL

One ADS valve

All ADS minus one, RCIC, 2 HPCF, 3 RHR/LPFL

Note: ADS »
HPCF *
LPFL RCIC *
RKR «

automatic depreasurization system
high-pressure core flooder
low-pressure flooder
reactor core isolation cooling
residual heat removal

In accordance with the pertinent requirements of GDC 35,
the available net positive suction head (NPSH) for the
pumps in the ECCS, as reflected in calculations submitted
by GE, is adequate to prevent cavitation and ensure pump
operability in accordance with RG 1.1, "Net Positive
Suction Head for Emergency Core Cooling and
Containment Heat Removal System Pumps (Safety
Guide 1 ) / (Rev. 0). The pump head and NPSH requirements for ECCS pumps are included in the ITAAC for
verification by the COL applicant.

When flow in the injection lines is sufficient for pump
cooling, valves in the minimum flow bypass lines will
close automatically, diverting all flow to the pressure
vessel.
Each LPFL pump suction line from the
suppression pool has an open motor-operated valve outside
the containment. The suction line of the HPCF from the
suppression pool contains a closed motor-operated valve so
the HPCF initially will draw water from the CST. When
the CST water is exhausted, the suppression pool suction
valve will open automatically.

Each of the low-pressure lines that will discharge into the
reactor coolant system has a testable check valve inside the
primary containment backed up by a normally closed
motor-operated gate valve outside the containment. Relief
valves in the low-pressure lines will protect against leakage
from the reactor coolant system. An interlock on the
motor-operated valves will prevent mem from opening
until the reactor coolant pressure is below the low-pressure
ECCS design pressure.

Isolation of the suppression pool from the reactor building
in accordance with GDC 56 is discussed in Section 6.2 of
mis report.

Containment isolation in accordance with the requirements
of GDC 55 is discussed in Section 6.2 of this report. The
periodic testing and leak-rate criteria for those valves mat
isolate the reactor system from the ECCS are discussed in
Section 3.9.6 of this report. Detection of leaks from those
portions of the ECCS within the primary coolant pressure
boundary is discussed in Section 5.2.5 of this report.

One of the design requirements of the ECCS is that
cooling water flow be provided rapidly following the
initiation signal. By always keeping the ECCS pump
discharge lines full, the lag time between the signal for
pump start and the initiation of flow into the RPV can be
minimis
addition, full discharge lines reduce
potentially damaging waterhammer occurrences on system
startup. The RHR system has three jockey pumps, one in
each loop (discharge line fill pump). Maintaining the filled
status of the system is ensured by continuous indication of
pump operation and pump discharge pressure. The
makeup water system connections to the RCIC and HPCF

To protect the pumps from overheating, all the ECCS
pumps have minimum flow bypass lines to permit a limited
amount of flow if an isolation valve between the reactor
coolant system and the ECCS is closed for any reason.

As a backup to the HPCF system, the ADS will be used to
depressurize the reactor and allow the LPFL to function in
the event of a small break. Nitrogen will be supplied to
the valves of the ADS from seismically qualified
accumulators.
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system will maintain the pump discharge line in a filled
condition up to the injection valve.

reflect the importance of allowing ADS actuation when
high-pressure makeup systems are not available.

The capability of the ECCS pumps to operate for an
extended period of time during the long-term recirculation
phase following a LOCA is discussed in Section 3.9.6.1 of
mis report.

For transient and accident events that do not directly
produce a high drywell pressure signal (e.g., stuck-open
relief valve or stoamline break outside the containment)
and that are further complicated by the loss of all highpressure ECCS systems, manual activation of the ADS was
originally required to provide adequate core cooling.
However, TMI Action Plan Item U.K.3.18
(NUREG-0737), as incorporated in 10 CFR50.34f(l)(vii),
requires ADS logic modification to eliminate operator
action. GE's proposed design modification is consistent
with Option 4 of the BWR Owner's Group response to
TMI Action Plan Item II. K. 3.18. This option requires the
addition of a timer that bypasses the high drywell pressure
permissive if the reactor water level is low for a sustained
period and the addition of a manual inhibit switch. An
8-minute high drywell pressure bypass timer has been
added to the ABWR ADS initiation logic. (An analysis
was performed to evaluate the adequacy of the 8-minute
bypass timer.) This timer will initiate on a low water
level 1 signal. When the timer runs out, it will bypass the
need for a high drywell pressure signal to initiate the
standard ADS initiation logic. The bypass timer will be
tested periodically. This test is required by the TS. This
was DFSER TS Item 6.3.3-1. (This item has been added
to the ABWR TS and has been found to be acceptable.)
This timer can be inhibited as indicated in the ABWR
EPGs if the operator determines that water level can be
maintained above TAF. The proposed GE modification to
ADS logic is consistent with the staff-approved resolution
of Item II.K.3.18 snd is acceptable because it ensures the
initiation of the ADS and low-pressure injection systems
when high drywell pressure does not occur. In the DSER
(SECY-91-153) the staff identified a concern about the
ADS in Open Item 28. The above discussion on bypass
timers shows that DSER Open Item 28 has been resolved.
Assurance of the proposed modification to the ADS logic
was DFSER Confirmatory Item 6.3.3-1. GE submitted the
required changes in the SSAR in Section 6.3.3.4, which is
acceptable to the staff. GE also included this action item
in the SSAR. This Confirmatory Item 6.3.3-1 is resolved.

Safety/relief valve (SRV) operability will be demonstrated
during the power ascension phase of the plant startup test
program by manually actuating each, SRV (including the
ADS valves) one at a time to show that no blockage exists
in the valve discharge line. After commercial turnover, all
of the SRVs will be tested in accordance with Section XI,
Article IWV, of the ASME Code. Linear variable
differential transformers and thermocouples are to be installed in the discharge line of each SRV to monitor valve
position and SRV leakage in accordance with TMI-2
Action Plan Item II.D.3 (NUREG-0737) and are discussed
in Section 20.5.23 of this report.

Environmental qualification of the SRVs is discussed in
Section 3.11 of this report.
The ADS time delay is set at 29 seconds rather than
120 seconds (as in present BWRs) to satisfy the design
goal of no core uncovery during a LOCA. The ADS most
likely will not be initiated because of the availability of
three high-pressure core injection systems. The ABWR
emergency procedures guidelines (EPGs) (which are
provided in SSAR Chapter 18) states that the operator is
allowed to prevent ADS actuation in two instances. The
first is during an anticipated transient without scram
(ATWS) event. Because the ABWR design incorporates
an automatic ADS inhibit signal following an ATWS,
operator action is to verify the automatic ADS inhibit
signal as addressed in SSAR Chapter 18 (EPGs). The
second case is when the operator believes that the reactor
water level may go below the reactor low water level 1
setpoint but will remain above the top of the active fuel
(TAF) without ADS actuation. Because no ADS timer is
provided for LOCAs in the containment, where high
drywell pressure occurs, and because the ADS time delay
is short, operator intervention is unlikely. However,
during LOCAs outside the containment or LOCAs that do
not result in a high drywell pressure signal, an 8-minute
tinier will be initiated and the EPGs allow the operator to
assess whether the level is maintained above TAF. If the
high-pressure ECCS cannot control the reactor water level,
it is prudent to allow the ADS to actuate and quickly
depressurize the vessel to gain the additional reflooding
capacity of the low-pressure ECCS. The EPGs provide
sufficient guidance to ensure that operating procedures will
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6.3.4 Testing
RG 1.68, "Initial Test Programs for Water-Cooled Nuclear
Power Plants," (Rev. 2) and GDC 37 require that the
ECCS system be designed to permit appropriate periodic
pressure and functional testing to assure the integrity of
components, and the operability and performance of the
components and ECCS system. GE states that ECCS
integrity, operability, and performance are demonstrated
by preoperational and periodic testing, which is acceptable
to the staff.
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The staff used the information in the SSAR, the results of
the LOCA analyses, along with the results of its review of
each ECCS system to verify that the proposed ECCS meets
the performance criteria in 10 CFR 50.46. Compliance
with the first three criteria below is demonstrated
analytically. Coolable geometry ia maintained if the first
two criteria are met. Long-term cooling capability is
verified by the composite review of the ECCS and the
various support systems. The five acceptance criteria for
the ECCS, as specified in 10 CFR 50.46, are the
following:

£ 3 . 4 . 1 Preoperational Tests
Preoperational testa will ensure proper functioning of
controls, instrumentation, pumps, piping, and valves.
Pressure differentiali and flow rates are measured for later
use in determining acceptable performance in periodic
tests. OB commits to conform to the guidelines of
RO 1.68 for preoperational and initial startup testing of the
ECCS, as noted in Section 14.2 of this report.
t3X.2

Periodic Component Tests

The staff stated in the DFSER that the t S should state that
the ECCS subsystems (except for the ADS) will be tested
periodically to show that specified flow rates are attained.
This was DFSER TS Item 6.3.4.2-1. OE hss included this
statement in the TS. The staff also stated in the DFSER
that the COL applicant should perform a test every
refueling outage in which all subsystems are actuated
through the emergency operating sequence. This was
DFSER COL Action Item 6.3.4.2-1. OE provided this
procedural COL action item in Amendment 31 of the
SSAR.

(1)

The calculated maximum peak cladding temperature
(PCT) shall not exceed 1204 *C (2200 *F).

(2)

The calculated total oxidation of the cladding shall
nowhere exceed 0.17 times the total cladding
thickness before oxidation.

(3)

The calculated total amount of hydrogen generated
from the chemical reaction of the cladding with
water or steam shall not exceed 0.01 times the
hypothetical amount that would be generated if all
of the metal in the cladding cylinders surrounding
the fuel, excluding the cladding surrounding plenum
volume, were to react.

(4)

Calculated changes in core geometry shall be such
mat the core remains amenable to cooling.

(5)

The calculated core temperature shall be maintained
at an acceptably low value, and decay heat shall be
removed for the extended period of time required
by the long-lived radioactivity remaining in the core
after any calculated successful initial operation of
the ECCS.

6.3.5 Performance Evaluation
GE*s ABWR-specific LOCA analysis demonstrates that the
reference fuel design meets the requirements of 10 CFR
50.46 and is based on the initial core design.
The staff expected the exposure-dependent maximum
average planar linear heat generation rate (M APLHGR) to
be provided in the TS. This was DFSER TS Item 6.3.5-1.
GE submitted the MAPLHGR in TS 3.2.1; hence this item
is resolved. In Section 4.2 of this report, the specific fuel
and core design used for the analyses of SSAR Sections 6
and 15 is described. Section 4.2 of this report also
describes fuel design criteria that specify requirements for
any alternative fuel that may be used by the COL applicant
or licensee in reload cycles.

OE has demonstrated compliance with the first three of
these criteria as shown in Table 6.2 of this report.

Table 6.2 Demonstration of compliance with ECCS criteria
Maximum
From Break Analyses
Criterion

Allowable

Peak cladding temperature, °C (°F)

621 (1149)

1204 (2200)

Maximum cladding oxidation, %

0.03

17

Maximum total hydrogen generation, %

0.03

1
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analysee presented in the ABWR SSAR. TheABWRinput
to the LAMB computer model is the same input as that
used for operating plants except for recirculation system
modeling. Because the ABWR has RIPs instead of jet
pumps, the recirculation system is modeled assuming no
induced flow from a jet pump. Thus, the drive flow from
the recirculation pumps is set equal to the total
recirculation flow.

There is no core uncovery and hence the core geometry is
maintained.
Moreover, a coolable geometry was
demonstrated by compliance with the criteria for PCT and
maximum cladding oxidation as discussed in
NEDO-20566, "Analytical Model for Loss-of-CooUnt
Analysis in Accordance with 10 CFR Part S0 Appendix K," proprietary, November 197S.
t

Because there are no jet pumps in the ABWR, the core
flow pattern is similar to mat in BWR/2 plants that do not
use jet pumps (e.g., Oyster Creek, Nine Mile Point
Unit 1). The OB thermal-hydraulic code SAFER, which
was approved for BWR/2 plants without jet pumps
(NEDE-30996P-A, "SAFER Model for Evaluation of
Loss-of-Coolant AccidentsforJet Pump and Non-Jet Pump
Plants," (Volumes I and II) October 1987), was used to
perform LOCA analysis for the ABWR. The SAFER code
was used to calculate the long-term thermal-hydraulic
behavior of the coolant in the vessel during a LOCA.
Some important system parameters calculated by SAFER
are vessel pressure, vessel water level, and ECCS flow
rates. The SAFER code also calculates PCT and local
maximum oxidation. The staffs SER (dated February 19,
1987, "Review of NEDE-30996(P), 'SAFER Models for
Evaluation of Loss-of-Coolant Accident for Jet Pump and
Non-Jet Pump Plants,* Volumes I and II") on NEDE
30996A-P documents agreement between SAFER
predictions and test results from the ABWR full integral
simulation test (FIST) facility.
GE made some
modifications to the FIST facility for the ABWR and conducted additional tests. Jet pump elimination and reactor
internal pump (RIP) flow were simulated. OE also
modified ECCS capacities, break sizes, and locations. The
SAFER code was compared to TRACG-P (proprietary) for
the ABWR plant. (See staff SER of February 19, 1987.)

ABWR-speciflc data based on tests for the RIP coastdown
time following a pump trip and flow area and pressure
losses through the RIPs were used as input to the SAFER
model.
GE computer codes LAMB, SCAT, and GESTR were used
for the ABWR LOCA analysis.
The LAMB code is used to analyze the short-term
thermodynamic and thermal-hydraulic behavior of the
coolant in the vessel during a postulated LOCA. In
particular, LAMB predicts the core flow, core inlet
enthalpy, and core pressure during the initial phase of the
LOCA event (i.e., the first 5 seconds). GE used the
LAMB computer model (documented in NEDE 20S66P-A,
"Analytical Model for Loss-of-Coolant Accident Analysis
in Accordance with 10 CFR Part 50, Appendix K,"
January 1976, and approved by the staff) to perform
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The SCAT code is used to evaluate the short-term thermalhydraulic response of the coolant in the core during a
postulated LOCA. Using the LAMB results as input,
SCAT analyzes the convective heat transfer process in the
thermally limiting fuel bundle during the initial phase of
the LOCA event. In particular, SCAT predicts the
departure from nucleate boiling at any one of the 24 axial
nodes in the fuel bundle. GE used the SCAT computer
model (documented in NEDE 20566P and approved by the
staff) to perform analyses presented in the ABWR SSAR.
Specifically, GE used SCAT to determine the transient
thermal-hydraulic conditions within a bundle and predict
the time when the loss of nucleate boiling occurs. The
SCAT program only models the hot bundle and sets the
boundary conditions based on LAMB results. The ABWR
core design is based on a GE standard fuel that is similar
to BP 8 x 8R with two water rods. This type of fuel has
already been analyzed using SCAT for operating BWRs.
Therefore, the differences in the ABWR from previous
BWRs do not represent any special application of the
SCAT model.
The GESTR code is used to provide best-estimate
predictions of the thermal performance of GE nuclear fuel
rods experiencing variable power histories. For LOCA
analysis, the GESTR code is used to initialize the fuel
stored energy and fuel rod fission gas inventory at the
onset of a postulated LOCA. GE used the GESTR
computer model (documented in NEDE 30996P-A and
approved by the staff) to perform LOCA analyses
presented in the ABWR SSAR. GE used the results from
GESTR to establish the initial conditions (i.e., stored
energy and rod internal pressure) at the start of the LOCA
within each fuel rod. As stated above, GE based its
ABWR core design on a GE standard fuel, which also has
been analyzed using GESTR for operating BWRs. The
differences in the ABWR from previous BWRs do not
affect the fuel thermal-mechanical performance predicted
by the GESTR model. Therefore, the use of GESTR for
the ABWR does not represent any special application of
the GESTR model.
No model changes were made to any of the GE codes used
in the LOCA analysis; only input data were changed for
ABWR-speciflc design features.
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The OE analyses included break sins ranging from a
bottom head drain line break 0.0020 m (0.0218 ft ) to the
main ttftamlint break outside the containment 0.39 m
(4.24ft ). (Since the bottom head drain line will tie into
the RHR/cleanup system lines, the total break flow for the
maximum bottom head drain line break includes flow from
the vessel through the bottom bead drain line penetration
as well as through the RHR/cleanup system lines.) OB
analyzed different break sizes in conjunction with ECCS
failure combinations. The cases were evaluated to
establish the trend of PCT curves (Appendix K to 10 CFR
Part 50 and bounding values) versus break size. Eight
break sizes are summarized in SSAR Table 6.3-4. The
most limiting break is the main steamline break outside the
containment, which results in a PCT of 621 °C (1149 *F).
This is well below the 1204 °C (2200 °F) acceptance
criterion. Because there will be no large pipe below the
top of me core and no core uncovery for any size LOCA,
the calculated PCT of 621 °C (1149 °F) is low compared
to the PCT for current BWRs.

The ECCS meets GDC 17 in that its capacity and
capability are sufficient to ensure that acceptable fuel
design limits and design conditions of the reactor coolant
pressure boundary are not exceeded as a result of
anticipated operational occurrences; and the core will be
cooled and vital functions will be maintained in the event
of postulated accidents as given in SRP Section 6.3.

The staff confirmed that the LOCA analysis methodology
used by OE for the ABWR was consistent with and
bounded by the staffs generically approved LOCA
analysis methodology. The staff concluded that the PCT,
peak local oxidation, and core-wide metal-water reaction
values were well below staff acceptance criteria. Thus, the
analyses and results are in accordance with NRC requirements and OE has demonstrated conformance with the
ECCS acceptance criteria of 10 CFR 50.46 and
Appendix K to 10 CFR Part 50.

As discussed above, the staff finds the design of the ECCS
acceptable.
The ECCS conforms with the review
guidelines snd acceptance criteria of SRP Section 6.3 and
its pertinent RGs. Therefore, the ECCS meets the
performance criteria of 10 CFR 50.46 and the pertinent
requirements of GDC 2, 4, 17, 35, 36 and 37 as set forth
in the SRP, as summarized below:

2

2

2

2

Long-term cooling is ensured by the use of redundant RHR
systems that have adequate water sources available to
remove the decay heat generated in the reactor core and
transfer the heat to the ultimate heat sink. OE identified
no single failure that would prevent the ECCS from
meeting this criterion. The systems are designed to
prevent any core uncovery.

The LPFL flow will be diverted manually to wetwell spray
cooling for containment pressure control. The ABWR
EPOs require cautions in the emergency operating
procedures to deter the operator from premature flow
diversion. These guidelines, which caution the operator
against diversion unless adequate core cooling is ensured,
have been accepted by the staff (NUREG-0737, TMI-2
Action Plan Item I.C.I, discussed in Chapter 20 of this
report). LPFL diversion is identified in the procedure as
secondary to core cooling requirements, except in those
instances outside the design envelope involving multiple
failures for which maintenance of containment integrity is
required to minimize risk to the environment.

6.3.6 Certified Design Material
OB submitted the design description and the inspections,
teats, analyses, and acceptance criteria (ITAAC) for the
HPCF system. This was DFSER Open Item 6.3.6-1. OE
subsequently provided a revised design description and
ITAAC. The adequacy and the acceptability of the ABWR
design descriptions and ITAAC are evaluated in
Section 14.3 of this report.
On the basis of this
evaluation, this item is resolved.
6.3.7 Conclusions

(1)

10 CFR 50.46 and Appendix K performance
requirements, as described in Section 6.3.5 of this
report.

(2)

GDC 2, as it relates to the seismic design of SSC
whose failure could cause an unacceptable reduction
in the capability of the ECCS to perform its safety
functions, as discussed in Section 3.2.1 of this
report.

(3)

GDC 4, as related to dynamic effects associated
with flow instabilities and loads, as discussed in
Section 3.6 of this report.

(4)

GDC 5 is not applicable since the ABWR is a
single unit plant.

(5)

ODC 17, as it relates to the ECCS design for
sufficient capacity and capability to assure that
specified acceptable fuel design limits snd design
conditions of the reactor coolant pressure boundary
are not exceeded and that the core is cooled during
anticipated operation occurrences and accident
conditions, as discussed in Section 6.3.5 of this
report.
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(6)

GDC 27, at it relate* to the reactivity control
ayetema to have a combined capability, in
conjunction with turf ton nM^^i! by the emergency
core cooling system, or reliably controlling
reactivity changea under poatulated accident
oonditione, with appropriate margin for atuck rods
is discuased in Sections 4.2, 4.6 and 9.3.5 of this
report.

(7)

GDC 35, 36, and 37, aa they relate to the BCCS
design to provide an abundance of core cooling to
transfer heat from the core at a rate so mat fuel and
clad damage will not interfere with continued
effective core cooling, to permit appropriate
periodic *f**P *' * n <*f inMpnftani cniHpmiawti, and to
<

1

n

permit appropriate periodic pressure and functional
testing, aa discussed in Sections 6.3.2, 6.3.4, and
6.6 of this report.

6.4

Control Room Habitabilhy Systems

The ataff reviewed the control room habitability ayatema in
accordance with SRP Section 6.4. Conformance with the
acceptance criteria formed the basis for the staffs
evaluation of the control room habitability systems with
respect to the applicable regulations of 10 CFR Part 50.
Specifically, the SRP acceptance criteria require the design
to meet GDC 4 aa it relates to accommodating the effecta
of and being compatible with the environmental conditions
aaaociated with poatulated accidents, including the effecta
of the release of toxic gaaes; GDC 19 aa it relates to
maintaining the control room in a safe, habitable condition
under accident conditions by providing adequate protection
against radiation and toxic gaaea; additional TMI
requirement 10 CFR 50.34(Q(2Xxxviii) aa it relates to the
evaluation of potential pathways for radioactivity and
radiation that may lead to control room habitability
problems; and TMI Action Plan Item ID.D.3.4
(NUREG-0737) requirements aa they relate to providing
protection against the effects of the release of toxic
substances, either on or off the site. Since the ABWR
design is applicable only for a single unit, GDC 5 ia not
applicable.
The control room habitability systems will provide
(1) missile protection, (2) radiation shielding, (3) radiation
monitoring, (4) air filtration and ventilation, (5) lighting,
(6) personnel and administrative support, and (7) fire
protection. The control building heating, ventilating, and
air conditioning (HVAC) system and components are
located in a seismic Category I structure that ia protected
from tornado, missile, pressure and flood damage. The
HVAC ducting ia ESF grade. HVAC hangers are
designed to seismic Category I standards. The HVAC
system will maintain the control room atmosphere tempera-
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ture at a habitable level to permit prolonged personnel
occupancy throughout a twttnlft^d deeign"beeie (K^dtwt
(DBA). The system design provides for control room
pressuriiation with respect to the surrounding spaces and
filtered intake during accident situations and for purging of
smoke and toxic gases. The system ia capable of
automatic transfer from its normal operating mode to its
emergency or isolation modes on detection of adverse
conditions (e.g., high radiation, smoke). The system has
sufficient redundancy to ensure operation under emergency
conditions, assuming the single failure of any one active
component. Backup power sources are provided for the
essential components of the HVAC system. Section 9.4.1
of this report provides more information on the control
room HVAC system. The habitability systems are
deeignnri to detect and limit the introduction of radioactive
material and smoke into the control room. The ABWR
design relies on noncombustible construction and heat- and
flame-resistant materials throughout the plant to minimiiaa
the likelihood of fire and consequent fouling of the
atmosphere with smoke or noxious vapor. Further, the
number of individual respirators (subject to periodic
operational testing) i§ sufficient to protect against the
intrusion of toxic gaaea into the control room. Nonseismic pipe, ductwork for kitchen and sanitary facilities,
and other nonessential components in the control building
are designed to ensure that their failure during a safe
shutdown earthquake will not adversely affect essential
components. Potential sources of danger such aa pressure
vessels and carbon dioxide firefighting containers will be
located outside the control room and the compartments
containing control building life support systems. There are
no high-energy lines near the control room; therefore, the
habitability systems are protected against the dynamic
effecta that may result from possible failures of such lines.
Section 3.6.1 of this report addresses protection of safetyrelated equipment from the effecta of pipe breaks. The
ataff concludes that the control room habitability systems
satisfy GDC 4.
By letter dated July 7, 1988, the ataff requested additional
information on a number of issues (e.g., makeup air inlet
for control room emergency zone, locations of control
room ventilation inlets relative to major potential plant
release pointa, radiation protection instrumentation, and
minimum positive pressure during the pressurization mode)
regarding the design features provided for compliance with
GDC 19. This was identified as Open Item 29 in the
DSER (SECY-91-153). GE has provided the requested
information.
The staff has reviewed and finds it
acceptable as discussed below. Therefore, DSER Open
Item 29 is resolved.
The ABWR main control room (MCR) is physically
integrated with the reactor building and turbine building
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exists at an inlet depends, in part, on building wake
effects, site-specific terrain* and wind stagnation or
reversal. For the ABWR design, the inlets are located at
the extreme edges of the control building. However, the
staff finds that it is possible, under certain low-probability
conditions, for both inlets to be drawing air from the same
source of radioactive materials, and that the location of the
air inlets is less than ideal, since they are not on opposite
sides (180*) of potential radiation release points.

and ii located between these two structures. During and
following a LOCA, which is the controlling DBA for the
radiological consequences to die control room operators,
radiation exposure to the operators will consist of
contributions from airborne fission products entrained in
the control room ventilation system and direct gamma
radiation from the surrounding buildings and process
equipment.
GDC 19 requires that the control room be designed to
permit personnel to occupy it under accident conditions.
OB has proposed mat this requirement be met by
incorporating shielding and emergency ventilation systems
into the control room design, and by two roof-mounted and
automatically controlled room air intakes. OB has stated
that the structure hwiting the control room is ***Hgnfif and
will be constructed to meet seismic Category I criteria, as
is the emergency ventilation system, which is also designed
to meet the single-failure criterion.
OB has provided for the radiation protection of control
room occupants by the use of shielding walls and by the
installation of redundant safety grade emergency ventilation
systems. The inhabited portions of the ABWR control
room are located underground (4.3 m (14 ft) below grade).
A distance of more than 11.3 m (37 ft) (including 2 m
(6.5 ft) of concrete shielding and 0.46 m (1.5 ft) of floor)
separates the control room f>^ steamlines. OB stated that
the expected radiation exposure rate in the control room
resulting from direct gamma radiation during normal
operation and after an accident is less than 0.006 mSv/hr
(0.6mR/hr). The staff accepted GE's estimate of direct
gamma radiation of less than 0.006. mSv/hr (0.6 mR/hr)
after an accident because of the decay of short-lived
isotopes and the immediate closure of the main steam
isolation valves that are upstream of the pipes above the
MCR.
If a significant concentration of airborne radioactive
materials is detected at the normal control room ventilation
system air intake, the air intake will isolate automatically.
Automatic control room preasurization will occur
immediately, and filtered air will be taken in by either of
two separate emergency ventilation systems.
Each
emergency ventilation system consists of, at a minimum,
a 50 mm (2 in.)-thick charcoal adsorber for removal of
iodines. The intakes for these systems are separated from
each other and from the plant stack. It is not likely that
both air intakes would simultaneously admit equivalent
levels of radioactive contaminated air.
The viability of the dual-inlet concept depends on whether
or not the placement of the inlets ensures that airborne
radionuclide concentrations in one inlet will always be
relatively low. The capability to ensure that this condition

In Amendment 8, OB claimed a factor of 4 reduction in
the estimate of the atmospheric dispersion parameter for
the control room to account for dilution effects associated
with the ABWR air inlet configurations and the ABWRspecific building arrangement. SRP Section 6.4 allows a
factor or 10 for reduction of the parameters for a dual air
intake design with automatic selection control features and
with the inlets placed on plant structures on opposite sides.
Therefore, the staff stated in the DFSER that OB*s
proposed reduction factor of 4 (instead of 10) was
reasonable and acceptable because the lower reduction
factor consecutively accounts for air inlets not being on
opposite (180°) sides of potential radiation.
In Amendment 24, OB changed the control room HVAC
system design by deleting automatic selection features of
the most favorable (less radioactive) air intake from either
of two separate emergency air intakes to the control room.
In addition, OB revised (1) the filtered emergency air
intake flow rate into the control room, (2) the control room
air recirculation flow rate, and (3) the control room
limiting atmospheric dispersion values provided in
Table 15.6-14 of the SSAR.
Therefore, the staff
disallowed a factor of 4 reduction given in the DFSER for
estimating the atmospheric dispersion parameters for the
control room, since OB had deleted the automatic selection
features of the most favorable air intake from the ABWR
design. Even though SRP Section 6.4 allows a factor of
2 for reduction of the parameters for a dual air intake
design without manual or automatic selection features, the
staff has not provided, and OB did not request in
Amendment 24, any reduction factors because the
emergency control room air intakes are not placed on
opposite sides of potential radiation release points.
The staff recalculated the control room operator doses
using the design-basis LOCA described in Section 15.3.1
of this report and revised control room design parameters
provided in Amendment 24. The revised staff assumptions
and dose estimates are listed in Table 15.10 of this report.
The staff concludes that the calculated doses still meet the
radiological consequences values of QDC 19 and TMI
Action Plan Item III.D.3.4, "Control Room Habitability."
The staff further concludes that the ABWR control room
design still provides an acceptable means of maintaining
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the oontrol room in a sale and habitable condition by
providing mftmittt* protection under sffidflnt waditfopf in
aooordrntne with TMI lequirement 10 CFR 50.34(f)(2)
(xxviii).

of mis report. On the basis of this evaluation, DFSBR
Open Item 6.4-2 is resolved.
The staff concludes diat the control room habitability
systems meet die acceptance criteria of SRP Section 6.4
and are, dierefore, acceptable.

OB identifted an interface requirement described below for
the applicants referencing me ABWR design to protect
operators fgirtmrt the effects of the release of toxic
substances, However, as a result of further review of all
inftrfeft items, OB committed to revise die SSAR to
reclassify this item as a COL action item.

6.5 Fission Product Removal and Control
Systems
6.5.1 Engineered Safety Features Atmosphere Clean
up Systems

By letter dated Aprd 16,1993, GE stated that the ABWR
standard plant site design parameters (SSAR Table 2.0-1)
did not include took gases in the site vicinity. A COL
action item has been included in Section 6.4.7 of the SSAR
requiring utility applicants referencing the ABWR design
to demonstrate that control room operators are adequately
protected against the effects of the release of toxic
BT^Ttnnrns, either on or off die site, and mat die plant can
be safely operated or shut down under conditions created
by a DBA. The need for site specific toxic gas protection
will be reviewed to ensure that die control room operators
are protected flgwira* releases of hazardous material in
accordance with TMI Action Plan Item DX3.D.4. The
stances in each plant vicinity will be identified following
the methods outlined in ROs 1.78 and 1.95. Specific
detectors to permit automatic control room isolation will be
provided, where necessary.
In the DFSER, die stafT stated diet die following were to
be included in die ITAAC. The COL applicant will neel
to verify out die following are consistent with die licensing
basis if^f^fwiHtitaHwiT die asbuilt design; die operating,
itMiwtiWMkvi and emergency procedures and training; die
performance characteristics of die control room habitability
system; and die TS and surveillance procedures. This was
identified as Open Item 6.4-1 in die DFSER. OB provided
a revised design description and ITAAC. The adequacy
and acceptability of die design description and die ITAAC
are evaluated in Section 14.3 of this report. On the basis
of dus evaluation, DFSER Open Item 6.4-1 is resolved.
The staff reviewed the ITAAC for die control room
habiubility area (CRHA) HVAC system (Table 2.15.5a,
Design Commitments 1 dirough 10) and die control
building (Table 2.15.12, Design Commitments 1 dirough
13) as they relate to control room habitability. In the
DFSBR, the staff found them to be acceptable with some
exceptions. These were identified as DFSER Open
Item 6.4.2. OB provided a revised design description and
ITAAC. The adequacy and acceptability of die design
description and the ITAAC are evaluated in Chaptft. 14.3
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The staff reviewed dm engineered safety feature (ESF)
atmosphere cleanup systems in accordance wim SRP
Section 6.5.1. Conformance wim die acceptance criteria
formed die basis for die staff s evaluation of these systems
with respect to die applicable regulations of 10 CFR
Part 50.
The ABWR design has two BSF filter systems: the
emergency air filtration system of the CRHA HVAC

SRP Section 6.5.1 acceptance criteria applicable for me
emergency air filtration system's high-radiation mode of
die CRHA HVAC system are GDC 19 as it relates to the
system being designed to ensure habitability of the control
room under accident and LOCA conditions and GDC 61 as
it relates to the design of die system for radioactivity
control under normal fid postulated accident conditions.
As the staff concluded in Section 6.4 of this report, die
emergency air filtration system, which is part of the
CRHA HVAC system, complies with GDC 19 radiation
exposure limits for the control room operators. The SRP
states that the specified acceptance criteria are met by
conforming wim die guidelines of RO 1.52, "Design,
Testing, and Maintenance Criteria for Post Accident
Engineered-Safety-Feature Atmosphere Cleanup System
Air Filtration and Adsorption Units of Light-Water-Cooled
Nuclear Power Plants," Revision 2, and SRP Table 6.5.1-1
regarding the system instrumentation. Therefore, the staff
has used system compliance wim RO 1.52 and SRP Table 6.5.1-1 as the basis for concluding that the ESF filter
system meets die applicable GDC and consequently die
applicable SRP acceptance criteria. The above compliance
evaluation ia discussed in Section 9.4.1 of this report for
the emergency air filtration system of the CRHA HVAC
system and in dus section for the SGTS.
SRP Section 6.5.1 acceptance criteria applicable for die
SGTS are GDC 41 as it relates to die design of die system
as it will be used for containment atmosphere cleanup
following postulated accidents and for the control of
releases to die environment, GDC 42 ss it relates to die
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struction in accordance with the bulletin. Therefore, the
SOTS filter trains will preclude the possible loss of
charcoal from adsorber cells. The system is designed to
seismic Category I requirements and will be housed in s
seismic Category I structure.

inspection and testing of the SOTS, ODC 61 (see the
above paragraph) and ODC 64 as they relate to monitoring
radioactive releases via the SOTS under normal, anticipated operational occurrences and postulated aopidtwt
conditions. As the staff concludes in Section 11.5 of this
report, the system complies with ODC 64.
The staffs evaluation of the two ESF filter systems is
given below.

BnwrwiKV Air Filtration System: n * function of this
system is to supply filtered outside air to the main control
area envelope (MCAE) and to pressurize the control room
after a design-basis accident (DBA). This system is
evaluated in Section 9.4.1 of mis report. In Section 9.4.1
of the SSAR and the DFSER, the emergency air filtration
system of the CRHA HVAC system was erroneously
identified as the control building outdoor sir cleanup
system.
OE has corrected this error in SSAR
Amendment 20, and SSAR Amendment 32 identified
separate and independent discharge and return paths to and
from the MCAE for the emergency filtration system.
Stemfty QM Treatment S rtca; The primary function of
the SGTS is to filter and thereby reduce ofiaito airborne
releases of radioiodine and particulates following a DBA
(e.g., LOCA, fuel-handling accident, fuel cask drop
accident). This will be accomplish*! by automatic
isolation of the secondary containment from its normal
HVAC air paths and automatic actuation of the SOTS on
receipt of a LOCA signal, detection of high radiation
levels in the secondary containment normal HVAC exhaust
or in the refueling floor exhaust or loss of secondary
containment HVAC supply/exhaust fans signal. The
system can also be manually initiated from the control
room (e.g., for de-inerting during power operation) to
reduce airborne radioactive iodine and particulate releases.
The SOTS will maintain the secondary containment at a
negative pressure of 6.4 mm (1/4 in.) of water gauge or
greater relative to the surrounding spaces within
20 minutes from the time the secondary containment is
isolated and process the effluent gases through s filter train
to remove airborne iodines and particulates. The system
consists of two identical, parallel, physically separated,
100-peicent-capacity subsystems, 6,800 m /hr (4,000 cfm)
each, with associated piping and ducts, valves, dampers,
and controls. Each subsystem consists of a moisture
separator, electric process heater, prefilter, pre-high-efficiency particulate air (HEPA) filter, charcoal adsorber
(15-cm (6 in.) depth), poat-HEPA filter, process fan
(6,800 nrVhr (4,000 cfm) at 1 atmosphere and 21 °C
(70 °F)) and cooling fan (700 m /hr (412 cfm) at 1 atmosphere and 21 °C (70 °F)). IE Bulletin 80-03 has been
met since OE has revised SSAR Se tion 6.5.1.3.3 to state
that the charcoal tray and screen will be all welded conv

3

3

In the DSER (SECY-91-153), the staff stated that
Appendix 6A to Chapter 6 of the SSAR demonstrated the
system's compliance with each of the regulatory positions
in RO 1.52, (Rev. 2), except one relating to the
requirement for redundancy in filter trains. Originally, the
SOTS design included only a single filter train. In the
DSBR (SECY-91-153), the staff identified the use of s
single filter train in the SOTS as Open Item 30. Before
the DFSER was issued, OE submitted in a letter dated
February 13, 1992, piping and instrumentation diagrams
(P&ID'e) for a number of systems including the SOTS.
The SOTS PAID showed two filter trains. Therefore, in
the DFSER, DSER Open Item 30 was resolved. However,
as a followup to GE'a proposed design change, the staff
required OE to confirm the design change by
(1) submitting layout drawings showing the locations of the
two filter trains and explaining the adequacy of the spatial
separation between the trains, and (2) revising SSAR
Section 6.5.1, Table 6.5-1 and Appendices 6A and 6B.
The staff identified the »bove requirements as
Confirmatory Item 6.5.1-1 in the DFSER. OE provided
the required information and SSAR section, table, and
appendices in an amendment to the SSAR. The staff has
reviewed them and finds them acceptable. Therefore,
DFSER Confirmatory Item 6.M-1 is resolved.
Appendix 6B to Chapter 6 of the SSAR addresses the
compliance of the instrumentation for the SOTS with the
requirements in Table 6.5.1-1 of SRP Section 6.5.1.
Before the DFSER was issued, OE identified in
Appendix 6B several deviations from the instrumentation
requirements listed in SRP Table 6.5.1-1. OE attributed
these deviations as being partly due to the single filter train
proposed for the SOTS. In the DFSER, the staff stated
that in addition to its concern regarding the deviations that
stem from the use of a single filter train, it was concerned
about deviations that cannot be attributed to a single filter
train design. Therefore, as stated above, the staff required
OE to revise Appendix 6B to reflect the redundant filter
trains and additionally justify any remaining deviations
from SRP Table 6.5.1-1. The staff identified its concern
regarding the deviations as Open Item 6.5.1-1 in the
DFSER. OE has amended Appendix 6B and has provided
acceptable justifications for the deviations. The staff has
reviewed GE's justifications for compliance of the SOTS
with SRP Table 6.5.1-1 (minimum instrumentation,
readout, recording and alarm provisions for ESF
atmosphere cleanup systems) and finds that the proposed
instrumentation and controls in the main control room
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staff finds this acceptable.
Item 6.5.1-2 is resolved.

(MCR), as well as selected local panels, meet the above
guidance, and are acceptable. Although it would prefer
mat GE provide all of the local instrumentations and
controls described in the above guidance for operational
efficiency and convenience, the staff finds that the SGTS
instrumentation and controls meet the above guidance on
the basis of the following:

Therefore, DFSER Open

The staff concludes that the SGTS has a removal efficiency
of 99 percent for all forms of radioiodine. It further
concludes that the system meets the acceptance criteria of
SRP Section 6.5.1 and is, therefore, acceptable.
6.5.2 Containment Spray System

(1)

The instrumentation and control (i.e., readout,
recordings, and alarms) provisions for the related
parameters (i.e., pressure drop, temperature,
humidity, flow, etc.) are available and would be
made accessible in the MCR.

SRP Section 6.5.2 does not apply to the ABWR plant.
6.5 J Fission Product Control Systems and Structures
The staff reviewed fission product control systems and
structures in accordance with SRP Section 6.5.3. The
ABWR design includes two fission product control systems
and structures. These are the primary containment, which
includes the suppression pool with scrubbing and retention
capability, and the secondary containment, which includes
the SGTS with filtration capability.

(2)

Plant-specific procedures will be developed to
respond to these instrumentation and controls.

(3)

The filtration train fully complies with the
regulatory position of RG 1.52.

(4)

The acceptance, preoperational, and surveillance
testing meet the intent of ASME N509 and NS10.

(5)

Unflltered inleakage will be controlled by the use of
welded filtration housings (GE has stated that the
advanced design of the filter housing and flow
pattern would virtually eliminate any untreated filter
bypass).

(6)

SGTS dose analysis is bounded by the maximum
system flow.

Therefore, DFSER Open Item 6.5.1-1 is resolved.
During its meeting with the staff on May 5, 1992, GE
committed to provide an analysis to demonstrate that the
use of the system during the inerting, de-inerting, pressure
control, or purging of the primary containment during
normal plant operation will not impair its functional
capability during a DBA. Therefore, the staff identified
the submittal of the analysis as Open Item 6.5.1-2 in the
DFSER. However, the staff considers that the analysis
need not be performed, provided the use of the SGTS
during power operation is limited to no more than 90 hours
per year (approximately 1 percent of the time). BY SSAR
Amendment 32, GE stated that normal operation of the
SGTS would be much less than 90 hours per year for both
trains combined during startup, power, and hot shutdown
modes of operation. However, if 90 hours of operation
per year for either train is to be exceeded, the COL
applicant is required to provide functional damage analyses
to demonstrate that the SGTS is capable of performing its
intended function in the event of a LOCA, since this would
be a change to SSAR certified design information. The
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Primary Containment; The primary containment is a
cylindrical steel-lined reinforced-concrete structure that
forms a limited leakage boundary for fission products
released to the containment atmosphere following a LOCA
or any other accident mat releases lesser amounts of fission
products. The structure is divided by a reinforced-concrete
diaphragm floor and the reactor vessel pedestal into the
upper and lower drywell, and a suppression chamber
(wetwell). The diaphragm floor will be rigidly attached to
the reactor pedestal and the containment wall. The
diaphragm floor includes a liner to prevent steam bypass
from the upper drywell to the suppression chamber
airspace during any accident. The primary containment is
totally enclosed within the reactor building, a portion of
which forms the secondary containment. GE has assumed
a design leak rate of 0.5 percent per day of the free
containment volume for the duration of the accident (for
further discussion on leak rate, see Section 15.4.4.1 of this
report). A test program will be implemented to confirm
leak integrity of the primary containment structure (see
Section 6.2.6 of this report). The primary containment
provides a passive barrier to limit leakage of airborne
radioactive material following a LOCA by immediate
closure of containment isolation valves except for those
necessary for ECCS and ESF functions. Information on
the primary containment design, its isolation methods, and
isolation times are given in Sections 6.2.1 and 6.2.4 of this
report. This information includes an evaluation of the
suppression pool bypass leakage area of 0.0046 m
(0.05 ft ) assumed by GE. GE originally assumed a
decontamination factor (DF) of 10 for the elemental and
particulate forms of iodine resulting from scrubbing and
retention in the suppression pooh In its radiological
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consequence analysis, the staff conservatively assumed a
decontamination factor of 2 (equivalent to suppression pool
steam bypass of SO percent). The staff finds that the
assumed pool DF of 2 for elemental and particulate forms
of radioactive iodine meets the regulatory position in SRP
Section 6.5.5, "Pressure Suppression Pool as a Fission
Product Cleanup System," and is acceptable as discussed
in Section 15.3 of this report. Therefore, the design
features of the primary containment discussed in this
section are acceptable for controlling fission product
release during an accident.

Secondary Containment: The secondary containment is a
reinforced-concrete building that forms an envelope
surrounding the primary containment above the basemat.
It encloses the penetrations through the primary
containment and all those systems external to the primary
containment that could become a potential source of
radioactive release after an accident. Following an accident, the secondary containment normal HVAC paths are
secured.
The SGTS will maintain the secondary
containment at a negative pressure of 6.4 mm (1/4 in.) of
water gauge or greater relative to the surrounding spaces
within 20 minutes from the time the secondary containment
is isolated and process the effluent gases through a filter
train to remove airborne iodines and particulates. GE has
rssumed a draw-down time of 20 minutes for achieving
this negative pressure in its LOCA dose analysis. GE
states in SSAR Section 6.5.1.3.1(5) that the COL applicant
will perform a secondary containment draw-down analysis
to demonstrate the capability of the SGTS to maintain the
design negative pressure following a LOCA, including
inleakage from the open, nonisolated penetration lines
identified during construction engineering and in the event
of the worst single failure of a secondary isolation valve to
close. The SGTS will filter airborne fission products
(iodines and particulates) leaking from the primary containment before their release to the environs. GE assumed an
inleakage rate of 50 percent of the secondary containment
free volume per day at a differential pressure of 6.4 mm
(1/4 in.) water gauge with respect to the surrounding
spaces. The design of the secondary containment is discussed in Section 6.2.3 of this report. The design of the
SGTS is discussed in Section 6.5.1 of this report.
On the basis of the above information and its evaluation of
the SGTS in Section 6.5.1 of this report, the staff
concludes that GE has demonstrated 99-percent removal
efficiency by the SGTS filter train for all forms of iodine.
The staff further concludes that the fission product control
systems and structures provided in the ABWR design have
the capability to reduce the DBA doses to within 10 CFR
Part 100 limits (for further information, see Chapter 15 of
this report).

The staff concludes that the fission product control systems
and structures provided for the ABWR meet the acceptance
criteria of SRP Section 6.5.3 and are, therefore,
acceptable.

6.6 Inservice Inspection of Class 2 and 3
Components
A detailed evaluation of the inservice inspection (1ST) of
the reactor coolant pressure boundary is given in
Section 5.2.4 of this report.
The staff 8 evaluation of SSAR Section 6.6 was not
complete in the DSER (SECY-91-153) and was therefore
identified as Open Item 31. The staff reviewed SSAR
Section 6.6, and Open Item 31 was resolved based on the
following discussion.
SSAR Section 6.6 and Table 6.6-1 describe certain
commitments and plans for the preservice inspection (PSI)
and ISI programs for ASME Code, Class 2 and 3
components. GE discussed basic inspection concepts and
general ASME Code provisions because the requirements
of the NRC regulations might be controlled by the date of
order of each specific component subject to examination.
The staff review was performed in accordance with SRP
Section 6.6, except as explained below.
Throughout the service life of the plant, the COL applicant
has the overall responsibility for the ISI of the Class 2 and
3 components.
However, other organizations also
contribute to the examination activity, including the reactor
vendor and the architect-engineer. The NRC staff and GE
discussed the issue of ISI requirements on March 25 and
26, 1992, and decided that the COL applicant is
responsible for the development of thepsi and ISI
programs for all ASME Code, Class 2 and 3 components.
This was identified as DFSER COL Action Item 6.6-1.
GE included this information in SSAR Section 6.6.9,
which states that the COL applicant will develop psi and
ISI program plans as outlined in Section 6.6 of the SSAR.
This is acceptable.
6.6.1 Requirements of 10 CFR 50.55a, "Codes and
Standards"
Pursuant to 10 CFR 50.55a(g)(3), ASME Code Class 2
and 3 components should be designed and provided with
access to enable the performance of inservice examination
of such components and should meet the preservice
examination requirements in ASME Code, Section XI,
applied to the construction of the particular component.
The applicable construction code will be determined by
paragraph NCA-1140 of ASME Code, Section m , but the
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have provisions to use certain shop and field examinations
in lieu of the onsite preservice examination. Therefore,
the COL applicant will incorporate plans for NDE during
design and construction in order to meet ail access requirements of the regulations. This was identified as DFSER
COL Action Item 6.6.2-1.

construction code that is selected must be incorporated by
reference in 10 CFR 50.55a(b).
All items of a nuclear power plant may be constructed to
a single edition of the ASME Code, or each item may be
constructed to individually specified code editions and
addenda. NCA-1140 of ASME Code, Section m , states,
in part, that in no case should the ASME Code edition
established in the design specification be earlier man
3 years before the date that the nuclear power plant
construction permit application is docketed. In addition,
NCA-1140 permits the use of later code editions by mutual
consent of the owner and certificate holder, that is, an
organization holding a valid N, NV, NPT, or NA
certificate of authorization issued by ASME.

GE included this information in SSAR Section 6.6.9,
which states that the COL applicant will incorporate plans
for NDE during design and construction in order to meet
all access requirements of the regulations. This is
acceptable.

Throughout the service life of a boiling or pressurized
water-cooled nuclear power facility, components (including
supports) that are classified as ASME Code, Class 2 and
3, must meet the requirements, except design and access
provisions and preservice examination requirements, set
forth in ASME Code, Section XI, that become effective
after the editions specified in 10 CFR 50.55a(gX3) and are
incorporated by reference in 10 CFR 50.55a(b), to the
extent practical within the limitations of design, geometry,
and materials of construction of the components. The
inservice examination of components conducted during the
initial 10-year interval must comply with the requirements
of the latest edition and addenda of ASME Code,
Section XI, incorporated by reference in 10 CFR 50.55a(b)
on the date 12 months before the date of issuance of the
operating license. The regulations also require that the ISI
program be updated for each subsequent 10-year interval
to comply with the ASME Code incorporated by reference
in 10 CFR 50.55a.
6.6.2 Application of the Codes and Standards Rule to
Standard Design Certification
Compliance with the requirements of the regulations
for PSI and ISI must be based on commitments for or by
the COL applicant. The applicable ASME Code(s) for
both design and ISI are not known at the time of the design
certification application. In addition, the regulation
permits the COL applicant the option to change to a newer
edition of ASME Code, Section XI, bv component, during
the construction of the plant.
The staff reviewed the information in the SSAR that
emphasized design access and the use of effective
nondestructive examination
(NDE)
methodology.
Because PSI requirements are established and known at the
time each component is ordered, 10 CFR 50.5Sa(g) does
not have provisions for relief requests for impractical
examination requirements. ASME Code, Section XI, does
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ASME Code, Section XI, states that the preservice
examination should be conducted with equipment and
techniques equivalent to those that are expected to be used
for subsequent inservice examinations. Improvements in
the ultrasonic testing of Class 2 and 3 components will
occur in the near future. ASME has published ASME
Code, Section XI, Appendix VII, "Qualification of
Nondestructive Examination Personnel for Ultrasonic
Examination," and Appendix VIII,
"Performance
Demonstration for Ultrasonic Examination Systems." The
NRC staff has published in the Federal Register its intent
to reference in 10 CFR 50.55a(b) the edition of ASME
Code, Section XI, that includes the published
Appendix VII. In addition, the staff has established a
technical contact to coordinate the implementation of
Appendix VIII. Therefore, the PSI program for the
ABWR should include provisions that ultrasonic testing be
performed in accordance with Appendices VII and Vm
pursuant to 10 CFR 50.55a(g)(3). However, the staff did
not identify the above as a separate issue because it was
covered by DFSER Open Item 5.2.4-1. See Section 5.2.4
of this report.
The requirements for the initial ISI program will be determined by the ASME Code in effect 1 year before the
issuance of an operating license. The COL applicant is
required to meet the ISI requirements "to the extent
practical within the limitations of design, geometry and
materials of construction of the components." The
regulations have provisions for the staff evaluation, on
written request, of new ASME Code requirements determined by a licensee to be impractical for its facility.
6.6.3 Staff Evaluation
A PSI program and an ISI program will be prepared for
each ABWR plant. GE states that provisions have been
made in the design and layout of ASME Code, Class 2 and
3 systems to allow for access for the examinations required
in ASME Code, Section XI, Articles IWC-2000 and
IWD-2000, and as defined in the ISI program. As a result
of a meeting between GE and the NRC staff on March 25
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and 26,1992, it was determined that the COL applicant is
responsible for the development of thePSI and ISI
programs for all ASMS Code, Class 1, 2, and 3
^components.
The NRC staff reviewed the above
information regarding design access for the preservice
examination and finds the information pertaining to
planning adequate. The staff notes that the SSAR
Section 6.6 states that the COL applicant will meet the
requirements of the NRC regulations defined in 10 CFR
50.55a.
The SSAR Section 6.6.3.2 states that the examination
techniques to be used for ISI will include radiographic,
ultrasonic, magnetic particle, liquid penetrant, eddy
current, and visual examination methods. For all examinations, both remote and manual, specific procedures will be
prepared describing the equipment, inspection technique,
operator qualifications, calibration standards, flaw
evaluation, and records. These techniques and procedures
will meet the requirements of Articles IWC-2000 and
IWD-2000 in the edition of ASME Code, Section XI, in
effect as stated in 10 CFR 50.55a(g). GE has revised
SSAR to state that personnel performing ultrasonic
examinations will be qualified in accordance with ASME
Code, Section XI, Appendix VII. Ultrasonic examination
systems will be qualified in accordance with an industryaccepted program for implementing ASME Code,
Section XI, Appendix VIII GE considered the supplemental examinations recommended in GE service
information letters (SILs) and rapid communication service
information letters (RICSILs) for previous BWR designs as
not applicable to the ABWR. In the ABWR design either
of the following has been eliminated:
components
addressed by the SILs or RICSILs or the need for the
examination by eliminating crevice designs and using
materials resistant to the known degradation mechanisms,
such as intergranular stress corrosion cracking, on which
the SIL and RICSIL examinations were based.
The staff finds these commitments acceptable.

6.7 High-Pressure Nitrogen Gas Supply
System
The ABWR design includes four compressed air systems:
the instrument air system, the service air system, the highpressure nitrogen (HPIN) gas supply system, and the
atmospheric control system (ACS). In SSAR Section 6.7,
GE supplies information on the design of the HPIN
system. The staff reviewed the information in accordance
with SRP Section 9.3.1.
The HPIN system consists of both a nonessential (i.e.,
non-safety-related) and an essential systems. A single
nonessential system will provide a continuous nitrogen
supply to all pneumatically operated components in the
primary containment during normal operation. As noted
in Section 6.5.2 of this report, during normal operation,
the nitrogen gas evaporator/storage tank will supply the
HPIN system via the makeup line to the ACS. The
essential system has two independent divisions. Each
division contains a safety-related emergency stored
nitrogen supply capable of supplying 100 percent of the
requirements of the division being serviced. Nitrogen gas
for the essential system will be supplied from HPIN gas
storage bottles. There are tielines between the nonessential
system and each division of the essential system. Each
tieline has a motor-operated shutoff valve.
Because the HPIN system is one of the four systems that
will perform the functions addressed in SRP Section 9.3.1,
the review of this system was performed as part of an
integrated review of the ABWR compressed air systems.
The results of this review are given in Section 9.3.1 of this
report.

6.8 Main Steam Isolation Valve Leakage
Control System
An MSIV leakage control system will not be used in the
ABWR, as discussed in Section 10.3 of this report.
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7 INSTRUMENTATION AND CONTROLS
7.1 Introduction

The staff developed the necessary acceptance criteria to
cover the certification of those systems because the SRP
presently does not address design certification, or the
newer digital technology used in these ABWR I&C
systems (the SRP was last revised in 1984). The additional acceptance criteria and conformance to the SRP are
discussed in the applicable sections of this report. This
report also describes certain items which will be included
in the certified design material (CDM) which includes the
design description; inspections, tests, analyses and
acceptance criteria (TTAAC), site parameters, and interface
requirements for design certification. The description of
the CDM development process, bases, and acceptability is
primarily discussed in Section 14.3 of this report. This
report discusses only those CDM areas which relate to the
I&C systems' certified design process in addition to
specific design characteristics.

The staff has reviewed the OE Nuclear Energy (OE)
advanced boiling water reactor (ABWR) standard safety
analysis report (SSAR) and associated reference material.
A draft safety evaluation report (DSER) was issued on
September 18, 1991, attached to SECY-91-294, "Draft
Safety Evaluation Report on the General Electric Boiling
Water Reactor Design Covering Chapter 7 of the Standard
Safety Analysis Report." The applicant responded to the
open issues identified in the DSER by letter dated
February 3,1992. A copy of the DSER was also provided
to the Advisory Committee on Reactor Safeguards
(ACRS).
A draft final safety evaluation report (DFSER) was issued
on October 14, 1992, attached to SECY-92-349, "Draft
Final Safety Evaluation Report on the General Electric
Boiling Water Reactor Design Covering Chapter 7 of the
Standard Safety Analysis Report." The DFSER has also
been provided to the ACRS. The applicant responded to
the open issues identified in the DFSER by several submittals described in this report. The following sections
describe the staffs final safety evaluation findings. This
report describes the resolution of the open items from the
DSER and DFSER.

The staff referenced its evaluation of previously-reviewed
plant designs and topical reports, as stated.
7.1.2 Method of Review
In the DSER (SECY-91-294) the staff discussed the
following items: systems which have had significant
design changes compared to previously-reviewed andacceptod designs; the appropriate level of detail necessary
for design certification; and design issues where more
information was needed in order for the staff to make a
finding of acceptability. Since issuing the DSER the staff
has concentrated on resolving the open issues in the DSER
and reviewing the submittals of the CDM and technical
specifications (TS). The DFSER (SECY-92-349) described
the remaining open issues and the acceptance of design
process commitments in lieu of design details for certain
rapidly developing technologies such as software design.

The staff has reviewed Chapter 7 of the SSAR submittal
through Amendment 35. Chapter 7 contains the primary
instrumentation and control (I&C) descriptions and
commitments. Chapter 1 of the SSAR contains most of the
associated instrumentation block diagrams. A few items
from other chapters of the SSAR are included in this
evaluation, as indicated. The staff has reviewed both
proprietary and non-proprietary information from the
SSAR and other docketed materials.

In addition to reviewing the SSAR, the staff also visited
GE*s offices and reviewed documents associated with the
SSAR material. All documents relied upon for the safety
evaluation that are not included in the SSAR have been
docketed.

7.1.1 Acceptance Criteria
The acceptance criteria used as the basis for the staffs
evaluation of the I&Cs for the ABWR are set forth in
NUREG-0800, "Standard Review Plan for the Review of
Safety Analysis Reports for Nuclear Power Plants, LWR
Edition," and 10 CFR Part 52. The primary sections of
NUREG-0800 used for this portion of the review are
Section 7, "Instrumentation and Control," and
Section 9.5.2, "Communications Systems."
The
Commission issued review guidance in staff requirements
memoranda (SRM), dated June 26, 1990, and
February 15, 1991, pertaining to SECY-90-016,
"Evolutionary Light Water Reactor Certification Issues and
Their Relationship to Current Regulatory Requirements,"
and SECY-90-377, "Requirements for Design Certification
under 10 CFR Part 52," respectively.

7.1.3 General Findings
GE has identified the I&C systems which are important to
safety in accordance with Regulatory Guide (RG) 1.70,
Revision 3, "Standard Format and Content of Safety
Analysis Reports for Nuclear Power Plants,"
November 1978. Each of the safety systems identified in
the SSAR also has an associated Design Description and
ITAAC. Some aspects of the design which affect all of the
I&C systems (such as the software design process) are
addressed in an I&C CDM section rather than repeated for

7-1

NUREG-1503

Instrumentation and Controls
each individual I&C system CDM. Most of the non-safety
systems are also described in a CDM.

SSAR Section 1.8 and the applicable sections of this
chapter.

The ABWR I&C systems are significantly different from
UbC systems in previously-approved designs. The primary
differences result from using digital tmcroprocetsor-based
I&C systems with multiplexed data links in place of the
analog electronics, relay logic, and hardwired systems
previously approved by the staff. The staff previously
reviewed designs using digital equipment similar to that
proposed for the ABWR; however, the ABWR significantly extends the quantity and scope of system coverage
of the digital microprocessor applications and, in
conjunction with the 10 CFR Part 52 design certification
process, requires a unique review which is not directly
comparable with any past licensing review.
The
differences from past license reviews are address in greater
detail in this chapter.

10 CFR Part SO, Appendix A, "General Design Criteria
for Nuclear Power Plants," contains the GDC.
Chapter 3.1 of the SSAR discusses compliance with the
GDC generally and references other SSAR chapters for
specifics.
Table 7.1-2 of the SSAR lists the
GDC applicable to the I&C systems.
The SSAR Chapter 3 discussion of GDC 3, "Fire
Protection;" GDC 26, "Reactivity Control System
Redundancy and Capability;" GDC 27, "Combined
Reactivity Control System Capability;" GDC 30, "Quality
of Reactor Coolant Pressure Boundary; "GDC 37, "Testing
of Emergency Core Cooling System;" GDC 42,
"Inspection of Containment Atmosphere Cleanup Systems;"
GDC 43, "Testing of Containment Atmosphere Cleanup
Systems;" GDC 55, "Reactor Coolant Pressure Boundary
Penetrating Containment;" and GDC 56, "Primary
Containment Isolation;" referred to Chapter 7 of the SSAR
for further discussion of each GDC. However, these
GDC did not appear in the SSAR Chapter 7
GDC discussions. The topics generally are discussed in
other sections of the SSAR.

The comparison of the ABWR to the GESSARII design in
SSAR Table 7.1-1 is not a sufficient basis for accepting the
ABWR I&C design because, as the table shows, of the
significant differences in the implementation of the I&C
system design when using the ABWR digital equipment.

7.1.3.1 Standard Review Plan Criteria

GDC 2, "Design Bases for Protection Against Natural
Phenomena;" GDC 15, "Reactor Coolant System Design;"
GDC 16, "Containment Design;" GDC 38, "Containment
Heat Removal;" and GDC 44, "Cooling Water," were
listed in Chapter 7, but there was no corresponding
reference to Chapter 7 in the Chapter 3 evaluations. The
GDC discrepancies were listed as Open Item 7.1.3.1-1 in
the DFSER. GE revised the SSAR to include references
in Chapter 3 to Chapter 7 for GDC 2, 15 and 38. GE also
clarified that the GDC discussed in Chapter 3 apply to the
equipment included in Chapter 7, regardless of whether
there is a specific discussion in the I&C sections in
Chapter 7 or not. The staff concludes that this is
acceptable; therefore, this open item is resolved.

The acceptance criteria listed in Table 7.1 of this report
are identified in the Commission regulations and Standard
Review Plan (SRP) Chapter 7, "Instrumentation and
Controls." The SRP also provides some review guidance
and acceptance criteria not found in the specified
standards, General Design Criteria (GDC) and other
references. Table 7.1 does not consider the degree of
conformance of the ABWR with the requirements or the
method of implementation of the I&C system design, but
simply lists the SSAR sections where the standards and
criteria are mentioned in the SSAR. Many of the
standards and criteria discussed in SSAR Chapter 7 and
Appendices A, B, and C are applicable to the previous
SSAR sections which describe the I&C systems without
being specifically listed and discussed in those sections.
The request for additional information (RAI) column refers
to the staff RAI and the GE response to them which relate
to specific standards and criteria. The RAIs and responses
are provided in Chapter 20 of the SSAR.
The
conformance to and any exceptions from the standards and
criteria are discussed in this chapter. SSAR Table 7.1-2,
"Regulatory Requirements Applicability Matrix for I&C
Systems," also provides a similar matrix of the SRP
criteria to that in this report, but compares them with the
I&C systems rather than the SSAR sections. In general),
GE committed to meet the SRP requirements without
exception. The few exceptions GE requested are noted in
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The specific standards to which GE has committed are a
significant consideration for the staffs safety findings.
The most important aspects of those criteria, which are
required to be certified by rulemaking, are included in the
CDM and are discussed in the staffs evaluation.
7.1.3.2 Electric Power Research Institute Requirements
Document
Electric Power Research Institute (EPRI) prepared a
document of technical requirements, referred to as the
advanced light water reactor (ALWR) Utility Requirements
Document (ALWR RD), intended by EPRI to be applies to
the design of ALWR power plants, including the ABWR.
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Table 7.1 SRP Acceptance Criteria
ABWR SSAR Chapter 7
SRP CRITERIA
GDC
7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.A 7.B 7.C RAI
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STANDARDS
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IN SRP
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Table 7.1 SRP Acceptance Criteria (continued)
ABWR SSAR Chapter 7
TMI
ACTION PLAN
ITEMS IN SRP7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.A 7.B 7.C RAI
II.D.3
II.E.1.2
II.E.4.2
II.F.l
II.F.3
II.K.l
U.K.2
U.K.3
REGULATORY
GUIDES
IN SRP
RG 1.22
RG 1.47
RG 1.53
RG 1.62
RG 1.75
RG 1.89
RG 1.97
RG 1.105
RG 1.118
RG 1.151
BRANCH
TECHNICAL
POSITION
IN SRP
BTP
BTP
BTP
BTP
BTP
BTP
BTP
BTP
BTP
BTP

ICSB 3
ICSB 4
ICSB 12
ICSB 13
ICSB 14
ICSB 16
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ICSB 26

X
X
X
NO" ' APPLICABLE
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X
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X
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Volume II, "Evolutionary Plant," specifically applies to the
ABWR design. By letter dated June 12, 1990, GE
prrvided a comparison of the ALWR RD, Volume II, and
the ABWR SSAR. The EPRI requirements pertaining to
the I&C systems are contained primarily in Chapter 10 of
Volume II of the ALWR RD, "Man-Machine Interface
Systems." GE concluded in their letter that a detailed
comparison of the ABWR SSAR to the many ALWR RD
requirements showed that the ABWR complied with all but
a few of the EPRI ALWR requirements.
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X

GE did not document its detailed comparison, nor did the
staff compare the EPRI's requirements to the entire ABWR
design for applicability. In addition, there are many
requirements in the ALWR RD without any corresponding
references to published standards. There are also many
requirements in the ALWR RD which allow a vendor
different options for implementation in a design, or
provide a caveat that the requirement should be
implemented to the extent practical. In August 1992, the
staff issued the final safety evaluation report for the
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win the importance of the safety functions to be
performed. In addition, thia criterion also requires that OE
identify and evaluate applicability, adequacy, and
sufficiency of generally recognized codes and standards.

Volume n of the ALWR RD, and requested mat OB
clearly document in detail how the ABWR design differs
from that in the ALWR RD and also how it complies with
EPRTsrequirements.This was identified as DFSER Open
Item 1.1-1. The resolution of this issue is described in
Section 1.1 of this report.

In the DSER, the staff concluded that acceptance criteria
for software-based digital I&C systems were not addressed
in sufficient detail by the regulatory positions and the
industry standards referenced by OE in the SSAR at the
time the DSER was written. No standards were identified
regarding electromagnetic compatibility (EMC),
multiplexor architecture, communications protocols, and
software design. OE has since committed to industry
standards listed in SSAR Appendix 7A for these areas, and
the staff concludes that the ABWR design conforms with
ODC 1 in that OE has committed to use the appropriate
industry standards for the type of equipment to be used in
the implementing the design. Therefore, this open issue is
resolved.

7.1.3 J Additional Criteria
Table 7.2 of this report lists criteria and standards
discussed in the ABWR SSAR but are not included in the
SRP criteria in Table 7.1 of this report. However, some
of the standards in Table 7.2 are referenced in standards
included in Table 7.1 and, therefore, could be considered
as part of the SRP listings. They are listed in Table 7.2
for convenience and completeness. Table 7.2 also includes
the standards and criteria which OE has committed to use
since the DSER was issued to address the new technology
issues not addressed in the SRP. Some of these items are
included in SRP chapters other than Chapter 7. Additional
comments regarding use of future standards to
accommodate changing I&C digital technology are discussed elsewhere in this chapter.

SRP Appendix 7-B, "General Agenda, Station Site Visits,"
includes the following statement:
An important part of the review at the operating
license stage is a site visit. It is preferable to have
the site visit sometime before the completion of the
drawing review. The purpose of the site visit is to
supplement the review of the design based on the
drawings and to evaluate the actual implementation
of the design as installed at the site. The NRC
Regional Office having jurisdiction over the plant
under consideration should be notified ahead of
time of the visit so that the regional inspectors can
become familiar on a first-hand basis with findings
that may require followup action. Since proper
implementation of design is the ultimate goal of the
technical review process, the importance of a site
visit is self-evident.

ABWR SSAR Table 7.1-2, "Regulatory Requirement*
Applicability Matrix for I&C Systems," lists the ABWR
I&C systems and the requirements which apply to each
system. The safety system logic and control (SSLC) and
essential multiplexing system (EMS) are not explicitly
defined in SSAR Table 7.1-2. The staff noted that GE has
defined the "reactor protection (trip) system (RPS)" ss a
system that provides sensor signals and reactor trip
outputs, and that uses the SSLC as the means for
implementing trip logic. The SSLC in turn uses the EMS
as the means for interfacing with sensors and actuated
equipment except where the devices are hardwired. Since
the commitment to the SRP standards and criteria as shown
in SSAR Table 7.1-2 includes the SSLC and EMS, the
staff finds the commitment acceptable.

SRP Appendix 7-B provides a general agenda for the
station site visit which includes verification of layouts,
separation and isolation, test features and potential for
damage due to fire and flooding, or other environmental
effects. Because the design certification will be issued
prior to the selection of a construction site, this SRP
review item cannot be completed at this time. The method
to be used to address the necessary inspection tasks for
design certification will be addressed through the ITAAC
process and commitments to preoperational tests described
in SSAR Chapter 14. The review described in SRP
Appendix 7-B will be accomplished as part of the testing
done for the combined license (COL).

In the DSER, the staff determined that SSAR Table 7.1-2
provides commitments to the acceptance criteria prescribed
by the SRP with one exception. The table in the SSAR did
not include an explicit commitment to ODC 1, "Quality
Standards and Records," of 10 CFR Part SO. Although
ODC 1 was addressed in Chapter 3 of the SSAR, the staff
believed that an explicit commitment should be provided in
Chapter 7 and identified this as an open issue in the DSER
(Open Item 5). Specifically, ODC 1 requires that systems
and components important to safety be designed,
fabricated, and tested to quality standards commensurate
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Table 7.2 Chapter 7 Additional Requirements

CRITERIA/
STANDARD
GDC 12
GDC 17
GDC 18
GDC 54
GDC 55
GDC 56
GDC 57
RG 1.26
RG 1.28
RG 1.30
RG 1.32
RG 1.38
RG 1.58
RG 1.64
RG 1.70
RG 1.74
RG 1.88
RG 1.100
RG 1.123
RG 1.144
RG 1.146
RG 1.152
RG 1.153
IEC 801-2
IEC 880
IEEE 344
IEEE 352
IEEE 472
IEEE 518
IEEE 603
IEEE 730
IEEE 7-4.3.2
IEEE 802.2
IEEE 802.5
IEEE 828
IEEE 829
IEEE 830
IEEE 1012
IEEE 1033
IEEE 1042
IEEE 1228
NEMA 4
ASME NQA 2.7
NEDO 24708
NEDC 31336
NEDO 31439

NUREG-1503

ABWR SSAR Chapter 7
i

7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.A 7.B 7.C RAI
X
X
X
X
X

X
X
X
X

X
X
X
X
X

X
X
X
X

X
X
X
X

X
X

X
X

X
X

X
X
X
X

X
X
X
X

X
X
X
X

X
X
1
X
X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X

X
X

X
X
X
X

X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X

X
X

X
X
X
X
X
X

X

X
X
X
X

X
X
X
X

X

X
X
X

X
X
X

X

X

X
X

X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X

Y

X

X
X

7-6

Instrumentation and Controls
Table 7.2 Chapter 7 Additional Requirements (continued)

CRITERIA/
STANDARD
NEDE 31906
ANS 4.5
NUREG 0493
NUREG 0588
NUREG CR3453
NUREG -0308
NUREG -0491
ISA 67.04
10CFR21
NIL HDBK 251
MIL HDBK 217E
MIL STD 2167
MIL STD 461C
MIL STD 462
10CFR50.46
10CFR50.49
10CFR50.62
GL 83-08
GL 84-23
ISO 7498
ANSI C37.90.2
ANSI C62.41
ANSI C62.45
ANSI C63.12
ANSI X3T9.5
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specifications and construction and installation
specifications by an applicant. The Commission
will require, prior to design certification, that
information normally contained in certain
procurement specifications and construction and
installation specifications be completed and
available for audit if such information is necessary
for the Commission to make its safety
determination.

Because the ABWR has been submitted for
certification, the requirements of 10 CFR Part 52 apply in
addition to those of 10 CFR Part SO. 10 CFR Part 52
requires a level of design detail beyond a simple
commitment to conformance with the existing
requirements. 10 CFR 52.47(a)(2) requires that:
The application must contain a level of design
information sufficient to enable the Commission to
judge the applicant's proposed means of assuring
that construction conforms to the design and to
reach a final conclusion on ail safety questions
associated with the design before the certification is
granted. The information submitted for a design
certification must include performance requirements
and design information sufficiently detailed to
permit the preparation of acceptance and inspection
requirements by t'je NRC, and procurement

10 CFR 52.47(b)(1) also states that, " . . . this rule must
provide an essentially complete nuclear power plant design
except for site-specific elements." The following sections
of this report describe the information provided by GE and
the staffs conclusions concerning conformance with the
SRP criteria, additional criteria necessary to address newer
digital I&C technology, and the above requirements of
10 CFR Part 52.
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In the DSBR, the staff concluded that OB had adequately
committed to the SRP requirements but had not provided
design information detailed enough for the staff to
conclude that the plant will be built in accordance with
those standards. This waa identified aa an open issue in
theDSER. The resolution of thia open issue waa baaed on
a digital I&C system design process and the use of a
phased approach to design implementation through the
ITAAC. In addition, certain restrictions on changing
SSAR commitments have been incorporated to ensure staff
agreement prior to any changes to key details of the design
process. This approach formed a substantial part of the
baaia for staffs acceptance of the I&C ayatema for
certification under 10 CFR Part 52.

on the implementation of the design. The SSAR provides
additional detail (unlike the CDM) by reference to specific
standards for the designers (COL applicant) to follow.
The staff will audit the COL applicant's activities at
appropriate review points to ensure that the detailed deaign
la in conformance with the deaign descriptions and
ITAAC.
It ia premature to complete the final deaign details for the
microprocessor and digital control technology aspects of
the I&C system deaign of the ABWR before the COL is
issued. This is because the technology in thia area ia
rapidly evolving and it ia, therefore, important that the
certified deaign description and ITAAC not "lock in" a
deaign which could be obsolete at the time of construction.
The approach that will be used is to "lock in" a deaign
process and the specific acceptance criteria which, if met,
would result in a design which is acceptable. At the aame
time, the functional system description, commitment to
standards, and commitment to a structured design process
in the CDM must be sufficient for the staff to make its
final safety determination. This process was described in
SECY-92-053, "Use of Design Acceptance Criteria During
10 CFR Part 52 Design Certification Reviews."

The CDM describes the basic design process to be
followed during the design of the I&C hardware and
software and will include specific acceptance criteria. The
design process CDM will be in the same format as the
system CDMs. The I&C system design process is
described below. Additional general information on this
aspect of the review process is provided in SECY-92-287,
"Form and Content for a Design Certification Rule."
CPMPTC9MI

The CDM was not submitted by OE as part of the original
design certification application. Subsequently, a small
group of system design description and ITAAC were
submitted as a pilot program in an effort to reach
agreement on the general scope of the design description
and ITAAC for all systems. The staff reviewed the RPS
design description and ITAAC as representative of the I&C
systems. The staff provided comments whose resolutions
were incorporated into the documents. In general, the
descriptions and ITAAC that were proposed by OE were
not sufficiently detailed or complete for a staff safety
finding. Therefore, the staff concluded that it was
necessary to review both the SSAR and the CDM and to
require more CDM information in order to reach a safety
conclusion. Because the CDM was still under review
when the DFSER was issued, the staff identified this as
DFSER Open Item 7.1.3.3-1. The CDM has been
submitted, reviewed, and found acceptable.
The
acceptance of the CDM is addressed in Section 14.3 of this
report. Therefore, this item is resolved.

The ABWR I&C systems described in the SSAR lack
substantial design detail.
Therefore, the following
descriptions of the process in the SSAR and CDM for
development of the detailed design, together with certain
SSAR change restrictions are key features of the final
safety determination for the I&C systems in this report and
are included in the design certification rule for the ABWR.
The staffs audit and approval function following design
certification ia also a critical feature of the acceptance of
the CDM and SSAR descriptions for the I&C systems.
The staff proposed in the DFSER that this design process
be described in the appropriate CDM. The CDM has been
revised to include the phased development process,
however, the staff audit participation is only described in
this report.
In the design description section of the CDM, a textual and
graphical description of the fundamental characteristics of
the various I&C systems is provided. The CDM includes
a summary of the systems and design commitments which
will be certified for the life of the plant. The items in the
design description cannot be changed over the life of the
plant without rulemaking and, therefore, the details of the
design which can be changed are not described. The
ITAAC section of the CDM provides a general description
of the activities that will be performed by the COL
applicant to verify that the I&C system has been built in
accordance with the certified design description and
commitments. The SSAR provides additional information
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GE has not finalized the hardware and software design for
the ABWR digital I&C systems. Therefore, the staff used
the two-part approach described in SECY-92-053 to reach
its safety finding for design certification. In reviewing the
I&C systems, the first part of this approach involved a
detailed functional review at the block diagram level to
ensure the applicant has appropriately implemented the
Commission's requirements related to postulated single
failures, common mode failures, signal isolation, and other
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The following design stages (the software lifecycle) are
necessary for the development and operation of both
safety-related and non-safety-related software.

aapectaof the ataffa review that are typical for any safetyrelated I&C system, including analog control eyeteme such
aa thoae in current operating nuclear planta. Thia review
confirmed that the detailed functional requirements for the
I&C aystema are eetabliihed.

(1)
(2)
(3)
(4)
(5)
(6)
(7)

The second part of the ataffa approach to reach
certification safety rinding addresses the adequacy of the
digital control systems implementation with respect to the
ayatem functional requirements. Thia relies upon a formal
design implementation process with a phased ITAAC
program for design development within certain predefined
constraints and limits.

<*)

planning
requirements
design
implementation
integration
validation
Installation
operation and maintenance

The staff considers these stages to be necessary for the
development of a computer ayatem of sufficient quality to
adequately perform its design function. The stages are
based on generic activities that represent software and
system lifecycle models, and encompass existing national
standards and input from ongoing efforts in the revisions
of national and international standards for computer
systems in nuclear power plants, and expert opinion.

Thia report documents the reaulta of the ataffa review of
the ABWR I&C systems at the functional block diagram
level as described above for the first part of the two-part
approach documented in SECY-92-053.

Certified Design Material
Because the CDM and SSAR reviews are interrelated, it is
necessary for the two parts of the review to be considered
integrally rather than individually. The following section
uses the computer development process to illustrate the
implementation of the CDM and the NRC staff
involvement. This process is also used for multiplexor
design, setpoint methodology, and EMC and equipment
qualification verification.

OE has revised the CDM and SSAR to provide a similar
lifecycle definition but selected the following categories:

(1)
(2)
(3)
(4)
(5)
(6)
(7)

Computer Development
The primary function of the computer is to implement the
functional I&C requirements described in the CDM and the
SSAR for the ABWR systems. The decomposition of the
functional system (SSLC, RPS, ARI, etc.) requirements to
specific computer hardware and software components to
accomplish the various tasks is accomplished using the
structured design process described below.

planning
design definition
software design
software coding
integration
validation
change control

The CDM and SSAR contain criteria which describe the
method to develop plans and procedures that will guide the
design process throughout the lifecycle stages. The
ITAAC provides the acceptance criteria for verifying the
design through the stages, while the SSAR adds the set of
guidelines and standards that will provide more detailed
criteria for the development of the design process. The
CDM has been written to encompass the most important
aspects from the standards. The SSAR set of standards
and criteria encompass the guidance that will be used to
start the computer software and hardware design process
by generating the plans for the computer design throughout
the lifecycle. Therefore, the staff concludes that these
stages are acceptable for the development and operation of
safety-related and non-safety-related computer systems.

The CDM includes the description of the design process to
be followed for hardware and software development,
design commitments, the ITAAC to be performed, and the
appropriate acceptance criteria. The ITAAC for computer
hardware and software (included in the I&C CDM) differs
from the majority of the system ITAAC in that the
acceptance criteria include acceptance criteria for the
certified design process (referred to as design acceptance
criteria an SECY-92-053).
This ITAAC describes
attributes of the process to be used to develop the software
as well as attributes of the final software product. The
ITAAC for software and hardware (included in the CDM
Section 3.4, "Instrumentation and Control") describes
several design stages.

The software QA (SQA) plan describes the softwarespecific activities that are to be performed and controlled
in addition to the approved QA plan (in accordance with
Appendix B of 10 CFR Part 50, "Quality Assurance
Criteria for Nuclear Power Plants and Fuel Reprocessing
Plants") for the total ABWR design. The SQA plan
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establishes the criteria under which the other software
development plana will be generated. The DFSER
identified the following documents which are typical of a
software development program.
•

The software management plan (SKIP) establishes the
organization and authority structure for the design, the
procedures to be used, and the interrelationships
between major activities.

•

The software configuration management plan (CMP)
provides the means to identify software products,
control and implement changes, and record and report
change implementation status.

•

The software development plan describes a
development process, tool documentation, and products
developed according to the software lifecycle.

•

The verification and validation (V&V) plan describes
the method to ensure that the requirements of each
phase or stage are fully and accurately implemented in
the next phase.

•

The software safety plan describes the safety and
hazards analyses that will be performed.

•

The software operation and maintenance plan (SOMP)
includes the procedures required to ensure that the
software will be operated correctly and that the quality
of the software is maintained.

software products to be developed when the design
implementation is scheduled to begin. The COL applicant
is required to satisfactorily complete ITAAC activities at
each stage prior to proceeding to the next stage of the
design development process. Failure to successfully
complete the ITAAC at a stage, as determined by the
conformance review or the NRC audit, may require repeating an earlier stage ITAAC and/or changing the system
design. The NRC staff will issue an inspection report for
each stage ITAAC and will identify any open issues which
require resolution. Significant open issues which are not
resolved could result in the NRC staff concluding that the
ITAAC has not been satisfactorily completed.
At each stage, the COL applicant must verify that the
design development is in accordance with the certified
design process and that the detailed design developed
(through that stage) is in conformance with the certified
design. Upon completion of ITAAC activities for each
stage, the COL applicant will certify to the NRC that the
stage has been completed and the design and construction
completed up through that stage is in compliance with the
certified design.

GE combined these plans into an SMP, a CMP, and a
V&V plan. The NRC will perform audits and inspections
of these plans and their implementation at each appropriate
phase or stage of the lifecycle.

Certain ITAAC, such as those for software development,
will be repeated for all the products which use software.
All of the products to be verified by the ITAAC process
must be complete before the ITAAC itself is complete.
The COL applicant will also provide a description of the
next stage of design development and associated testing,
analysis, and acceptance criteria in enough detail that the
NRC staff can determine whether or not the proposed
design development and testing are consistent with the
certified design process and the subsequent ITAAC. This
phased process will continue until all ITAAC steps for all
the safety-related software are complete.

The ITAAC activities completed by the COL applicant will
be inspected by the NRC to verify conformance with the
requirements at several stages during the digital control
system design process. The documents which demonstrate
satisfactory implementation of the ITAAC will be available
for inspection during the NRC audit at the completion of
each of the above stages. Figure 7.1-1 (from Section 3.4
of the CDM) of this report shows the stages or phases
described by OE. The stages described in the DFSER,
including the Figure 7.1-2 shows the stages described in
the DFSER, including the NRC audit and the COL
applicant conformance review points. These stages
correspond closely with the phases described by GE in the
CDM. The actual stages, including the conformance
review and audit points, will be determined for each of the

The certified design description and design development
process will continue for the lifetime of the plant. Any
safety-related software that is changed or added after plant
startup is required to either be developed using the
certified design development process described in the
CDM, or the applicant must submit a design process
(together with the design bases) description that will
produce software of the same or higher quality than the
original certified design process. The applicant will be
required to use the approved soft-ware change procedure
based upon the certified design development process for
the operation stage of the lifecycle. The method of
incorporating software changes will be consistent with the
SSAR change limitations defined in this report.
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The commitments described in the SSAR and related
(docketed) documents provide acceptable methods and
descriptions of the implementation of the CDM. The
detennination that the plant has been constructed in
accordance with the CDM will require the use of the more
detailed information contained in the SSAR and the
documents which will be produced during the design
phases. The SSAR commitments are based on postulations
of how the design will be implemented which may change
when detailed design begins. Therefore, some of the
SSAR commitments may be changed. The acceptance of
the ABWR design is based upon assumptions by the staff
that the criteria that have been accepted will still be the
proper criteria when the design is implemented. If a
significant change in design process is selected by the
design implementer, it may be appropriate to select
different standards. Changes to SSAR commitments that
affect the technical design of the I&C systems, including
the design process, design implementation, and the NRC
staff review as described in this report, must be submitted
to the NRC for review prior to implementation. The
majority of the SSAR material may be revised through a
"50.59-like process" as described in SECY-92-287. This
report specifically identifies those areas which must be
reviewed by the staff prior to change by a licensee. The
areas that the staff has determined must be submitted for
review of proposed changes include computer design
(hardware and software), multiplexor design, setpoint
methodology, and EMC. These areas are designated with
the following statement:
Any changes to this commitment would involve an
unreviewed safety question and, therefore, require
NRC review and acceptance prior to
implementation. Any requested changes to this
commitment shall either be specifically described in
the COL application or submitted for license
amendment after COL issuance.

The process to be used for software development and
implementation is in compliance with the specified
industry standards governing those activities (Tables 7.1-1
and 7.1-2), the requirements of 10 CFR Part SO,
Appendix B, QA program for I&C systems and the
requirements listed in CDM 3.4. In particular, the vendor
implementation and the NRC evaluation of the safetyrelated software QA program is accomplished under a
10 CFR Part SO, Appendix B, QA program.
Based on the additional commitments to standards in the
SSAR, increased level of design detail in the design
description submitted, and the use of ITAACs (including
NRC inspections at various stages) to allow design detail
to be developed after design certification, the DSER open

issue on level of detail for digital I&C system design is
resolved.

Prototyping
In discussing the level-of-detail open issue in the DSER
(Open Item 1), the staff stated that it expected prototype
testing of new technology to confirm expected safety
performance would be required to confirm potential
systems interactions, and to allow the staff to reach its
safety detennination on systems which may not have
extensive operating experience. Based on the limited
design information available for the interconnected RPS,
ESF, EMS, and SSLC systems, the staff concluded that
prototypes would be needed to demonstrate acceptable
performance of these systems.
The term "prototype" has been used in several different
ways. The staff identified several types of feasibility or
demonstration testing that have at times been referred to by
various parties, including the NRC, as prototype testing or
prototyping. There are probably types other than the ones
listed below that could be referred to as prototyping, but
the staff believes that the following discussion will serve to
clarify the issue of prototyping in the level-of-detail issue.
The first example of prototyping, which occurs prior to
design certification, is the need for a demonstration of the
basic technology, or a demonstration of an example of a
possible implementation of the proposed system. An
example of this is the GE NUMARC digital equipment
product line as a demonstration that microprocessors can
be used to perform a function such as neutron monitoring
which requires data transmission, comparison to setpoints,
and logic decisions similar to the functions that will be
required for the ABWR design. The staff considered the
previous demonstrations of digital technology and does not
require further demonstration of the feasibility of digital
implementation of the I&C design. The staff also does not
believe that there is a need to put acceptance criteria into
the ITAAC for this prototype point. The design process
description and the assessment of proven technology
required in the equipment selection process is adequate.
The second example of prototyping occurs during the
selection of the equipment vendors. There may be some
prototyping to demonstrate capabilities or compatibility of
specific hardware selected with the rest of the design. The
staff does not believe that this demonstration is necessary
to make a safety determination based on the system
integration incorporated into the digital system design
process.
The third prototyping example (probably at many places
along the design implementation process) could include the
development of specific system- aspect prototyping. For
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example, this may include breadboarding and testing
specific components and different software languages to
effectively implement the neutron monitoring algorithms.
The staff does not believe that this type of prototyping
needs to be described in the ITAAC because the final
selected process or component will be assessed under the
design process without a need to assess methods not
selected for the design.

stated. The required I&C system testing is described in
the ITAAC and SSAR. The COL applicant will also
perform a series of tests of the I&C system following fuel
load under 10 CFR Part SO guidelines that are not included
in the ITAAC. Therefore, the issue of prototyping in the
level-of-detail open issue (Open Item 1) is resolved.

The fourth prototyping example could be identified on a
typical design process as "perform hardware/software
integration testing." The staff has concluded that this is an
appropriate point to audit in the design process, and it will
be part of the verification of the ITAAC at that stage to
demonstrate that the design has been implemented
correctly. This point includes a verification of the realtime performance capabilities of the system.

In DSER Section 7.4.1.2, the staff stated that the standby
liquid control system (SLCS) lacked automatic initiation
capability. Subsequently, GE added automatic initiation
capability to this system and revised SSAR Section 7.4.1.2
to reflect this addition.
However, SSAR
Section 7.1.1.4.2, SLCS, was not revised to include the
automatic initiation feature. Therefore, GE's commitment
to revise SSAR Section 7.1.1.4.2 was identified as DFSER
Confirmatory Item 7.1.4-1. The automatic initiation
feature is also included in the CDM and will be verified
during the ITAAC process. GE revised SSAR Section 7.1.1.4.2 to reflect automatic initiation capability for
the SLCS. GE has also included this information in the
SSAR and the staff finds it to be acceptable. This item is
resolved.

7.1.4 Specific Findings

The items incorporated in the ITAAC include the
development of the test and evaluation procedures as the
design commitment, inspections to verify that the
procedures are being used correctly as the inspection
activity, and the completion of the testing, documentation
of the results, and the feedback of the results to the design
process as the acceptance criteria. The staff believes that
the inclusion of this prototyping (hardware/software
integration testing) in the ITAAC serves two primary
purposes. The first is to verify that the design process is
being implemented as certified and that the previous
requirements have been met. The second is to establish
the more detailed acceptance criteria for the next stage of
the design process. The staff believes that this prototype
needs, as a minimum, one full channel of the SSLC using
hardware and software similar to the intended final product
to adequately demonstrate that the design process stage has
been completed.
The fifth example of prototyping (not usually referred to
as prototype) is the final factory acceptance test. Factory
acceptance testing will be covered by the ITAAC and has
similar requirements to the previous prototype example,
except that the test will be with the final software and
hardware to be installed in the plant and would include all
channels of the I&C system.
The last prototype example (also not usually referred to as
prototype) is the final test and inspection, prior to fuel
load, as installed in the plant. This test will be in the
ITAAC and the SSAR Chapter 14 preoperational test
program. The acceptance criteria will be a successful
demonstration that all the original criteria in the design
certification have been met.
GE agreed with the use of prototypes as described above
and included prototyping in the ITAAC, as previously
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In response to NRC Bulletin 88-07 (June IS, 1988),
"Power Oscillations in Boiling Water Reactors (BWRs),"
GE committed to implement the BWR Owners Group
(BWROG) resolution which includes the installation of an
Oscillation Power Range Monitor (OPRM) system. This
was identified as DFSER Confirmatory Item 7.2.1-2. The
SSAR and CDM have been revised to reflect this change
and, therefore, this item is resolved. The resolution is
discussed further in Sections 7.2.1 and 7.6 of this report.
The CDM for the neutron monitoring system (NMS)
(including the OPRM) had not been submitted for review
in time for the DFSER and, therefore, the OPRM CDM
was DFSER Open Item 7.1.4-1. GE revised the SSAR to
incorporate this information; therefore, this item is
resolved.
The OPRM had not been included in the draft RPS ABWR
TS and, therefore, this was listed as DFSER technical
specification (TS) Item 7.1.4-1. The OPRM has since
been added to the TS, therefore, this TS item is resolved.
The TS is described in Chapter 16 of the SSAR.
SSAR Section 7.1.2.1.6, "Protection System Inservice
Testability," described an integrated self-test provision
built into the SSLC microprocessors. The SSAR described
this feature as "safety associated" rather than "safetyrelated" consistent with the SSLC. The DSER identified
this as an open issue (Open Item 7). GE committed to
qualify the self-test features as Class IE (safety-related) for
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microprocessors performing safety functions and has
revised the SSAR to reflect this commitment. This DSER
open issue is, therefore, resolved.

(MSL) isolation valves (MSIV) and the engineered safety
feature (ESF) systems. ESF systems which will share the
SSLC are:

Based on the above discussion, the staff concludes that GE
has proposed an acceptable approach for design
certification of the I&C systems under 10 CFR Part 52.
All DSER and DFSER open items specific to the I&C
systems design are resolved.

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)

7.2 Reactor Protection System
7.2.1 General System Description
The reactor protection system (RPS) is described in
Section 7.2 of the SSAR. Certain aspects of the RPS
design are also discussed in SSAR Appendices 7A, 7B,
and 7C. The RPS is also described in the CDM and is
included in the TS. As with the other I&C systems, the
RPS CDM provides the design description and ITAAC for
the functional requirements of the RPS. Other CDM
sections that also apply include the general I&C and EMS
descriptions. The RPS includes those power sources,
sensors, communication links, software/firmware, initiation
circuits, logic matrices, bypasses, interlocks, racks, panels
and control boards, and actuation and actuated devices that
are required to initiate a reactor trip. The RPS is designed
to automatically initiate the rapid insertion of the control
rods of the reactivity control system to ensure that the
specified acceptable fuel design limits are not exceeded.
Manual initiation is also provided. The RPS also provides
status information to the operator and status and control
signals to other systems and annunciators. The RPS is
qualified as a Class IE safety system and will be
environmentally and seismically qualified. The alternate
rod insertion (ARI) capability via the fine motion rod
control drive is discussed in Section 7.4 of this report.

(16)
(17)
(18)
(19)
(20)
(21)

neutron monitoring system
process radiation monitoring (PRM) system
nuclear boiler system (NBS)
leak detection and isolation system (LDS)
residual heat removal (RHR) system
reactor core isolation cooling (RCIC) system
high-pressure core flooder system
reactor building cooling water
reactor service water (RSW)
HVAC emergency cooling water
diesel generator
electrical power distribution system
standby gas treatment system (SGTS)
atmospheric control system
safety-related heating, ventilation, and air
conditioning (HVAC)
suppression pool temperature monitoring (SPTM)
system
automatic depressurization subsystem
high-pressure nitrogen gas supply
fuel pool cooling and cleanup
radioactive drain transfer system
flammability control system

The following descriptions generally apply to the above
ESF systems and the RPS. Differences are discussed in
the ESF system Section 7.3 and other applicable sections
of this report.

The RPS is an open loop system with no feedback control
other than operator initiation in response to display
indication. The RPS performs four major functions:
sense, command, execute, and display. At this highest
level functional description, the ABWR RPS is similar to
that previously reviewed and accepted for the GESSARII
design. The primary differences in the I&C portion of the
ABWR design are: (1) the technology of the digital
microprocessor-based logic and multiplexed data
communications systems which is now used for most of the
I&C design, and (2) the sharing of equipment for logic and
display functions with other safejty systems.
A
representation of the RPS configuration is provided in
Figure 7.2-1 of this report for reference.
The RPS is implemented in the ABWR using the SSLC
system which is also shared with the main steamline

The SSLC is included in the I&C CDM. Figure 7.2-2 of
this report is a representation of the SSLC logic and
control block diagram (from the CDM) which shows the
interconnection of the RPS and ESF systems. The figure
also shows the inherent interrelationship with the EMS.
Specific components and attributes of the SSLC are
discussed in the following sections of this report.
The first primary function of the RPS is to sense the
condition of certain parameters of the plant and provide
accurate information to the command (comparison and
calculation) section of the RPS, which in turn will initiate
the execution of a reactor trip (scram) when the
predetermined conditions have been met. The RPS will
initiate a reactor scram when any one of the following
conditions occur:
(1)
(2)
(3)
(4)
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neutron monitoring system conditions exceed
acceptable limits
high reactor pressure
low reactor water level (level 3)
high drywell pressure
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(5)
(6)

MSL isolation
low control rod drive (CRD) charging header
pressure
high MSL radiation
turbine stop valve closed
turbine control valve fast closure
operator initiated manual scram
high suppression pool temperature

Oscillations in Boiling Water Reactors," OE committed to
implementing the BWROO resolution by incorporating an
OPRM system in the ABWR design. This was DFSER
Confirmatory Item 7.2.1-2. The OPRM has been added
to the ABWR SSAR, and therefore, this item is resolved.
The NMS (and the OPRM) is described in more detail in
Section 7.6 of this report.

The specific setpoints at which a reactor trip decision js
reached are discussed in the setpoint (Section 7.2.7) and
TS (Section 7.11) sections of this report. The setpoint
methodology is also included as a part of the I&C CDM
and SSAR Appendix 7B. The specific setpoints to be used
for plant operation will be determined and verified using
a structured process described in the CDM after design
certification but prior to reactor fuel load.

The second primary functions of the RPS is the command
function, which is implemented using the logic of the
SSLC. The RPS automatically initiates rapid insertion of
the control rods to scram the reactor when warranted by
any one of the predetermined conditions (listed above).
The scram is initiated by means of four redundant divisions
of sensor channels, trip logic, and trip actuators, and two
divisions of manual scram controls and scram logic
circuitry. In most instances, the EMS (described in Section 7.2.2.1 of this report) encodes the analog sensor
channel output signal or contact position into a digital
message, then transmits the message through an optical
data link to a central decoder, which presents the signal to
the DTM. In this manner, the EMS transmits data to the
DTM (described in Section 7.2.2.2 of this report) from the
reactor pressure transducer, reactor water level (Level 3)
transducer, drywell pressure transducer, and CRD
charging header pressure transducer. One exception to this
EMS-to-DTM pathway is the manual scram, which
bypasses both the EMS and DTM, since it is hardwired
from the main control panel directly to the output logic
unit (OLU). Other exceptions include the main steam
isolation valve position switches, which are hardwired to
the DTM, as are the MSL radiation monitors, turbine stop
valve closure sensors, and turbine control valve fast
closure sensor. Signals from these sensors are transmitted
directly to the DTM, without passing through the EMS.
However, the SSAR text and figures originally stated that
the turbine inputs were multiplexed. This was DFSER
Confirmatory Item 7.2.1-3. GE revised the SSAR to state
which sensor inputs use the EMS and which are
hardwired. The revised SSAR states that the turbine inputs
are hardwired. This item is, therefore, resolved.

(7)
(8)
(9)
(10)
(11)

SSAR Section 7.2.1.1.4.2 lists the initiating RPS circuits.
When the DFSER was prepared, the SSAR list included
most of the above listed items plus a reactor scram on high
seismic activity. GE has stated that this latter item was
inadvertently included and would be deleted. This is
acceptable to the staff and was identified as DFSER
Confirmatory Item 7.2.1-1. The SSAR figures and several
additional textual sections throughout SSAR Section 7.2
have been revised to reflect the removal of the seismic
trip. This confirmatory item is resolved.
The high suppression pool temperature trip was added as
an RPS signal after the DFSER was issued.
The NMS will provide separate, isolated, bistable startup
range neutron monitor (SRNM) trip and average power
range momtor (APRM) trip signals to all four divisions of
RPS trip logics. The NMS provides trip signals directly
to the divisional trip logic units (TLU). The NMS does
not use the EMS to transmit its data. The NMS will also
not use the digital trip modules (DTMs) for the determination of tripped or non-tripped status, but will perform that
function within the NMS modules themselves.
The NMS provides trip signals and information from the
SRNM and power range neutron momtor (PRNM). The
PRNM includes both the local power range monitor
(LPRM) and the APRM. The NMS monitors neutron flux
from a source range of l.E+3 nv to 125 percent of rated
power. Trip signals will be provided for SRNM upscale,
SRNM short period, SRNM and APRM inoperative,
APRM rapid flow decrease (reactor internal pump trip),
and APRM upscale (flux and thermal power).
The staff determined that the SSAR includes commitments
for compliance with IEEE 279-1971 for the NMS. In
addition, in response to NRC Bulletin 88-07, "Power

The DTM compares the sensor data (either received
directly from the sensor or through the EMS) to a
preestablished setpoint and determines if the individual
sensor is in a tripped or non-tripped state. The data link
between the sensors and the DTM is a fiber distributed
data interface (FDDI), a bi-directional, fiber optic link in
which two redundant token ring networks provide the data
path protocols. Each sensor input is multiplexed through
each of the two links so that the loss of a single direction
of an EMS link will not prevent the SSLC from receiving
the sensor information.
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The RPS is a four division system where each parameter
is monitored by four sensor channels, one in each division.
GE defined "sensor channel" in the TS as sensor, data
acquisition, and data transmission hardware and software
to the input of a bistable or voter in the TLU or safety
system logic unit (SLU). A division of sensor channels is
the total set of sensor channels which are input to the
SSLC for the RPS, MSIV actuation and ESF. Each
division of sensor channels is powered from the respective
Class IE power supply. Unless otherwise specified, a
"division" of RPS (or MSIV or ESF) is the set of sensor
channels, the logic channel, and output channel which are
powered from the same division of electrical power. This
definition of division also specifies physical and electrical
separation. To ensure consistency, a "logic channel" is
defined as the hardware and software that process the
sensor channel inputs to produce an identifiable actuation
signal within a division.
Certain sensed parameters have more than the four
individual division sensors which would provide one signal
per logic per channel input. The SRNM, for example, has
ten channels which feed into the four RPS logic channels
(three each to Divisions I and III and two each to
Divisions II and IV). The MSIV position and turbine
control valve fast closure each provide eight logic channel
inputs.

Trip signals from the four channels of DTMs (and the
NMS input) form four two-out-of-four coincidence logic
matrices, one for each division of trip logic. A trip output
from a DTM will also indicate the parameter which has
exceeded its setpoint. If the parameter is the NMS, the
indication to the operator will be that the trip was caused
by the NMS without specifying the particular aspect within
the NMS which caused the trip. The two-out-of-four
comparison is accomplished in the TLU and the voting is
done by local coincidence logic which requires the two
tripped signal inputs to be from the same parameter.
Because the RPS is designed to be fail-safe, the actual
implementation of the logic is three-out-of-four channels
not tripped. The TLU is described in Section 7.2.2.3 of
this report. Trip signals from each division TLU go to the
RPS OLU where a hard logic (not software/firmware) unit
(similar in concept to the GESSARII design) interconnects
the divisional two-out-of-four TLU trip signals to the
control rod scram pilot valves. The OLU is described in
Section 7.2.2.4 of this report. Each final scram logic
provides four output signals, each of which operates a load
driver. A scram occurs when two or more divisions of
TLUs are tripped. The two-out-of-four vote will occur
twice — once in a vote of sensor parameters in each TLU
and again in a vote of RPS division output logic at the load
drivers.

The RPS interfaces with the CRDs through its own pair of
solenoid scram pilot valves to perform the "execute"
function. There are two scram valves for each CRD. A
rod scram is initiated when both (two-out-of-two) solenoids
of a scram pilot valve are de-energized. When deenergized, the scram pilot valve vents the air that holds the
scram valve closed. Opening of the scram valve allows
the pressurized (at greater than RCS pressure) control rod
water to act on the CRD piston resulting in the rapid
insertion of the rods. With this arrangement, a scram of
all rods is initiated if any two (or more) of the four
divisional logics (TLUs) are tripped.
The OLU output is used as an input to two backup scram
logic circuits. The backup scram is an energize-to-scram
logic arrangement. The backup scram logic is 125 Vdc
powered rather than the de-energize to scram 120 Vac
power of the scram pilot valves discussed above. When
the relays for the backup logic are tripped, the relay
contacts will energize the air header dump valve solenoids
and initiate the scram. This is a diverse means of reactor
scram.
The ARI can also automatically (and manually) insert the
control rods by means of the fine motion control rods or
the ARI scram valves in case of off-normal conditions and
is discussed in Section 7.4 of this report. The SLCS can
also automatically (and manually) shut down the reactor
and is discussed in Section 7.4.1.2 of this report.
For manual scram, four push-button switches are provided,
one for each divisional trip logic. Additionally, hardwired
manual scram is provided by two pushbuttons in the power
supply circuits for the pilot scram solenoids. Actuation of
any two (or more) of the four divisional switches or both
hardwired manual scram pushbuttons will scram the
reactor by means of the load drivers for automatic scram.
The reactor can also be scrammed by setting the mode
switch to the "shutdown" position. These provisions in the
RPS design for manually scramming the reactor conform
with the requirements of IEEE-279 and the guidelines of
RG 1.62 on manual initiation of protective actions.
The display function of the RPS will be accomplished with
a combination of Class IE fixed mimic displays and
Class IE divisional visual display units (VDUs). SSAR
Table 18F-1 (also 18F-2 and 3), "Inventory of Controls
(displays and alarms) based upon the ABWR EPGs and
PRA," provides a listing of the inventory of controls and
displays required to execute all emergency procedure
guideline (EPG) steps, the alarms required to alert the
operator to perform the steps, and the displays to judge
that the actions have been initiated or accomplished. The
human factors aspects of the controls and displays, and the
staff conclusions are addressed in SSAR Chapter 18 and
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the corresponding section of this report. There are also
RPS inputs to the non-Class IE plant computer through
isolation devices.

type of display media. The means of addressing the above
design details for design certification is described in
Section 7.1 of this report and is discussed further below.

The RPS will be periodically tested during plant operation
as defined by the TS discussed in Section 7.11 of this
report. In addition to the standard operator initiated
surveillance, the safety system logic portion of the RPS is
tested by the self-test subsystem (STS). The STS is a
software-based self diagnostic system which continuously
and automatically tests the SSLC components and
interconnections. A more complete description of this
system is discussed in Section 7.2.2.5 of this report. The
provisions for testing in the design of the RPS and the
periodic testing of the RPS, as described in the SSAR,
conform with guidelines of RG 1.22, "Periodic Testing of
Protection System Actuation Functions" dated February
1972 and IEEE Standard 338, "Criteria for the Periodic
Testing of Nuclear Power Generating Station Safety
Systems" as supplemented by RG 1.118, "Periodic Testing
of Electric Power and Protection Systems" Revision 2.
The commitments in the SSAR to the design basis
requirements for the capabilities for sensor checks and test
and calibration are consistent with the requirements of
GDC 21, "Protection System Reliability and Testability."

The functional level block diagram of the safety-related
signal paths is simple and direct.
However, in a
microprocessor-based system, the software implied in the
blocks of the system diagram can mask much of the safety
system's design complexity. Several of the significant
issues involving the use of microprocessor-based systems
and safety functions have been presented to the
Commission in SECY-91-292 (September 16, 1991),
"Digital Computer Systems for Advanced Light Water
Reactors."

Complete electrical and physical separation must be
maintained between the four RPS divisions in order to
meet the criteria of IEEE Standard 279-1971. This
requirement is included in the CDM and will be verified
during the implementation of the ITAAC. The staff
concluded in the DSER that isolation of information (error
handling) must also be addressed because of the extensive
use of multiplexors and software. This aspect of the
multiplexors is discussed in Section 7.2.2.1 of this report.

The staff reviewed the SSLC system design specification,
which was described by GE as a procurement level
document. The staff considered the documentation for the
SSLC to be inadequate for design evaluation and not in
conformance with the design certification requirements for
level of detail. The staff, therefore, concluded that the
software design and development aspects of the SSLC were
not described to a sufficient level of detail. GE did not
adequately disclose the details of the design to enable the
staff to reach a final conclusion on the acceptability of the
design for certification, and this was an open issue in the
DSER.

A trip of any sensor or logic channel will be annunciated
and will cause that channel to lock in the trip mode until
manually reset. The RPS will be fail-safe in that a loss of
power to a channel will result in that channel going to the
tripped condition. Other failures such as a break in a
communications link will be detected and the self
diagnostic of the individual microprocessor will put the
output to the tripped state.
The design of the ABWR RPS is significantly different
than in previous BWRs in the method the high level
functional design is implemented. The staff reviewed the
SSAR and found that conceptual design description to be
a functional block diagram level of detail. The staff found
that the hardware design documents for the SSLC did not
state details such as bus protocol, bus data capacity,
provisions for hardware level interrupts, the size of the
memory, the speed and size of the microprocessor, the
format of the status panel, hardware based interlocks, and
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The staff concluded in the DSER that the SSLC design was
not "essentially complete" as required by 10 CFR Part 52
because of the complexity of the ABWR I&C system
design and the lack of design details for certification. The
staff found that the design description presented for the
SSLC was ambiguous because the design material was
dispersed in the submittal and often contradictory. For
example, data about the TLU trip (RPS division trip) status
was not originally listed in the SSAR as an output to the
operator.

Since the issuance of the DSER, GE has provided
additional detail, committed to industry standards
appropriate for the digital system design, and submitted the
CDM which includes the I&C system design process. The
staff concludes that the combination of the improved level
of detail provided, the commitments to standards, and the
incorporation of the design process into ITAAC with
extensive NRC auditing during design development and
implementation provides the basis for a final safety
determination for certification, and is sufficient to resolve
this issue. In Section 7.1, the staff discusses the issue
of level of design detail. This open issue from the DSER
is, therefore, resolved.
The staff also reviewed the SSAR for conformance to
IEEE Standard 279-1971 and ancillary requirements for
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meeting the single-failure criterion, independence, control
and protection system interaction (isolation), testing,
bypass and bypass indication (including removal of
bypass), and manual initiation. To meet the single-failure
criterion described in Section 4.2 of IEEE-279 and
IEEE-379, "Standard Application of the Single-Failure
Criterion to Nuclear Power Generating Station Class IE
Systems," GE committed in the SSAR to compliance with
RG 1.S3, "Application of the Single-Failure Criterion to
Nuclear Power Plant Protection Systems." The SSAR
states that the RPS will comply with GDC 22 on protection
system independence, the requirements in IEEE-279 on
channel independence, and the guidance for physical and
electrical independence of the instrumentation system in
RG 1.75, which endorses IEEE Standard 384.
Conformance to RG 1.47, "Bypassed and Inoperable Status
Indication for Nuclear Power Plant Safety Systems," is
described in the SSAR and discussed further in
Section 7.2.31 of this report. The RPS design includes
provisions to meet the requirements of IEEE-279 on
channel and operating bypasses. The RPS performs no
control functions, interlocks with control systems are to be
through isolation devices, and the channels of the RPS are
to be electrically isolated and physically separated in order
to meet the criteria of GDC 24 on separation of protection
and control systems and the requirements of IEEE-279 for
control and protection system interaction. The RPS
description and drawings in the SSAR describe a clear
commitment to the above requirements. The CDM
describes the GE commitments to the most significant
requirements from the various standards and criteria
(though not the specific standards themselves). These
commitments will be verified during the ITAAC
implementation. The standards themselves and other less
significant criteria referenced in the SSAR and this report
are expected to change over time and are not "locked in"
by the CDM.
In the DSER, the staff noted that the SSAR did not present
a detailed failure modes and effects analysis (FMEA) to
ensure that all postulated failures result in a known safe
state if the RPS experiences conditions such as
disconnection of the system, loss of power, or exposure to
a postulated adverse environment. Therefore, the staff
could not evaluate conformance to GDC 23, "Protection
System Failure Modes." This was Open Issue 3 in the
DSER. Open Issue 3 has since been resolved by the
FMEA submitted by GE and included in the SSAR, and
additional studies performed by the staff. As a result of
these studies, the staff determined that some aspects of this
issue relate to the potential for common-mode failure of
the I&C system.
Consequently, the DSER issue
concerning the lack of a FMEA was resolved, but the
potential common-mode failure and the required
redundancy and diversity issues were identified as DFSER

Open Items 7.2.6-1 and 7.2.6-2. These open items are
resolved in Section 7.2.6 of this report. The staff
concludes that the RPS design meets the requirements of
GDC 23, "Protection System Failure Modes."
When the a staff issued the DFSER, the figures (interface
electrical diagrams (IEDs)) and interface block diagrams in
SSAR Section 7.2 lacked many details to be submitted
later. This was DFSER Confirmatory Item 7.2.1-4. The
figures have been corrected in the SSAR and this item is,
therefore, resolved.
7.2.2 Safely System Logk and Control and Specific
Subsystem Descriptions
The SRP and the SSAR format are established along
functional system boundaries. The ABWR I&C system is
significantly different from the I&C system designs in
plants when the SRP was last revised in 1984 in that the
safety functions are combined the SSLC, into a common
computer-based logic, control,
display system.
Consequently, the ABWR I&C system does not follow the
discrete system boundaries assumed in the SRP. The
SSLC serves both the RPS/MSIV and ESF systems. The
following sections describe common elements of the SSLC
which are used for the RPS. Although GE does not
consider the EMS to be part of the SSLC, it is inherently
interconnected with the SSLC and, therefore, is included
in this section of this report.
The staff reviewed some of the I&C system documents
referred to as master parts list (MPL) documents. These
documents are referenced as supporting documents in the
IED figures in the SSAR. The MPL documents reviewed
and discussed throughout this report were prepared for the
Tokyo Electric Power Company, Inc., Kashiwazaki
Kariwa Nuclear Power Generation Station, Units Nos. 6
and 7. These documents list applicable Japanese laws,
regulations and standards. In addition, the Japanese
standards list the U.S. standards which are either
specifically accepted in the MPL documents or are
referenced as guidelines. For example, MPL C71-4010
(Rev. 1, July 2,1990), "Reactor Protection System Design
Specification," states acceptance of 10 CFR Part 50,
Appendix A (GDC) but refers to IEEE 279, IEEE 603,
and RG 1.152 as standards that form a part of the
document or are listed as references without a specific
statement of acceptance or conformance. Several items in
the MPLs are specific to the Japanese design and,
therefore, will require revisions to refer to U.S. criteria if
these documents are used in the ABWR design. For
example, the Japanese plant RPS is specified to use a
SO HZ, 120 Vac power supply instead of a 60 HZ supply
as specified in the ABWR SSAR. The MPL document
also includes the seismic scram function which is not
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throughout the plant, and the logical processing units in the
control room. The multiplexing system applications
procedure (MPL Document No. Al 1-4120) and the SSAR
define two multiplexor systems. The multiplexing system
tasks are divided between the EMS and the Non-Essential
Multiplexing System (NEMS).

included in the ABWR design. The staff has not Usted ail
such discrepancies in this report. The verification process
in the ITAAC will be used to confirm that the MPL design
documents, when developed and used by the COL
applicant, will be in accordance with the SSAR and CDM.
Where necessary, the staff has requested OB to clarify the
standards commitments in the SSAR for the ABWR so
reliance in the SSAR is sufficient for the safety finding.
Standards commitments are discussed throughout this
report.
MPL ABBE-4080 (Rev. 0, April 25, 1990), "EMS/SSLC
Interface Requirements, Requirements Specification,"
states that system timing shall be a synchronous between
the EMS and the SSLC. The interface between any one
channel of the EMS and the corresponding channel of the
SSLC may be either by hardwired or by fiber optic cable.
The SSLC will determine from which of the dual EMS
channels (per division) to select the information. The
selection will be based upon data quality che ks. The data
quality checks may include checksums, parity checks, rate
limiting checks, and the de-bouncing of digital inputs. The
DTM will perform these functions except for the display
functions which are taken directly to the displays from the
control room multiplexing unit (CMU). Typical data
formats are presented with options from which to select,
dependent on the final design input and output parameters.
The above information is consistent with the SSAR
description.
The staff reviewed MPL A32-4080 (Rev. 1, April 24,
1990), "Safety System Logic and Control Design
Specification." The document is in general conformance
with the SSAR and CDM but does not add a significant
amount of design information about the SSLC. Many of
the design procedures are described as items to be
developed later.
This document lists topics to be
considered when the design is developed and is similar to
the SSLC CDM. The MPL document is, therefore,
appropriate for the intended purpose.
7.2.2.1 Essential Multiplexing System
As described in SSAR Chapter 7.2, the EMS portion of
the RPS system transmits data to the SSLC from the
sensors that are not hardwired or part of the NMS. SSAR
Appendix 7A discusses the EMS system. Additional
information is included in SSAR Appendix 19N, "Analysis
of Common-Cause Failure of Multiplexing Equipment:,"
SSAR Chapter 7 Appendix C, and the MPL documents
discussed below.
Data multiplexing is an integral part of the ABWR I&C
system design. Multiplexing systems will transfer data
between sensors and actuation control devices distributed
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The EMS receives inputs only from safety systems. Any
outputs to non-safety systems are electrically isolated. The
EMS is not listed as a separate safety system in OE
Table 7.1-2 of the SSAR, but is considered part of each
safety system for which it provides data communications.
The EMS interfaces with the RPS/MSIV and ESF systems,
and is qualified to the same quality standards as the RPS,
ESF, and SSLC systems. The EMS is powered from the
Class IE 12S Vdc buses.
The EMS transmits
approximately 1500 signals either from the sensors to the
SSLC or from the SSLC to the actuated equipment (for the
ESF functions only). The EMS has a separate CDM
description in addition to those aspects of the EMS
included in the functional requirements of the RPS CDM
and functional and design process requirements of the
SSLC (I&O CDM.
The SSAR states tnat the NEMS is used in the non-safetyrelated control systems and is not considered a safety
system. The NEMS is discussed further in Section 7.7 of
this report.
The EMS is comprised of four independent divisional
multiplexing systems, each of which has redundant data
links within the channel. In the DSER, the staff concluded
that OE had not committed to appropriate industry
standards for certain aspects of the EMS design, including
the multiplexors themselves. GE has since committed to
a deterministic, dual redundant, fiber optic ring structure
which will follow the guidelines of industry accepted
Standard American National Standards Institute (ANSI)
ASC X3T9.5 (1988), "Fiber Distributed Data Interface
(FDDI)." As noted in previous GE responses to staff
requests for additional information, the design is not
specifically constrained to this particular format and
configuration. Specifically, the CDM does not require a
specific design at this time. Rather, the CDM provides
functional requirements with the SSAR providing more
specific information at the functional level of detail. The
SSAR also refers to IEEE 802.5 (1985), "Token Ring
Access Method and Physical Layer Specifications," if a
lower throughput of information is incorporated in the
EMS design.
Both options are consistent with
International Standard Organization (ISO) 7498 (1984),
"Open Systems Interconnection - Basic Reference Model,"
as the data link layer and physical layer. IEEE 802.2
(1985), "Standard for Local Area Networks: Logical Link
Control," will define the protocols necessary to move data
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to the higher levels of the ISO model. Any changes to
these standards commitments would involve an unreviewed
safety question and, therefore, require NRC review and
acceptance prior to implementation.
Any requested
changes to this commitment shall either be specifically
described in the COL application or submitted for license
amendment after COL issuance. For example, if a new
ANSI FDDI standard is developed wLich uses a shorter
wavelength than the current standard, the COL applicant
or holder will need to verify to the staff that the dispersion
will still be small enough to meet the FDDPs bit error
rate.

As a data highway, the EMS multiplexes data from the
sensors to the control room logic units, and multiplexes the
commands from the control room computers to the
appropriate actuation control devices (for the ESF actuation
only). The RPS (and the MSIV initiation) does not use the
EMS for the output of the SSLC to the scram pilot valve
initiation.
With the exception of hardwired input
connections (turbine stop valve closed, turbine control
valve fast closure, MSIV position, manual scram, and the
neutron monitor systems input) all of the RPS (and most of
the ESF) sensor inputs will be processed by the EMS.
The hardware architecture of the EMS described in the
SSAR uses fiber optics for the communications medium
and microprocessors for the node controllers. The SSAR
also states that the ABWR EMS may use coaxial cable or
twisted-pair connections. If copper wire is used in place
of the fiber-optic cable, electrical isolation will be
maintained and provided where necessary (and
demonstrated by testing of the devices in accordance with
the Licensing Review Bases (LBB), Appendix B) thus
resulting in potentially additional isolation devices. Fiberoptic cable is an inherently excellent electrical isolator, and
its use to the extent practical will reduce the need for
additional isolation devices.

The data link and physical layers are part of the general
seven-layer hierarchical model of the open systems
interconnection which the FDDI protocol conforms to.
The seven layers are application, presentation, session,
transport, network, datalink (including logical link control
and media-access control), and physical (including physical
and physical medium dependent). The FDDI standard
(ANSI ASC X3T9.5) also requires a station management
function at each station to supervise sub-layer and ring
management operations. The descriptions that GE has
presented, with the caveat that this is but one of a number
of possible implementations, are in general conformance to
the above standard to tL~ level of detail provided. These
standards are supported by the industry.
Vendors currently offer chip sets to implement the
individual FDDI sublayers, as well as complete systems
that conform with the above standards. FDDI controllers
are available with several different computer buses. The
staff concurs with GE that no additional prototyping is
required to demonstrate the feasibility of the design
because the EMS will use proven technology. The
capacity of the FDDI should be capable of handling the
quantity of inputs/outputs at the rates necessary for proper
operation of the SSLC. This will be verified by testing
during the ITAAC implementation.
The prototype
requirements described in Section 7.1 of this report still
apply.
The staff concludes that the ABWR SSAR references and
contains commitments to appropriate standards for the
EMS design at this level of design detail and, therefore,
this open issue (Open Issue 5 regarding adequate
commitments to industry standards) from the DSER is
resolved. The implementation of the design in accordance
with the standards referenced above and other ABWR
SSAR statements will be verified during the ITAAC. The
multiplexor design will also be verified through a staged
ITAAC as discussed in Section 7.1.3.3 of this report.
When the final design development is initiated, the COL
applicant will submit the design plans for staff review and
for development of the ITAAC verification audit points.

The major components of the EMS are the remote
multiplexing units (RMU), the CMU and the fiber-optic
(or copper) cables. The RMU and CMU will contain the
following items: transmission line interface circuits,
processors, memories, signal conditioning circuitry, analog
to digital conversion, and watchdog timers. The specific
number of RMUs has not been determined. The only
specific EMS requirement identified at this time is that
within each division of EMS, the wide-range and narrowrange reactor water level sensors will be processed by
different RMUs. This will provide an additional level of
defense-in-depth such that any single RMU failure will
only disable one of the water level indications and SSLC
inputs. All of the components of the EMS are identified
as Class IE. At the RMU, an input sensor interfacing is
provided to switch contacts, 4-20 ma current loops,
thermocouples, RTD devices, pulse inputs, and voltage
inputs. The RMU output interface (which is not used for
RPS functions) is to relays, solenoids, voltage to current
converters, panel meters, and indicator lights.
All
equipment will be rack mounted and operated from the
divisional 125 VDC Class IE power sources.
The RMU will be located in mild environment areas
throughout the plant near the sensors and the actuation
control devices with which they interface. The RMU and
CMU are connected to the fiber-optic cable, and together
control transmission to assign which RMU/CMU transmits
or receives signals. The RMU multiplexes and sends data
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initiated surveillance checks required by the TS. Also, as
described in the simplified FMEA in Chapter 15.B.4 of the
SSAR, the EMS will reject corrupted signals in the
transmission. Further, the DTM, which receives inputs
from the EMS, uses a data quality check to determine
which of the CMUa it will accept data from.

mtmsgss to the control room via the fiber-optic cable. In
the control room, the CMU demultiplexes the message and
•ends it to the appropriate DTM of the SSLC. TheDTM
will select which of the redundant CMU signals it will use.
Control signals from the SLU for the ESF functions of the
SSLC are sent to the CMU which in turn transmits these
control signals to the appropriate RMU.

The selection of the EMS hardware waa not identified in
the SSAR or supporting material. However, the top level
specification documents referenced the design control and
hardware reliability standards and criteria required to be
met. In response to staff questions (Q) (Q420.92,
Chapter 20 of the SSAR), 0 2 committed to
MIL-HDBK-251 and to MIL-STD-217E for EMS
hardware reliability and thermal effects. •

The EMS design concept identifies the RMU and CMU as
sharing a modular, microprocessor-based, bus-oriented
architecture, using similar modules. The RMU and CMU
are configured somewhat differently with the CMU having
additional communications modules instead of input and
output modules. The Mowing functional modules will be
in a typical RMU/CMU:
I

The staff identified an open issue in the DSER based on a
concern that common- mode failure from effects such as
electromagnetic interference (EMI/EMC) or design error
could cause the loss of the EMS in more than one division.
In response, OE performed an assessment of the effect on
the ABWR I&C systems for a loss of all four divisions of
the EMS. The OE study (SSAR Section 19n) concluded
that under such a condition, the plant could be safely shut
down from the remote shutdown system. This response
was insufficient to fully resolve the common-mode failure
concern, and further information was requested from OE.
The concern about EMI/EMC, reliability and thermal
effects waa eventually resolved as discussed in
Section 7.2.8 of this report. The concern with potential
common-mode failure of the EMS (and other equipment)
waa also eventually resolved as addressed in Section 7.2.6
of this report.

a. Input - acquires analog and digital data from the
sensors.
b. Output - transmits control signals to equipment
actuation control devices (ESF function only).
c. CPU - processes the signal data, coordinates I/O and
communications, and performs calibration and
diagnostics.
d. Memory - contains the stored program executed by the
microprocessor and stores intermediate data.
e. Communications - formats and multiplexes data that is
sent through the serial optical link.
f. Front Panel Interface - permits technician access to
calibration and diagnostic functions.

The SSAR defines the top level hardware architecture for
the EMS but presents limited information for the software
that runs in the EMS microprocessors. OE stated the
following high level design goals for the EMS software:

OE stated in SSAR Chapter 20, that the RMU failure
mode was dependent on what sensors were connected to it,
either fail-safe (negative, low) or fail-as-is (last reading).
The particular failure state for the RPS will be foil-safe
and will be verified during the ITAAC implementation.
OE stated in SSAR Chapter 20, that the EMS includes
self-test software that detects malfunctions in the hardware
modules and provides alarms in the control room. GEhas
not presented specific information on the types of
malfunctions for which testing is being provided for or the
EMS reaction to each malfunction (e.g., restart, alarm,
fail-safe, or fail-as-is). However, OE has provided a
listing of typical parameters that are monitored. These
include the status of the central processing unit, parity
checks, data plausibility checks, watchdog timer checks,
memory checks, voltage level checks, and data range and
boundary checks. The self tests also provide the capability
for internal testing and error checking within the EMS. In
addition, the EMS is subject to routine periodic operator

NUREG-1503

a.
b.
c.
d.
e.
f.

real time executive kernel
hierarchical task structure
simple modules
on-line calibration with bypass
self-test as background process
automatic recovery

The ABWR EMS uses microprocessors to control the
movement of data from the sensors to the SSLC, between
the different components in the EMS itself, and from the
SSLC logic to the actuated devices (for the ESF systems).
The high level block diagrams of the data signal paths are
simple and direct. However, in a microprocessor-based
system, the software implied in the blocks of the system
diagram can mask much of the safety system's design
complexity. In a microprocessor-based data transport
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system, the software is an essential line element in the
execution of the safety system functions. For this reason,
the staff concluded in the DSER that the design of the
BMS did not provide the appropriate level of detail
essential to the staff s review. TTus was identified as Open
Issue 1 in the DSBR. Since the DSBR, OB has committed
to the use of several additional software development
standards as stated in the SSAR. This commitment, in
conjunction with the design process, corresponding ITAAC
steps, and staff audit verification, resolved this issue. The
topic of hardware and software qualification is addressed
further in Section 7.2.8 of this report.
The SSAR initially did not present an architecture for the
software design. OB had not demonstrated how the
decision logic, a parallel process in .an analog system,
would be implemented by the software, which is usually a
serial process. The staff considered this an open issue in
the DSBR related to level of detail. OB has responded to
this issue by providing the timing requirements for each
stage of the control process from sensor to scram
initiation, and demonstrating that the scram time
requirements (50 msec) can be met with the BMS and the
SSLC. The decision logic will be accomplished using a
deterministic serial process. The timing requirements will
also be demonstrated in the ITAAC implementation. This
is acceptable to resolve the issue of serial vs. parallel
processing.
The following is a list of software elements that process a
signal as it moves from the sensor through the EMS to the
SSLC control logic for the RPS.

A basic design parameter of a local area network is
whether synchronous or asynchronous transmission is used.
The staff identified concerns about this issue in the DSER.
and in particular was concerned about the use of
synchronization across channels which could violate the
single-failure requirements of IEEE-279 and ffiEE-603.
OB responded by stating in the SSAR and CDM mat the
EMS will run asynchronously. There will be no common
clock shared between channels. The inherent time skew in
the logic processing that will result by not synchronizing
the channels will be controlled by maintaining a significantly high sample rate and storing the last four validated
variables in each TLU for each vote. There is also no
common clock within a division, however, the RMUs will
append timing information to the sensor information to be
multiplexed to the CMUs. The staff finds this acceptable,
and the DSER issue of synchronization is, therefore,
resolved.

Although the detailed design of the EMS depends on the
hardware that is selected, the functional requirements for
the EMS as part of the ABWR safety systems are not
hardware dependent. Because the detailed EMS hardware
design was not provided, a concern regarding level of
detail was identified as part of Open Item 1 in the DSER.
In addition, Open Item 2 identified the need for design
information about the isolation of corrupted data in
multiplexors. In response to these issues, GE has defined
the high level functional requirements of the EMS, the
major parameters that define the data transmission
attributes, and the criteria for selecting the data
transmission hardware.

a. Remote multiplexer unit - input
1.
2.
3.
4.
5.
6.

operating system/executive
signal acquisition
signal conditioning
analog to digital conversion
digitized signal data preparation for transmission
digitized data transmission on fiber optic link

b. Control room multiplexer unit - input
1.
2.
3.
4.
5.
6.

operating system/executive
digitized data acquisition from fiber optic link
data preparation for SSLC/DTM
data transmission to SSLC/DTM
multiplexed data transfer control
display information transmission

c. DTM processing by SSLC software modules.

OE stated several functional requirements for the EMS as
follows:
1. The EMS is to be implemented such that any single
failure or any single channel removal within the system
shall not prevent proper action of the RPS at the
system level.
2. The EMS in each division will be independent, and
physically and electrically separated from the other
divisions to preclude failures in one EMS from
propagating to another division.
3. Non-safety system failures are to be isolated from the
safety systems.
4. The capability for testing during power operations is to
be provided.
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be capable of sampling a sensor with a 10-msec sampling
rate, but the actual sampling rate for each sensor has not
yet been determined. The sampling rate will be established
as part of the detailed design by the COL applicant. The
maximum transmission distance for any single multiplexing
station is specified in the MPL as 500 m (appro*. 1640 ft).
A maximum distance verification was to be included in the
ITAAC. This was DFSER Confirmatory Item 7.2.2.1-1.
Although the CDM has not been revised to specifically
reflect the distance verification, the functional requirements
in the CDM and an SSAR change restriction are acceptable
to the staff and this item is, therefore, resolved.

5. The EMS will satisfy all the environmental operabUity
requirements (seismic, temperature, humidity, radiation
level).
6. The EMS will have adequate capability to withstand
surges in accordance with IEEE-472.
7. The EMS will have a designated temperature range of
10 to 40 °C. (SO to 104 °F), for relative humidity of
10 to 60 percent for the CMU and of 10 to 90 percent
for the RMU.
The staff concludes that the combination of additional
information on EMS functional requirements, commitment
to appropriate additional standards and the ITAAC process
provide the necessary information on the EMS design and,
therefore, the related part of DSER (SECY-91-294) Open
Items 1 and 2 are resolved.
The two loops of the network are designated "master" and
"standby" by the receiving fiber optic interface. The
designation of which loop is "master" is on the basis of
transmission errors, checksum errors, and other tests in the
self diagnostics. The diagrams that the staff has reviewed
showed that each DTM in the SSLC has two fiber optic
interfaces. The "master" designation is also applicable at
the RMU level where ESF equipment actuation commands
are received. It was not initially clear to the staff how
these two fiber optic units arbitrate between themselves to
determine which is to be the "master" loop. GE stated that
the decision will be based upon a data validity check at the
DTM. The specifics of what will be valid data for each
parameter was not provided. This was Open Item 6 in the
DSER. GE has committed to the FDDI standard for data
validation guidance which the staff finds acceptable to
resolve this issue. The correct implementation and
demonstration by test of the master/slave switch will be
included in the ITAAC for multiplexors. DSER Open
Item 6 is, therefore, resolved.
MPL DMH-4270 (Rev. 2, February 3, 1989), "Essential
Multiplexing System Design Specification," provides
various EMS design details. It states, for example, that
the bit error rate shall be under 10E-9 "theoretically."
This is consistent with the FDDI guidelines. The CDM
commitment is to a functional demonstration of capability
without specifying particular throughput or error rates.
The MPL document also states that the RMU and CMU
shall have the capability to transmit the data at the rate of
one megabit/sec (Mbps). The FDDI standard is written
for essentially an 100 Mbps system. The difference in
data transmission rate between the GE MPL and the FDDI
standard is an example of an MPL revision that will be
required and verified during the ITAAC implementation in
order to ensure consistency with the CDM. The EMS will
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The need to incorporate consideration of instrument
channel inaccuracies due to A/D converter in the setpoint
methodology was DFSER Confirmatory Item 7.2.2.1-2.
GE revised CDM Section 3.4, "Instrumentation and
Controls" to include setpoint methodology and specifically
includes consideration of the A/D converter accuracy.
This item is, therefore, resolved.
MPL A32-4080 (Rev. 0, Ap.il 25, 1990), "EMS/SSLC
Interface Requirements, Requirements Specification,"
specifies that the four channels of the EMS be
asynchronous. This is consistent with the SSAR and the
CDM. It also requires a fixed format for both the
messages and the sequence of the messages. This is
consistent with the general GE commitment to use a
deterministic EMS. The MPL notes that the RMUs shall
provide appropriate filtering without providing a specification of what is appropriate. Providing appropriate filters
will be part of the design development and implementation
process which is the responsibility of the COL applicant.

The EMS design of the ABWR uses microprocessors and
related software throughout the safety systems. While
promising improvements in performance and reliability,
this advanced technology also can introduce problems and
failure modes that had not been addressed before in reactor
safety system design. Several of the communications
control functions performed within the EMS
are implemented by software. RG 1.152, which endorses
ANSI/IEEE ANS Standard 7-4.3.2 (1982), has been
promulgated as the standard for developing software for
safety systems. However, GE's commitment to this
standard was ambiguous. There was no evidence in the
SSAR that the software development for the EMS would
be in accordance with IEEE Standard 7-4.3.2. This was
an open issue in the DSER (SECY-91-294).
GE
subsequently removed the ambiguity from the SSAR
commitment to IEEE Std. 7-4.3.2 and added additional
software requirements to the SSAR which are discussed
in Section 7.2.8 of this report. This issue is, therefore,
resolved.
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The DTM will send a trip or no-trip signal for each of the
sensed parameters to each of the four TLUs. The signal
to the TLUs which are not in the same electrical division
will be electrically isolated and separated. The DTM will
also provide data to the Class IE divisional display units,
the Class IE mimic board, and isolated outputs to the plant
computer and non-Class IE alarms and annunciators.

In the DFSER, the staff stated that the sensor data
transmitted through the EMS should be clarified in
Chapter 7.2 of the SSAR. For example, the turbine stop
valve closure input was described in Section 7.2.1.1.4.2
(6) as using the EMS, which was not consistent with other
information provided by GE.
This was DFSER
Confirmatory Item 7.2.2.1-3. OE has revised the SSAR
to specifically state which types of data are transmitted
through the EMS and which types one not. This item is,
therefore, resolved.

GE described the following elements of the DTM:

OE has committed in the SSAR that the EMS design will
meet the relevant SRP criteria and will meet current
industry standards for multiplexing. GE also committed to
additional hardware and software criteria beyond those
contained in the SRP. Baieed on the above, the staff
concludes that the EMS will be capable of accomplishing
the RPS performance requirements. Verification of the
final design against the above criteria will be performed
during the ITAAC implementation. Any changes to the
commitments described above concerning the performance
specifications and architecture of the EMS would involve
an unreviewed safety question and, therefore, require NRC
review and acceptance prior to implementation. Any
requested changes to commitments involving the EMS
performance specification or architecture shall either be
specifically described in the COL application or submitted
as a license amendment after COL issuance.
7.2.2.2 Digital Trip Module
The digital trip module (DTM) is a microprocessor-based
unit which performs the basic comparison of the sensors to
the preestablished setpoint, and provides a trip or no-trip
output for that parameter. For the RPS, there is one DTM
for each set of sensor channels (a division of sensors, refer
to Figures 7.2-1 and 7.2-2 in this report). The DTMs for
the ESF functions are separate and are not shared as was
the case for the EMS. The DTM, as with all of the
SSLC, is Class IE.
The hardware and software
requirements for the DTM are addressed in Section 7.2.8
of this report. The RPS DTM is designed to be fail-safe.
A loss of power to the DTM will result in a trip signal to
each of the TLUs until that division is placed in bypass by
the operator.

The DTM will receive input from both the EMS and
directly hardwired sources. The hardwired sources include
both the traditional hardwired inputs (discussed previously
in this section) and the process PRM which provides the
MSL high radiation input. The only RPS scram signals
not processed through the DTM are from the manual
operator controls and the NMS.

1.
2.
3.
4.

Operating system/executive
Setpoint check
Trip decision transmission if setpoint exceeded
Serial data transmission to all divisions

For the items mat are multiplexed, both multiplexor loops
within a division and the identical sensor information
contained on both is available to the DTM. As described
in the previous section on the EMS design, the DTM will
perform a data validity check and select from which CMU
it will receive information.
As part of the data checking, the DTM will also verify that
it is receiving the correct parameter and will ignore any
other signals, such as those for the ESF DTMs. The
DTM will also perform a data validity check on the nonEMS inputs and provide alarms if the checks fail.
Figure 7. A.2-1 in SSAR Appendix 7A shows all the sensor
signals sent via the EMS. This drawing was listed in the
DFSER as needing revision to be consistent with the
distribution of the sensor inputs to the DTM as described
above. This was DFSER Confirmatory Item 7.2.2.2.2-1.
The SSAR has been revised to properly show the DTM
sensor inputs, and this item is, therefore, resolved.
MPL A32-4080 (Rev. 0, April 25, 1990), "EMS/SSLC
Interface Requirements, Requirements Specification,"
requires that the DTM permit manual trip of individual
plant data inputs when an inoperable condition is detected
in the incoming EMS data. This is consistent with the
SRP criteria for a manual trip.
MPL C71-4010 (Rev. 0, May 18, 1990), "Reactor
Protection System, Hardware/Software System
Specification," lists the 11 sensor inputs and 34 outputs to
the TLUs (if seismic inputs/outputs are not used) for each
DTM. In addition to the sensor tripped/not-tripped status,
the DTM output will include the mode switch MSL
isolation trip bypass permissive to the TLU in its own
channel. The DTMs are essentially identical between the
four RPS divisions. There will be sensor identification and
small timing differences that provide for some small
differences, however, most of the device's hardware and
software is identical between divisions. The DTMs are

7-27

NUREG-1503

Instrumentation and Controls
also similar to the DTMs of the ESF functions. The
software algorithms will be significantly different between
the RPS/MSIV and ESF functions but the operating
system, the self diagnostics, and the input/output will be
identical. The staff was concerned that the DTMs could
be vulnerable to a potential common-mode failure of all
divisions and between the RPS/MSIV and ESF due to a
hardware or software design error. This was an open
issue in the DFSER and the resolution is discussed in Section 7.2.8 of this report.

a. There are four fiber optic communications interface
boards that handle the following data channels:
1.
2.
3.
4.
5.

bypass control inputs • 4 channels
DTM inputs (other divisions) - 3 channels
NMS inputs (other divisions) - 3 channels
recirculating pump trip output - 1 channel
data output to plant computer - 1 channel

b. There are two signal interface boards that handle the
following data channels:

7.2.2.3 Trip Logic Unit
The trip logic unit (TLU) is a microprocessor-based unit
which performs a two-out-of-four coincidence logic
calculation based upon the signals it receives from the four
DTMs and the four divisions of NMS. There is one TLU
for each of the RPS logic channels and it does not share
any functions with the ESF system with the exception of
the ability to be bypassed by the operator. The TLU also
receives the manual operator division scram inputs and the
sensor channel bypass command. The primary TLU
output is to the MSIV and RPS OLUs. The TLU also hat
outputs to the Class IE displays and isolated outputs to the
non-Class IE displays and annunciators. The TLU is
Class IE.
MPL C71-4010 (Rev. 0, May 18, 1990), "Reactor
Protection System, Hardware/Software System
Specification," lists the approximately 106 interfaces
(inputs and outputs) for each TLU.
MPL A32-4080 (Rev. 0, April 25, 1990), "EMS/SSLC
Interface Requirements, Requirements Specification, •
requires that the TLU include a watchdog timer function
on all outputs to ensure constant updating. Time-out shall
cause outputs to assume predetermined safe states. These
predetermined states were not stated in this MPL and,
therefore, the DFSER stated that information on this
matter is to be included in the ITAAC verifications. This
was DFSER Open Item 7.2.2.3-1. In response to this
issue, GE stated that tests have been added to the ITAAC
to demonstrate that the failure state is fail-safe for the
RPS. In addition, the MPL for the SSLC design
specification provides the system failure modes and
specifies that the RPS is fail-safe. Therefore, this open
item is resolved.

1.
2.
3.
4.

DTM input (own division)
NMS input (own division)
operator control input
TTLU control output (adjacent division)

c. There are two logic level interface boards that handle
the following data channels:
1.
2.
3.
4.

MSIV input - 4 channels
auto reactor trip output - 1 channel
auto MSIV closure output - 1 channel
MSIV test close output - 4 channels

d. There is one contact input interface board that handles
the following data channels from the SSLC panel
switches:
1.
2.
3.
4.

non-coincidental trip disable input
main condenser vacuum bypass input
auto trip test input
auto isolation test input

The TLUs are essentially identical between the four RPS
divisions. There will be identification and small timing
differences in some TLUs, however, most of the devices
are identical. The TLUs are also similar to the SLUa of
the ESF functions. The TLU software algorithms will be
significantly different but the operating system, the self
diagnostics, and the input/output will be identical. The
staff was concerned that the TLUs could be vulnerable to
a potential common-mode failure similar to the DTMs.
This was an open issue in the DFSER and the resolution is
discussed in Section 7.2.8 of this report.
7.2.2.4 Output Logic Unit

OE identified the operating system/executive and the
functional software as the two elements of the TLU
software. The TLU configuration is characterized by the
nine I/O interface boards connected to the central bus.
There are a total of 21 input channels and nine output
channels physically connected to each TLU. The details
of the configuration are as follows:
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MPL C71-4010 (Rev. 0, May 18, 1990), "Reactor
Protection System, Hardware/Software System
Specification," lists the 6 inputs and 12 outputs for each
OLU. The OLU is a Class IE solid state electronics
device (non-microprocessor-based) which receives signals
from the TLU within its own electrical division. There are
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separate units for the MSIV and RPS initiation functions.
The OLU also receives the division bypass commands, the
manual division trip input for the RPS OLU and manual
division isolation input for the MSIV OLU. The output of
the OLU units is to the MSIV and RPS load drivers which
provide a division level two-out-of-four vote. This is in
addition to the separate two-out-of-four sensor input vote
which occurs in the TLU.

The protection system in-service testability requirement
comprises a set of six separate tests, which together
constitute a complete system test:

7.2.2.5 Self-Test System

2. A calibration check of the NMS will verify calibration
of setpoints.

1. A manual scram test will de-energize one set of scram
pilot valve solenoids at a time. This test will also
verify the indications in the main control room and the
plant computer input.

The self-test system (STS) feature of the SSLC is
described in Section 7.1.2.6 of the SSAR. The STS
performs testing on both the RPS and ESF functions of the
SSLC. The STS was originally presented in the SSAR as
an overlay testing and surveillance system which
continually and automatically performs end-to-end testing
of all active circuitry in the SSLC using short test pulses
similar to the Clinton nuclear system protection system
design. GE has substantially revised the SSAR description
since the DSER was issued to tailor the STS for a
multiplexed microprocessor-based design.

3. The single rod scram test will include a physics review
performed before insertion of each rod.
4. A calibration check of the analog sensor inputs at the
inputs to the RMUs will verify, by injecting calibrated
sensor signals in place of the normal sensor inputs and
monitoring the SSLC control room panels, linearity,
accuracy, fault response, and downscale and upscale
trip responses. This test is accomplished by placing a
division of sensors in the bypass position.

OE originally classified the STS as safety-associated and
stated that Class IE equipment would be used wherever the
STS interfaced with safety-related equipment. The staff
was concerned that the test features were not classified as
Class IE and could potentially degrade the safety function.
This issue was identified as an open item in the DSER
(SECY-91-294). The staff was also concerned about the
potential interaction between the STS and the master/slave
configuration in the SSLC causing problems with the SSLC
operation and possibly violating the separation
requirements of the SRP. The design of the STS as
described in the SSAR is now substantially integrated into
the SSLC, and GE has committed that all STS equipment
will be qualified as part of the SSLC (Class IE). The
revised description and Class IE designation have also
resolved the configuration and separation issues identified
in the DSER. This is acceptable and the DSER open issue
is, therefore, resolved.
The STS for safety-related systems and the SSLC are
required to be Class IE in accordance with the criteria of
the SRP. This had not been explicitly stated in the SSAR
and was identified as DFSER Confirmatory
Item 7.2.2.5-1. The SSAR has been revised to clarify that
the Class IE requirement will apply for all safety-related
self-test or self-diagnostic features and, therefore, this item
is resolved. The Class IE requirement applies to self-test
features imbedded in the software of safety-related
systems. However, it is acceptable to use non-Class IE
testing equipment in typical configurations where a safetyrelated I&C channel or system under test is taken out of
service to perform manual tests.

5. A check of sensor operation will verify sensor inputs
by cross comparison of other channels, by varying the
monitored variable, or by substituting a test source. If
the test requires disconnecting the sensor from the
system, an out-of-service alarm will be given in the
main control room.
6. A self-diagnostics test of the SSLC equipment will be
run to detect and determine the location of a failure in
the functional SSLC system. The self-test provision
within each division of the SSLC system consists of an
on-line, continuously operating, self-diagnostic
monitoring network, and an off-line semi-automatic,
end-to-end surveillance program. The self-diagnostic
software within each logic processing unit will monitor
critical circuit nodes and timing functions, as well as
states of registers, memory locations, and program
flow and timing. These monitoring functions are
designed Jo detect both internal problems and certain
external problems such as corrupted data input. The
self-diagnostics will include hardware techniques such
as watchdog timers.

1

The capability to perform on-line protection system testing
is included in the CDM. The specific implementation is
described in the SSAR. Specifics of the system design
features to permit testing are not available. The ITAAC
process will verify that the above tests can be
accomplished and includes use of the test equipment
indicated for the above tests itself to demonstrate some of
the other I&C functional requirements in the ITAAC.
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RPV level 3 scram bypassed
RPV pressure high scram bypassed
Drywell pressure high scram bypassed
Neutron flux high scram bypassed
MSIV closure scram bypassed
CRD charging water pressure low scram bypassed
MSL radiation high scram bypassed

One significant feature of the testing that has been
described by GE is the elimination of the need to lift leads
and install jumpers to perform testing. Such actions have
been a significant problem area at currently operating
plants. The DFSER stated that this feature should be
included as a CDM requirement, which was identified as
DFSER Confirmatory Item 7.2.2.5-2. The SSAR has been
revised to include the ABWR design testing features that
eliminate! jumpers and lifting leads, and the TS have been
prepared based on these design features. The CDM has
been revised to reflect the technician interfaces for testing,
and the staff finds it to be acceptable. This confirmatory
item is resolved.

The following alarm is provided for the RPS inoperable
function as non-Class IE:
Indicated RPV water level invalid

Any changes to the design testing features and
commitments identified in the SSAR would involve an
unreviewed safety question and, therefore, require NRC
review and acceptance prior to implementation. Any
requested changes to these commitments shall either be
specifically described in the COL application or submitted
for license amendment after COL issuance.
7.2.3 Indication of Bypassed and Inoperable Status
MPL C71-5030 (Rev. 0, April 23, 1990), "Reactor
Protection System Verification and Validation Criteria
Design Specification," requires that only one sensor
channel be bypassed at a time. However, the ABWR
design does not include the capability to bypass an
individual sensor. The sensor bypass referred to in this
MPL is the same as that which the staff and GE have
defined as a division of sensors bypass. The ITAAC in
CDM 3.4, Instrumentation and Control, includes a
verification that only one division of sensors may be
bypassed at a time.
MPL C71-4010 (Rev. 1, July 2, 1990), "Reactor
Protection System Design Specification," states that one
sensor channel may be bypassed and the coincidence logic
will go to a two-out-of-three vote at the TLU. This bypass
is implemented at the input to the TLU. Bypass of one
division of output logic at the OLU will result in a twoout-of-three coincidence logic. This bypass is implemented
at the input to the OLU. The above MPL document also
requires that bypass status be readily apparent and under
direct control of the operator.
When any part of the RPS or supporting systems is
bypassed or made inoperable, a continuously displayed
status of this condition is required in the main control
room. SSAR Section 7.2.2.2.1 states that this requirement
is met with individual indicator lights grouped near the
affected equipment.
The following alarms and
annunciators are provided for the RPS bypass and inoperable status and are qualified as Class IE:
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There are also additional commitments for all bypasses to
be annunciated, however, the alarm and annunciator list
from which this information was extracted did not list all
of the non-Class IE alarms and annunciators but only those
specifically identified in the Emergency Planning
Guidelines (EPGs). To address this issue, the staff
reviewed the ABWR SSAR for commitment to RG 1.47,
"Bypassed and Inoperable Status Indication for Nuclear
Power Plant Safety Systems," Position C.2, which requires
that the bypassed and inoperable status of RPS auxiliary or
supporting systems be automatically indicated in the main
control room. The description in the SSAR indicates that
adequate indication and annunciation for these systems will
be provided in the main control room. The indication is
automatic at the system level when the system loses power
or when it is out of service. A switch will be provided for
manual initiation of bypass indication for out-of-service
conditions which could not be automatically annunciated.
The staff concludes that GE has provided adequate
commitment to RG 1.47.
The DFSER listed the
verification that all bypasses are appropriately annunciated
as DFSER Confirmatory Item 7.2.3-1. Bypass testing has
been included in the CDM, and this item is, therefore,
resolved.

7.2.4 Alarms and Annunciators
For the ABWR, the most significant change in alarm and
annunciator design from previous designs is that many of
the alarms are now Class IE and as such will be powered
from the divisional Class IE power sources. These
Class IE alarms are distributed between the fixed display
(fixed alarm tiles above the mimic section) and the VDU.
As a part of the ABWR design, the RPS channel trips will
annunciate and identify the variable which caused the trip.
Loss of annunciator events at currently operating plants
have demonstrated that this is important information for the
operator. SSAR Chapter 18 and the corresponding section
of this report for the human factors review provide a
discussion and evaluation of the displays.
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The ABWR has committed to using non-Class IE
"uninterruptable power supplies" for the non-Class IE
annunciators. Details on the distribution of the nonClass IE power loads were not provided by GE in the
SSAR. However, independence of Class IE and nonClass IE power supplies and isolation of non-Class IE
alarms from Class IE alarms will ensure that the Class IE
alarms would be available in the event of loss of the
uninterruptable power supplies.

(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)

At the staff s request, GE provided an inventory of control
room instrumentation, including a list of Class IE alarms,
based upon the EPGs. Because the inventory is emergency
mitigation based, it does not include a list of the nonClass IE alarms that are not required for entry conditions
into the EPGs. Additional discussion on the inventory is
provided in Section 18.0 of this report.

The non-Class IE alarms that annunciate RPS information
include:

The number of fixed position alarm tiles in the ABWR
control room has been significantly reduced compared to
current operating plants by employing alarm prioritization
and filtering. In the ABWR, the fixed alarm tiles are only
used for important plant-level alarm conditions that
potentially could affect plant availability and plant safety,
or indicate the need for immediate, operator action. Less
critical alarms are presented on the operator console
VDUs. In addition, the large control room overview
display panel will include important safety-related
(Class IE) system-level alarms and some non-Class IE
system-level alarms.

(1)
(2)

The Class IE alarms that indicate RPS information
include:
RPV water level (fixed)
drywell pressure high (fixed)
drywell pressure high (VDU)
RPV water level 3 (fixed)
RPV water level 3 (VDU)
RPV pressure high (fixed)
RPV pressure high (VDU)
neutron flux high (fixed)
neutron flux high (VDU)
MSIV closure (fixed)
MSIV closure (VDU)
CRD charging water pressure low (fixed)
CRD charging pressure low (VDU)
main turbine stop valve closure (VDU)

drywell pressure high (fixed)
RPV pressure high (fixed)

In addition to the above displays of alarm conditions,
access to the plant computer will allow the operator in the
control room to identify the specific sensor or sensors that
caused a channel trip. The plant computer will also
maintain the sequence of events log. This log will contain
both nuclear steam supply system and balance of plant
inputs. The plant computer is not part of the safety
systems and no credit is taken for this system in meeting
SRP acceptance criteria. The plant computer is described
in Section 7.7.1.5 of this report.

The following is a list of Class IE alarms for the ABWR.
The fixed displays will be primarily alarm tiles near the
large overhead mimic. The term "VDU" refers to the
CRTs or plasma screens on the control room consoles.
(There are several VDUs, and this list is not intended to
imply that all the alarms are on one screen.)

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)

main turbine control valve fast closure (VDU)
MSL radiation high (fixed)
MSL radiation high (VDU)
RPS Div I trip (VDU)
RPS Div n trip (VDU)
RPS Div m trip (VDU)
RPS Div IV trip (VDU)
RPS Div I manual trip (VDU)
RPS Div II manual trip (VDU)
RPS Div m manual trip (VDU)
RPS Div IV manual trip (VDU)
manual scram (A) initiated (VDU)
manual scram (B) initiated (VDU)
reactor scram (fixed)
reactor period short (fixed)
SRNM neutron flux upscale rod block (VDU)
SRNM neutron flux upscale reactor trip (VDU)

The ABWR design provides for the distribution of alarms
between the fixed displays, the VDUs, and the large
overview panel; the independence of divisionalized
Class IE and uninterruptible non-Class IE power supplies
that provide power to die alarm systems; and the isolation
of non-Class IE alarms from the Class IE alarms. These
provisions in the design minimizes the potential for total
loss of annunciators due to single failures as experienced
by operating nuclear plants and meet the requirements of
redundancy, independence, and separation of alarm
systems of the Commission's position on control room
annunciator reliability in SECY-93-087.
7.2.5 Support Systems
The support systems discussed in this section include the
line power supplies and the HVAC systems.
SSAR Chapter 8 and the corresponding section of this
report discuss the plant station power. For the SSLC, the
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power it supplied by four independent and separated
Class IE 120 Vac sources, each of which is backed up
with a Class IB 125 Vdc battery source through an
inverter. Divisions I and HI of the 120 Vac sources are
each supplied power from the corresponding division
480 Vac power source; 120 Vac Divisions II and IV are
supplied from the Division III 480 Vac source as indicated
by SSAR Figure 8.3-3. SSAR Figure 7.2-1 initially
incorrectly showed a fourth division of 480 Vac power
and, therefore, needed to be revised to reflect the power
supply design.
This was DFSER Confirmatory
Item 7.2.5-1. SSAR Figure 7.2-1 was subsequently corrected and this item is, therefore, resolved.

when power is removed, to initiate a scram. The EPAs
will detect an undervoltage condition and remove power
prior to possible damage to the coils. Normal voltage drop
between the location of the EPAs and the solenoid coils
will be included in the design considerations. The ITAAC
for the EPAs will include a verification that the wiring to
the solenoid valves is sized so that the voltage drop in the
cables will not result in insufficient voltage being supplied
to the solenoid coils. The ITAAC will also include a
verification that the neutral leads of the scram pilot
solenoid valve coil windings are configured such that
credible faults (e.g., hot shorts) will not prevent the valves
from performing their safety function. The above ITAAC
considerations were identified as DFSER Confirmatory
Item 7.2.5-2. GE has included this information in the
SSAR and the staff finds it to be acceptable. Therefore,
this item is resolved.

MPL C71-4010 (Rev. 1, July 2, 1990), "Reactor
Protection System Design Specification," is consistent with
the SSAR and the CDM in that it calls for four Class IE
120 Vac systems. However, the specifications in the MPL
identified only two 125 Vdc systems whereas the ABWR
CDM and SSAR stated that there are four 125 Vdc
systems provided. GE indicated in the SSAR that the four
125 Vdc system configuration is the one for the ABWR
design, and this is acceptable to the staff.
The scram pilot valve solenoids are powered from the
Divisions II and m 120 Vac SSLC buses.
A potential Division II 6.9 KV/480 Vac transformer or
480 Vac switchgear failure could disable the 480 Vac
power sources to the inverters associated with Divisions II
and IV 120 Vac SSLC buses. Such a failure could also
affect the inverters and result in disabling the capability to
use the backup 125 Vdc sources. The failure of the
inverters would lead to degradation or loss of power to the
two 120 Vac SSLC buses. This issue was addressed in
two ways. The first is by incorporating a TS requirement
that limits the bypass of SSLC channels. This was an open
item in Chapter 16 (Item 16-2) of the DFSER and the
resolution is discussed further in Section 7.11 of this
report. The second way is by providing electrical protection assemblies (EPAs) for the SSLC buses in the ABWR
electrical distribution system design. EPAs provide an
additional level of protection to the SSLC power supplies.
Each assembly consists of a circuit breaker with a trip coil
driven by logic circuitry which senses line voltage and
frequency, and trips the circuit breaker open on a condition
of overvoltage, undervoltage, or underfrequency. The
EPAs will detect a spectrum of degraded conditions of the
SSLC bus power supply and open the power supply line in
time to prevent serious damage to connected equipment.
Another area of benefit by using EPAs is reduction in the
possibility of the scram pilot solenoid valves sticking as a
result of damage caused by insufficient voltage supply to
the solenoid coils. The ABWR design requires the coils of
both scram pilot solenoid valves of each CRD to disengage
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The four primary SSLC cabinets (or set of cabinets) are
installed in the main control room. Portions of the RPS
and SSLC (in particular, the RMUs) are located in other
mild environment areas such as the control building
equipment rooms. The RPS I&C equipment which is
designed for harsh environments and will be required to
meet the electric equipment environmental qualification
requirements of 10 CFR Part 50.49 are certain sensors,
sensor lines, transmitters, and associated cabling. None of
the microprocessor-based equipment, multiplexor units, or
fiber optic links will be in areas designated as a harsh
environment area. All of the SSLC equipment is qualified
to the environment of the room in which it is located. The
support system is the HVAC system for the specific area.
Section 7.2.8 of this report describes the hardware and
software qualification.
7.2.6 Defense-in-Depth Analysis
The I&C systems for the ABWR help ensure that the plant
operates safely and reliably by monitoring, controlling, and
protecting critical plant equipment and processes. Both
safety and non-safety I&C systems for the ABWR are
primarily digital-based and differ significantly from the
primarily analog systems used in currently licensed
operating plants. The digital I&C system shares more data
transmission functions and process equipment than was the
practice with the analog systems. The ABWR I&C
systems use the same software and processing equipment
(hardware) across the safety divisions, and therefore, a
hardware design error, a software design error, a software
programming error, or a maintenance error may affect all
of the I&C system divisions and result in a common-mode
or common-cause failure of redundant equipment. The
staff was concerned that the use of digital computer
technology in I&C systems could result in safetysignificant common-mode failures. Because of these
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concerns, which were expressed early in the preliminary
reviews of the ABWR, the staff requested that OB prepare
an analysis of ABWR MtC system deftose-in-depth based
upon NUREO-0493, "A Defense-in-Depth and Diversity
Assessment of the RESAR-414 Integrated Protection
System" (1979). The staff believes that a level of diversity
is necessary to provide defense-in-depth against potential
common-mode software errors so that necessary safety
functions can be performed reliably. The staff considers
common-mode software errors to be a special case of
single failure and, therefore, protection against such errors
is to be part of the design bases.

The modules in the ABWR SSLC are to be implemented
by microprocessor-based designs with identical or similar
hardware and software used in all four divisions. Because
of this similarity the concerns expressed in NUREO-0493
and SECY-91-292 apply directly to the SSLC.

The staff reviewed the ABWR I&C system design and
concludes that common-mode failure concerns were valid
for several reasons.

To complicate the concern with regard to common-mode
failure, the initial SSAR did not include the design details
that would allow the staff to independently assess the
diversity and defense-in-depth of the design and
conformance with the guidelines of NUREO-0493.
Therefore, the staff concluded that the common-mode
failure potential of software bad not been adequately
addressed, and this was identified as an open item in the
DSER. Subsequently, OE provided the results of analyses
done to address the defense-in-depth issue as amendments
to the SSAR. Resolution of this item is discussed further
in this section of the report.

1.

The commonality of the timing between channels is
such that an error in one channel is expected to
occur in all identical channels and equipment within
a few milliseconds of each other.

2.

The possibility exists that an initiating transient or
accident itself creates the set of circumstances that
reveal a software error. The staff considers that
the models of the systems used to develop the test
sets may not contain sufficient inputs for all
transient and accident situations, and therefore,
certain situations may not be adequately tested. In
most software applications, including the ABWR
design, it is not possible to include a 100-percent
test of all software inputs due to the very large
number of possible input combinations.

3.

There is presently no general consensus as to a
method to demonstrate a quantitative measurement
of software reliability. Some assumptions, such as
the OE ABWR PRA assumption of 4.25 x 10"*
failures per demand for the EMS, cannot be
demonstrated with the current software metrics or
existing data bases, and are likely unrealistically
low.

4.

Redundancy in software does not necessarily
increase the reliability and availability of the overall
system to an acceptable level as it can in analog
systems. Some of the failure modes of a softwarebased system (particularly the common-mode
failures mentioned above) are fundamentally
different from those of an analog system.

5.

Self-diagnostics and periodic testing provide a
significant safety improvement by reducing the
possibility of undetected failures during plant
operation, but they do not prevent the failures from
occurring. The improved self-diagnostics of digital
systems do not resolve the common-mode failure
issue. The analysis described subsequently in this
report explains the common-mode vulnerabilities of
the ABWR design, and the attributes which mitigate
those failures.

BACKQROVNP
The first design reviewed by the staff specifically to
address defense against potential common-mode failures in
digital systems was the Weatinghouse RESAR-414 design.
The results of this study were published in NUREO-0493,
"A Defense-in-Depth and Diversity Assessment of the
RESAR-414 Integrated Protection System," (March 1979).
NUREO-0493 discussed common-mode failures and
different types of diversity, and presented a method for
assessing the defense-in-depth of the design.
The staff described concerns with common-mode failures
and other digital system design issues in SECY-91-292,
"Digital Computer Systems for Advanced Light Water
Reactors." SECY-91-292 describes how common-mode
failures could defeat not only the redundancy achieved by
the hardware architectural structure, but also could result
in the loss of more than one echelon of defense-in-depth
provided by the monitoring, control, reactor protection,
and engineered safety functions performed by the digital
I&C systems. The two principle factors for defense
against common-niode/common-cause failures are quality
and diversity. Maintaining high quality will increase the
reliability of both individual components and complete
systems.
Diversity in assigned functions for both
equipment and human activities, equipment, hardware and
software, can reduce the probability that a common-mode
failure will propagate.
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Several NRC regulations and industry standards address
the need for defense against potential common-mode
Mures. GDC 22 requires that "design techniques, such
as functional diversity or diversity in component design
and principles of operation, shall be used to the extent
practical to prevent loss of the protection function." IEEE
Standard 279-1971 requires that "equipment, not subject to
failure caused by the same credible event, shall be
provided to detect the event . . . ."
IEEE
Standard 603-1980 has the same requirement as IEEE-279.
IEEE Standard 379-1968 states that "certain common-cause
failures shall be treated as single failures when conducting
the single failure analysis. Such failures can be in
dissimilar components and can have dissimilar failure
modes. Failures resulting from cascaded failures and from
design bases events have already been discussed and are
those which shall be included in the analysis. Commoncause failures not subject to single-failure analysis include
those that can result from external environmental effects,
design deficiencies, manufacturing errors, and operator
errors.
Design qualification and quality assurance
programs are intended to afford protection from external
environmental effects, design deficiencies, and
manufacturing errors. Personnel training, proper control
room design, and operating and maintenance procedures
are intended to afford protection from maintenance and
operator errors." Common-mode failure issues are also
addressed in the requirements of 10 CFR 50.62 concerning
mitigation of anticipated transients without scram (ATWS).
There are several different types of diversity, each of
which offers certain protection against the common-mode
failures.
Various forms of diversity include signal
diversity, equipment diversity, aspect diversity, and people
diversity. Signal diversity includes the use of different
signals (sensors) to initiate an action, such as neutron flux
and reactor pressure as diverse signals for initiation of
reactor scram.
Equipment diversity includes using
different kinds of equipment to perform a function. An
example of equipment diversity described in NUREO-0493
is the use of relay vs solid-state logic in the I&C system.
The ABWR design employs equipment diversity in that the
remote shutdown station (RSS) is a hardwired analog
system and is, therefore, diverse from the microprocessorbased SSLC. Included in the equipment diversity category
is the use of different software languages. Aspect diversity
involves using different logic levels. An example for the
ABWR is the functional algorithm diversity between the
DTM functions within a channel. Another example of
aspect diversity in the ABWR design is the de-energize to
actuate (fail-safe) aspect for the RPS actuation vs. the
energize to actuate (fail as-is) aspect of the ARI. People
diversity refers to using different groups of people to
design, verify, validate, and maintain an I&C system.
Examples of people diversity required in the ABWR design
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are the different groups performing the I&C system design
vs. those performing the QA function, and the
independence between the software verifier and the
software designer. It is difficult to define how much
improvement in safety results from a given kind or degree
of diversity. For microprocessor design, this is especially
difficult because there is no industry consensus on a
method to quantify software reliability and/or availability.

DISCUSSION OF THE RESOLUTION
GE's initial analysis of common-mode failure was provided
in Appendix 7A of the SSAR. In the SSAR, GE stated
that the use of shared sensors in the design may increase
the effects of potential common-mode failures. Therefore,
the SSLC system architecture is designed to provide
maximum segregation of system functions by using
separate DTMs and TLUs within each of the four I&C
divisions. In the analysis it was also noted that for the
reactor shutdown function there are five different methods
for controlling reactivity including the RPS hydraulic
scram, the air header dump valves of the ARI system, the
fine motion control rod drive (FMCRD) insert function of
the ARI system, the SLCS, and the CRD system. The
reactor core cooling function can be accomplished as
described in the SSAR by four different systems including
the motor driven (FDWC) system, the motor driven highpressure core flooder system (HPCF), the turbine driven
RCIC system, and the low-pressure mode of the RHR
system. Appendix 7A also described the RSS which
provides diverse (hardwired) core cooling control functions. GE concluded that the ABWR meets the intent of
NUREG-0493 for I&C system diversity. The staff,
however, concluded in the DSER that the GE analysis did
not adequately address potential loss of safety functions
due to postulated common-mode failures, and that this was
an open issue.
The staff considers the two principle factors for defense
against common-mode failures to be quality and diversity.
The quality aspects of the ABWR I&C systems are
addressed in other sections of this report. Quality, in part,
is achieved by the use of quality design standards for the
hardware and software, and the I&C system testing to be
performed. With few exceptions, the staff concluded in
the DFSER that the quality issues had been substantially
resolved.
Though there were some studies performed by GE in the
design process, no analyses were presented to the staff
which adequately demonstrated how the SSLC design
complied with NUREG-0493, and thereby provided
adequate defense against potential common-mode failures.
The staff concluded in the DFSER that this concern had
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not yet been addressed adequately by OH. The staff identified the defense-in-depth issue aa DFSER Open Items
7.2.6-1, 7.2.6-2, and 7.2.6-3.
Because the staff determined that the ABWR SSAR and
related documentation had not adequately addressed the
common-mode failure and defense-in-depth concern, the
staff performed its own common-mode failure agyeesment
of the ABWR baaed upon the guidance of NUREG-0493.
Some additional considerations were added to the original
NUREG-0493 approach, S5*ch as evaluation of information
available to the operator, common-mode failures during
accidents aa well as transients, the time available for
systems actuation, and the use of non-Class IE systems to
provide a diverse means of accomplishing safety functions
if the first-line safety systems railed. The staffs derensein-depth and diversity assessment of the ABWR design was
performed by the Lawrence Livermore National
Laboratory (LLNL) (under contract to the staff - referred
to aa the LLNL diversity study). The results were made
available to GE for determination of any factual errors in
the design assessment. OE informed the staff of some
errors in the study which have been corrected.

the resolution of the defense-in-depth and diversity issue.
The modules identified in the EMS are to be implemented
by microprocessor baaed designs with similar hardware in
all four divisions. MPL Al 1-4121 (Rev. a (preliminary),
January 19, 1988), "Multiplexing System Application
Procedure, Design Procedure," specifically states that the
individual multiplexing systems shall be designed with a
high degree of standardization. The DTM and TLU/SLU
components of the SSLC also share common software
design features which would result in a failure of all four
channels if there is a software error.
In reviewing the results of the study, the staff found
diverse I&C system features in the ABWR design, several
of which OE had previously presented as solutions to the
potential common-mode software error concern. In the
study, credit was given to non-Class IE systems to
mitigate an event if the non-safety systems were reasonably
expected to be available. Thus, from the study the staff
determined that the ABWR design has a number of
attributes which provide defense-in-depth and protection
against a potential software error as follows:
1. The turbine inputs to the RPS are hardwired (do not
use the EMS). Further, the NMS and the PRM system
RPS inputs use microprocessors but are directly wired
to the SSLC and do not use the EMS. Therefore, an
EMS common-mode failure would not disable these
inputs.

The LLNL diversity study evaluated I&C system function
for all of the SSAR Chapter 15 events. This set of events
was judged by the staff to be sufficiently complete to
bound those situations requiring initiation of safety systems
based on the NUREG-0493 methodology. The study
evaluated each event in conjunction with a set of postulated
common-mode failures. Two specific events were selected
for detailed study in the preliminary stages of the review.
Those events were generator load rejection with normal
bypass, and steam system piping break outside
containment. Assumptions made by LLNL in the analysis
during the review were documented in the LLNL diversity
study. One aspect that was not specifically evaluated in
the study was anticipated operator actions. As described
later in this report, operator actions have now been
considered.

2. Manual scram functions and manual MSIV actuation
are hardwired from the control room, do not use the
EMS, and are not dependent upon microprocessors.

In the LLNL diversity study several areas of concern were
identified. The use of the EMS for the RPS, ESF and
information to the operator was a particular vulnerability,
along with the common elements shared by the DTMs and
TLUs. In the study it was concluded that, in general,
there was information and system controls to mitigate each
of the transients investigated, however, there may not be
sufficient time and information to complete all necessary
activities manually to maintain safety functions, especially
if the actions required the use of the RSS.
Due to the significance of the EMS to the proper
functioning of both the RPS and ESF, a common-mode
failure of the EMS was a significant concern of the staff in
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3. The ARI function, that is part of the ATWS system, is
independent of the EMS. The ARI system is a twoout-of-three logic initiation non-Class IE system that is
separate and independent from the RPS. By letter
dated June 2,1993 (on important features identified by
the ABWR PRA), OE identified this feature as
providing a significant factor in the reduction in the
probability of an ATWS.
4. The NEMS is diverse in both hardware and software
from the EMS. The NEMS is a non-Class IE system.
5. The RSS is conventionally hardwired from the station
itself to the actuation devices (does not use the EMS)
and does not use microprocessors. The RSS is outside
of the main control room as required for its primary
design function of shutting down the reactor upon
abandoning the main control room. The RSS is a two
channel control and indication station which contains
most of the ESF capabilities.
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6. Final display information for the operator is provided
by a separate, diverse means - the Class IE fixed
mimic display and the Class IE divisional VDUi.
Alarms and parameter information are also available on
the non-Class IE VDUs and from the plant computer.
7. The NMS bypasses the DTM and is input directly to
the TLU. A common DTM failure will not fail the
NMS scram function. The ARI system controls also
bypass the DTM because the ARI system is not part of
theSSLC.
8. The DTMs and TLU/SLUs have a significant level of
functional diversity between the RPS and ESF functions
and between portions of the ESF. As shown on
Figures 7.3-1 and 7.3 2 of this report, there are three
DTMs, one TLU and two SLUs per channel of the
SSLC. The software algorithms within the SSLC are
functionally diverse between the RPS and ESF
functions as a result of the equipment to be
tripped/actuated, i.e., deenergize-to-operate function
for RPS and MSIV, and energize-to-operate function
for ESF.
9. GE stated in the SSAR that the SSLC software will be
relatively simple which will result in a high degree of
assurance that the required testing will reveal virtually
all of the software errors. The EMS software is even
simpler. However, no supporting analysis has been
provided to support these conclusions. All the safetyrelated software will be verified and validated. The
staff concludes that software, even that which has been
verified and validated with a high-quality program may
still have undetected errors. This was DFSER Open
Item 7.2.6-4. In a letter dated April 30, 1993, OE
provided a description of the software development
program, a commitment to provide a set of hardwired
backups, and a revised common-mode failure analysis.
In the letter, OE concluded that a software simplicity
analysis was no longer relevant since the quality and
diversity issues for software will address the staffs
concerns regarding software reliability and digital
system defense-in-depth. The staff agrees that this
analysis is no longer necessary as the basis for
resolving the defense-in-depth questions.
These
concerns are addressed in the computer ITAAC and
overall digital system diversity, and, therefore, Open
Item 7.2.6-4 is resolved.
Based on the two examples reviewed in detail in the LLNL
diversity study, the staff and OE concluded that some
postulated failures in the SSLC (and EMS) would disable
the displays and controls of the ESF systems in the main
control room. Some postulated failures would also result
in the loss of a significant amount of information to the
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operator in the control room. Another conclusion was that
it would be necessary to access the RSS in order to initiate
the ESF equipment and mitigate the events under
consideration. For the events reviewed, there was display
and mitigation capability available for all postulated
failures. The mitigation control function was occasionally
at the RSS or was provided by a non-Class IE system.
Normally available control systems, such as the FDWC
system, were credited in the analysis, while systems not
normally used, such as the fire water system for reactor
water injection, were not.
The results of the LLNL diversity study were presented to
OE. The staff identified the following four primary
concerns arising out of the study:
1. The response to the initiating event needed to be
confined to the main control room.
2. Consideration of the time available for manual operator
actions was incomplete in the analysis.
3. System level actuation capability from the eas&oJ soom
for the ESF functions was lacking.
4. Display of the necessary Class IE variables in the main
control room was lacking.
The staff requested OE to complete its review of the
LLNL diversity study and respond to the above concerns.
The above results were also provided to the Commission
for approval in SECY-93-087, "Policy, Technical, and
Licensing Issues Pertaining to Evolutionary and Advanced
Light-Water Reactor (ALWR) Designs," April 2,19P3, as
the staffs generic position for digital system defense
against common-mode failures for advanced light-water
reactors.

The staff position on I&C system diversity for ALWRs as
approved by the Commission in a SRM dated July 21,
1993, is as follows:
1. The applicant shall assess the defense-in-depth and
diversity of the proposed I&C system to demonstrate
that vulnerabilities to common-mode failures have been
adequately addressed.
2. In performing the assessment, the vendor or
applicant shall analyze each postulated commonmode failure for each event that is evaluated in the
accident analysis section of the safety analysis
report (SAR) using best-estimate methods. The
vendor or applicant shall demonstrate adequate
diversity within the design for each of these events.
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3. If a postulated common-mode failure could disable a
safety function, then a diverse means, with a
documented bases that the diverse means is unlikely to
be subject to the same common-mode Mure, shall be
required to perform either the same function or a
different function that provides adequate protection.
The diverse or different function may be performed by
a non-safety system if the system is of sufficient quality
to perform the necessary function under the associated
event conditions.

identified in the EPGs and the post-accident monitoring
indications identified in RG 1.97.

4. A set of displays and controls located in the main
control room shall be provided for manual system-level
actuation of critical safety functions and monitoring of
parameters that support the safety functions. The
displays and controls shall be independent and diverse
from the safety computer system identified in Items 1
and 3 above.

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)

GE completed three studies related to furthering the issue
of defense against common-mode/common-cause failures
in the ABWR I&C systems. The first was an analysis of
the common-mode failure of ABWR multiplex equipment
(SSAR Appendix 19N, Amendment 22).
This study
identified the following potential common-mode failure
mechanisms:

The staffs proposed applicable regulation for digital
system defense against common-mode failures for the
ABWR design is, as follows:
,

Earthquake
Loss of dc power
Loss of cooling
Sensor miscalibration
RMU miscalibration
Set point drift
Maintenance/test error
Manufacturing error
EMI
Fire
Software fault

In the study, GE addressed each of the above issues. Most
were evaluated as not being credible causes due to the
qualification of the I&C equipment, physical separation, or
administrative controls.
The study contained the
conclusion that common-mode software fault is a credible,
although unlikely, possibility.
GE committed to
administrative controls to minimize errors, TS
requirements to assure failure detection, and symptombased procedures to assure that adequate core cooling is
maintained in the event of a common-mode EMS failure.

Digital instrumentation and control systems provided
for the standard design must include:
(1) an assessment of the defense-in-depth and
diversity of instrumentation and control systems,
(2) a demonstration of adequate defense against
common-mode failures, and
(3) provision for independent backup manual controls
and displays for critical safety functions in the
control room.
GE completed its review using events that GE believes
envelope the Chapter IS events. GE disagreed with the
staffs position and indicated that adequate defense-in-depth
and diversity should consider the likelihood of the postulated events in conjunction with the assumed commonmode failures. Under these circumstances, credit for the
RSS to mitigate the event should be permitted.

Hie second GE study relating to the issue of defense
against common-mode failures was the preparation of an
inventory of controls, displays, and alarms relied upon for
accident mitigation based on \the EPGs, including their
locations. This information was submitted as SSAR
Appendix 18F. Based on the information provided in the
SSAR, GE demonstrated that the displays will have
separation and some diversity. The diversity for the
safety-related displays is primarily provided between the
fixed mimic panel and the safety channel VDUs.

In response to the GE position, the staff prepared a list of
tfre set of equipment which it believed was necessary to
bring the ABWR design into compliance with the proposed
staff position and which were necessary for a
demonstration of appropriate diversity. The list was based
on a functional, symptom-based approach to accident
mitigation to assure that adequate, reactivity control, core
cooling, reactor coolant system integrity, and primary
containment integrity are maintained for all events. This
list was also based upon a review of the control functions

The third study prepared by GE was an event-based
common-mode failure evaluation. (The result of the study
was presented to the staff at a meeting held at the GE
offices in San Jose, California on August 26, 1992, and
was documented as part of the minutes of that meeting).
In performing the study, GE evaluated 14 events from the
SSAR Chapter IS transients and accidents, considering the
emergency operating procedure entry conditions and a
postulated common-mode failure in the ABWR I&C
system. The study addressed the automatic actions that
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would occur following each event coincident with the
populated common-mode failure. The common-mode
failure poatulated for each of the events waa an
undiscovered fault in the EMS resulting in all valid and
correct control and monitoring data transmissions being
lost. The emergency operating procedure (EOP) entry
conditions were then considered. In several events, more
than one monitored parameter is expected to indicate the
need to enter the BOPs. Indication of reactor pressure
vessel water level low waa the entry condition for many of
the events; drywell pressure high indication waa the entry
condition for several others. The study considered
operator actions described in the EOPs, with the equipment
which waa not diaabled by the postulated common-mode
failure. The reactor and containment response was
evaluated for each event and waa compared to the SSAR
Chapter 15 analysis (which does not assume common-mode
failures of I&C equipment). A summary of each event
was provided which concluded that, for one hour or more,
nfficient water was available for decay heat removal.

provide acceptable defense-in-depth against potential
common-mode failures of the I&C systems:
1. The following control capability will be added in the
control room:
a. clean up water line isolation valve (inboard) manual
initiation. This is required by both Items 3 and 4
of the above staff diversity position.

A significant factor considered in this analysis was the
function of the feedwater system during the postulated
transient or accident. For each of the events (except for
feedwater line breaks or failures) the feedwater system was
assumed to remain operational. The feedwater system was
also assumed to function properly in response to the
specific event scenario. For example, a loss-of-coolant
accident (LOCA) inside containment, a loss of condenser
vacuum, or a loss of the auxiliary power transformer
requires a reduction in feedwater flow to the reactor
vessel.> GE stated that reduced flow was a normal
expected function of the feedwater system under the abo\le
event condition. If the feedwater system continues to run
at 100 percent flow, the available water inventory would
be exhausted in approximately 4 minutes. If the feedwater
system responds as assumed in this study, water inventory
would be available for over an hour. Based on this study,
OE concluded that there waa adequate capability in the
ABWR design to mitigate each event for sufficient time
until the RSS capabilities could be used.
The staff reviewed the GE study as documented in the
SSAR and agreed with the conclusions. However, the
staff believes that GE relied too heavily upon the feedwater
system as a backup to safety-related RPV inventory means;
therefore, additional backup capability should be provided
in the main control room. This was discussed further in
theDFSER.

CONCLUSION
The staff concludes in the DFSER that the following
additions to the ABWR design are needed in order to
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b. RCIC steamline isolation valve (inboard) manual
initiation. This item is required by both Items 3
and 4 of the staff position listed above.
c. HPCF system manual initiation. ' In the diversity
analyses, many of the events rely on the feedwater
aystem to mitigate the event in combination with the
postulated common-mode failure. Experience with
feedwater systems at operating plants raises a
concern that they may not be reliable enough to
satisfy the Item 3 requirement that the backup
system be of sufficient quality to perform the
necessary function under the associated event
conditions. The ABWR feedwater system uses a
triplicated I&C system and electric motor-driven
pumps which should provide a higher degree of
reliability than in currently operating plants.
However, the reliability of the I&C system,
especially responding to transients and accidents for
which it was not specifically designed, cannot be
determined. By letter dated June 2, 1993, GE
provided a description of the important features
identified by the ABWR PRA.
This report
identified the HPCF logic and control as an
important item and stated that "although the
probability of a common cause failure of the SSLC
is very low, an independent and diverse means of
HPCF operation further reduces the risk associated
with system operation through the multiplexed
digital SSLC." Therefore, the staff concluded that
it is prudent to require HPCF backup capability to
provide water to the reactor vessel. HPCF backup
control in the main control room provides additional
assurance that long term core cooling will continue
to permit additional time for implementation of the
emergency action plan, manning of the RSS, or
other long term actions. The staff concluded that
only one channel of HPCF capability was needed,
and that system-level actuation be provided at the
lowest level in the safety computer system architecture. The controls may be hardwired either to
analog components or to simple, dedicated, and
diverse software-based digital equipment that
performs the system-level actuation logic. The
above staff conclusions are consistent with the
Commission approved diversity position.

Instrumentation and Controls
2. The following display capability will be added in the
control room:
a.
b.
c.
d.
e.
f.
g.

RPV water level
RPV water level (level 3) alarm
Drywell pressure
Drywell pressure (high) alarm
CUW isolation valve status
RC1C steamline isolation valve status
HPCFflow.

common-mode failures. Therefore, DFSBR Open Items
7.2.6-1, 7.2.6-2, and 7.2.6-3 are resolved and the design
meets the staff a proposed applicable regulation for digital
instrumentation and control systems.
REACTOR
VESSEL
INSTRUMENTATION

The displays may be analog components or simple,
dedicated, and diverse software-based digital displays.
3. The RSS displays will be operable during normal
operations. TTiis will permit an operator to assess the
status of the displayed parameters without transferring
control from the main control room.
4. The FDWC system will be designed and tested to
verify its availability consistent with the event analyses
described above. Testing is required to provide an
appropriate level of assurance that thefeedwater system
can respond to the conditions assumed in the analyses
which are beyond the system's normal design basil.
The inclusion of only a single I&C channel of highpressure water injection capability in the main control
room is predicated upon satisfactory operation of the
feedwater system during the analyzed events as
demonstrated by testing. For each event analyses of
SSAR Chapter IS (the GE and LLNL analyses
referenced above) which shows that feedwater provides
mitigation following the postulated common-mode
failure of the safety-related I&C systems function, the
FDWC system shall be tented using simulated inputs to
demonstrate that it will perform as assumed in the
analyses. This requirement is added to the ITAAC.
The above staff conclusions were provided to GB. GEhas
completed the last of the analyses demonstrating adequate
core cooling. The analysis technique was recently revised
when GB discovered that the code being used to model the
events was not adequate for the steam cooling mode.
Using a model that provided steam cooling analysis, GE
concluded that the CRD pumps did not provide adequate
inventory to mitigate a feedwater line break and, therefore,
GE agreed to add hardwired HPCF pump initiation control
and flow indication aa diverse backup capability. This was
the last remaining area of disagreement between the staff
and GE, and this issue is now resolved. GE has provided
an Appendix C to SSAR Chapter 7 which includes the
above commitments to provide adequate defense against
potential common-mode failures. Appendix C addresses
the issues identified above and specifies the diversity and
set of equipment that will not be subject to potential

WATER

LEVEL

One issue associated with defense-in-depth and the
diversity of design required to provide adequate protection
against common-mode failures remains open. This issue
concerns the RPV water level measurement. The issue
waa DFSER Open Item 20.3.8. The primary issue
concerns the use of identical measurement techniques using
condensing chambers and differential pressure transmitters
to measure the water level and provide signals to I&C
logic. Resolution of this item is discussed in Chapter 20
of this report.
7.2.7 Setpoints
The RPS setpoints will be listed in the RPS TS. The
actual setpoints will not be established at this time because
the design has not been completed, and the equipment has
not been selected. The COL applicant will provide the
specific setpoints based on the I&C system design and
equipment prior to fuel load. The general requirement is
that the setpoints be established high enough to preclude
inadvertent actuation, but low enough to assure that proper
margin is maintained in the setpoint determination. The
TS (SSAR Chapter 16) have been submitted for review and
are addressed in Section 16 of this report. Additional TS
discussion is also included in Section 7.11 of this report.

GE has committed in the SSAR to meet the guidelines of
RG 1.105, which govern instrument setpoints. RG 1.105
endorses ISA S67.04-1982, "Setpoints for Nuclear SafetyRelated Instrumentation Used In Power Plants," with some
exceptions. This is an acceptable commitment since ISA
S67.04 defines a structured analysis acceptable to the staff
to determine specific setpoints that adequately considers
inaccuracies. This standard is currently undergoing
revision and is expected to be issued in the near future.
This is an example of a SSAR commitment which may be
changed at some later time. The ITAAC for setpoints
(which are included in the I&C CDM) requires a plant
specific setpoint analysis which details the procedure for
establishing specific eetpoints. This plant specific analysis
will be audited by the NRC during ITAAC
implementation. Any changes to the setpoint commitments
in the SSAR would involve an unreviewed safety question
and, therefore, require NRC review and acceptance prior
to implementation.
Any requested changes to this
commitment shall either be specifically described in the
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COL application or submitted for license amendment after
COL issuance.
7.2.8 Hardware and Software Qualification

documentation and verification, in accordance with the
10CFR Part 50, Appendix B requirements for quality
assurance for safety-related systems and the following
standards:
1.

ASME NQA2a, Part 2.7, "Quality Assurance
Requirements of Computer Software for Nuclear
Facility Applications."

2.

ANSI/IEEE ANS 7-4.3.2-1982, "Application
Criteria for Digital Computers in Safety Systems
for Nuclear Facilities." GE has also committed to
the revised version of this standard.

3.

IEEE 730-1984, "IEEE Standard for Software
Quality Assurance Plans."

4.

IEEE 828-1983, "IEEE Standard for Software
Configuration Management Plans."

5.

IEEE 829-1983, "IEEE Standard for Software Test
Documentation."

The ABWR SSLC is dependent upon the proper
functioning of the software to perform its safety functions.
The standard for software which has been formally
endorsed by the staff to specifically address software
qualification is ANSI/IEEE ANS-7-4.3.2 (1982),
"Application Criteria for Programmable Digital Computer
Systems in Safety Systems of Nuclear Power Generating
Stations," which was endorsed by RO 1.152 in 1985. The
ABWR SSAR stated that, software development will, in
general follow this standard. The staff considered this
statement unclear and requested QE to provide a clear
commitment to the software development process to be
followed for the ABWR I&C system. This issue is also
related to the GDC 1 issue previously discussed in this
report concerning commitments to industry standards, and
the issue concerning level of detail identified in the DSER.
Because the software products and the software
development plans for the SSLC have not been developed
yet, there was no method available to the staff to
independently verify that the software was in conformance
with ANSI/IEEE ANS 7-4.3.2.

6.

IEEE 830-1984, "IEEE Standard for Software
Requirements Specifications."

7.

IEC 880-1986, "Software for Computers in the
Safety Systems of Nuclear Power Stations."

8.

IEEE 1012-1986, "IEEE Standard for Software
Verification and Validation Plans."

9.

IEEE 1033-1985, "IEEE Recommended Practice of
Application of IEEE Standard 828 to Nuclear
Power Generation Stations."

10.

IEEE 1228 (draft), "Standard for Software Safety
Plans."

11.

IEEE 1042-1987, "Guide to Software Configuration
Management."

12.

Standard 2167A-1988, "Defense System Software
Development."

ANSI/IEEE ANS 7-4.3.2 is high level description of a
software V&V process. Since it was published in 1982
there have been several other standards issued which
provide additional guidance for V&V. In addition, there
are other aspects to software qualification in addition to
V&V. ASNI/IEEE ANS 7-4.3.2 has undergone significant
revision and was reissued in November 1993.

GE has provided a discussion of software development in
Table 7B.1 of the SSAR. In addition to a description of
the process, and the commitment to standards, GE has
added the following caveat:

The SSLC will be qualified as a Class IE system. All
SSLC components associated with protection systems are
Class IE and will be qualified to the same standards as the
protection systems. All programmable digital equipment
used for safety-related functions will be qualified tn
accordance with the safety system design basis with which
they internee. This includes environmental and seismic
qualification. The SSAR describes commitments to the
SRP qualification criteria.
The star? reviewed the
commitments and has concluded that, for the topics that
are addressed by the SRP, the commitments are adequate.
The staff identified three additional areas of qualification
that are not fully addressed in the SRP criteria. These
issues are discussed in SSAR Appendix 7A, and are
software qualification, electro-magnOic susceptibility, and
mild environmental qualification. These issues were
identified in the DSER as open issues.

To resolve the above issue on software qualification, GE
has committed in the SSAR to software development,
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Note that the documents listed above may differ
regarding specific methods and criteria applicable to
the SMP. In situations where such differences
exist, all of the methods and criteria presented
within those documents are considered to be equally

Instrumentation and Controls
appropriate and valid and, therefore, any of the
above listed documents may be selected as the basis
for elements of the SMP.
'
The staff finds the list of standards acceptable. The
software development for the ABWR is included in the
I&C CDM. The CDM outlines a software development
plan which follows the guidance of the standards included
in the SSAR. The standards listed in the SSAR are
expected to change over the lifetime of the design
certification. The staff expects the COL applicant to use
(he currant version of standards which are available when
the software implementation is started. Section 7.1 of this
report provides a discussion of the approach to
implementation of the ITAAC process for the I&C
systems. The staff considers the first step in the staged
ITAAC involving development of software design plans to
be critical to successful completion of the ABWR I&C
system because of the rapidly changing technology in
digital I&C systems, and the many different vendors that
may be involved in implementation of the ABWR design.
OE has committed to several additional software
development methods and features as discussed below. GE
committed to use formal methods for the SSLC when
formal methods are developed sufficiently.
Formal
methods are typically defined as entailing a mathematical
or occasionally a graphical software specification rather
than natural language specification. The outputs would be
able to be verified mathematically. Use of formal methods
is in a relatively early stage of development at this time.
The staff agrees with OE that it is premature to specifically
commit to a particular formal method in the SSAR and,
therefore, the staff finds the commitment by OE to use the
accepted industry software design practices at the time that
the software is developed to be appropriate.
OE has committed to provide a safety and hazards
analysis, a sneak circuit analysis, and a timing analysis for
the digital I&C systems. OE was requested to provide a
description of the specifics of the program in these areas.
This was DFSER Open Item 7.2.8-1. GE has provided
additional details on these items in the CDM and the
SSAR, and this item is, therefore, resolved.
OE has committed to the use of software metrics to track
error rates during software development. OE has not
specified a particular software metric as this will probably
be selected by the final software vendor, and is an area
that may change over the lifetime of the design
certification.
This was DFSER Confirmatory
Item 7.2.8-1. The SSAR and the CPM have been revised
to include the selection of software metrics during the
development process. This item is, therefore, resolved.
The staff also identified COL Action Item 7.2.8-1 for this

issue since a possible resolution considered when the
DFSER was written was for the COL applicant to select
the software metrics. The selection of software metrics is
now included in the CDM, SSAR and NRC audit of the
staged ITAAC. Therefore, this COL action item is no
longer applicable and is resolved.
OE stated tb*t "proven technology" will be employed in
the design ana development of the ABWR I&C systems.
The staff requested OE to clarify what was meant by
proven technology. In response, OE stated that the
definition of proven technology provided in the EPRIRD
was appropriate for the ABWR. This EPRI requirement
states that three years of successful experience in an
application (nuclear or non-nuclear) very similar to the
nuclear power plant application is adequate to demonstrate
proven technology. The staff agrees with this definition
and finds this acceptable. The stated goal, to which both
the staff and OE agrees, is to use the best available
technology without using improves designs.
OE has committed to simple modular software programs
that follow the guidance of DOD-STD-2167. The staff
agrees that safety systems should have simple modular
programs and finds this acceptable.
GE has not
specifically committed to follow DOD-STD-2167 for any
other design requirements, though there are similar
requirements for a structured design process between
DOD-STD-2167 and the OE ABWR SSAR commitments.
At the time of issuance of the DFSER, the issue of
commercial dedication of software for use in safety
systems had not been adequately addressed by OE. GE
subsequently made several commitments regarding
commercial dedication of software, and the specific
wording to be included in the SSAR. These commitments
were identified as DFSER Confirmatory Item 7.2.8-2.
The first aspect of the commercial dedication issue is the
use of well- developed operating systems in the
development of a plant specific digital system, such as the
SSLC. The staff agrees with OE that it is not necessary
for the SSLC developer to perform a formal V&V of the
operating system. However, it is essential that the SSLC
developer assure that the operating system was developed
under strict guidelines and has the quality necessary for a
safety system.
The second aspect of the commercial dedication issue is
the use of a complete component, such as a programmable
logic controller, where most of the software has been
developed prior to the decision to use it in a nuclear
application. As with the operating systems described
above, it is necessary for the developer to verify that the
equipment selected is of sufficiently high quality for use in
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a safety system. It is not necessaiy for the final developer
to repeat the & V activities, but it is necessary for the
developer to verify that the original equipment designer has
followed equivalent criteria. This concern was resolved
with SSAR commitments which were identified as DFSER
Confirmatory Item 7.2.8-2.
V

Included in the commercial dedication issue is the
qualification of the automated tools and design support
software. It is necessary for the I&C system developer to
verity that the tools are accurate. The staff expects (he
developer to verify the quality of the tools used in the
design.
Also related to the issue of commercial dedication is the
staff concern regarding communication by the suppliers of
errors discovered in the suppliers' tools or software to the
end user. This is similar to the 10 CFR Part 21 defect
reporting required for Class IE vendors. This was
identified as DFSER Confirmatory Item 7.2.8-3. The
CDM and the SSAR have been revised to include the
selection criteria for commercial software, accuracy of
tools, and notification of the end user by the developer of
changes. Therefore, DFSER Confirmatory Items 7.2.8-2
and 7.2.8-3 are resolved.
Any changes to the hardware and software development
commitments described in this section of this report would
involve an unreviewed safety question and, therefore,
require NRC review and acceptance prior to implementation. Any requested changes to this commitment shall be
either specifically described in the COL application or
submitted for license amendment after COL issuance.

1. ANSI IEEE C63.12-1987, "American National
Standard for Electromagnetic Comparability Limits Recommended Practice."
2. ANSI/IEEE C37.90.2-1987, "IEEE Trial - Use
Standard, Withstand Capability of Relay Systems to
Radiated Electromagnetic Interference from Transceivers."
3. ANSI/IEEE C62.41-1980, "Guide for Surge Voltages
in Low-Voltage AC Power Circuits."
4. ANSI/IEEE C62.45-1987, "Guide on Surge Testing for
Equipment Connected to Low-Voltage AC Power
Circuits."
5. MIL-STD 461C-1987, "Electromagnetic Emission and
Susceptibility Requirements for the Control of
Electromagnetic Interference."
6. MIL-STD 462-1987, "Measurement of Electromagnetic
Interference Characteristics."
7. IEC 801-2, "Electromagnetic Comparability for
Industrial-Process Measurement and Control
Equipment, Part 2: Electrostatic Discharge
Requirements."
8. IEEE 518-1982, "Guide for the Installation of
Electrical Equipment to Minimize Electrical Noise
Inputs to Controllers from External Sources."

The MPL documents do not add substantially to the
ir formation concerning hardware and software
qualification. MPL C71-4010 (Rev. 0, May 18, 1990),
"Reactor Protection System, Hardware/Software System
Specification," lists the inputs and outputs for the DTM,
TLU, and OLU but does not provide any additional
hardware or software descriptions or specifications.

Commitment to the above standards resolved the DSER
open issue. The standards listed above require the
selection of specific test categories. Verification of the
appropriate selection will be performed during the ITAAC
implementation. The selection at the planning stages
includes consideration of installation techniques (such as
indicated in IEEE-1050 for shielding and grounding), and
verification at the site that the installed condition is
enveloped by the qualification testing.

The second area of digital system qualification not
addressed in the SRP criteria and which was an open issue
in the DSER, concerns the qualification of the RPS and the
other digital I&C equipment for the electromagnetic
environment to which it will be exposed. This issue
includes EMI, surge withstand capability, electrostatic
discharge (ESD), radio frequency interference, and EMC.
OE noted in the SSAR that one of the effective means of
protection against EMI effects is the redundancy and
separation of the divisions of the SSLC. OE committed in
the SSAR to the following standards- for electromagnetic
environmental considerations:

EMI protection is included in the I&Cs CDM. One
specific feature that the staff requested be included in the
CDM is that the digital equipment be tested for the low
range of the EMI spectrum as well as the mid to upper
ranges. This was DFSER Confirmatory Item 7.2.8-4.
The CDM was revised to include the selection of the EMI
testing ranges when the equipment has been selected. This
is acceptable to the staff and, therefore, this item is
resolved. Any changes to these EMI commitments would
involve an unreviewed safety question and, therefore,
require NRC review and acceptance prior to implementation. Any requested changes to this commitment shall
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either be specifically described in the COL application or
submitted for license amendment after COL issuance.
The third area of digital system qualification concerns the
qualification of the SSLC equipment for the mild
environment temperature profiles to which the equipment
could be subjected during plant operation. One issue in
particular concerned the possibility of local hot spots as a
result of higher current densities when using digital chip
designs. OB committed to qualification of the SSLC
intemal panel components to a temperature rise of 15 °C
(27 *F) above the normal ambient operating conditions.
The electronic equipment panel cooling to msintsin
qualification is achieved by natural convection of the room
air in the panels. Fans may be used to improve long term
reliability of electronic equipment, but no credit is taken
for forced air circulation for thermal qualification
purposes. MPL DMH-4270 (Rev. 2, February 3, 1989),
"Essential Multiplexing System Design Specification," lists
the CMU and RMU environmental qualification
requirements as 10 - 40 °C (50 - 104 °F) temperature,
1 0 - 6 0 percent relative humidity, and seismic Category I.

OE stated in the SSAR that the SSLC will be constructed
from electronic components purchased to military
specifications to the extent practical, and the components
will be qualified by testing to higher temperatures than
specified in the SSAR for a given room environment. The
staff agrees that it is desirable to have this additional
margin built into the design. This was DFSER Confirmatory Item 7.2.8-5. The SSAR, has been revised to
include this information and, therefore, this item is
resolved.
Based on the above evaluation of the RPS qualification, the
staff concludes that the commitments in the SSAR meet the
requirements of IEEE-279 for equipment qualification and
quality of components and modules.
7.2.9 RPS Findings and Conclusions
The design description of the RPS'in the SSAR was
evaluated to confirm commitments to the SRP and the
applicable regulatory guides and industry codes and
standards. This review was concerned with the trip
parameter sensors, EMS, SSLC and the protection
actuation circuits.
Based on staff review of the
information provided for the sensor and protection
actuation circuits, the staff concludes that die SSAR
provides acceptable commitments to the appropriate SRP
criteria.

earthquakes, other natural phenomena, abnormal
environments and missiles. The staff, therefore, concludes
that the OE commitments meet the requirements of
ODC 2, "Design Bases for Protection Against Natural
Phenomena," and ODC 4, "Environmental and Missile
Design Bases," for the RPS.
Based on the review, the staff concludes that the design
and the design process for the RPS as described by OE in
the SSAR and CDM provides instrumentation to monitor
variables and systems over their anticipated ranges for
normal operation, for anticipated operational occurrences,
and for accident conditions as appropriate to assure
adequate safety, including those variables and systems that
can affect the fission process, the integrity of the reactor
core, the reactor coolant pressure boundary, and the
containment and its associated systems. It appears that
appropriate controls have ben provided to maintain the
variables and systems within prescribed operating ranges.
Therefore, the staff finds that the RPS design satisfies the
requirements of ODC 13.
The staff also concludes, as discussed in Section 7.2.1 of
this report, that the OE commitments to the requirements
of 10 CFR 50.55a(h) (IEEE-279) and the requirements of
ODC 20, "Protection System Functions," for the functional
requirements of the RPS are acceptable.
The staff concludes that periodic testing of the RPS as
described in the SSAR, and as discussed in Section 7.2.1
of this report, conforms with the criteria of RO 1.22 and
IEEE Standard 338 as supplemented by RO 1.118 and is,
therefore, acceptable. The staff further concludes that OE
commitments to IEEE-279 with regard to system reliability
and testability are consistent with the requirements of
ODC 21, "Protection System Reliability and Testability,"
and are acceptable.
The staff concludes, as discussed in Section 7.2.1 of this
report, that the RPS as defined by OE meets the criteria of
IEEE-384 as supplemented by RO 1.75 for protection
system independence with the exceptions noted in SSAR
Table 1.8-7, "Summary of Differences from SRP
Section 7," and discussed in the SSAR. The staff finds the
identified exceptions acceptable, and therefore, the staff
concludes that the RPS meets the requirements of ODC 22,
"Protection System Independence."

The RPS includes systems and components that GE has
committed to be designed to survive the effects of
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Based on the staff review of results of the FMEA of the
RPS in conjunction with the results of the studies of the
RPS design for defense against common-mode failures, the
staff concludes, as discussed in Section 7.2.1 of this
report, that the RPS design adequately meets the
requirements of GDC 23, "Protection System Failure
Modes."
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7,3 Engineered Safety Features Systems

Based on the review of the reactor protection system
design, the staff finds that the system is designed to meet
the requirements of IEEE-279 regarding control and
protection system interaction meets the requirements of
GDC 24, "Separation of Protection and Control Systems."

7.3.1 System Description
This section describes the I&Cs for equipment in the
various ESF systems. ESF system descriptions are
provided in SSAR Chapter 6. The ESF systems for the
ABWR utilize the SSLC system which is shared with the
RPS. Figures 7.3-1 and 7.3-2 of this report provide an
overview of the ESF implementation with the SSLC.
Section 7.2 of this report discusses the components of the
SSLC.
Differences between the RPS design
implementation and the ESF design are discussed in the
following section.

Based on the review of the reactor protection system, the
staff concludes that the system satisfies the protection
system requirements for malfunctions of the reactivity
control system such aa accidental withdrawal of control
rods. Therefore, the staff finds that the RPS satisfies the
requirements of GDC 25.

Baaed on the review of the protection and reactivity control
systems, the staff finds that these systems are designed to
assure a high probability of accomplishing their safety
functions in the event of anticipated operational
occurrences. The staff, therefore, concludes that the
design meets the requirements of GDC 29.

This section describes application to the ESF system of the
design bases information identified in IEEE-279, and the
various new technology criteria identified by RG 1.152,
NUREG-0493 and the ABWR CDM. The additional RPS
criteria discussed in Section 7.2 for software, EMI and
mild environment qualification also apply to the ESF
systems.

The staff review also included consideration of the RPS
quality and diversity, aa discussed previously in
Section 7.2.1 of this report. Based on this review, the
staff concludes that GE has specified the appropriate
quality requirements, and has provided adequate defensein-depth and diversity for postulated common-mode
failures. The staff has determined that changes to
commitments involving (1) computer hardware and
software development and quality standards, (2) essential
multiplexor design and standards criteria,
(3) electromagnetic environment protection criteria and
standards, (4) design features and commitments of the
SSLC self-test system, and (5) setpoint methodology,
would involve an unreviewed safety question and,
therefore, require NRC review and acceptance prior to
implementation.
Any requested changes to these
commitments shall either be specifically described in the
COL application or submitted for license amendment after
COL issuance.

The ESF systems are:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

The systems that provide the ESF functions for the ABWR
are similar to those of operating BWR designs previously
reviewed by the staff. As with the RPS, the primary
differences are in the method of implementation of the
I&C aspects of the design. The focus of this review was
on the use of the EMS and the SSLC system in place of
the relay, solid state logic, and copper wire cable of
previous I&C system designs.

The staff also concludes that the staged audit approach of
the ITAAC implementation discussed in Section 7.1.3.3 of
this report is an important aspect in the final acceptance of
the RPS.

7.3.1.1 Emergency Core Cooling Systems

Based on the above discussions and findings, the staff
concludes that the design and the design process of the
RPS as described by GB in the SSAR and CDM meets the
requirements of GDC 2, 4, 13, 20, 21, 22, 23, 24, 25,
and 29 and 10 CFR 50.55a(h) (IEEE-279). The RPS
design is, therefore, acceptable.
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emergency core cooling systems
LDS
wetwell and drywell spray mode of RHR
suppression pool cooling mode of RHR
SGTS
emergency diesel generator support systems
reactor building cooling water system
essential HVAC emergency cooling water system
(HECW)
high-pressure nitrogen gas supply system

The ECCS consists of the HPCF system, the automatic
depressurization (ADS), including the safety/relief valve
(SRV) electrical actuation logic system, RCIC system, and
low-pressure flooder (LPFL) mode of the RHR system.
The ECCS I&C (ESF actuation) systems sense the need for
ECCS action and initiate appropriate equipment as
required. Though the ESF systems share the SSLC and
EMS with the RPS, the ESF systems are described in the
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and II output channels (electrical divisions) of the SSLC.
The SSLC uses eight reactor vessel water level sensors;
four different sensors for Divisions I and n. Both electrical divisions are routed to each of the eight ADS valves.
The ADS Division I actuation output energizes a solenoid
pilot valve on each ADS valve. Similarly, the ADS
Division II actuation output energizes the second pilot
valve on each ADS valve. Actuation of either solenoid
pilot valve opens the ADS valve.

SSAR and CDM as separate I&C systems which use the
SSLC and EMS.
7.3.1.1.1 High-Pressure Core flooder System
Four reactor water level and drywell pressure transmitters
(one for each division) provide inputs to the SSLC logic,
either of which logic signal activates the HPCF system
upon % two-out-of-four coincidence of the parameter
setpoint. The logic arrangement permits on-line testing of
the electronics. After activation, the two HPCF pumps
reach rated flow within 36 seconds. The HPCF pumps
automatically stop on reactor high water level, or can be
manually shutdown. The HPCF pumps are interlocked to
prevent starting if an open suction path from the
condensate storage tank or suppression pool is not
available.

7.3.1.1.3 Reactor Core Isolation Cooling
The RCIC system is a high-pressure injection system
which uses a steam turbine-driven pump. The actuated
equipment is a single train system. TTus system is initiated
when either high drywell pressure or low reactor water
level (L2) setpoints are met. Each parameter has four
sensors which provide input via the EMS to the SSLC.
The output is via electrical Division I of the SSLC and the
EMS.

Separation within the HPCF actuation logic system is such
that no single failure can prevent system actuation. The
logic system is also designed so that no single failure
resui s in a spurious actuation. While the initiating logic
is a four-channel system, the actuated system is a twochannel system. The HPCF control is powered by
Divisions II and m of the SSLC as shown in Figure 7.3-2
of this report. Divisional separation is maintained between
the four sensor inputs (Divisions I, II, III, and IV sensor
channels) to the logics, the Divisions II and III logic
channels, and the Divisions II and III output controls
(output channels).

The RCIC pump turbine is automatically shutdown on
turbine overspeed, high turbine exhaust pressure, RCIC
auto-isolation signal, low pump suction pressure, reactor
water level high (L8), or manual trip if the initiation signal
is not present. The RCIC system fails-as-is upon loss of
powei to the SSLC or loss of input signals. Automatic and
manual isolation capability for the RCIC system is
provided as part of the leak detection and isolation system.

7.3.1.1.2 Automatic Depressurization System
The MSL inside the drywell have a total of 18 SRV which
discharge to the suppression pool. Eight of these valves
are designated for use as the ADS. ADS consists of
redundant trip channels in two separate logics that control
two separate solenoid-operated pilot valves on each ADS
valve. Either pilot valve can operate its associated ADS
valve. ADS initiation signal is either reactor low water
level (LI) and high drywell pressure or a sustained reactor
low water level (sustained for 8 minutes). Both parameter
setpoints must be reached before ADS is initiated. The
valves are interlocked with the HPCF and RHR pump
discharge pressure sensors to assure that an HPCF or RHR
pump is running prior to depressurization. There is also
a time delay (29 seconds) between the completion of the
logic voting and the initiation signal. This time delay
allows the HPCF or RCIC systems to restore reactor
vessel water level if they are available before
depressurizing the reactor by actuating ADS. Manual
initiation of ADS is also available.
Sensors provide inputs to the four-division SSLC. The
ADS actuation output signal to the valves is via Divisions I

The RCIC system itself is not redundant because the HPCF
system provides functionally redundant capability. Some
RCIC system valves are Division II components and
appropriate separation of these devices and circuits from
the Division I equipment is maintained. System tests are
accomplished with a division-of-sensors bypass in place, as
discussed in Section 7.2 of this report. On-line signal
verification is accomplished by the SSLC. r; stem status
annunciation and performance indicators are provided in
the control room.
7.3.1.1.4 RHR/Low-Pressure Flooder
The LPFL is an operating mode of the RHR system which
is designed to provide water to the reactor vessel following
a design basis LOCA. The LPFL is initiated automatically
on reactor low water level (LI) signals from the eight
water level transmitters of the NBS. The LPFL injection
valve actuation logic requires a reactor low-pressure
permissive for automatic actuation. These transmitters are
separated into four divisions, as discussed in Section 7.2 of
this report. Four transmitters provide signals (one from
each division) to RHR Divisions I and III, while the other
four supply similar signals to RHR Division II. The LPFL
system is also initiated on high drywell pressure as sensed
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by four transmitters (one from each division) of the NBS.
l i e signals from each parameter are combined, through
fiber optic isolators, in two-out-of four logic for each
division of LPFL in order to meet the single failure
criterion* The RHR/LPFL flow paths are redundant with
functional diversity provided by the HPCF and RCIC
systems. The SSLC incorporates automatic testing of the
instrumentation and verification of the output signals.
System status annunciation and performance indicators are
provided in the control room. The equipment will be
environmentally qualified for the location in which it is to
Deinstalled.

7.3.1.2 Leak Detection and Isolation System
The LDS I&C consist of temperature, pressure, radiation,
and flow sensors to detect, indicate, and alarm leakage
from the reactor primary pressure boundary, and, in
certain cases, also, close isolation valves to shut off leakage
outside the containment. Manual control is provided in the
control room for system level isolation of leakage. Each
power-operated isolation valve is also provided with a
separate manual control switch in the control room
independent of the automatic and system level manual
logic. All LDS isolation valves are actuated with deenergize to isolate logic.

The LDS system has several isolation capabilities.
Containment isolation is initiated on high drywell pressure,
low reactor water level (LI, Ll.S, L2, L3), manual
operator action, and high radiation from the PRM system.
Direct operator action, via manual logic reset control, is
required to reset the trip condition, provided the initiating
signal is cleared. Reactor water cleanup system isolation
is initiated on high differential flow and high equipment
area temperature. RHR system shutdown cooling suction
lines are isolated on low reactor water level (L3) and high
ambient temperature. RCIC is isolated on high ambient
temperature and high turbine exhaust pressure. TheMSL
is isolated on low reactor water level (Ll.S), high MSL
differential pressure, high MSL radiation, high MSL tunnel
ambient temperature, high MSL tunnel area temperature in
the turbine building, low main condenser vacuum, and low
MSL pressure.
7.3.1.3 RHR/Wetwdl and Drywell Spray Cooling
The wetwell and drywell spray cooling is an operational
mode of the RHR system. This mode uses RHR pumps B
and C. The wetwell and drywell spray cooling is manually
initiated from the control room, with drywell pressure
providing permissive interlocks from NBS sensors and
EMS and SSLC system functions for the drywell cooling
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mode. The sensor circuits and logic are provided with
separation, redundancy and testability consistent with other
ESF circuits described in this section and in Section 7.2 of
this report. The manual initiating sequence begins with an
LPFL initiation signal (low reactor water level). If high
drywell pressure and/or high wetwell pressure is also
present, the operator will msnually close the reactor
injection valves, and manually open the spray valves. If
low water level occurs again, the system will automatically
realign to the reactor injection mode.
7.3.1.4 RHR/Suppression Pool Cooling Mode
The suppression pool cooling mode of RHR uses the same
I&C as the LPFL previously described. Redundancy is
provided by three separate logic divisions. However,
unlike the LPFL, no functional or equipment diversity is
identified. This system is automatically initiated upon
receipt of a high temperature signal from the SPTM
system. The suppression pool cooling mode is also
initiated manually. Annunciators and indicators of the
RHR systems* operation status in the suppression pool
cooling mode are non-safety and available in the control
room.
7.3.1.5 Standby Gas Treatment System
The SOTS is initiated automatically upon the detection of
high drywell pressure, low reactor water level, high
radiation in the fuel handling area or secondary
containment HVAC exhaust air. Manual initiation is also
available. Two logic divisions are powered from separate
ESF buses. The SOTS I&C are supplied power from the
Divisions II and III emergency power supplies. Both
electrical isolation and physical separation of the divisions
are maintained. The system electronics are tested by
signal insertion. The SSAR states that SOTS electrical
equipment is conformed to the environmental conditions
for the area in which it is to be installed. Non-safetyrelated system status indicators and annunciators are
provided in the control room.

7.3.1.6 Emergency Diesel Generator Support Systems
The three emergency diesel generators provide power to
and are controlled by Divisions I, II, and III of the
Class IE power supplies. The EDG support systems are
described in SSAR Chapter 9 and the associated section of
this report. The support systems include the jacket water
system, the starting air system, the lube oil system, and the
fuel transfer system. Though not specifically mentioned in
the SSAR, the support systems also include the EDO
HVAC system. The I&C for the support systems are
designed to the same criteria as the primary system.
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7.3.1.7 Reactor Building Cooling Water System

7 J . 1.9 High-Pressure Nitrogen Gas Supply System

The I&C system for the reactor building cooling water
system consists of two-out-of-four logic with system
initiation occurring on low reactor water level or high
drywell pressure signals. The instrumentation system's
output to the actuated equipment is separated into three
divisions such that no single failure can disable this
system. Annunciators and indicators of system status are
non-safety-related.

The high-pressure nitrogen gas supply system provides
compressed nitrogen to the ADS SRV, the MSIVs (for
testing only), and other instruments and valves. This
system supports both safety- and non-safety-related
portions of the plant. The safety-related portion of the
system consists of two redundant banks of high-pressure
nitrogen bottles and associated piping, valves, and controls
powered from separate essential power supplies (Divisions I and II). Upon detection of low nitrogen pressure
to the ADS accumulators, this system will automatically
isolate the safety-related portion of the system from the
non-sefety-related portion by isolation valves which
automatically terminate the normal nitrogen supply and
open the emergency nitrogen gas bottle supply to the ADS
accumulators.

7.3.1.8 Essential HVAC Emergency Cooling Water
System
The HECW system supplies dcmineralirad chilled water to
the cooling coils of the control building safety-related
electrical equipment rooms and main control room coolers,
and the diesel generator zone air conditioning systems.
The HECW system is composed of three divisions, each of
two divisions containing two 50-percent capacity
refrigerators and chilled water pumps and one division
containing one refrigerator and chilled water pump. The
systems' I&C output to the actuated equipment are
supplied from Divisions I, II, and III power buses.

7.3.2 Safety System Logic and Control and Specific
Subsystem Descriptions

The HECW system divisions are mechanically and
electrically separate. The system is designed to operate
during both accident conditions and normal plant operation
and during all modes of operation for the control building
and diesel generator zone cooling systems. The HECW
system operation is initiated automatically when the
controls in the main control room are set for automatic
operation and any of the HVAC systems located in the
control building or diesel generator areas are started. The
HECW system can also be started manually from the
control room. The HECW system I&C will be tested
manually.
The HECW system I&C equipment will be qualified for
the particular environment in the area in which it is located
as described in Section 7.2 of this report.
The
environmental qualification of the electrical equipment is
also verified via the ITAAC.
DFSER COL
Item 7.3.1.11-1 discussed the testing and temperature
verification that the COL applicant is to include in its preoperational test procedures in order to confirm electrical
equipment environmental qualification. GE revised SSAR
Section 7.3.3.1 to add the requirement that the COL
applicant include temperature profiles for racks containing
Class IE microprocessor equipment (for various loss of
HVAC conditions) in the pre-operational test procedures.
This is acceptable to the staff. The COL applicant items
associated with I&C equipment cooling are discussed in
Section 7.8 of this report.

The SSLC is discussed in detail in Section 7.2 of this
report. This section discusses the differences between the
RPS and ESF portions of the SSLC. The primary
difference is the use of safety SLUs in place of the RPS
TLUs. As shown in Figure 7.3-2, there are a total of 12
SLUs with four in each of the three SSLC divisions. The
SLUs are contained in the portion of the SSLC designated
as the logic channel in the TS. The actuated ESF
equipment controlled from the SLUs may be in single,
redundant or triplicated system trains as described in the
system descriptions above. The ESF equipment is divided
between the SLUs 1&2 and SLUs 3&4 logic functions to
provide some diversity in case of a failure. For example,
the HPCF and RCIC high-pressure reactor injection
functions are provided by different SLUs than the RHR
low- pressure reactor makeup function.
The full
distribution of systems on the various output channels is
presented in the MPL design specifications.
The SLU architecture is arranged so that each ESF logic
function has two SLUs performing the same function.
Both SLUs (1&2 or 3&4) receive the same input from the
DTM, manual controls and bypasses, and in some cases
they receive the same direct sensor inputs for interlock
protection. The logic in both SLUs must agree before the
initiation signal is processed via the output channel to the
actuated equipment.
This two-out-of-two voting
arrangement occurs at the remote multiplexing unit. A
single failure of an SLU or EMS channel (one of the two
links within an electrical division) will not initiate an ESF
function. With the exception of the containment isolation
signals which are fail-safe, the logic for the ESF systems
is designed to a fail-as-is condition.
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flood at the site, and meteorological events. The structures
containing the ESF components and the ESF instrumentation and electrical equipment will be seismically
qualified. To protect the ESF systems in the event of a
postulated fire, the redundant portions of the systems will
be separated by fire barriers. The ESF system instrument
taps and sensing lines located inside the drywell will be
qualified to remain functional during and following a
LOCA. The staff, therefore, concludes that the GE
commitments meet the requirements of GDC 2, "Design
Bases for Protection Against Natural Phenomena," and
GDC 4, "Environmental and Missile Design Bases," for
the ESF systems.

MPL A32-4080 (Rev. 0, April 25, 1990), "EMS/SSLC
Interface Requirements, Requirements Specification,"
Figure 1, "EMS/SSLC Interface Block Diagram," uses the
term "Auxiliary Supporting Features Logic" (ALU) for
part of the SSLC while the SSAR and the CDM use the
term "Safety System Logic Unit" for the same device.
This inconsistency was identified as DFSER Confirmatory
Item 7.3.2-1. OE committed to revise the MPLs which
use the ALU terminology to be consistent with the SLU
terminology as used in the CDM and SSAR. The ITAAC
will verity that these documents are consistent when the
design is implemented. Therefore, this item is resolved.
7.3.3 Findings and Conclusions
The general ESF design and arrangements are in
accordance with the requirements of the SRP to the extent
information was available for review. Many of the issues
that are identified in Section 7.2 concerning the RPS also
apply to die ESF systems. The level of detail for the ESF
systems was an open issue in the DSER. The staff found
the level of detail available for review inadequate in the
DFSER. However, because these systems will be L eluded
in the digital I&C design development and ITAAC process,
the DSER open issue is resolved. The potential for
common-mode software problems may also exist with the
ESF systems. This was an open issue in the DFSER. The
issue of defense against common-mode failures was
resolved as discussed in Section 7.2 of this report.
GE had not provided a detailed FMEA for I&C of the ESF
systems as required to demonstrate conformance with the
requirements of IEEE-279 and the guidelines of
NUREG-0493 regarding defense-in-depth analysis. This
was identified as an open issue in the DSER and was part
of the common-mode failure discussion (DFSER Open
Item 7.2.6-1). This item is resolved as discussed in
Section 7.2 of this report.
The design description of the ESF I&C systems in the
SSAR was evaluated to confirm commitments to the SRP
and the applicable regulatory guides and industry codes and
standards. This review was concerned with the EMS,
SSLC, and the ESF system initiation and actuation circuits.
Based on staff review of the information provided for the
initiation and actuation circuits, the staff concludes that the
SSAR provides acceptable commitments to the appropriate
SRP criteria.
The ESF actuation system includes systems and
components that OE has committed to be designed to
survive the effects of earthquakes, other natural
phenomena, abnormal environments, and missiles. The
buUdings containing ESF systems and components will be
designed to meet and withstand the probable maximum
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As discussed above, in Sections 7.3.1 and 7.3.2 of this
report, GE has committed that all components of the ESF
systems are qualified for the environments in which they
are located. Separation and isolation will be preserved,
both mechanically and electrically, in accordance with
IEEE-279 and RG 1.75.
Commitments to other
requirements of IEEE-279, such as testing, bypasses, and
manual initiation, and corresponding provisions in the
design are also described in the SSAR and discussed
above. The staff concludes that the GE commitments to
the design basis requirements of IEEE-279 and the
requirements of GDC 20, "Protection System Functions,"
for the functional requirements of the ESF actuation
systems are acceptable.
In conjunction with SSLC discussed in Section 7.2 of this
report, ESF system logic and component testing
capabilities will be provided to fully test ESF systems
during reactor operation. The staff concludes that periodic
testing of the ESF I&C system as described in the SSAR
conforms with the criteria of RG 1.22 and IEEE-338 as
supplemented by RG 1.118 and is, therefore, acceptable.
The staff further concludes that GE commitments to
IEEE-279 with regard to system reliability and testability
are consistent with the requirements of GDC 21,
"Protection System Reliability and Testability," and are
acceptable.
Divisional separation of sensor inputs and output channels
that will be provided in the design of various ESF systems
are discussed above. The evaluation of the SSLC regarding channel separation and electrical isolation is discussed
in Section 7.2 of this report. The staff concludes that the
ESF actuation systems as defined by GE meet the criteria
of IEEE-384 as supplemented by RG 1.75 for protection
system independence with the exceptions noted in SSAR
Table 1.8-7, "Summary of Differences from SRP Section 7," and discussed in the SSAR. The staff finds the
identified exceptions acceptable, and the staff concludes
that the ESF actuation systems meet the requirements of
GDC 22, "Protection System Independence."
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Based on the staffs review of results of the FMEA of the
ESF I&C systems in conjunction with the results of the
studies of the digital I&C system design for defense against
common-mode failures, the staff concludes that the design
of the I&C of ESF systems adequately meets the
requirements of GDC 23, "Protection System Failure
Modes." The ESF systems and components fail in the asis position in that they require power to operate (i.e.,
energize to operate). Electrical power is required to
perform the emergency functions of the ESF systems and
components. The redundancy provided in the design of the
ESF I&C, as discussed above, assure that no single failure
can cause ESF system failure when required, or
inadvertent initiation. The evaluation of defense against
common-mode failure in the I&C systems is discussed in
Section 7.2 of this report.
The I&C system for ESF has no control function of nonsafety systems. However, it does provide isolation signals
and inputs to non-safety portions of cooling systems, and
annunciators and computers through appropriate isolation
devices. Such circuits will be treated as associated circuits
or non-Class IE circuits. Associated circuits will be in
accordance with Class IE circuit requirements up to and
including the isolation devices. Non-Class IE circuits will
be separated and isolated from Class IE circuits or be
treated as associated circuits. The staff also concludes that
the GE commitments to the design basis requirements of
IEEE-279 regarding control and protection system
interaction meets the requirements of GDC 24, "Separation
of Protection and Control Systems."
The staffs review also included consideration of the ESF
system quality and diversity as discussed previously in
Section 7.2 of this report. The staff also concludes that
the staged audit approach of the ITAAC implementation
discussed in Section 7.1 of this report is an important
aspect in the final acceptance of the ESF I&C systems.

Based on the above discussions and findings, die staff
concludes that the design and the design process of the
ESF I&C systems as described by GE in the SSAR and
CDM meets the relevant requirements of GDC 2, 4, 20,
21, 22, 23, and 24, and 10 CFR 50.55a(h) (IEEE-279).
The design of the ESF I&C systems is, therefore,
acceptable.

7.4 Systems Required for Safe Shutdown
7.4.1 System Description
The following systems are identified in the SSAR as
required for safe shutdown of the reactor:

(1)
(2)
(3)
(4)

alternate rod insertion function
standby liquid control system
reactor shutdown cooling mode of the RHR system
remote shutdown system

This section provides a discussion of the I&C aspects of
these systems, with a review of the interface effects
between these systems and the RPS, ESF, EMS, and the
SSLC. The four systems addressed in this section have a
corresponding CDM section. The review of the CDM for
these systems had not been completed at the time the
DFSER was issued, and this was identified as DFSER
Open Item 7.4.1-1. GE provided the CDM for these
systems. The adequacy and acceptability of the CDM is
evaluated in Section 14.3 of this report. On the basis of
this evaluation, this item is resolved.
7.4.1.1 Alternate Rod Insertion System
The ARI function is accomplished by the rod control and
information system (RC&IS), the reactor flow control
(RFC) system, and the FMCRD. The ARI system provides
the capability for automatic insertion of all rods by an
alternate and diverse method from the RPS as necessary
for mitigation of an anticipated transient without scram on
receipt of high reactor dome pressure and low reactor
water level (Level 2) signals. The RC&IS, including the
portion for ARI actuation, is not classified as a safetyrelated system, but is single-failure proof and incorporates
features in its design for high reliability and availability.
(RC&IS is discussed further in SSAR Section 7.7 and
Section 7.7 of this report.) The Level 2 low reactor vessel
water level signal is provided via the SSLC (ESF portion)
and, therefore, the sensors for this input are Class IE. In
the ARI SSAR description, GE did not indicate whether
the RPV water Level 2 inputs to the SSLC are hardwired
and, therefore, would not share common equipment with
the RPS input. The SSAR needed to clearly state the
design for this feature. This was DFSER Confirmatory
Item 7.4.1.1-1. GE subsequently revised the SSAR to
specify which SSLC signals are multiplexed and which are
hardwired. Therefore, this item is resolved.
The requirement for a reactor shutdown system for
operational transients is identified in 10 CFR 50.62,
"Requirements for Reduction of Risk from Anticipated
Transients Without Scram Events for All LWR Designs."
Topical Report NEDE-31096-A was submitted by GE to
address ATWS events for currently operating BWRs and
was approved by the staff. GE indicated, in response to
staff questions, their intent to fully conform to
NEDE-31096-A for the ABWR. This was identified as
DFSER Confirmatory Item 7.4.1.1-2. GE revised the
SSAR to include a commitment to the topical report.
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Therefore, this item is resolved. The staff concludes that
the ARI design meets the requirements of 10 CFR 50.62.

does not interface with the EMS. Therefore, the SLCS
I&C system does not ah *e any components with the RPS.

The ARI sensor trip setpoints are set above the
corresponding RPS settings to allow the RPS trip to occur
first. The RPS reactor water level trip is at Level 3
compared to Level 2 for the ARI. The reactor dome
pressure trip setpoint is higher than the RPS reactor
pressure trip setpoint. Manual actuation of rod insertion
requires two manual actions to be taken in order to avoid
inadvertent actuation of the rod trips. The logic for the
ARI function as described in the SSAR is designed such
that no single failure results in the failure to insert more
than one operable control rod when the ARI is actuated.

Reactor pressure and SLCS borated water storage tank
level tensing equipment are used to determine that the
liquid neutron absorber is being pumped into the reactor.
The aystem is capable of being tested while the plant is
operational by using the SLCS pumps to inject
demineralized water into the reactor vessel. Indications,
controls and annunciators for SLCS status and control are
located in the control room. SLCS status indicators are
also provided at the SLCS local control panel to indicate
aystem operating conditions.

The RPV Level 2 signal from the SSLC is provided to
each of the triple redundant recirculation flow control
(RFC) system controllers where a two-out-of-four vote is
taken in each controller. The reactor dome pressure
signals from the steam bypass and pressure control
(SB&PC) system are provided to each of the RFC
controllers where a two-out-of-three vote is taken. Manual
ARI initiation is provided to the same controllers where a
two-out-of-two vote is taken. Any of these three RFC
controller output signals will initiate the ARI function.
The output (trip or no-trip) from each of the RFC
controllers is provided as input to the redundant RC&IS
controllers where a two-out-of-three vote is taken to initiate
FMCRD run-in. (Scram-follow input signals are also
provided to the RC&IS.) The output of the two channels
of the RC&IS are provided, along with the output of the
FMCRD emergency insertion logic channel, to the
FMCRD inverter controllers where they are combined in
a three-out-of-three vote logic to initiate rod insertion.
The output from the RFC controllers also provides input to
a two-out-of-three vote logic for the ARI function
performed by the redundant scram air header exhaust
valves. The ARI system also initiates a recirculation pump
trip as described in Section 7.7 of this report.

7.4.1.2 Standby Liquid Control System
The SLCS I&C are designed to initiate the injection of
liquid neutron absorber (berated water) into the reactor.
The SLCS is a two-train system with one pump for each
train. The I&C system is designed to withstand seismic
Category I earthquake loads and I&C equipment is
mounted in seismically qualified panels. Power for the
I&C is provided from the Class IE instrument bus. The
system is designed to be highly reliable with many safetyrelated system features but it is not classified as a safetyrelated system.
In response to Q420.125 (SSAR
Chapter 20), OE stated that the SLCS is hardwired and
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The SLCS was initially described in the ABWR design as
a manually-initiated system with no capability for
automatic initiation.
By letter dated June 2, 1993,
(regarding important features identified by the ABWR
PRA) GE stated that the SLCS would be automatically
initiated in order to avoid the potential for operator error
and further reduce the probability of adverse consequences
due to an ATWS. This change is consistent with the
requirements of 50.62(c)(4) for the SLCS automatic
initiation. The two SLCS pumps and associated valves
will be initiated upon an ATWS initiation signal derived
from high RPV pressure and SRNM ATWS permissive for
3 minutes, or low RPV level and SRNM ATWS
permissive for 3 minutes. If the control rods have been
inserted by the RPS or ARI (automatically or manually)
the APRM should indicate downscale before 3 minutes
and, therefore, the SLCS would not initiate. The staff
finds the SLCS design modification to be in conformance
with the requirements of 50.62(c)(4), therefore, acceptable.

7.4.1.3 Reactor Shutdown Cooling Mode of the RHR

System
The reactor shutdown cooling mode of the RHR system is
initiated by manual operator action with interlocks on the
RHR valves to ensure correct cooling mode alignment.
The RHR reactor shutdown mode is entered during both
normal and emergency shutdown. Normal shutdown is
accomplished with all three of the RHR trains in operation
and brings the reactor to approximately 51.7 °C (125 °F)
within 20 hours following a reactor scram. Emergency
shutdown operation brings the reactor to cold shutdown
(less than 100 °C (212 °F)) with two RHR pumps operating within 36 hours after control rod insertion. The RHR
equipment is Class IE and redundant, and is seismically
and environmentally qualified for the installed location.
RHR system controls are located in the control room. The
staff finds the reactor shutdown cooling mode I&C design
acceptable.
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to resolve this issue also considered the function of the
systems discussed above for mitigation of SSAR
Chapter 15 events in combination with postulated commonmode failure in the safety-related digital I&C system, and
how operation of these shutdown systems may need to be
reconsidered. Specifically, the RSS operation may require
reconsideration of the equipment required or the time
available to the operator to achieve shutdown using the
RSS. This was part of the I&C system common-mode
failure analysis which was an open issue in the DSER
(SECY-91-294) and DFSER Open Item 7.4.2-1. The use
of the equipment described in this section to assist in
mitigation of the consequences of a common-mode failure
is addressed in Section 7.2 of this report. This open item
is, therefore, resolved.

7.4.1.4 Remote Shutdown System
The remote shutdown system provides a means to
accomplish reactor shutdown functions (controls and
indications) from outside the main control room and bring
the reactor to cold shutdown. By letter dated June 2,
1993, (regarding important features identified by the
ABWR PRA) GB identified the RSS as an important
featureforreducing ABWR core damage frequency due to
a control room fire.
The RSS does not include reactor scram capability or
complete control of ESF systems. The RSS design
assumes that the operator scrams the reactor from die main
control room prior to going to the RSS, and that there is
no coincident design-basis accident. Two divisionalized
RSS panels are provided at separate locations. Their
operation is administratively and procedurally controlled.
The remote shutdown controls include manual transfer
switches to transfer control functions from the control
room to the RSS. In addition, on transfer of controls to
the RSS, an alarm actuates in the control room.
The staff requested (Q420. IS) additional clarification of the
intended use of the RSS and the degree of isolation and
independence of the RSS from the SSLC and EMS. In the
response, GE stated that the RSS is totally separate and
independent from the SSLC and EMS because it is
hardwired from the sensors to the RSS panels and from the
RSS panels to the actuated devices, and does not use
multiplexed signal interfaces. Inclusion of this clarification
into the SSAR was DFSER Confirmatory Item 7.4.1.4-1.
GE revised the SSAR to incorporate the above clarification
and, therefore, this item is resolved. The RSS capability
is a consideration in the staffs resolution of the commonmode failure issue as discussed in Section 7.2.6 of this
report.
The two RSS panels are powered by separate Divisions I
and II Class IE power. Equipment controlled from these
panels is powered from the same divisions as when
normally controlled from the SSLC. The RSS includes
controls for one train of HPCF, two trains of RHR, two
trains of RCW, two trains of RSW system, two trains of
electrical power distribution system, and the flammability
control system. Transfer switches that transfer controls
from the control room for these trains of equipment and
the emergency diesel generators, are located in the RSS.
Indication is also provided to monitor shutdown functions.

The SSAR did not initially describe how the transfer of
sensor outputs from the control room to the RSS would
occur without the loss of the calibration data updates stored
in the SSLC system microprocessors. The information
required to address this issue was part of Open Issue 1 in
the DSER (SECY-91-294). GE subsequently revised the
SSAR to state that when transfer is made to the RSS, the
4-20ma outputs are routed directly to the RSS, and the
automatic calibration function in the RMUs is no longer
part of the input signal to the RSS. During the use of (he
RSS, the automatic calibration function will not be
available. Conventional, manual calibration of I&C
equipment is available if the length of time of operation of
the RSS requires recalibration. This is acceptable to the
staff, and this DSER (SECY-91-294) open issue is,
therefore, resolved.
7.4.3 Evaluation Findings
The review of the system interfaces for the systems
required for safe shutdown included the sensors, circuitry,
redundancy features and the actuated devices that provide
the I&C functions to prevent the reactor from returning to
criticality and provide a means for adequate residual heat
removal.
The review also addressed the interfaces
between the safe shutdown systems and the RPS. The
primary characteristics of these systems and requirements
are included and verified in the CDM.

7.4.2 Specific Findings

The staff concludes that the systems required for safe
shutdown are acceptable and meet the relevant
requirements of General Design Criteria (GDC) 2, 4, 13,
19, 34, 35, 38, and 44 and the applicable standards and
regulatory guides. This conclusion is based on discussions
above and summarized as follows:

The ARI function and the SLCS instrumentation are part
of the resolution of the issue of potential common-mode
failure of the EMS and SSLC components. The analysis

The staff examined the information submitted for this
design to determine its conformance to the GDC, standards
and guidelines identified in the SSAR Section 7.1 and the
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SRP. The staff finds that there is reasonable assurance
that systems conform fully to the guidelines applicable to
these systems.

7.5 Safety-Related Display Instrumentation
and Information Systems Important to
Safety

The staffs review has included the identification of those
systems and components required for safe shutdown which
are designed to survive the effects of earthquakes, other
natural phenomena, abnormal environments and missiles.
Based upon our review we conclude that the design of
those systems and components is consistent with the design
bases. Additional evaluation is provided in Section 7.1 of
this report. Therefore, the staff finds that the design of
these systems and components satisfies this aspect of the
GDC 2 and 4.

7.S.1 System Description

Based on the review, the staff concludes that
instrumentation and controls have been provided to
maintain variables and systems which can affect this fission
process, the integrity of the reactor core, the reactor
coolant pressure boundary, and the containment and its
associated systems within prescribed operating ranges
during plant shutdown. Therefore, the staff finds mat the
systems required for safe shutdown satisfy the
requirements of GDC 13.

The information systems important to safety provide the
operator with the status of the plant to allow manual safety
actions to be performed when necessary. The following
systems are identified in the SSAR as information systems
important to safety:

Instrumentation and controls have been provided within the
control room to allow actions to be taken to maintain the
nuclear power unit in a safe condition during shutdown
including a shutdown following an accident. Equipment at
appropriate locations outside the control room have been
provided (l)with a design capability for prompt hot
shutdown of the reactor, including necessary
instrumentation and controls to maintain the unit in a safe
condition during hot shutdown, and (2) with a potential
capability for subsequent cold shutdown of the reactor
through the use of suitable procedures. Therefore, the
staff concludes that the systems required for safe shutdown
satisfy the requirements of GDC 19.
The staff review of I&C required for safe shutdown
systems included determination of conformance to the
requirements for testability, operability with onsite and
offsite electrical power, and single failure. The staff
concludes that these systems as described above
incorporate provisions for testability and operability with
onsite and offsite power, and to cope in the event of a
single <ailure where applicable and, therefore, meet the
relevant requirements of GDC 34, 35, 38, and 44.
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Safety-related display systems are those which provide
information (1) for manually initiated and manually
controlled safety functions, (2) to indicate that the plant
safety functions are being accomplished, and (3) to provide
information from which appropriate action can be taken to
mitigate the consequences of anticipated operational
occurrences and accidents.

a.

Safety parameter display system (SPDS)

b.

Information systems associated with emergency
response facilities

c.

Nuclear data link

The plant site emergency response center and
communications links with the NRC emergency response
center are conditions of the COL and are not addressed in
this section.
This report evaluates the instrumentation aspects of the
information systems with emphasis on interfaces between
these systems and the SSLC and EMS as well as the
application of advanced technology to processing and
display of data important to safety. GE presented in the
SSAR a comprehensive list of variables that were
considered essential for providing safety-related information to the operators. Tables of conformance and specific
exceptions to the guidelines of RG 1.97 were provided in
the SSAR, and functional requirements for display of data
were provided in the SSAR process system descriptions.
One difference between the ABWR and currently operating
BWRs is the incorporation of a Class IE NMS that is in
conformance with RG 1.97 Category I instrumentation
criteria.
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The manner in which the required data it processed and
displayed, and dependencies on supporting hardware and
software were not described in the SSAR. This was
identified as part of the open item in the DSER
(SECY-91-294) concerning level of detail (Open Item 1).
The details of the displays will be determined during the
implementation of the human factor CDM process
described in Section 18 of this report. GE has committed
to provide the displays for Category 1 RG 1.97 parameters
on the fixed mimic panel. These parameters are also
available at the operators display console.
SSAR
Chapter 18, Table 18F, provides a listing of the
parameters and the general location of the associated
display equipment. The supporting I&C display system
equipment is described in Section 7.2 of this report with a
similar emphasis on the use of the ITAAC process to
implement the I&C design.
The accuracy of the RG 1.97 displays is not specified in
the RG 1.97 guidelines or in the SSAR. However, the
Emergency Procedure Guidelines imply an accuracy in the
displays. For example, the Primary Containment Control
Guideline (Ref. SSAR 18A.5) specifies an entry condition
when the suppression pool water level is above 7.1 meters
or below 7.0 meters. The TS also have similar accuracy
requirements.
The staff finds that the accuracy
requirements implied will be met with die expected
equipment. However, because the equipment has not been
selected, accuracy will be confirmed in the ITAAC
process. The final TS prepared by the COL applicant
prior to fuel load will also include the specific setpoints
and accuracy for the selected equipment.

descriptive information were not available and will be part
of the ITAAC. The staff has conaidered applicable
criteria, guidelines, and design bases, including those for
indication of bypassed or inoperable safety systems, in the
review discussed in this section.
The staff evaluated the information submitted for the
ABWR information system design to determine its
conformance to the guidelines identified in the SSAR
Section 7.1 and the SRP. The review was concerned with
the interfaces between the safety-related information
system and the safety-related I&C for systems such as the
RPS, LDS, and ECCS.

Table 7.5-7 of the SSAR lists drywell pressure as one of
the variables required for indication of manual actions
necessary for reactor shutdown from outside the control
room.
However, the parameters listed in SSAR
Section 7.4 for display on the remote shutdown panel do
not include this parameter. GE stated that this parameter
is not required for shutdown using the RSS in the absence
of a postulated design-basis event and should, therefore,
not be listed in Table 7.5-7. Revision of this table was
identified as DFSER Confirmatory Item 7.5.2-1.
Table 7.5-7 was revised to remove the extraneous
reference to drywell pressure and, therefore, this item is
resolved.

NUREG-0737 ItemI.D.2 requires that each applicant
install a SPDS that will display to operating personnel a
minimum set of parameters which define the safety status
of the plant. This can be attained through continuous
indication of direct and derived variables as necessary to
assess plant safety status.
Operating reactors have
implemented the SPDS with a stand-alone display design.
The ABWR is significantly different in that the SPDS
parameters are integrated into the total main control room
information display design as are the RG 1.97 parameter
displays. The staff finds this acceptable. Additional
discussion on the SPDS design is provided in Section 18 of
this report.
7.5.2 Findings and Conclusions
The scope of the staffs review included an assessment of
the proposed application and design of the EMS and SSLC
to support operator displays important to safety. Other
documentation normally reviewed for information system
design such as component states, functional control
diagrams, electrical and physical layout drawings, and
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The safety-related display information provided to the
operator is derived from the SSLC and EMS. Additional
display information is provided from the non-essential
systems. The display information was considered in the
resolution of the I&C system common-mode failure issue
addressed in Section 7.2 of thisreportbecause the analysis
of a common-mode failure in conjunction with an event
included the information available to the operator.
Based on the above discussions and findings, the staff
concludes that the ABWR design includes the necessary
operator display information and, therefore, meets the
requirements of RG 1.97 for post-accident monitoring
instrumentation and TMI Action Plan Item I.D.2 for the
SPDS, and is acceptable. The detailed information on the
safety-related display instrumentation will be reviewed
during the implementation of the ITAAC.
The staff concludes that the safety-related display
instrumentation and information systems important to
safety are acceptable and meet the requirements of GDC 2,
4, 13 and 19. This conclusion is based on discussions
above and summarized as follows:
The staff concluded in Section 7.1 of this report that GE
has identified in the SSAR the I&C systems which are
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important to safety. Additional evaluation is provided in
Section 7.1 of this report
The staff has reviewed the design of those systems and
components which are required to survive the effects of
earthquakes, other natural phenomena, abnormal
environments and missiles. Based on the staffs review,
the staff concludes that the design of those systems and
components is consistent with the design bases. Therefore,
the staff finds that the design of these systems and
components satisfies this aspect of the GDC 2 and 4.
The staff concludes that the display and information
systems to safety include appropriate variables and that
their range and accuracy are consistent with the plant
safety analysis. Therefore, we find that the information
systems satisfy the requirements of ODC 13 and the
applicable guidelines satisfy the requirements of CDC 19
with respect to information to operate the unit safely under
normal conditions and to maintain it in a safe condition
under accident conditions.

7.6

All Otto.* Instrumentation Systems
Required for Safety

The instrumentation systems included in this section are
those required for safety but not previously discussed in
other sections of mis report, although some aspects of
these systems are included in previous sections of this
report.
7.6.1 System Description
The following systems are described in this section:
(1)
(2)
(3)
(4)
(5)
(6)

neutron monitoring system
PRM system
high-pressiire/low-pressure interlocks
drywell vacuum relief system
containment atmosphere monitoring (CAM) system
SPTM System

All of these systems are included in the CDM. TheCDM
had not been reviewed at the time of issuance of the
DFSER, and this was identified as DFSER Open
Item 7.6.1.1. Descriptions of the above systems have been
included in the CDM and this open item is therefore,
resolved.
Section 14.3 of this report discusses the
acceptability of the CDM.

PRNM. The non-safoty-related portions of the NMS (the
automatic traversing in-core probe (ATIP) and multichannel rod block monitor (MRBM)) are discussed in Section 7.7 of this report.
The SRNM monitors neutron flux from the source range
(l.E+3nv) to IS percent of rated power. The SRNM
subsystem has 10 SRNM channels with each channel
having one fixed in-core regenerative fission chamber
sensor. The SRNM preamplifier signals are transmitted to
the SRNM digital measurement and control (DMQ units
in the main control room. The DMC units contain the
software algorithms for signal processing, neutron flux,
and power calculations. The SRNM was described by GE
as being functionally the same as the wide range NMS in
currently operating BWR plants. The SRNM provides trip
signals to the RPS, and rod block signals to the rod
controls. Each of the four trip channels receives input
signals from a different set of SRNM channels. Unlikethe
other sensor inputs to the SSLC, the NMS provides a
trip/non-trip decision directly to the TLU without use of
the DTM to process the sensor data.
Three SRNM channels provide input to each of SSLC
Divisions I and HI, and two SRNM channels provide input
to each of SSLC Divisions II and IV. The 10 SRNM
channels are divided into three bypass groups. A total of
three SRNM channels can be bypassed with no more than
one SRNM bypassed per SSLC channel. No additional
divisions! bypass is allowed. If two (in Divisions n and
IV) or three (in Divisions I and HI) of the SRNMs are out
of service, one channel of the RPS will be tripped.
The PRNM consists of the LPRM and APRM subsystems.
The LPRM monitors power in the power range. The
LPRM provides signals to the APRM and to the plant
computer. The LPRM consists of 52 detector assemblies,
each with four fission chamber detectors. The LPRM
channels provide trip signals when an LPRM is upscale,
downscale, or bypassed. The APRMs consist of four
DMC APRM channels, each of which receives the 52
LPRM signals as inputs. The APRM DMC units average
the inputs to provide a core average neutron flux which
corresponds to the core average power. Each APRM
channel is associated with a single RPS trip channel. The
APRM also provides rod block functions.

t

7.6.1.1 Neutron Monitoring System
The safety-related subsystems of the NMS consist of the
SRNM, the LPRM, and the APRM subsystems. The
LPRM and the APRM together are referred to as the
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GDC 12 requires that the reactor core and associated
coolant, control, and protection systems be designed to
assure that power oscillations which result in conditions
exceeding specified acceptable fuel design limits are not
possible, or can be reliably and readily detected and
suppressed. BWR licensees were requested in NRC
Bulletin No. 88-07 to take actions to prevent the
occurrence of uncontrolled power oscillations during all

7-56

Instrumentation and Controls
modes of operation. The NRC also requested that the
BWROO perform generic evaluations of the BWR plant
response to core thermal hydraulic instabilities, and
provide long-term solutions to prevent or quickly mitigate
oscillations or operation in potentially unstable power/flow
regions. The BWROO committee on thermal hydraulic
stability has developed a long-term stability solution. A
licensing Topical Report, NEDO-31960, "BWR Owner's
Group Long-Term Stability Solutions Licensing
Methodology," has
submitted for NRC review and
approval. This topical report describes several options for
BWR licensees to choose to deal with stability concerns.

identified as DFSER Confirmatory Item 7.2.1-2. The
SSAR and the CDM have been revised to include the
OPRM. This item ia, therefore, resolved.

In response to NRC Q440.187, OB stated mat in order to
meet the stability design requirements specified in the
ALWR Utility Requirements Document, Option m, the
OPRM system, a microprocessor-based protection system,
will be implemented in the ABWR design. The OPRM
system uses microprocessors to monitor groups of APRM
signals. Upon detection of neutron flux oscillationa
characteristic of a thermal-hydraulic instability, the system
will initiate an automatic suppression function (ASF) to
suppress oscillations prior to exceeding safety limits.

(3)
(4)
(5)

Licensing Topical Report NEDO-31960 states that the
OPRM which also uses the LPRM input is a Class IE
protection system and conforms to all applicable
requirements of IEEE-279-1971. There are four OPRM
channels, each of which provides inputs to trip logics
which initiate an ASF. The OPRM function ia in parallel
with, and independent of, the existing Class IE and nonClass IE functions of the power range NMS. The OPRM
does not affect the design bases for the existing power
range monitoring components, their calibration, or their
separation.

The four MSL tunnel monitors are Class IE inputs to the
RPS and are input to the DTMs for their respective
channele.

7.6.1.2 Process Radiation Monitoring System
Radiation monitoring ia provided on a number of process
lines, HV AC ducts, and vents. The following radioactive
material discharge routes are monitored for radiation:
(1)
(2)

(6)
(7)
(8)
(9)
(10)
(11)

The OPRM function provides inputs to the ASF for the
purpose of suppressing oscillations prior to exceeding the
plant minimum critical power ratio safety limit. The
OPRM ia installed and maintained as an RPS protection
function or for a select rod insert (SRI) function. The SRI
function is intended to reduce core power to leas than the
turbine bypass capacity, ao that the unit avoids a scram
during a load rejection event. For implementation aa an
RPS function, four OPRM channels provide four separate
inputs, one for each RPS trip channel. Any two channels
in trip will result in a reactor scram.
OE has indicated and the staff concurs that Option III,
LPRM-based, OPRM syatem ia the preferred method of
addressing stability. The ABWR OPRM system meets the
requirements specified in the EPRI URD for ALWR and
ia consistent with the guidelines in Topical Report
NEDO-31960. The staff, therefore, finds the OPRM
system in the ABWR design to be acceptable. This waa

MSL tunnel area
reactor building ventilation exhaust (including fuel
exchange area)
radwaste liquid discharge
off-gas discharge
gland steam condenser and mechanical vacuum
pump off-gas discharge
stack discharge
turbine building vent exhaust
standby gas treatment ventilation exhaust
dryweU sump liquid discharge
control building air intake supply
radwaste building ventilation exhaust

The reactor building ventilation system radiation
monitoring ia Claas IE and includes the four exhaust sir
radiation monitors, the four fuel handling area exhaust
radiation monitors, and the eight control building air intake
radiation monitors. The exhaust air and the fuel area
provide inputs to the leak detection syatem, and trip the
ventilation systems on indication of high radiation. The
control building air intake monitors isolate the HV AC for
the control room upon indication of high radiation.
7.6.13 High-Pressure/Low-IVessiirt Systemslnterlock
Protection Functions
The only high/low-pressure interfaces for the reactor vessel
involve the low- preasure modes of the RHR system. The
logic for the pressure and level sensor inputs which
provide the RHR system isolation valve closure aignals is
a two-out-of-four high reactor pressure or low RPV water
level eignal.
The inboard and outboard containment/pressure isolation
valves for each of the three trains of the RHR system are
powered from separate electrical divisions. The valvea
have permissive logics which prevent them from being
opened when reactor pressure is greater than RHR system
design pressure or when reactor water level is leas than
Level 3. Theae valve closure signals are provided by four
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divisionalized sensors in a two-out-of-fbur logic. An
additional interlock is provided for the RHR system
isolation valves from the RHR system area ambient
temperature. The SSAR description of the valve interlocks
originally contained an inconsistency concerning the RPV
water level at which isolation occurs. This was DFSBR
Confirmatory Item 7.6.1.3-1. OB subsequently revised the
SSAR to resolve the inconsistency. Therefore, this item is
resolved.
7.6.1.4 Fuel Pool Cooling and Cleanup System
The fuel pool cooling and cleanup system is classified as
a non-safety-related system and is discussed in Section 7.7
of this report.
7.6.1.5 Wetwell-to-DryweU Vacuum Breaker System
Direct control of the wetwell-to-drywell vacuum breakers
is not provided. However, the open/close position of these
vacuum breaker valves is monitored.
The related
instrumentation which indicates proper function of the
vacuum breakers is described in Section 6.2.1.7 of the
SSAR. This instrumentation includes the open/close
position indicators for the wetwell-to-drywell vacuum
breaker valves and indications of wetwell-to-drywell
differential pressure.
7.6.1.6 Containment Atmosphere Monitoring System
The CAM system is a two-train Class IE system. Each
CAM system division monitors the total gamma-ray dose
rate and concentration of hydrogen and oxygen in the
drywell and/or the suppression chamber. The CAM
system is a microprocessor-based system which provides
measurement, recording, and alarms in the control room
for operator infonnation. Each divisional gamma radiation
monitoring channel can be energized manually by the
operator or automatically by the LOCA signal. Each
divisional hydrogen/oxygen monitoring subsystem is
powered continuously during plant operation.
7.6.1.7 Suppression Pool Temperature Monitoring
System
The two-train SPTM system consists of eight sensor
locations around the circumference of the pool, each of
which has a group of four sensors for the two trains. The
signal processing for the SPTM system is performed by
microprocessors. The I&C of the SPTM system are
powered by four divisionally separated electrical buses.
The SPTM system initiates RHR suppression pool cooling,
RCW load shedding, and RPS trip signaling. It also
provides information for the operator in the control room
and the remote shutdown panel.
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7.6J Specific Findings and Evaluation
The SSAR includes an analysis of the safety-related
portions of all instrumentation systems required for safety
discussed above. The analysis is to show conformance to
general functional requirements and specific regulatory
requirements. The staff reviewed the information
submitted for these systems to determine their conformance
to the general design criteria, standards, and guidelines
identified in the SSAR Section 7. land the SRP. Based on
the review, the staff concludes that the design of the
instrumentation for the systems in Section 7.6 of the SSAR
and discussed in this section meet the requirements of
GDC 2 , 4 , 1 0 , 1 2 , 1 3 , 1 9 , 2 3 , 2 4 , 2 8 , 33 and 44, and the
guidelines of applicable standards, regulatory guides, and
branch technical positions, as applicable and are, therefore,
acceptable.
Tie additional requirements listed in
Sections 7.1 and 7.2 of this report for SSLC qualification
also spply to the safety-related portions of these systems.
These systems are included in the CDM.

7.7 Control Systems
7.7.1 System Description
This section discusses control systems which are
considered by GB to be not essential for the safety of the
plant. These systems primarily use nucropiocessor-based
equipment and transmit information via non-essential
multiplexors. These systems include:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)

NBS reactor vessel instrumentation
RC&IS
RFC system
FDWC system
process computer system and power generation
control system (PGCS)
NMS, ATIP and MRBM subsystems
automatic power regulator (APR) system
SB&PC system
non-essential multiplexing system
fire protection system
drywell cooling system
instrument air systems
makeup water system
atmospheric control system
'
fuel pool cooling and cleanup system
communications system

Although these systems are not directly needed for the
performance of safety functions, their operation is
important to the reliability of the plant. The non-safety
systems are designed such that their failure will not prevent
the proper operation of the safety systems. These systems
are also designed to be of high quality to minimize the
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ehatlengei to safety system functions. Because the CDM
for these systems had not been reviewed when the DFSBR
was written, the staff identified the incomplete review of
the CDM and ITAAC as DFSBR Open Item 7.7.1-1. The
key features of these systems are now included in the
CDM and this item is, therefore, resolved. The codes and
standards required for the safety systems as discussed in
Section 7.1 of this report do not spply to these systems
unless otherwise specified. The digital system design
process for the safety systems are similar for these nonsafety systems, except that documentation requirements are
not as stringent.
7.7.1.1 Nuclear Boiler
Instrumentation

System

Reactor

Vessel

reactor vessel temperature,

(2)

reactor vessel water level (shutdown, narrow, wide,
and fuel zone ranges),

The two RCIS cabinets contain the rod worth minimiasr,
automated thermal limit monitor, and rod block functions.
The RCIS receives the scram follow command from the
RPS. It also receives the selected control rod run-in signs!
from the RFC system and the APR system. The RCIS
also provides the signals to the RFC system to reduce flow
when the RCIS fully inserts the rods as the result of an
ARI initiation or scram follow.
The RCIS allows the operator to completely bypass up to
eight controlrodsby declaring them inoperable and placing
them in bypass. The operator can substitute a position for
the bypassed rod into the RCIS. The RCIS has a dedicated
control interface in the main control room.

Only the non-safety portion of the NBS is included in this
section. This part of the NBS provides monitoring and
control input of variables during normal plant operations.
The variables monitored include:
(1)

operations. Disagreement between the two channels results
in a rod block. The RCIS is designed to be a singlefailure proof system. The CRD components which are
required for shutdown of the plant and/or whose failure
can result in gross fuel damage, are designed to meet the
requirements of a safety-related system.

7.7.1.3 Recirculation flow Control System

(3)

reactor core differential pressure,

(4)

reactor vessel pressure,

(5)

SRV seal leak detection,

The RFCS provides each of the two channels of the RCIS
with separate isolated trip signals indicating the need for
automatic selected control rod run-in upon trip or run-back
of the recirculation pumps. This system receives reference
power level signals from the NMS and comperes the
reference power level signals with the power level setpoint.
The signals provided represent the validated total core
flow. The primary purpose of this system is to control the
speed of the 10 reactor internal pumps.

(6) feedwater temperature
Sensors for the above variables share sensing lines with the
safety system sensors.
Separation and isolation is
maintained between the safety and
non-safety portions of the system.
7.7.1.2 Rod Control and Information System
The RCIS is a non-safety-related system which provides
the operator with the information necessary to make
changes in nuclear reactivity so that reactor power level
and power distribution can be controlled by manipulating
the control rods. This system includes those interlocks
which inhibit rod movement (rod block) under certain
conditions. The RCIS is also used to implement the ARI
control rod insertion function, and a backup scram follow
function. Upon an RPS scram, this system is initiated and
starts the motor-driven FMCRD, to follow the RPS
hydraulic scram of the rods.
The RCIS consists of two independent channels for
monitoring and control rod positioning during normal

In the DSER (SBCY-91-294), the staff expressed concern
regarding GE's request to change the normal classification
of a loss of all forced circulation from a moderate
frequency event to an event not expected to occur in the
lifetime of the plant. The staff presented s discussion of
the reasons that it did not agree with GE's position.
Included in that discussion was the concern that a potential
common-mode software error could result in a loss of all
forced circulation. In response, OE provided information
concerning potential common-mode software failures and
the reliability of the RFCS.
The failures addressed by OE included those of sensors,
control modules, power supplies, multiplexor links, and
speed controllers. Other failure mechanisms such ss
incorrect operator action, or maintenance and commonmode software errors, were also addressed with means
indicated to reduce their likelihood, but such mechanisms
are still possible causes of simultaneous reactor internal
pump trip. The staff concluded that improvements were
made in the reactor recirculation system of the ABWR
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when compared to currently operating planta; however, the
atafY considers the simultaneous trip of all of the
recirculation pumps due to a common-mode failure to be
a credible event that ia expected to occur during the
lifetime of the plant. Therefore, meafuret are required to
mitigate such an event, or analyaia provided to verify that
the consequence! are acceptable. This event is evaluated
in Chapter 15 of this report.
7.7.1.4 Feedwater Control System
The FDWC system ia a three-train system that controls die
flow of feedwater into the RPV. Hie IAC system for
feedwater operation ia a triplicated system which is singlefailure proof. The feedwater system can be controlled
manually or automatically. Normal automatic control ia
based onreactorwater level (when steam flow is very low)
or on reactor water level, main feedwater line flow, and
feedpump auction flow measurements during power
operation.
7.7.1.5 Process Computer System
Generator Control System

and

Power

The process computer is intended to provide a
determination of core thermal perfotinance, and to improve
data reduction, accounting, and logging functions. The
PGCS, a separate function of the process computer system,
monitors overall plant conditions, issues control
commands, and adjusts eetpointa of lower level controllers
to support automation of the normal plant startup,
shutdown, and power range operations. The PGCS issues
command signals to the turbine master controller.
The staff has reviewed MPL C71-4010 (Rev. 1, July 2,
1990), "Reactor Protection System Design Specification,"
which requires that both the tripped ana reset conditions of
the RPS-related sensor instrument channels and the RPS
automatic or manual trip systems be logged by the process
computer. For all conditions that cause reactor trip, the
computer shall identify the specific trip variable, the
divisional channel identity and the specific automatic or
manual trip system. The staff identified the inputs to the
plant computer as DFSER Confirmatory Item 7.7.1.5-1.
The plant process computer and its inputs to the trip scram
data logger are included in the CDM and the SSAR. This
item is resolved.
OE indicated that the plant computer will have the
capability to trend performance of all safety-related
sensors. This will provide the capability for detection of
problems which have occurred previously regarding lots of
oil in oil-filled transmitters at operating planta. This
resolved the operating experience concern discussed in
NRC Bulletin 90-01, and Supplement 1 to Bulletin 90-01.
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7.7.1.1 Neutron Monitorinf System, ATIPandMRBM
Subsystems
The ATIP subsystem of the NMS is comprised of three
TIP machines, each with a neutron sensor attached to a
flexible cable. The system includes the associsted drive
mechanisms and guide tubes, and is used to obtain flux
feedings along the axial length of the core. TheMRBM
subsystem logic issues a rod block signal to the RCIS.
This microprocessor-based system receives input neutron
flux signals from the LPRMs and APRMs, core flow data
from the NMS, and control rod statue to determine when
rod block signals are required.
7.7.1.7 Automatic Power Regulator System
The APR system controls reactor power by providing
commands to rod position or reactor RFC iiistnimentstion.
The APR receives input from the plant process computer,
the PGCS, the SB&PC system, and the operator's control
console. Tne output demand signals from the APR are to
the RCIS and the RFC and SB&PC systems. The APR
logic is performed by redundant microprocessors.
7.7.1.S Steam Bypass and Pressure Control System
The SB&PC system controls the reactor system pressure
during normal operation. The system regulates the
position of the turbine control and/or steam bypass valves.
7.7.1.9 Non-Essential Multiplexing System
The NEMS is separate from the BMS but is similar in
function. The NEMS supports communication between the
non-safety I&C systems. The NEMS will be diverse from
the EMS (hardware and software).
7.7.1.10 Fire Protection System
The I&C aspects of the fire protection system consist of
the detection and suppression portions. This system is
automatically actuated by smoke, infrared, or temperature
detectors when fire is indicated.
7.7.1.11 DryweU Cooling System
The drywell cooling system is used to limit the temperature
of the various drywell zones within ranges dictated by the
equipment requirements.
7.7.1.12 Instrument Air System
The instrument air system is discussed in Section 9.3.6 of
the SSAR and ia not discussed in this section.
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7.7.1.13 Makeup Water System

A sepsratetelephonecommunication system using portable
sound-powered telephones is provided, but Is outside the
scope of the ABWR design. The system provides
oonurofniftatiofli between boards in the rofift control room,
between the main control room and field stations, and
between field stations during testing or inspections.

The makeup water system is discussed in Section 9.2.3 of
the SSAR and is not discussed in this section.
7.7.1.14 Atmospheric Control System
The atmospheric control system is discussed in
Section 6.2.5 of the SSAR and is not discussed in this
section
7.7.1.15 Fuel Pool Cooling and Cleanup System
The fuel pool cooling and cleanup system was reclassified
as a completely non- Class IB system since the DFSBR
was written. It is an independent system which monitors
and controls the fuel pool temperature and maintains the
water quality of the pool. This system consists of
redundant trains with power supplies mat are backed by the
combustion turbine generator.
7.7.1.16" Communications System
The paging system is designed to provide facilities for
nnrtwil communication and simultaneous broadcasting
within the plant. The sound-powered telephone system
provides communications primarily for fuel transfer,
testing, calibration, and maintenance.
The communication systems consist of a power-actuated
paging facility and a separate network of cables and jacks
to facilitate the use of sound-powered telephones for
maintenance and repair. The paging system is primarily
used for intraplant communication during plant operation.
Handsets and speakers are installed in the rooms indicated
below:

Tne communication systems do not have a safety-related
function. However, they are used during emergencies and
because the communication system is required when plant
control is at the remote shutdown station, its availability
must be demonstrated assuming a main control room fire.
This was DFSBR Open Item 7.7.1.15-1. OB subsequently
revised SSAR Chapter 9.5.2 to described the survivability
of the aound-powered phones in the event of a control
room fire. This item is, therefore, resolved.

No identification of the EMI radiation levels or frequency
range is identified for the communication
transmitter/receivers to be installed in the plant. In
addition, the sensitivity of the safety computer systems to
the electromagnetic fields is undefined. Therefore, a teat
program with field measurements and operational
descriptions is required if spurious effects upon safetyrelated I&C equipment due to communications is to be
avoided.
This was identified as DFSER Open
Item 7.7.15-2. This will be verified as part of the EMI
ITAAC that i» included in the instnunentattonand controls
CDM. Therefore, this item is resolved.
Based on the above, the staff concludes that the design of
the paging communication system ensures its availability as
required and is, therefore, acceptable.
7.7.2 Specific Findings and Evaluations

(1)
(2)
(3)
(4)
(5)
(6)

main control room
electrical equipment room
fuel replacement area
turbine operation area
periphery of control rod hydraulic unite area
feedwater pump room

(7)

elevators

(8)

exteriors of plant buildings

In addition to the basic paging function, the paging
equipment can be used for automatic surveillance of the
main amplifier and manual switching to a spare amplifier
ai necessary.
The paging equipment produces an
emergency signal (siren) upon actuation of an emergency
pushbutton. The circuits from the main paging equipment
to each junction box are wired in separate routes.

the above non-safety-related MtC systems are not required
for any plant safety function, and that the plant protection
systems are capable of coping with all failure modes of
these UtC systems. The analysis shows how the design of
the above I&C systems conforms to general functional
requirements and specific regulatory requirements. The
staff reviewed the information submitted for these systems
to determine their conformance to the ODC, standards, and
guidelines identified in the SSAR Section 7.1 and the SRP.
Based on the review, the staff concludes that the design of
the I&C systems in Section 7.7 of the SSAR and discussed
in this section meet the requirements of ODC 13 and 19,
and the guidelines of applicable standards and regulatory
guides and is, therefore, acceptable.
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7.8 COL License Information

incorporated in the thermal analysis, the staff agrees mat
this issue will be addressed as part of the ITAAC process.
The COL applicant will verify that adequate compensation
is provided for internal heat rise to ensure proper
electronic equipment performance.

Section 7.8 of die SSAR provides a discussion of topics
that are not specifically addressed in the SRP but are
important to the design and operation of safety-related
equipment These topics will be addreseed by the COL
applicant in its application.
These topics include:
(1) effects of station blackout on HVAC systems and the
subsequent effects on plant electronics; (2) effects of BSD
on exposed electrical and electronic equipment
components; (3) effects of localiaed high heat spots in
semiconductor materialsforcomputing devices; (4) criteria
for interfaces between the ABWR I&C systems and
systems outside of the scope of the ABWR design
certification; and (5) comprehensive functional tests
necessary to meet the plant TS.

OB performed an interface study of each of the I&C
systems included in Chapter 7 of the SSAR, and
determined that there are no safety-related electrical signal
interfaces between safety systems and systems that are site
specific that have not already been included in the
requirements of the previous sections. Therefore, OB
indicated that there are no interface requirements necessary
to ensure safety-related system performance. However,
the SSAR did not specifically address non-safety I&C
system interfaces with safety-related systems outside the
ABWR scope. If there are any such interfaces with
equipment outside of the scope of the ABWR SSAR, the
existing requirements for safety/non-safety I&C system
isolation will apply and will be verified during the ITAAC
phase. The COL applicant will verify that any safety/nonsafety I&C interfaces are adequately separated and
isolated.

The staff requested (Q420.014) that OB address the effects
of station blackout on mat portion of the HVAC system
which is required to maintain the function of plant
electronics. GE responded that this issue will be addressed
as a COL applicant requirement by performance of a
temperature/heat rise analysis for the station blackout (no
HVAC) scenario using the resulting environmental
temperatures for the specific plant location as a basis for
confirming appropriate electronic equipment performance.
The heat rise analysis will verify that the required
electronic equipment has been qualified to the highest
expected temperature assuming station blackout This is
acceptable and will be verified as part of the ITAAC
process by the COL applicant.
The staff requested (Q420.90) that OB address the possible
effects of BSD on the proper performance of keyboards,
keyed switches, and other exposed electrical equipment
components. GB's response described the damage to
components and system upsets that BSD can cause. The
response described the steps used in modern equipment
design to protect the equipment from BSD and precautions
that should be used in their installation. The equipment
design standards, installation and maintenance procedures
are included as part of the BMC ITAAC. The COL
applicant will verify by the EMC ITAAC that the OB
recommendations for grounding and shielding are followed
or provide an acceptable alternative.
The staff requested (Q420.92, Q420.94, Q420.95) that OB
address possible localized hot spots in semiconductor
materials due to high current densities and their effects on
equipment reliability.
GE's response described the
requirement for a thermal analysis which will follow the
methods of MIL-HDBK-217 and MIL-HDBK-251.
Because the worst case for potential hot spots occurs
during a postulated station blackout scenario (no HVAC)
and, therefore, will require plant-specific information to be
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The TS contain several different surveillance test requirements. One of those tests is a comprehensive functional
test of the safety-related I&C systems that will be
performed during each refueling outage. The TS require
the teste, and the bases for the TS provide a short description of the testing that ia to be done. OE has also included
a detailed description of the comprehensive functional test
in the SSAR. This description will be included by the
COL applicant in its maintenance program.

7.9 Appendix 7A - Design Response to
Appendix B of ABWR Licensing Review
Bases
Appendix B to the OE ABWR LRB, dated August 1987,
noted that the SRP did not provide standards and criteria
for the review of state-of-the-art fiber optics, multiplexing,
and computer controls. LRB Appendix B contains questions from the staff regarding digital I&C systems. The
questions were intended to solicit additional information
from the applicant beyond that normally provided in SAR
because of the use of digital technology in the design. OE
provided their responses to these questions in Appendix 7A
of the ABWR SSAR. Since the DFSER was issued, OE
also added SSAR Chapter 7 Appendices B and C to further
address digital I&C system design issues, including
defense-in-depth.
The responses in Appendices 7A, 7B, and 7C provide a
level of design information similar to that provided in the
I&C aystems sections of the SSAR and in responses to
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other staff requests for additional information. The
information provided was not sufficiently detailed in and
of itself to permit the staff to reach its safety conclusions.
An example is the OB statement in the response to NRC
Request 11 (SSAR Appendix 7A) that "software
development will, in general, follow RG 1.152." The staff
concludes that the Appendix 7A response provides a
commitment to address the issues involving digital system
design as identified in Appendix B to the LRB, but does
not present sufficient description of the design to
demonstrate how the commitments are to be met. Appendix 7A waa revised following the DSER (SECY-91-294) to
include a commitment that the ABWR digital systems will
meet the criteria of the additional standards listed in
Sections 7.1 and 7.2 of this report. Verification that the
I&C system design conforms with this commitment will be
accomplished during the ITAAC phase.
In addition to the hardware and software aspect* of the
safety-related I&C system design that have been discussed
previously in this report, SSAR Appendix 7A provides a
commitment to the guidelines of RO 1.153 which endorses
ffiEE-603. For the I&C systems of the ABWR design,
IEEE-603 provides guidance which is similar to that of
IEEB-279. OB stated that the ABWR safety-related I&C
system design be in conformance with IEEE-603, and the
implementation of the I&C design will be verified during
the ITAAC. This is acceptable to the staff.

requirements. OB has committed to the EPRI nquirementsand the staff finds this acceptable. This was DFSER
Confirmatory Item 7.10.1-1. The SSAR has been revised
to address operating experience as indicated above, and
this is acceptable. DFSER Confirmatory Item 7.10.2-1 is,
therefore, resolved.
In addition, as part of the operating experience review, the
staff reviewed the following NRC bulletins and generic
letters (OLs) which have been issued since 1980. The
primary intent o(M» review effort was to assure that the
operating experience gained as described in these
documents is incorporated into the design and operating
features for the ABWR.
The generic communications reviewed by the staff for
operating experience in the I&C systems area and a
discussion of the review follows:
NRC Bulletins
a. Bulletin 8041 (January 11, 1980), "Operability of
ADS Valve Pneumatic Supply."
This item is not applicable to the SSAR Chapter 7 I&C
system review.
b. Bulletin 80-06 (March 13, 1980), "Engineered Safety
Feature Reset Controls."

Based on the review of the information provided in the
SSAR (Appendices 7A, 7B, and 7 Q and in related CDM,
the staff considers that issues regarding standards and
criteria for digital equipment, raised by the LRB
Appendix B questions, have been adequately addressed.

Bulletin 80-06 listed three actions to be taken by the
licensee. The first was to review the I&C system
schematics and verify that upon reset of an ESF actuation
signal, the safety-related equipment remains in its
emergency mode. For the ABWR, the ESF systems are
reset individually and manually, and will remain in their
emergency mode. This is acceptable.

7.10 Unresolved Safety Issues, Generic Safety
Issues, and Operating Experience

The second item requires verification that the as-built I&C
system configuration is in conformance with the
schematics. This will be verified by the COL applicant
during the ITAAC phase, and is acceptable.

7.10.1 Unresolved Safety Issues and Generic Safety
Issues
USIs and OSIs are discussed in Chapter 20 of this report.
7.10.2 Operating Experience
The EPRIALWR Utility Requirements Document, Volume
II, for evolutionary reactor design provides a general
description of the operating experience that is necessary
before equipment should be considered for use in future
nuclear power plants. The general guidelines specify that
approximately 3 years of successful experience in
applications similar (but not necessarily nuclear plantrelated) to the intended nuclear power plant installation is
appropriate. Failure to meet this EPRI requirement results
in increased prototyping as specified in the EPRI

The third item pertains to plant-specific corrective actions
by operating plants and does not affect the ABWR. The
concerns of Bulletin 80-06 have been adequately addressed
in the ABWR design.
c. Bulletin 80-20 (July 31, 1980), "Failures of
Westinghouse Type W-2 Spring Return to Neutral
Control Switches."
Based on the information provided by OE, this type of
switch will not be used in the ABWR design and,
therefore, Bulletin 8046 is not applicable.
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d. Bulletin 81-02 (April 9, 1981), "Failure of Gate Type
Valves to Cloae Against Differential Pressure."

This item is not applicable to the SSAR Chapter 7 I&C
system review.

This item is not applicable to the SSAR Chapter 7 I&C
system review.

e. OL 8 9 - 1 4
(August 2 1 ,
1989),
"LineItem Improvements in Technical Specifications Removal of 3.25 Limit on Extending Surveillance
Intervals."

e. Bulletin 82-04 (December 3, 1982), "Deficiencies in
Primary ConU*ament Electrical Penetration
Assemblies."

Issues in OL 89-14 related to I&C system TS are discussed
in Section 7.11 of this report.

Una item is not applicable to the SSAR Charier 7 I&C
system review.

f. OL 91-04 (April 2, 1991), "Changes in Technical
Specification Surveillance Intervals to Accommodate a
24-Month Fuel Cycle."

f. Bulletin 88-07 (June IS, 1988), "Power Oscillations in
Boiling Water Reactors."

Issues in OL 91-04 related to I&C system TS are discussed
in Section 7.11 of mis report.

The measures provided in the ABWR I&C system design
to deal with power oscillations are addressed in
Sections 7.2 and 7.6 of this report.

g. GL 91-09 (June 27, 1991), "Modification of
Surveillance Interval for Electrical Protection
Assemblies in Power Supplies for the Reactor
Protection Systems."

g. Bulletin 90-01 (March 9, 1990), "Loss of Fill Oil in
Transmitters Manufactured by Rosemount."

Issues in GL 91-09 related to I&C system TS are discussed
in Section 7.11 of this report.

OB committed for the ABWR I&C system design not to
ure the transmitters of concern identified in the bulletin
which were built before July 1989. In addition, the plant
computer for the ABWR will have the capability to trend
d^cipeTBtioiuldjuaofallsafety-reljUedtraiisinitters. This
trending is capable of detecting the type of problems
described in Bulletin 90-01. This is, therefore, acceptable.

NRG Qcawfc Letters
a. OL 80-03 (April 10,1980), "Clarification of the Term
"Operable" as it Applies to Single Failure Criterion for
Safety Systems Required by TS."
This item is not applicable to the SSAR Chapter 7 I&C
system review.
b. OL 83-27 (July 6, 1983), "Surveillance Intervals in
Standard Technical Specifications."
This item is not applicable to the SSAR Chapter 7 I&C
system review.
c. OL 88-02 (January 20, 1988), "Integrated Safety
Assessment Program II (ISAP II)."

This item is not applicable to the SSAR Chapter 7 I&C
system review.
d. GL 88-20 (November 23, 1988), "Individual Plant
Examination of Severe Accident Vulnerabilities."
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One issue associated with operating experience concerns an
aspect of the adequacy of the defense-in-depth and the
diversity of the instrumentation design required to provide
defense against common-mode failures remains open.
Specifically, the issue concerns the need for diverse reactor
pressure vessel water level measurement instrumentation.
This issue was Open Item 20.3.8 in the DFSER and is also
addressed in Section 7.2 of this report. The primary
concern is in identical measurement instrument techniques
used (condensing chambers and differential pressure
transmitters) to measure the RPV water level and provide
signals to the I&C logic.
Recent anomalies have been observed in RPV level
instrumentation (and discussed in GL 92-04, "Resolution
of the Issues Related to Reactor Vessel Water Level
Instrumentation in BWRs Pursuant to 10 CFR 50.54(f),"
Information Notice 92-54, "Level Instrumentation
Inaccuracies Caused by Rapid Depressurization," and
Bulletin 93-03, "Resolution of Issues Related to Reactor
Vessel Water Level Instrumentation in BWRs") that were
caused by the effects on non-condensible gas in the
condensing chamber and reference leg of the water level
instrumentation. GE committed to a modification of the
design for the ABWR water level instrumentation by
revising the sensing line connections and adding a water
backfill capability to minimize the possibility of entrapping
non-condensible gas in the reference legs and condensing
chambers. The proposed modifications will be tested to
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validate the appropriateneaa of the modification. This issue
ia diacuaaed in more detail in Chapter 20 of this report.
Operating experience at Grand Gulf Station (found during
testing) haa demonstrated that the solenoid coils on scram
pilot valves can be damaged by undervoltage and thereby
prevent the scram function. During the previous licensing
review of Hatch 2, this issue was also raised and included
questions of possible damage due to undervoltage to the
RPS equipment in general, not just to the scram pilot valve
solenoid coils. Resolution of this concern is addressed in
Section 7.2.5 of this report.
A significant feature of the I&C system testing capability
for the ABWR described by OB in the SSAR ia the
elimination of the need to lift leada and install jumpers
when performing testa. Lifting leada and installing
jumpers haa been a source of problems at operating plants.
This issue waa part of DFSBR Confirmatory
Item 7.2.2.S-2. OB provided more detailed descriptions in
the SSAR of the I&C system self-diagnostics and testing
equipment to be used for surveillance e?yp maintenance.
The ABWR design haa eliminated the necessity to lift leada
or add jumpers for normally scheduled surveillance and
maintenance. This item is, therefore, resolved.
Based on the above, the staff concludes that OB had
adequately addreaaed and incorporated into the ABWR
design for the I&C systems, features which deal with
concerns identified from past operating experience.
Therefore, operating experience issues are resolved.

7.11 Technical Specifications
The staff reviewed the draft ABWR TS provided prior to
the issuance of the DFSBR. Substantial questions were
identified as discussed below, which required resolution
prior to the staff finding the ABWR TS acceptable and,
therefore, the TS were an open issue in the DFSER.
The design of the ABWR I&C systems is substantially
different from that used in currently operating BWR plants
and, therefore, the current BWR standard TS sections for
the I&C systems were not readily applicable to the ABWR
I&C systems. OB has substantially revised the ABWR TS
to reflect the specific design of the ABWR.
Because me proposed ABWR I&C systems have not yet
been in operation, there ia no specific equipment history
that can be used to assess the equipment surveillance
intervale. The specific I&C equipment and vendors have
not been selected, and are not required to be selected until
after the COL ia issued. The specifics of the I&C system
equipment self-diagnostics are to be considered in assessing
the TS surveillance intervals.

Prior to the issuance of the DFSER, OE had not claimed
credit for the self- diagnostics to meet any particular TS
requirements. The self-diagnostics are an integral part of
the design, and form a significant basis for the establishment of surveillance intervals for equipment beyond the
self-diagnostics. The inclusion of the self-diagnostics in
the design is necessary to the acceptance of the TS as
discussed in Section 16 of this report.
MPL C71-5030 (Rev. 0, April 23, 1990), "Reactor
Protection System Verification and Validation Criteria
Design Specification," states that field installation and
validation tests for the RPS will be performed while the
multiplexing loops for each RPS division are operational.
The DFSER stated that the limiting conditions for plant
operation must address the possibility of a multiplexor loop
being out of service. The ABWR TS incorporate limiting
conditions for this situation, and therefore, this item is
resolved.
MPL C71-4010 (Rev. 1, July 2, 1990), "Reactor
Protection System Design Specification," states that one
sensor channel may be bypassed and the system actuation
will be based on a two-out-of-three logic. This bypass is
taplemented at the input to the TLU. Bypass of one
division of output logic will also result in a two-out-ofthree coincidence logic. This bypass is implemented at the
input to the OLU. There is no indication in the MPL
document if both bypasses are allowed at the same time.
The initial draft ABWR RPS TS referred only to the
traditional channel check calibration and functional tests.
In the DFSER, the staff stated that a description of how
these I&C channel and division bypasses are to be
implemented on the ABWn was required. A functional
channel test should be defined. Subsequent versions of the
ABWR TS added the definitions of sensor, logic, and
output channels as well as a discussion of the various
surveillance requirements including bypass conditions.
This item is, therefore, resolved.
Plant operation in the event of power supply failures
needed to be considered in the I&C system TS. A loss of
one channel of SSLC power not only disables one channel
of sensors and one channel of coincidence logic, but also
disables 1/4 of the inputs to the other three coincidence
logics. The DFSER stated that the TS needed to consider
each of the credible equipment failures and the specific TS
action that it invokes, if any. The TS were revised to
consider credible failures and the appropriate statements of
action have been incorporated. This item is, therefore,
resolved.
The draft ABWR TS initially indicated that an indefinite
bypass (no repair required until the next refueling outage)
waa appropriate for a channel out of service. No bases
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were provided to justify toil condition. The ataff noted
mat there is a potential single failure of the Division n,
6.9 KV/480 Vac transformer or 480 Vac awitchgear which
could disable both the Divisions II and IV SSLC, and at
the same time not cause a reactor scram. If a Division I
or III SSLC channel is in bypass at the same time, the
result could be a loss of RPS function.
By letter dated June 2, 1993, on important features
identified by the ABWR PRA, OB identified that the four
divisions of the SSLC are designed to be highly reliable
with features that reduce the possibility of inadvertent
actuations. The PRA assumed a self-diagnostic fault
detection rate for the SSLC of 0.9S with the remainder of
the faults expected to be found during the quarterly SSLC
surveillance required by TS. As discussed earlier, there is
a lack of operational data for the SSLC equipment to
support the PRA number.
Because of the above reasons, OE has revised the ABWR
TS to remove the indefinite bypass of an SSLC channel.
This is acceptable to the staff.
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In the DFSER, the staff noted that specific operability
aspects of the ABWR I&C system digital technology
needed to be further evaluated when developing the TS.
For example, if a failure of a safety-related I&C system
(channel or division) during surveillance can be attributed
to a software error, the appropriate TS operability
requirements for other systems which may also be subject
to failure as a result of the same software error are needed
to be eatabliahed. The TS were revised to include limits
on continued operation and programmatic consideration
(including reporting to the NRC) of software errors when
they are discovered. This is acceptable to the ataff.
The TS for design certification include I&C system
setpoints that will be established by the COL applicant
during the I&C system detailed deaign development. The
setpoint methodology is included in the CDM and its
implementation is included in the ITAAC.
Based on the above, the staff concludes that the ABWR TS
for design certification incorporate the necessary
operability and surveillance requirements for digital I&C
systems and are, therefore, acceptable.
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8 ELECTRIC POWER SYSTEMS
8.1 Introduction
The staff reviewed the advanced boiling water reactor
(ABWR) design descriptions and coinniitments documented
in Chapter 8 of OB Nuclear Energy's (GE*s) standard
safety analysis report (SSAR) Amendment 32. The bases
for evaluating the adequacy of ABWR electric power
systems presented in SSAR Chapter 8 were the acceptance
criteria and guidelines for electric power systems contained
in standard review plan (SRP) Chapter 8 and Regulatory
Guides (RGs) 1.153 (Rev. 0), "Criteria for Power,
Instnimentation, and Control Portions of Safety Systems,"
and 1.155 (Rev. 0), "Station Blackout." The Nuclear
Regulatory Commission (NRC) approved these regulatory
guides following the issuance of SRP Revision 3
(My 1983), and they apply to the ABWR electric power

8.2.1 Preferred Offsite Circuits Outside the ABWR
Scope of Design
The following portions of the preferred power circuits are
outside the scope of design of the ABWR standard plant:
•

Normal preferred power circuit from the transmission
network through the main power transformer to the
low-voltage terminals of the main transformer.

•

Alternate preferred power circuit from the transmission
network through the reserve auxiliary transformer to
the low-voltage terminals of the reserve auxiliary
transformer.

8.2.1.1 Scope of GE Design of Offsite Preferred
Circuits
Section 3.1.2.2.8.2.2 and Sections 8.2.1, 8.2.2, and 8.2.3
of SSAR Amendments 7 snd 10 were inconsistent with
regard to which parts of the offsite system are within (or
outside) the ABWR standard design scope (DSER
(SECY-91-355) Open Item 22).
Subsequently, GE
committed to revise Section 3.1.2.2.8.2.2 of SSAR
Amendment 7 so that it would be consistent with the above
defined scope of design.

The staffs initial findings were included in the draft safety
evaluation report (DSER), SECY-91-355. In addition, the
staffs interim findings were included in the draft final
safety evaluation report (DFSER), SECY-92-349. Open,
confirmatory, and COL action items from these documents
have been referenced in the discussions below.

8.2 Oftslte Electric Power System

Verification that GE included appropriate changes in a
future SSAR amendment to reflect the above information
was DFSER (SECY-92-349) Confirmatory Item 8.2.1.1-1.
GE included this information, in Sections 3.1.2.2.8.2.2
and 8.2.1 of SSAR Amendment 32, which is acceptable.

The offsite electric power system is commonly called the
"preferred* power system. The staffs evaluation of this
system focused on the system's importance as the preferred
supplier of electric power for the onsite power system (that
ia, the Class IE ac-distribution system), which supplies
power to safety systems.

8.2.1.2 Definition of Offsite System
GE*s draft SSAR submittal of April 3,1992, indicated that
the offsite power system begins at the terminals on the
transmission network side of the circuit breakers
connecting the switching stations to the offsite transmission
network. That draft also indicated that the offsite power
system ends at the terminals of the plant's main generator
and at the circuit breaker input terminals of the mediumvoltage (6.9 kV) switchgear. This description is not
consistent with the NRC SRP definition of an offsite
system DSER (SECY-91-355) Open Item 27. Specifically,
GE's definition appeared to exclude the transmission
network, as well as the plant's main generator and gas
turbine generator. GE committed to revise the SSAR in a
future amendment to be consistent with the NRC SRP
definition of an offsite system.

For the ABWR, the preferred power system comprises the
following circuits:
•

Normal preferred power circuit - a back-feed circuit
from the transmission network to the input terminals of
each of the three redundant, onsite Class IE
se-dietribution systems through the main transformer
and three unit auxiliary transformers.

•

Alternate preferred power circuit - from the
transmission network through one reserve auxiliary
transformer to the input terminals of each of the three
redundant, onsite Class IE ac-distribution systems.

Because OE shares the ABWR design responsibility for
this system with the combined license (COL) applicants,
those parts that are outside the scope of design of the
ABWR standard plant, and those parts that are within the
scope of design of the ABWR standard plant are described
and evaluated as follows.

Verification that GE included appropriate changes in a
future SSAR amendment to reflect the above information
was DFSER (SECY-92-349) Confirmatory Item 8.2.1.2-1.
GE included this information, in Sections 8.1.2.1 and
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8.2.1.1 of SSAR Amendment 32, which ia acceptable.
Therefore, this item ia reaolved.
8.2.1 J Offsite Power System Interacts
This section addresses die ataffa evaluation of GE*s
reaponae to DSER SECY-91-355 Open Item 24.
In the draft SSAR submittal dated April 3, 1992, OB
responded to Open Item 24 from the DSBR
(SECY-91-355) by defining interface requirements for die
offirite circuits outside the scope of design of die ABWR
standard plant. OB committed to document similar interfaces in die SSAR in a future amendment. Verification
that OB included appropriate changes in a future SSAR
amendment waa DFSER (SBCY-92-349) Confirmatory
Item 8.2.1.3-1. OB included die appropriate changes in
Section 8.2.3 of SSAR Amendment 33, which is
acceptable. Therefore, ihis item ia reaolved.

meets die in scope design basis requirements in die SSAR.
The staff agrees with this assessment. COL applicant
deaign will be required to meet all applicable regulatory
requirements and associated regulatory and industry
guidance aa part of its COL application. The applicable
regulatory requirements and associated regulatory and
industry guidance are delineated in die code of federal
regulations, the NRC SRP, and industry standards and
codes. These tequirenMotflsjid guidance do not need to be
repeated aa interface requirements.
DFSER
(SECY-92-349) Confirmatory Item 8.2.1.3-3 ia therefore
resolved. The staffs evaluation of design interface
requirements is also addressed in Section 8.2.1.3.1 of this
report.
In interface requirement (2), Section 8.2.3.1 of die draft
SSAR submittal dated April 3,1992, indicated that a COL
applicant who references die ABWR deaign ia expected to
establish the size of the unit auxiliary transformers to
ensure s voltage dip of no more than 20 percent during
motor starting. It waa the staffs understanding, baaed on
discussions wim OE, diat die sizing of die unit auxiliary
tranaformera ia within die ABWR scope of deaign responsibility. OE committed to revise the SSAR in a future
amendment to reflect die above aa part of OE'a scope.
Verification that OE included this change in a future SSAR
amendment waa DFSER (SECY-92-349) Confirmatory
Item 8.2.1.3-4.
OE included this change in
Section 8.2.1.2 of SSAR Amendment 32, which is
acceptable. Therefore, this item ia resolved.

Section 8.2.3.1 of GE's draft SSAR submittal of April 3,
1992, indicated diat a COL applicant "should" meet die
internee requirements defined in Section 8.2.3 of die
ABWR SSAR. Applicants who reference die ABWR
design will be required to address all interface requirements in its design scope. OB committed to revise the
SSAR in a future amendment to indicate that interface
requirements "shall" be met by die applicant. Verification
diat OB included this change in a future SSAR amendment
waa DFSER (SECY-92-349) Confirmatory Item 8.2.1.3-2.
OB included this change in Section 8.2.3 of SSAR
Amendment 32, which ia acceptable. Therefore, this item
is resolved.

In interface requirement (4), Section 8.2.3.1 of the draft
SSAR submittal dated April 3, 1992, OE indicated that it
ia acceptable andrecommendedtonormally power all diree
diviaions of die Class IE ac-diatribution system from dm
normal preferred power source.
This interface
requirement is not consistent with deaign commitments diat
are currently documented in odier sections of die SSAR
(see Section 8.2.3.5 of tiiis report). OE committed to
delete this requirement (specifically, die second sentence
of interface requirement (4) in Section 8.2.3.1 of die draft
SSAR revision dated April 3, 1992) when the SSAR waa
revised in the future. Verification dud OE included tiiie
change in a future SSAR amendment waa DFSER
(SBCY-92-349) Confirmatory Item 8.2.1.3-5.
OB
included this change in Section 8.2.3 of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.

OB also committed to revise in a future SSAR amendment
die section on internee requirements to include a listing of
die regulatory requirements and associated regulatory and
industry guidance, which a COL applicant must address in
its design scope aa part of die COL application. For die
offsite system, diese should include, aa a minimum, die
requirements of General Design Criterion (GDC) 17 and
18 of 10CFR Part 50, Appendix A, as well as the
guidelines of ffiEE 765-1983. Verification that OB
provided the above deaign information in a future SSAR
amendment was DFSBR (SECY-92-349) Confirmatory
Item 8.2.1.3-3.
Subsequently, during a November 18, 1992 meeting, OB
indicated that SSAR interface lequiremenU were not meant
to define die totality of die requirements (including
regulatory requirements) which a COL applicant's
interfacing design must ultimately meet. The design
interface requirements need only include those
requirements diat are needed by die ABWR deaign to
assure that die design as completed by die COL applicant
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In interface requirement (5), Section 8.2.3.1 of die draft
SSAR submittal dated April 3,1992, OE indicated that the
two offsite circuits will be connected to different
transmission systems. It waa the staffs understanding,
based on discussions wim OE, that mere ia only one
transmission system. OB committed to clarify die interface
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lequirement in a future •mMirimgnt to indfcttt mat the
main and reserve offinte power circuits will be connected
to different transmission circuits or lines (rather man
systems) and that the transmission circuits or lines will be
independent and asperate. Verification that OB provided
the above design information in a future SSAR amendment
was DFSBR(SECY^-349) Confirmatory Item 8.2.1.3-6.
OB included this information in Section 8.2.3(5) of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.

available from the transmission network, any
combination of two lines may be designated and used
as the preferred power supply circuits, provided that
each combination of two circuita meets the ofisite
system design requirements.

Section 8.2.3.1 of OB's draft SSAR submittal dated
April 3, 1992, did not include additional interface
requirements defining what is required of the COL
applicant in order to have independent and separate
transmission circuits and switching stations.
GE
committed to include in a future SSAR amendment explicit
interface requirements defining independence and
separation of transmission lines and switching stations or
switchyards. Verification that OB revised the SSAR to
reflect as a minimum the following design commitments in
a future amendment was DFSER (SECY-92-349)
Confirmatory Item 8.2.1.3-7:
•

The two designated preferred power circuits will not
have a common take-off structure or use common
structures for support.

•

The two lines from the transmission network that are
designated as the preferred power circuits will be
designed to minimize their simultaneous loss as a result
of failure of any transmission tower or failure from
crossing lines.

•

The preferred power circuits originating from the
transmission network will be designed to minimize
their simultaneous failure as a result of failure of a
single breaker, switchyard bus, switchgear bus, or
cable.

•

System studies will be performed to demonstrate that
the preferred power supply will not degrade below a
level consistent with the availability goals of the plant
as a result of contingencies such as loss of any of the
following elements
•

•

•

Switchyard equipment will be designed to adequately
withstand stresses from the worst-case faults.

•

The physical design of the switchyards will minimize
the probability that a single equipment failure will
cause the simultaneous ot subsequent loss of both
preferred power supply circuits.

OB indicated in response to this item that SSAR interface
requirements were not meant to define the totality of the
requirements (including the requirements needed to assure
independence and separation between transmission circuits)
which a COL applicant's interfacing design may ultimately
have to meet. The staff agrees with this assessment.
Under 10 CFR Part 52, the site-specific portion of a COL
applicant's design will be required to meet all applicable
regulatory requirements and associated regulatory and
industry guidance as part of their COL application. The
applicable regulatory lequirenrents and associated
regulatory and industry guidelines are delineated in the
code of federal regulations, the NRC SRP, and the
industry standards and codes. These ^liirements and
guidelines, therefore, do not need to be repeated as
interface requirements in ABWR SSAR. In ackUtion, GE
indicated that the above listed items that were id ntified in
the DFSER (SECY-92-349) to assure independence
between oflfsite circuits would be considered as part of
their proposed conceptual design description to be included
in the site-specific part of the SAR for a facility
referencing the certified design. The staff concludes mat
interface requirements defining what is required of the
COL applicant in order to have independent and separate
transmission circuits and switching stations are not
required to be included as interface requirements in the
ABWR SSAR. DFSER (SECY-92-349) Confirmatory
Item 8.2.1.3-7 is therefore resolved.
The staffs
evaluation of interface requirements relating to capacity,
capability, and independence of offsite circuits is in Section 8.2.2 of this report. The staffs evaluation of GE's
conceptual design for the ofisite system is in
Section 8.2.1.3.2 of this report.

nuclear power generating unit
largest generating unit
most critical transmission circuit or intertie
largest load

In interface requirement (4), Section 8.2.3.1 of the draft
SSAR submittal of April 3, 1992, GE indicated that the
COL applicant will analyze incoming transmission lines to
ensure that their expected availability is as good as
assumed in performing the plant's probability risk analysis
(PRA). Based on discussions with GE, the staff contended
that the assumptions made in performing the plant's PRA

The interconnection between the transmission network
and the switchyard will consist of a minimum of two
transmission lines mat are designated as the preferred
power supply circuits. Where more man two lines are
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are within the scope of the ABWR design. GE committed
to explicitly state aa part of this interface requirement, the
expected availability of incoming transmiasion lines, in a
future SSAR amendment. Verification mat OB provided
the above deaign information in a future SSAR amendment
waaDFSER(SECY-92-349) Confirmatory Item 8.2.1.3-8.
OB included this information in Section 8.2.3(4) of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.

therefore, meets the above defined requirements of Section 52.47(aXlXvii) of 10 CFR and is acceptable.
The staffs assessment of the adequacy of these internee
requirements is addressed in Section 8.2.2 of this report.
8.2.1.3.2 Conceptual Design
This section addresses, in part, the staffs evaluation of
GE'a response to DSER (SECY-91-355) Open Item 24 and
DFSER (SECY-92-349) Confirmatory Items 8.2.1.3-7 and
8.2.1.3-9 and complements the resolution of these items.

Deaign commitments documented in the SSAR indicated
that the conceptual deaign of the ABWR offsite preferred
power system will include two separate and independent
switching stations (or switchyards). Given that there will
be two separate and independent switchyards, the interface
requirements within individual switchyards presented in
GE'a draft submittal of April 3,1992, go beyond industryrecommended practice for offsite preferred circuita. The
staff understood that GE will revise the SSAR to describe
the parts of the offsite system switchyard not subject to
interface requirements specified in Section 8.2.3 of the
draft submittal of April 3, 1992. Verification that GE
provided the above deaign information in a future SSAR
amendment was DFSER (SBCY-92-349) Confirmatory
Item 8.2.1.3-9. GE indicated that they would re-evaluate
their proposed interface requirements and conceptual
design for the portion of the offsite system that is outside
of their scope of supply. Interface requirements and the
conceptual design are evaluated in Sections 8.2.1.3.1 and
8.2.1.3.2 of this report respectively. On the basis of these
evaluations, this item is resolved.

GE added a Section 8.2.5 to SSAR Amendment 33 to
address their conceptual deaign for the offsite system
outride of its design scope. The conceptual design will
consist of two independent offsite circuits from the
tranamiaaion network to the electrical systems for which
GE is seeking certification.
These offsite circuits,
including their associated I&C circuits, will be
independent. Each circuit will have sufficient capacity and
capability. Each circuit will have redundant I&C circuits
including their ac and dc power supplies. In addition, the
total offsite power system will have an expected
availability mat is aa good as the assumptions made in
performing the plant PRA.
To aid the staff in its review of the SSAR and to permit
assessment of the adequacy of the interface requirements,
Section 52.47(a)(l)(ix) of 10 CFR dictates that a
representative conceptual design be provided in the ABWR
SSAR for those portions of the plant's offsite power
system design for which the GE's application does not seek
certification. The staff concludes that GE has provided a
representative conceptual design described above. The
design, therefore, meets the above defined requirements of
Section 52.47(aXlX») of 10 CFR and is acceptable. GE
has included the above described conceptual design in
Section 8.3.5 of SSAR Amendment 33 which is
acceptable.

8.2.1.3.1 Interface Requirements
This section addresses, in part, the staffs evaluation of
GB'e response to DSER (SECY-91-355) Open Item 24 and
DFSER (SECY-92-349) Confirmatory Items 8.2.1.3-3 and
8.2.1.3-9 and complements the resolution of these items.
GE revised their interface requirements included in
Section 8.2.3.1 of GE's draft SSAR submittal of April 3,
1992, and moved interface requirements that were included
in Section 8.2.4 of SSAR Amendment 21 to Section 8.2.3
of SSAR Amendment 33. In addition, GE provided a
representative conceptual deaign for the portion of the
offsite system outside of their scope of supply (see
Section 8.2.1.3.2 of this report).

The staffs assessment of the adequacy of the interface
requirements with the aid of the above described
conceptual design is addressed in Section 8.2.2 of this
report.

Certified Pwiro Material
The certified design material (CDM) for the GE ABWR
Design Stage 2 Submittal, transmitted by letter dated
April 6, 1992, did not specify the appropriate interfacerelated ITAAC material for the offsite systems outside the
ABWR scope of design. In the ITAAC, (GE) must
address this interface area. This was DFSER Open
Item 8.2.1.4-1. GE provided a revised set of design

Section 52.47(aXlXvii) of 10 CFR dictates that interface
requirements be provided (for those portions of the offsite
power system design for which GE's application does not
seek certification) that are sufficiently detailed to allow
completion of the final safety analysis. The staff concludes
that GE has provided interface requirements in
Section 8.2.3 of SSAR Amendment 33. The design,
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descriptions and ITAAC. The adequacy and acceptability
of the ABWR design descriptions and ITAAC are
evaluated in Chapter 14.3 of this report. On the basis of
this evaluation, this item is resolved.

GDC 17 of 10 CFR Part 50, Appendix. A, requires that
provisions be included in the design of the offsite electric
power system which will minimise to the extent practicable
the likelihood of simultaneous failure of both normal and
alternate oflsite preferred power circuits under operating
and postulated accident and environmental conditions. The
staff concludes that a design which meets the above
described commitments will provide reasonable assurance
that the energy available from a credible failure of one of
the offsite circuit transformers (such as, failure by fire or
by explosion) will not propagate to the outer offsite circuit
and cause its failure. The oil collection pit will contain a
transformer oil fire at the transformer. The automatic
deluge water spray system will minimiae the intensity of
the heat that may be generated by a transformer fire. In
addition, the 15 m (50 ft) of distance to other offsite circuit
transformers will dissipate the energy from heat that may
be generated by a transformer fire or by missiles that may
be generated by transformer explosion.

8.2.2 Preferred OfTsite Circuits Within the ABWR
Scope of Design
This section addresses, in part, the staff's evaluation of
GE's response to DSER (SECY-91-355) Open Item 24 and
DSER (SECY-92-349) Confirmatory litem 8.2.1.3-7 and
complements the resolution of these items.
The following portions of the preferred power circuits are
within the scope of design of the ABWR standard plant:
•

Preferred power circuit from the low-voltage terminals
of the main transformer through the three unit auxiliary
transformers to the input terminals of each of the three
redundant, onsite Class IE ac-distribution systems.

•

Alternate preferred power circuit from the low-voltage
terminals of the reserve auxiliary transformer to the
input terminals of each of the three redundant, onsite
Class IE ac-distribution systems.

8.2.2.1 Physical
Circuits)

Separation

(Transformers

Consequently, the design meets the above defined
requirement of GDC 17 and is acceptable. Verification
that GE incorporated the above commitments into a future
Chapter 8.0 SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.2.2.1-1. GE has
included these commitments in Sections 8.2.2.1(2) and
8.2.3(6) of SSAR Amendment 33, which is acceptable.
Therefore, this item is resolved.

and

1. Physical Separation of Transform **

Certified Pwign Material

By its draft submittal dated April 3, 1992, GE revised the
SSAR to indicate that the reserve auxiliary transformer will
be separated from the unit auxiliary transformers by a
minimum distance of 15 m (50 ft) and that each transformer will be provided with an oil collection pit and drain
to a safe disposal area. In addition, GE indicated by letter
dated April 6,1992, that the reserve auxiliary transformer
and its input feeders will be separated from the main
power transformer and its input feeders and from the unit
auxiliary transformers by a minimum of 15 m (50 ft).
Section 9A.4.6 of SSAR Amendment 14 also indicated that
the main, unit auxiliary, and reserve transformers will
have oil collection pits and that each of these transformers
will have automatic deluge water spray systems. This
information was provided in response to DSER
SECY-91-355 Open Item 23.

DFSER (SECY-92-349) Open Item 8.2.2.1-1 related to the
design description and the inspections, tests, and analyses,
and acceptance criteria (ITAAC) for the physical
separation of transformers.
The adequacy and
acceptability of the ABWR design descriptions and ITAAC
are evaluated in Chapter 14.3 of this report. Therefore,
this item is resolved.

8

2. Pbysicaj Separation of Circuits
By its draft submittal dated April 3, 1992, in response to
DSER Open Item 23, GE revised the SSAR to indicate that
separation of the normal and alternate preferred power
feeds within the turbine, control, and reactor buildings will
be accomplished by floors and walls, except within the
switchgear rooms where they must be routed to the same
switchgear lineups. Based on discussions, GE further
indicated that normal and alternate circuits in the
switchgear rooms w'M be separated to the maximum extent
feasible; that is, the circuits will be routed on opposite
sides of the room and will be connected to the switchgear
lineup on opposite ends. Also, based on discussions, GE
indicated that the isolated phase bus duct and/or cables
located outside the turbine, control, and reactor buildings

In order to assure that the COL applicant's design for
offsite systems does not negate their proposed design for
physical separation of transformers, GE indicated that the
COL applicant's design will be required (i.e., by interface
requirement) to be independent and compatible with the
above described design commitments.
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that a n affiliated with the normal preferred power circuita
will be aeparated by a inmimum of 14 m (50 ft) from the
reeerve auxiliary transformer. likewise, UMiaoleied phase
but duct and/or cablea lwattd tnrtiide the turbine, control,
and reactor buildings mat are affiliated with tfaa alternate
preferred oflaite circuit will be aeparated by a miiiitnum of
15 m (50 ft) from the unit auxiliary and main
tranafbrmera.
In order to aaaura mat the COL applicant'! deaign for
oflaite ayatem doea not negate their propoaad deaign for
physical aeparation of circuita, OB indicated that the COL
applicant'a deaign will be required (i.e., by interfece
requiiement) to be independent and compatible with the
above described design commitments.
GDC 17 of 10 CFR Part 50, Appendix A, requires that
provisions be included in the deaign of die offsite electric
power ayatem which will minimize to the extent practicable
the likelihood of simultaneous failure of both normal and
alternate offsite preferred power circuita under operating
and poftiilatfd accident md environmental conditions.

The mstrumentation and control cables mat are
affiliated with the normal preferred ofmite circuit will
be routed in racewaya corresponding to die load group
of meir power source.

•

The iiietnunentation MM* control cables mat are
affiliated with the alternate preferred ofnrite circuit will
be routed in dedicated raceways. The alternate
preferred offaite instrumentation and control circuit
cables will not share raceways with any other cables.

•

The separation between the normal and alternate
preferred offsite instrumentation and control cables will
be die same as the separation between the normal and
alternate preferred offsite power circuits (dud is:
floors, walls, or 15 m (50 ft) of physical aeparation).

In order to assure that the COL applicant's design for
offsite ayatema does not negate their propoaed design for
physical aeparation of I&C circuita, GE indicated that the
COL applicant's design will be required (i.e., by interface
requirement) to be independent and compatible with the
above described design commitments.

Hie staff concludes that a deaign which meeta the above
described commitments will provide reasonable assurance
that failure of one circuit will not propagate and cause
failure of the other ofmite circuit. Consequently, the
design meeta the above defined lequirementa of GDC 17
of 10 CFR Part 50, Appendix A, and ia acceptable.
Verification that GE has included appropriate changes in
a future SSAR smendmrsit to reflect the above
commitments was DFSER (SECY-92-349) Confirmatory
Item 8.2.2.1-2. GE has included these commitment! in
Section 8.2.1.3 and 8.2.3 of SSAR Amendment 33, which
is acceptable. Therefore, this item is resolved.

GDC 17 of 10 CFR Part 50, Appendix A, requires that
electric power from die transmission network to the onsite
electric distribution ayatem shall be supplied by two
physically independent circuita designed and located so aa
to minimize to the extent practicable the likelihood of their
simultaneous failure under operating and postulated
accident and environmental conditions.
The staff concludes that a design which meeta the above
commitments will provide reasonable assurance that failure
of one circuit will not cause the failure of die other circuit.
The deaign, therefore, meets the above defined
requirements of GDC 17 of 10 CFR Part 50, Appendix A,
and ia acceptable. Verification that GE has provided the
above commitments in a future SSAR amendment was
DFSER (SECY-92-349) Confirmatory Item 8.2.2.2-1.

Certified Design Materiel
DFSER (SECY-92-349) Open Item 8.2.2.1-2 relatedtothe
deaign description and die ITAAC for the physical
aeparation for offsite preferred circuit. The adequacy and
acceptability of the ABWR design descriptions and ITAAC
are evaluated in Chapter 14.3 of this report. Therefore,
this item ia resolved.

GE included the above design commitments in
Section 8.2.1.3 of an SSAR markup dated March 31,
1993, and Section 8.2.3 of SSAR Amendment 33 with the
exception of I&C circuita located in the control room area
and interlock circuitry required to prevent paralleling of
the two offaite sources. GE indicated that these circuits
are not aeparated by floors, walls, or 15 m (50 ft) but
instead indicated that these circuits will be electrically
isolated and will not be routed together in the same
raceway. The staff concludes that a design which meets
the above described commitments as revised will also
provide reasonable assurance that failure of one circuit will
not cause failure of die other circuita. Consequently, the
revised offsite system design also meets the above defined

8.2.2.2 Physical Separation of Instrumentation and
Control (I&Q Cables for the Offsite Power
System
Baaed on GE'a draft submittal dated April 3, 1992, in
response to DSER (SECY-91-355) Open Item 23 and
subsequent discussions, GE indicated that instrumentation
and control cablea that are affiliated with the normal and
alternate preferred offsite circuita will be separated ae
follows:
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tequiiementaofODC 17 of 10 CFR Pert 50, Appendix A,
and it acceptable. OB included the additional design
nroviekne in Section S.2.1.3 of SSAR Amendment 32,
which ia aooeptable. Therefore, thia item ia reaolved.

acceptability of the ABWR deaign description! and ITAAC
are evaluated in Chapter 14.3 of thia report. Therefore,
thia item ia resolved.
S.2AJ Electrical Independence

During ITAAC development, OB recognised that the
ofleite ayatem outaide of their aoope of deaign waa
unnonaaoarily reatricted by deaign requirementa stipulated
within their aoope of deaign. The requirements did not
allow abating the non-Oaaa IB dc ayatama within OB'e
aoope of deaign between the ^dependent ofleite circuita.
During ITAAC review, the ataff agreed that an offsite
ayatem deaign which utilised the non-Claaa IB ayatema
within QB*a aoope of deaign and ahared theae ayatema
between the independent ofteite circuita could meet
regulatory requirementa and could thua be found acceptable. In order to remove thia limitation, OB further
reviaed Section S.2.1.3 of ita SSAR markup dated
March 31, 1993, to indicate the following:
a. Inatrumentation and control circuita at their dc power
fourcea may be electrically iaolatad, and not routed
together in the aame raceway inateed of being eeperated
by floor., walla, or 15 m (50 ft).
b. batrumantationandcoiitrolciivd
ofleite circuita will not rely on a aingle common dc
power eource.

Baead on OB'a draft SSAR submittal dated April 3,1992,
in response to DSBR (SBCY-91-355) Open Item 23 and
discussion!, OB indicated that there will be no electrical
interconnection! between the normal and alternate
preferred power, instrumentation, and control circuita
except where the power circuita connect to common
Claaa IB and non-Claaa IB awitchgear lineups. At the
common awitchgear, one open and one cloaed circuit
breaker will maintain the electfical independence. Theae
circuit breakers will be interlocked so that the cloaed
breaker must be opened before the open breaker can be
cloaed. Tranafer from normal to alternate (or alternate to
normal) preferred power circuita will be manual.
Inatrumentation and control circuita (including their power
supply) that are affiliated with the normal preferred offsite
circuit will be electrically independent from (that ia, they
will be electrically isolated from or will have no electrical
interconnection with), the inatrumentation and control
circuita (including their power supply) affiliated with the
alternate preferred power supply.
In order to assure that the COL applicant's deaign for
offsite ayatema does not negate their proposed deaign for
electrical independence, OB imtiratHf that the COL
applicant's deaign will be required (i.e., by interlace
requirement) to be independent and compatible with the
above described design commitmenta.

The staff agreea that theee revision* will allow utilization
of the non-daaa IB dc ayatema within OB*a eeope of
deaign and sharing of theae dc systems between
independent oflaite circuita within a COL applicants
ofleite ayatem deaign.

GDC 17 of 10 CFR Part 50, Appendix A, requires that
electric power from the transmission network to the onaite
electric diatribution ayatem shall be supplied by
independent circuita deeigned and located so aa to minimise
to the extent practicable the likelihood of their
simultaneous failure under operating and postulated
accident and environmental conditions.

If non-Claaa IB do power eyetema within OB'a scope of
deaign are utilized aa the dc source for inetnimantatiou and
control in a COL applicant'! proposed offeite ayatem
deaign and theae dc power aourcea are ahared between the
independent offaite circuita, the atari conclude! above a
design which meeta the above deacribad commitmenta aa
further reviaed will also provide reasonable assurance that
failure of one circuit will not cauae failure of the other
circuit.
Consequently, the deaign meeta the above defined
ntquiiementa of GDC 17 of 10 CFR Part 50, Appendix A,
and ia acceptable.

The staff concludes that a deaign which meeta the above
described deaign commitmenta will provide reasonable
assurance that failure of one circuit will not cauae failure
of the other circuit. Consequently, the deaign meeta the
above defined requirementa of ODC 17 of 10 CFR
Part 50, Appendix A, and ia acceptable.

DFSER(SBCY-92-349) Open Item 8.2.2.2-1 related to the
deaign description and the ITAAC for the physical
•operation of power, instrumentation, and control cables
for the ofisite preferred power ayatem. The adequacy and

Verification that OB provided the above deaign
commitmenta in a future SSAR amendment waa DFSBR
(SBCY-92-349) Confirmatory Item 8.2.2.3-1.
OB
iiicliidedthesecommitmenUinSecUona 8.1.3.1.1.1,8.2.3,
and 8.2.1.3 of SSAR Amendment 33 which ia acceptable.
Therefore, thia item ia reaolved.
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Much 31, 1993, to remove deeign reetrictions within ita
aoope of design which did not allow (fearing of the nonClaaa IB do ayeteme within <3B*a aoope of deeign between
the independent oflsite circuit!.
If non-daaa IB do power systems within OB*a aoope of
deeign are utilized aa the do power aouroe for
inftrumentation and control in a COL applicant*! propoaod
offsite tyetem deeign and theae do power aouroaa are
shared between the independent oflsite circuit!, the staff
conclude! net a deeign which meete the above deecribed
commitment! aa reviaed will alao provide reaaonable
aasuranoe that failure of one circuit will not cauee failure
of the other circuit

•

The lots of the oflWte preferred power supply can be

•

Transfer between preferred power supplies can be

•

The batteries and chargers that are affiliated with the
preferred power syatem can meet the requirements of
their design loads.

In addition, OB indfrmrd mat the design of high- and
medium-voltage bus ducts and cables provide ready access
for regularly inspecting, cleaning, and tightening terminals,
•mi Jor ilfifptftfog and cltejring insulators. The bus duct
deeign alao includes provisions for excluding debris and
fluids,ftf¥*fordraining condensate.

Consequently, the design meet! the above defined
requirement! of ODC 17 of 10 CFR Part 50, Appendix A,
and ii acceptable.

ODC 18 of 10 CFR Part 50, Appendix A, requires that the
offsite electric power systems be designed (1) to permit
appropriate periodic inspection and testing of important
areas and features (such as wiring, inaulation, connections,
and switchboards) to aaaeas the continuity of the systems
and the condition of their components, (2) the capability to
teat periodically the operability and functional performance
of the components of the systems, and (3) the capability to
teat periodically the operability of the systems aa a whole
and (under conditions aa cloae to design aa practical) the
full operation tfqwnctt mat brings the systems into
operation.

Certified Design Material
DFSER (SBCY-92-349) Open Item 8.2.2.3-1 related to the
deeign description and the ITAAC for the electrical
independence. The adequacy and acceptability of the
ABWR design description! and ITAAC are evaluated in
Chapter 14.3 of thia report. Therefore, this item ia
resolved,
8.2.2.4 Testing for the Offsite Power System
Baaed on OB'a draft submittal dated April 3, 1992, in
response to DSER (SECY-91-355) Open Item 25 and
discussions, OE indicated mat all systems, equipment, and
components that are affiliated with the normal and alternate
offsite preferred power circuits within the OB scope of
design — except generator breakers — will have the
capability to be tested periodically during normal plant
operation. Baaed on thia commitment, OB indicated that
the design will permit verification of the following offsite
power system capabilities:
•

The generator breaker can open on demand.

•

The instrumentation, control, and protection systems,
equipment, and components that are affiliated with the
normal and alternate offsite preferred circuits are
properly calibrated and perform their required
functions.

•

The ataff concludes that a design which meets theae
testability requirements will ensure that the offaite electric
power systems, equipment, and components will be
designed with the capability to be periodically tested.
Consequently, the design meets the above defined requirements of ODC 18 of 10 CFR Part 50, Appendix A, and ia
acceptable.

Verification that OE provided the above testability
requirements in a future SSAR amendment wee DFSER
(SECY-92-349) Confirmatory Item 8.2.2.4-1.
OE
included these testabilityrequirementsin Section 8.2.2.1(3)
of SSAR Amendment 32, which is acceptable. Therefore,
thia item ia resolved.
Withregardto periodic testing of the systems, equipment,
and components, OE indicated the following:

All required Class IE and non-Class IE loads can be
powered from their designated preferred power supply
within the capacity and capability margins specified in
the SSAR for the offsite system .circuits.
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Periodic verification will ensure that the normal and
alternate offaite power circuits are energized and
connected to the appropriate Class IE distribution
syatem division at least once every 12 hours.
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•

Teen end inspections will be performed at
appropriately scheduled intervals for each of the items
highlighted above.

•

Thetettandinapec&ntatarvaUwWto
maintained according to ioduatryrecoininendftd practice
defined in Section 6.5, Teat Interval!," of IEEE
338-1977.

the control room) to the two other safety buses through the
alternate preferred power supply.
GDC 17 of 10 CFR Part 50, Appendix A, requires
provisions be included in the design to minimise the
probability of losing electric power from any of the
remaining supplies ee a result of, or coincident with, the
lose of power generated by the nuclear power unit, the lose
of power from the transmission network, or the loss of
power from tbeonsiteelectric power supplies. GDC 18 of
10 CFR Part 50, Appendix A, requires that the offsite
electric power systems be designed (1) to permit
appropriate periodic inspection and testing of important
areas and features (such as wiring, insulation, connections,
and switchboards) to assess the continuity of the systems
and the condition of their components, (2) the capability to
test periodically the operability and functional performance
of the components of the systems, and (3) the capability to
test periodically the operability of the systems ss a whole
and (under conditions as close to design as practical) the
full operation sequence that brings the systems into
operation.

Verification that OB specified in a future SSAR
amendment a ftBtfrofiit mat the COL applicant must
include the above specified periodic tests and inspections
in appropriate plant procedures wis DFSER
(SBCY-92-349) COL Action Item 8.2.2.4-1. OB included
this action item in Section 8.2.4.1 of SSAR
Amendment 32, which is acceptable.

DFSER (SBCY-92-349) Open Item 8.2.2.4-1 was related
to the design description and the ITAAC for testing for the
offsite power system. The adequacy and acceptability of
the ABWR design descriptions and ITAAC are evaluated
in Chapter 14.3 of this report. Therefore, this item is
resolved.

The staff concludes that a design which meets the above
described provisions, will minimize to the extent feasible
the likelihood of simultaneous failure of both normal and
alternate offsite preferred power circuits snd will be
testable. Consequently, the design meets the above defined
requirements of ODC 17 and 18 of 10 CFR Part 50,
Appendix A, and is acceptable.

8.2.2.5 Generator Breaker
The low-voltage generator breaker must open on a turbine
trip to maintain the normal preferred power supply to the
safety buses. The generator breaker cannot be tested
during normal plant operation without tripping the main
turbine generator.

Verification that GE specified in a future SSAR
amendment a statement that the COL applicant must
include surveillance requirements for generator breakers
and the above design provisions in appropriate plant
procedures was DFSER (SECY-92-349) COL Action
Item 8.2.2.5-1.
GE included this action item in
Sections 8.2.4.1(7) and 8.3.4.9 of SSAR Amendment 32,
which is acceptable.

Based on discussions, OE indicated that the opening of the
generator breaker to establish the normal offsite preferred
power circuit to safety buses will be verified each time the
reactor is shutdown (at intervals in accordance with the
plant's technical specifications (TS)). In addition, based
on information presented in the draft SSAR submittal of
April 3, 1992, OE indicated that there are industry
published test results showing a reliability number of
0.9967 for the generator breaker.

8.2.2.6 Capacity and Capability of the Offsite Power
System
Based on discussions with GE and information presented
in the April 3,1992, draft submittal of SSAR Chapter 8.0,
in response to DSER (SECY-91-355) Open Item 26, GE
indicated that the offsite power system will be designed to
provide the following capacity and capabilities:

The draft SSAR submittal of April 3,1992, also indicated
that during all modes of plant operation (including
shutdown, refueling, startup, and run), the normal
preferred power supply will be connected to two of the
three safety buses, and the alternate preferred power
supply will be connected to one of the three safety buses.
If the normal preferred supply is lost because the generator
breaker fails to open, offsite power will still be available
immediately through the alternate preferred power supply
to one of the three safety buses. It will also be available
on a delayed basis (within minutes by manual action from

•

Each circuit of the preferred power supply will be
designed to provide sufficient capacity and capability to
power equipment required to ensure that
-
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fuel design limits and design conditions of the
reactor coolant pressure boundary will not be
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exceeded aa a remit of anticipated operational
ooourrenoea
-

order to minimise the likelihood that they will fail
while operating under the environmental conditions to
which they are subject.

in the event ofpUntdesign-baiiiaccidenti, the core
will be cooled, and containment integrity and other
vital functions will be maintained

•

Whenueed for riornal operation, each preferred power
supply will be sized to aupply the maiimam expected

•

The eecondary winding of the reserve auxiliary
tranafbnner, which auppliee the Claaa IB load groups,
will nave an oil/air rating greater than or equal to the
combined load of the three Clan IB load groups.

•

The normal and alternate offsite preferred power
circuits will be designed with sufficient capacity and
capability to limit variationa of the operating voltage of
the onaite power distribution system to a range
appropriate to ensure
-

normal and sate steady-state operation of all plant

-

starting and acceleration of the limiting drive
ayjtem with the remainder of the loads in service

-

reliable operation of the control and protection systems under conditions of degraded voltage

Specifically, when measured at the load terminals, the
voltage variation at any voltage level will not exceed
the following limits
-

plus or minus 10 percent of the load-rated voltage
during all modes of steady-state operation

-

minus 20 percent of the motor-rated voltage during
motor starting

•

Voltage levels at the low-voltage terminals of the
auxiliary and reserve transformers will be analyzed to
determine the maximum and minimum load conditions
that are expected throughout the anticipated range of
voltage variations of the offsite transmission system and
the main generator.
Separate analyses will be
performed for each possible circuit configuration of the
oftsite power supply system.

•

During their operation, normal and alternate preferred
power circuits are subject to environmental conditions
(such as, wind, ice, snow, lightning, temperature
variations, or flood). These circuits will be designed
in accordance with industry-recommended practice in
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•

During their operation, normal and alternate preferred
power circuits can be subjected to the transmission
system*i steady-state and transient conditions (such as
switching and lightning surges, maximum and
minimum voltage ranges for heavy and light load
conditions, frequency variation, or stability limits).
The preferred power circuits will re designed such that
these conditions will not subject the onsite Class IB
systems, equipment, and components to conditions that
are beyond the limits for which they are designed and
qualified. These design considerations apply to all
onaite Class IB loads ***& systems that use the services
of the preferred power supply during startup, normal
operation, safe shutdown, accident, and post-accident
operation. The staffs evaluation of this item is
addressed in Section 8.2.3.8 of this report.

•

Performance and operating characteristics of the normal
and alternate preferred power circuits will be required
to meet operability and design-basis requirements.
These requirements include but are not limited to; the
ability to withstand short-circuits, equipment capacity,
voltage and frequency transient response, voltage
regulation limits, step load capability, coordination of
protective relaying, and grounding.

•

The generator circuit breaker will be designed to
withstand the maximum root mean squared and crest
momentary currents. Further, the breaker will be
designed to interrupt the maximum asymmetrical and
symmetrical currents determined to be produced by a
three-phase fault at the location that results in the
maximum fault currents.

•

The main step-up transformers and the unit auxiliary
and reserve transformers will be designed and
constructed to withstand the mechanical and thermal
stresses produced by external short circuits. In
addition, these transformers will meet the
corresponding requirements of the latest revisions of
ANSI C57.12.00, "General Requirements for LiquidImmersed Distribution, Power, and Regulating
Transformers."

•

Circuit breakers and disconnecting switches will be
sized and designed according to the latest revision of
ANSI C37.06, "Preferred Ratings and Related
Capabilities for ac High-Voltage Circuit Breakers Rated
on a Symmetrical Current Basis."
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In order to aasure dial the COL applicant'! deaign for
offaite ayatatna doaa not negate their propoaad design for
capacity and capability of the offsite system, OE indicated
that the COL applicant*a design will be required (by
interface requirementa) to meet the following:

•

•

•

Verification that OB provided the above noted deaign
commitments and characteristics in a future SSAR
amendment was DFSER (SECY-92-349) Confirmatory
Item 8.2.2.6-1.
OE included this information in
Sections 8.1.2.1, 8.2.1.2, 8.2.2.1(2), and 8.2.2.1(8) of
SSAR Amendment 32, which is acceptable. Therefore,
this item is resolved. (Note: A portion of this confirmatory item is discussed in Section 8.2.3.8 of this report.)

Voltage variations of the offeite transmission network
during steady state operation will not cause voltage
variations at the loads of more than plus or minus
10 percent of the loads nominal ratings.

In response to DFSER (SECY-92-349) COL Action
Item 8.2.2.6-1, OB clarified operational restrictions as
follows for the offsite system:

The normal steady state frequency of the offsite
transmission network will be within plus or minus 2
hertz of 60 hertz during recoverable periods of system
instability.
The offsite transmission circuits from the transmission
network through and including the main step-up power
and reserve auxiliary transformers will be sized to
supply their load requirements, during all deaign
operating modes, of their respective Class IE divisions
and non-Class IE load groups.

•

The impedance of the main step-up power and reserve
transformers will be compatible with the interrupting
capability of the plant's circuit interrupting devices.

•

Instrumentation and control system loads will be
compatible with the capacity and capability design
requirements of dc systems within the ABWR standard
plant scope.

GDC 17 of 10 CFR Part 50, Appendix A, requires that the
offsite electric power system have sufficient capacity and
capability to permit safety systems to ^rform their
required safety function.
The staff concludes that a design which meets the above
described commitments and characteristics will have sufficient capacity and capability to ensure that:
•

Specified acceptable fuel design limits and design
conditions of the reactor coolant pressure boundary Will
not be exceeded as a result of anticipated operational
occurrences.

•

The core will be cooled, and containment integrity and
other vital functions will be maintained in the event of
postulated accidents.

•

Operational restrictions will require the reserve
auxiliary transformer to supply one of three Class IE
load groups during normal plant operation.

•

Operational restrictions will assure that the forced
oil/air ratings of the reserve auxiliary transformer, or
any unit auxiliary transformer, will not be exceeded
under any operating mode.

•

Continued plant operation will be appropriately limited
when one of the three unit auxiliary transformers is
inoperable (that is, when one of the three safety buses
will not have access to both normal and preferred
offsite circuits).

•

Continued plant operation will be appropriately limited
when the reserve auxiliary transformer is inoperable.

GE included the above listed aspects of this action item in
Sections 8.2.4.2, 8.2.4.S, and 8.3.4.9 of SSAR
Amendment 32, which is acceptable.
As indicated above in Section 8.2.2.2 of this report, GE
further revised Section 8.2.1.3 of SSAR markup dated
March 31, 1993, to remove design restrictions within its
scope of design which did not allow sharing of the nonClass IE dc systems within GE's scope of design between
the independent offsite circuits.
If non-Class IE dc power systems within GE's scope of
design are utilized as the dc power source for
instrumentation and control in a COL applicant's proposed
offtite system design and if these dc power sources are (or
are not) shared between the independent offsite circuits,
the staff concludes that a deaign which meets the above
deaign commitments and characteristics as revised will also
have sufficient capacity and capability to ensure that:
•

The design, therefore, meets the above defined
requirements of GDC 17 of 10 CFR Part SO, Appendix A,
and is acceptable.
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Specified acceptable fuel design limits and design
conditions of tht reactor coolant pressure boundary will
not be exceeded as a result of anticipated operational
occurrences.
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•

The core will be cooled, and containment integrity and
other vital functions will be maintained in the event of
postulated accidents.

OE revised the SSAR to indicate that the ABWR reserve
auxiliary transformer provides the required alternate power
source. The staff concluded thtt die ABWR design meets
die requirements of this applicable regulation, and is
acceptable.
OE included this information in
Section 8.3.1.2(4)(b) of SSAR Amendment 32.

The design, therefore, meets the above defined
requirements of GDC 17 of 10 CFR Part SO, Appendix A,
and is acceptable.

8.2 J Independence Between Offsite and Onsite Power
Systems, Equipment, and Components

Certified Design Material
DFSER (SECY-92-349) Open Item 8.2.2.6-1 was related
to the design description and the ITAAC for the capacity
and capability of the offsue power system. The adequacy
and acceptability of the ABWR design descriptions and
ITAAC are evaluated in Chapter 14.3 of this report.
Therefore, this item ia resolved. (Note: This open item
is also addressed in Section 8.2.3.8 of this report).

The preferred power supply furnishes electric power from
the offeitc system's transmission network (a common
source of electric power) to redundant, onsite Class IE
systems, equipment, components, and loads.
This
common source of electric power may be used during all
modes of plant operation to supply power to redundant
Class IE load groups. Because redundant load groups are
powered from a common power source, tr<*y can be
subjected to conditions which may
cause their common failure due to single events or failures
of this single source of electric power. This section of the
staff's evaluation addresses ABWR design provisions for
minimizing the probability of: (1) common mode failure
of redundant onsite Class IE systems due to single events
or failures of this common source of electric power; and,
(2) failure of the onsite system from causing loss of the
ofisite system in accordance with the requirements of
GDC 17 of 10 CFR Part 50, Appendix A. The staffs
DSER (SECY-91-355) addressed this part of the design in
Open Item 28.

8.2.2.7 Grounding and Lightning Protection
This section was moved to section 8.2.3.6 of this report.
8.2.2.8 Compliance With IEEE 765
Compliance with the guidelines of IEEE 765-1983 is
addressed in Section 8.3.1.1 of this report.
8.2.2.9 Alternate Source of Power for Non-Safety
Loads (NRC Policy Issue SECY-91478,
Section D.B of Enclosure 1 to SECY-93-087)
In SECY-91-078, the staff recommended that the
Commission approve its position that an evolutionary plant
design should include an alternate power source to the nonsafety loads unless it can be demonstrated that the design
margins will result in transients for a loss of non-safety
power event mat are no more severe than those associated
with the turbine-trip-only event in cut rent existing plant
designs. In its August 15, 1991, SRM, the Commission
approved the staff's position. The staff in NUREG-1242,
"NRC Review of Electric Power Research Institute's
Advanced Light Water Reactor Utility Requirements
Document," Volume 2 (August 1993), clarified the intent
of this position. Further, the staff has evaluated die
electrical design for the ABWR relative to die provision of
an alternate source of power for non-safety loads against
the following proposed applicable regulation, which is
based on the position included in NUREG-1242: "The
electric power system of the standard design must include
an alternate power source that is provided to a sufficient
string of non-safety loads sotiu»*forced circulation could
be maintained, and the operator lis available the complement of non-safety equipment that would most facilitate the
ability to bring the plant to a stable shutdown condition,
following a loss of the normal power supply and plant trip."
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The following sections discuss the areas addressed in the
staff's evaluation of ABWR design provisions intended to
ensure an adequate level of independence between offsite
and onsite systems.
8.2.3.1 Independence Between Offsite Circuits and
Onsite Class IE dc Systems
DC control, protection, and instrumentation power for
offsite circuits, (originally proposed for the ABWR
design), were derived from the Class IE dc system through
dc to dc converters that GE considered isolation devices.
By the draft SSAR revision of April 3, 1992, GE
eliminated all electrical interconnections between the offsite
control, protection, and instrumentation circuits and the
onsite Class IE dc systems, equipment, and components.
GE indicated that the offsite system circuits will derive
their control, protection, and instrumentation power from
a non-Class IE dc system that is independent of the onsite
Class IE dc system.
GDC 17 of 10 CFR Part 50,
Appendix A, requires provisions be included in the design
to minimize the probability of losing electric power from
any of the remaining supplies as a result of, or coincident
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transfer, a signal will be generated to open me
offinte supply breaker to the Class IE bus.

with, the IOM of power generated by the nuclear power
unit, the IOM of power from the transmission network, or
the loss power from me onaite electric power supplies.
The staff concludes mat a design which meets the above
described design commitment (1) will provide reasonable
assurance mat failure in the offinte system will neither
challenge nor possibly cause the loss of onsite Class IE
dc systems, (2) will provide reasonable assurance mat any
single failure of a Class IE dc system or its component
parts will not cause loss of oflwte power, and (3) will
provide reasonable assurance mat common-cause failure
will not occur between oflfeitc and onsite power sources
mat are affiliated with a single load group, Therefore, the
design meets the above defined requirements of GDC 17
of 10 CFR Part 50, Appendix A, and is acceptable.

In the draft SSAR revision of April 3, 1992, the
first paragraph of Section 8.3.1.1.7 indicated mat
the time delay for bus transfer initiation will change
(be reduced) from 3 to 0.4 seconds if a loss-ofcoolant accident (LOCA) signal is present when a
loss of preferred power (LOPP) occurs. (The 3
and 0.4 second time delay setpoints for initiation of
bus transfer are considered to be approximations of
the actual eetpoint that will be in effect during plant
operation. The actual setpoints will be established
as part of an overall system voltage and load
analysis.) Discussions with GE confirmed that the
proposed ABWR design will include a time delay
relay to establish the predetermined time before bus
transfer initiation. When only a LOPP signal is
present, the time delay relay will be set for 3
seconds. When both LOPP and LOCA signals are
present, the time delay relay will be set for
0.4 seconds. The purpose of the time delay is to
reduce unnecessary transfer from offsite to onsite
sources during offsite power system transients. If
voltage on the offsite system drops below
70 percent for less than 3 seconds (or 0.4 seconds
when both LOCA and a LOPP signals are present),
both the LOPP and time delay relay will reset after
voltage recovery and transfer will not be initiated.

Verification mat GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.2.3.1-1. GE has
included these commitments in Section 8.2.1.2 of SSAR
Amendment 32, which is acceptable. Therefore, thie item
is resolved.

Certified Pwim Material
DFSER (SECY-92-349) Open Item 8.2.3.1-1 was related
to the design description and the ITAAC for the electrical
independence between offsite circuits'and onsite Class IE
DC system. The adequacy and acceptability of the ABWR
design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report. Therefore, this item is
resolved.

(2)

8.2.3.2 Independence During Loss of or Degraded
Offsite Voltage
The ABWR design incorporates two distinct levels of
protection to ensure the independence of offsite and onsite
systems during loss of offsite voltage or degraded offsite
voltage conditions:
(1)

Loss of Offsite Voltage (First Level of Protection)
In the draft SSAR revision of April 3, 1992,
Section 8.3.1.1.7(1), GE indicated that the onsite
Class IE systems will be normally energized from
the offsite normal and alternate preferred power
system. Should the voltage on the Class IE bus
decay to less than 70 percent of its nominal rated
value for a predetermined time, a bus transfer will
be initiated. As a result of this transfer, the onsite
Class IE buses will be transferred so that they are
powered by the onsite standby diesel generators
(rather than the offsite normal and alternate
preferred power systems). Upon initiation of a bus
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Degraded Offsite VolUge (Second Level of
Protection)
In draft SSAR revision of April 3, 1992,
Section 8.3.1.1.7(8), GE indicated that when the
bus voltage degrades to 90 percent or less of its
rated value and remains degraded throughout a time
delay, an undervoltage condition will be
annunciated in the control room. Simultaneously,
a 5-minute timer will be started, allowing the
operator to take necessary corrective action. (The
5 minute time delay setpoints for initiation of bus
transfer are considered to be approximations of the
actual setpoint that will be in effect during plant
operation. The actual setpoints will be established
as part of an overall system voltage and load
analysis.) After 5 minutes, the feeder breaker
affected by the degraded voltage will be tripped.
Should a LOCA occur during the 5 minute time
delay, the affected feeder breaker will be tripped
immediately.
In draft SSAR submittal of April 3, 1992,
Section 8.3.1.2.l(3)(d), GE indicated that the
design for degraded offsite voltage will meet the
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guidelines of Branch Technical Position, Power
Systems Branch 1.
OE indicated that the ABWR electric system design will
comply with the guidelines of IEEE 308-1980 and
IEEE 603-1980, as specified by Section 8.3.1.2. l(2Xc) of
the April 3, 1992, draft SSAR revision and Section 1.8.2
(Tables 1.8-20 and 1.8-21) of SSAR Amendment 17.
Because both levels of protection are required to support
safety-related systems, the staff concluded that GE's
commitment to IEEE standards indicates that the electric
system design will meet the requirements of Section S.2 of
IEEE 308-1980. Section 5.2 of IEEE 308-1980 requires
that components, equipment, or systems required to
provide some protective action, such as containment
integrity protection, or utilized to provide isolation
protection are covered by all safety system requirements
which are defined in IEEE 603-1980. The systems
described above protect safety-related electrical systems
from degraded or loss of voltage conditions. Thus, they
provide some protective action and are covered by all
safety system requirements defined in IEEE 603-1980.
The staff, therefore, concluded that GE's commitment to
IEEE standards indicates mat systems, equipment, and
components included in the design for both the first and
second levels of voltage protection will meet all
requirements of IEEE 603-1980.
GE's expressed commitment to IEEE Standards also
applies to safety-related equipment (including the reactor
trip system, engineered safety features, auxiliary
supporting features, and other auxiliary features
equipment) that requires ac power from the offeite system
to perform safety functions. Specifically, GE indicated
that such safety-related equipment will be designed and
qualified (by type test, previous operating experience,
analysis, or any combination of these three methods) to be
capable of performing their required safety functions
before, during, and after the following design basis operating conditions:
•

voltages at the load at either -I-10 percent or
-10 percent of the nominal voltage rating

• for 5 minutes with voltages at the load at 70 percent of
the nominal voltage rating
•

for 3 seconds with voltages at the load below
70 percent (e.g., for 3 seconds at 35 percent) of the
nominal voltage rating

GDC 17 of 10 CFR Part 50, Appendix A, requires
provisions be included in the design to minimize the
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probability of losing electric power from any of the
remaining supplies aa a result of, or coincident with, the
loss of power generated by the nuclear power unit, the loss
of power from the transmission network, or the loss of
power from the onsite electric power supplies. The staff
concludes that a design which meets the above
commitments will provide reasonable assurance that the
common failure of both offsite and onsite systems will not
occur as a result of loss of or degraded voltage conditions.
The design, therefore, meets the above defined
requirements of GDC 17 of 10 CFR Part 50, Appendix A
and is acceptable.
Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.2.3.2-1.
GE
included this information in Section 8.3.1.1.7 of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.
GE also indicated that both first- and second-level voltage
protection will be tested periodically. Verification that GE
included a COL action item to include these periodic tests
in appropriate plant procedures was DFSER
(SECY-92-349) COL Action Item 8.2.3.2-1. GE included
this action item in Section 8.3.4.20 of SSAR
Amendment 32, which is acceptable.
During the process of verifying inclusion in the SSAR of
the above design information and periodic tests, the staff
noted and expressed the concern that the diesel generator
may be overloaded if there is a LOCA with a delayed
LOPP. Section 8.3.1.1.7(3) of SSAR Amendment 21,
LOPP following LOCA, indicates that all loads that have
been connected to the Class IE bus and are operating from
the offsite power supply in response to the LOCA will be
connected in one block to the standby diesel generator
(operating at no load due to the LOCA) if there is a
LOPP. The diesel generator may not have sufficient
capacity to supply, in one block, the loads which may be
operating on the Class IE bus at the time of the LOPP.
Because mis item involved the capacity of the diesel
generator, it has been moved to Section 8.3.8.4 of this
report which addresses die capacity of die diesel generator.
Certified Design Material
DFSER (SECY-92-349) Open Item 8.2.3.2-1 related to the
design description and the ITAAC for the electrical
independence during loss of, or degraded, offsite voltage.
The adequacy and acceptability of the ABWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.
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8.2.3.3 Independence During Parallel Operation of the
Offsite and Onsite Systems During Periodic
Load Tests of the Diesel Generator

included these commitments in Sections 8.3.1.1.7(5),
8.3.1.1.7(6), and 8.3.1.1.8.8 of SSAR Amendment 32,
which is acceptable. Therefore, this item is resolved.

(1) LOCA During Parallel Operation

OE also indicated that the interlock design (which
terminates parallel operation and causes the diesel
generator to automatically revert to its standby mode) will
periodically be tested. Verification that GE would include
a COL action item to include this periodic test in
appropriate plant procedures was DFSER (SECY-92-349)
COL Action Item 8.2.3.3-1. GE included this action item
in Section 8.3.4.21 of SSAR Amendment 32, which is
acceptable.

Section 8.3.1.1.7(5) of SSAR Amendment 4 states that if
a LOCA occurs when the diesel generator is being
operated in parallel with the preferred power source during
testing, and the test is being conducted from the local
control panel, control must be returned to the main control
room or the test operator must trip 1he diesel generator
breaker. OE subsequently revised Section 8.3.1.1.7(4) of
SSAR Amendment 4 in Section 8.3.1.1.7(5) of the draft
SSAR revision dated April 3, 1992 (see the response to
Question 435.19). Through that revision, OE changed me
design commitment to indicate that if a LOCA occurs
when the diesel generator is being operated in parallel with
the offsite system, the diesel generator will automatically
be disconnected from the 6.9 kV emergency bus,
regardless of whether the test is being conducted from the
local control panel or the main control room.
In addition, Section 8.3.1.1.8.8 of the draft SSAR revision
dated April 3, 1992, indicated that the ABWR design will
include interlocks to the LOCA and LOPP sensing circuits,
in order to terminate parallel operation and cause the diesel
generator to automatically revert to its standby mode if
either a LOCA or a LOPP signal appears during a test.
OE further indicated that the interlock design will have the
capability to be tested periodically.
The ABWR design will include provisions for automatic
switchover from system test mode to operating mode in
case of either an accident signal or a loss of preferred
offsite power signal, regardless of whether the test is being
conducted from the local control panel or the main control
room. GDC 17 of 10 CFR Part 50, Appendix A, requires
provisions be included in the design to minimize the
probability of losing electric power from any of the
remaining supplies as a result of, or coincident with, the
loss of power generated by the nuclear power unit, the loss
of power from the transmission network, or the loss of
power from the onsite electric power supplies. The staff
concludes that a design which meets the above described
commitments will provide reasonable assurance that loss of
electric power from the offsite snd onsite systems will not
occur due to loss of power from the nuclear power unit
due to a LOCA. The design, therefore, meets the above
defined requirements of ODC 17 of 10 CFR Part 50,
Appendix A, and is acceptable.
Verification that OE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.2.3.3-1. GE has

Certified Dwign Material
DFSER (SECY-92-349) Open Item 8.2.3.3-1 was related
to the design description and the ITAAC for LOCA during
parallel operation. The adequacy and acceptability of the
ABWR design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report. Therefore, mis item is
resolved.
(2) LOPP During Parallel Operation
In Section 8.3.1.1.7(6) of the draft SSAR revision dated
April 3, 1992, GE indicated that the diesel generator
circuit breaker will automatically trip on overcurrent if the
offsite power supply is lost during the diesel generator
paralleling test. In addition, Section 8.3.1.1.8.8 of that
revision indicated that interlocks to the LOPP sensing
circuits will terminate a parallel operation test, causing the
diesel generator to automatically revert to its standby mode
if a LOPP signal appears during a test.

When a standby power supply is being operated in parallel
with the preferred power supply, Section 5.1.4.3 of
IEEE 741-1986 requires that protection be provided to
separate the two supplies if either degrades to an
unacceptable level. However, this protection shall neither
lock out nor prevent the availability of the power supply
that is not degraded. In addition, Section 6.2.4.6.3 of
IEEE 308-1992 requires provisions to detect a LOPP
during testing, when the standby generator is connected to
the offsite power source.

The staff concluded that a design complying with these
industry-recommended IEEE practices will minimize the
probability of losing electric power from any of the
remaining supplies as a result of, or coincident with, the
loss of power from the transmission network. This design
meets the above defined requirements of GDC 17 of
10 CFR Part 50, Appendix A, and is acceptable.
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the above defined requirements of GDC 17 of 10 CFR
Part SO, Appendix A, and is acceptable.

Baaed on GE's design commitment mat interlocks to the
LOPP sensing circuits will be included in the ABWR
design to terminate a parallel operation teat and cause the
diesd generator to automatically revert to its standby mode
if LOPP signal appears during a test, the staff concluded
that the ABWR design meets the above described industryrecommended interlock practice.

Verification that GE included in a future SSAR amendment
an action item that the COL applicant include the above
commitments in appropriate plant procedures was DFSER
(SECY-92-349) COL Action Item 8.2.3.3-2. GE included
this action item in Section 8.3.4.21 of SSAR
Amendment 32, which is acceptable.

The staff concludes that a design that meets the above
described design commitments will provide reasonable
assurance that electric power from the onsite diesel
generator supplies will not be lost due to loss of the ornate
transmission network. The design, therefore, meets the
above defined requirements of GDC 17 of 10 CFR
Part SO, Appendix A, and is acceptable.

(4)

Section 8.3.1.1.6.4 of the draft SSAR revision dated
April 3, 1992, indicated that protective relaying of the
diesel generator (generator differential, engine overspeed,
low jacket water pressure, loss of excitation, anti-motoring
(reverse power) overcurrent voltage restraint, high jacket
water temperature, and low lube oil pressure) will be used
to protect the machine when it is operated in parallel with
the normal power system during periodic tests. In
addition, Section 8.3.1.1.6.2 of the draft SSAR revision
dated April 3, 1992, indicated that each diesel generator
will be high-resistance grounded to maximize availability.

Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.2.3.3-2. GE has
included these commitments in Section 8.3.1.1.7(6) of
SSAR Amendment 32, which is acceptable. Therefore,
this item is resolved.

Cwtififfd Pwim Material
DFSER (SECY-92-349) Open Item 8.2.3.3-2 was related
to the design description and the ITAAC for LOPP during
parallel operation. The adequacy and acceptability of the
ABWR design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report. Therefore, this item is
resolved.
(3) Duration of Parallel Operation
Table 1.8-21 of SSAR Amendment 17 and Section 1.8.2
of SSAR Amendment 12 indicated that the ABWR design
complies with IEEE 308-1980. Based on this statement of
compliance, GE indicated that the ABWR design will
satisfy Section 6.1.3 of IEEE 308-1980, which requires
that the design minimize the duration of the connection
between the preferred and standby power supplies. In
addition, Section 8.3.1.1.8.1 of the draft SSAR revision
dated April 3, 1992, indicated that the ABWR design
requires that each diesel generator set be operated
independently of the other sets and be connected to the
utility power system only by manual control during testing
or for bus transfer.
The staff concludes that a design which meets these
commitments will minimize the probability of losing
electric power from any of the remaining supplies as a
result of, or coincident with, the loss of power generated
by the nuclear power unit, the loss of power from the
transmission network, or the loss of power from the onsite
electric power supplies. Consequently, this design meets
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Diesel Generator Protective Relaying with the
Diesel Generator Operating in Parallel with the
Offsite System

Section 8.3.1.2.1(2)(c) of the draft SSAR revision dated
April 3, 1992, and Section 1.8.2 (Tables 1.8-20 and
1.8-21) of SSAR Amendment 17 indicated that the ABWR
electric system design will comply with the requirements
of IEEE 308-1980 and IEEE 603-1980. Through this
commitment to these IEEE standards, GE indicated that the
electric system design will satisfy the requirements of
Section 5.2 of IEEE 308-1980, and that systems,
equipment, and components included in the design for
protective relaying will satisfy all requirements of
IEEE 603-1980. Because protective relaying is required
to minimize the likelihood of simultaneous loss of both
offsite and onsite sources during testing, these components
are required to satisfy all requirements of IEEE 603-1980
during parallel operation of offsite and onsite power
supplies.
The staff concludes that a design which meets the above
described commitments will provide additional assurance
that there will not be a common failure between onsite and
offsite power supplies during testing. The design, therefore, meets the above defined requirements of GDC 17 of
10 CFR Part SO, Appendix A, and is acceptable.
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Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.2.3.3-3.
GE
included this information in Sections 8.3.1.1.6.2 and
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CwtifiriDttign Material

8.3.1J.6.4ofSSARAmeodinent32,whk&iiac<»ptoWe.
Therefore, this item is resolved.
OB alao indicated that protective relaying of the dieeal
generator will be tested periodically. Verification that OB
included in a future SSAR amendment a statement that the
COL applicant will include these periodic tests in appropriate plant procedures was DFSBR (SBCY-92-349) COL
Action Item 8.2.3.3-3. OB included this action item in
Section 8.3.4.22 of SSAR Amendment 32, which is
acceptable.

Certified Pwira Material
DFSER (SECY-92-349) Open Item 8.2.3.3-3 was related
to the design description and the ITAAC for the diesel
generator protective relaying when the diesel generator is
operating in parallel with the offsite system. The adequacy
and acceptability of the ABWR design descriptions and
ITAAC are evaluated in Chapter 14.3 of this report.
Therefore, this item is resolved.
(5)

DFSER (SBCY-92-349) Open Item 8.2.3.3-4 was related
to the design description and the ITAAC for the
synchronizing interlocks. The adequacy and acceptability
of the ABWR design descriptions and ITAAC are
evaluated in Chapter 14.3 of this report. Therefore, mis
item is resolved.

8.2.3.4 Independence of Safety Systems During
Operation or Failure of Non-Class IE Loads
(NRC Policy Issue SECY-91-078, Section H.B
of Enclosure 1 to SEC Y-93-087)
The ABWR design must minimize the effects that
operation or failure of non-Class IE loads may have on
Class IE systems. To achieve this design objective, the
staff took the position that the Class IE system should be
connected directly to a winding of the offsite power
system's transformers that is separate from the winding
mat feeds the non-Class IE loads. In other words,
Class IB and non-Class IE loads should not be powered
from the same transformer winding.

Synchronizing Interlocks

Based on discussions, OB indicated that the ABWR design
will meet the guidelines of Section 5.1.4.2 of
IEEE 741-1986 which requires synchronizing interlocks to
prevent incorrect synchronization whenever a standby
power source is required to operate in parallel with the
preferred power supply. GE also indicated that the
synchronizing interlocks will have the capability to be
tested periodically.
The staff concludes that a design complying with the above
described commitments will reduce the likelihood of
simultaneous loss of both offsite and onsite power supplies
as a result of synchronization. The design, therefore,
meets the above defined requirements of GDC 17 of
10 CFR Part 50, Appendix A, and is acceptable.

In SECY-91-078, the staff recommended that the
Commission approve this position for evolutionary plant
designs. The evolutionary plant design should include at
least one offsite circuit to each redundant safety division
supplied directly from one of the offsite power sources
with no intervening non-safety buses in such a manner that
the offsite source can power the safety buses upon a failure
of any non-safety bus. In its August 15, 1991, SRM, the
Commission approved the staffs position.
Therefore, the staffs proposed applicable regulation for
offnte power sources is as follows:
The electric power system of standard plant design
must include at least one offsite circuit to each
redundant safety division supplied directly from one of
the offsito power sources with no intervening nonsafety buses in such a manner that the offsite source
can power the safety buses upon a failure of any nonsafety bus.

Verification that OE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.2.3.3-3.
OE
included this information in Section 8.3.1.1.6.4 of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.
OE alao indicated that synchronizing interlocks will be
tested periodically. Verification that OB included in a
future SSAR amendment a statement that the COL
applicant will include these periodic tests in appropriate
plant procedures was DFSER (SECY-92-349) COL Action
Item 8.2.3.3-4.
OE included this action item in
Section 8.3.4.23 of SSAR Amendment 32, which is
acceptable.

The initial design proposed by OE for the ABWR offsite
preferred power system satisfied this staff position.
However, by the draft SSAR revision dated April 3,1992,
OE changed the design to use a single transformer winding
to supply power to both Class IE and non-Class IE loads.
As a result, the staff became concerned that operation or
failure of non-Class IE loads could adversely affect
operation and thus the independence of Class IE systems.
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Based on discussions, OE indicated that any single failure
of a non-Class IE load or load group will affect only one
of the three Class IE redundant load groupa. The ABWR
design will consist of three, non-Class IE load groups, as
well as three Class IE divisional load groups and three
transformers. Each of the three non-Case IE load groups
will be affiliated with only one of the three Class IE
divisional load groupa by being powered from the same
offsite power system transformer winding. Thus, failure
of any one of three transformers due to failure of nonClass IE loads or load groupa can afreet only one of the
three Class IE divisional load groups. In addition, the
alternate offaite preferred circuit design (which does not
include provision for powering of non-Class IE loads from
the same transformer winding as Class IE loads) and
operating procedures (which require that one of the three
divisional buses be fed by the alternate offaite power
source during normal operation) will also provide
assurance that the three Class IE divisional load groups
will not be subjected to common abnormal conditions due
to failure of non-Class IE loads or load groups.
In addition, OE indicated during discussions with the staff
that the ABWR design will include provisions to limit the
harmonic effect on the Class IE divisional load group
power supply to leas than 5 percent for operation or failure
of reactor internal pumps (RIPs) or other non-Class IE
loads.
CDC 17 of 10 CFR Part 50, Appendix A, requires
provisions be included in the design to minimize the
probability of losing electric power from any of the
remaining* supplies as a result of, or coincident with, the
loss of power generated by the nuclear power unit, the loss
of power from the transmission network, or the loss of
power from the onsite electric power supplies. The staff
concludes that a design which meets the above described
commitments will minimize the effects of non-Class IE
system operation/failure causing loss of electric power to
safety systems or failure of Class IE safety systems and
loads. The design, therefore, meets the above defined
requirements of GDC 17 of 10 CFR Part SO, Appendix A,
and the staffs proposed applicable regulation for offeite
power sources is acceptable.

Verification that OE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.2.3.4-1.
OE
included this information on Figure 8.3-1 and in
Sections 8.3.1.0.1 and 8.3.4.9 of SSAR Amendment 32,
which is acceptable. Therefore, this item is resolved.
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Cfflififtd Pwiga Material
DFSER (SECY-92-349) Open Item 8.2.3.4-1 was related
to the design description and the ITAAC for the
independence of Class IE systems from the influences of
non-Clast IE loads. The adequacy and acceptability of the
ABWR design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report. Therefore, mis item is
resolved.
8.2.3.5 Physical Separation Between Offsite and Onsite
Class IE Circuits
Baaed on discussions with OE and information presented
in Section 8.2.1.3 of the April 3, 1992, draft revision to
the SSAR, the ABWR design is such that the ofHute
circuits will be physically separated from any Class IE
systems, equipment, components, cables, or loada by
floors or walls up to the point where the offeite circuits
enter the reactor building. From the point where the
alternate preferred circuit enters the Division II side of the
reactor building to the Class IE switchgear rooms, and
from the point where the normal preferred circuit enters
the Divisions I and in side of the reactor building to the
Class IE switchgear rooms, OE has indicated (by their
commitment to IEEE 384), that the offsite circuits would
be physically separated from circuits of the Class IE
systems by a minimum physical separation distance of
0.9 m (3 ft) horizontal and by l.S m (5 ft) vertical. In
addition, OE indicated that safety systems (for example,
rotating equipment with potential for being a missile
hazard) whose failure could potentially affect the operation
of an offsite circuit will not be located in the same rooms
with the normal or alternate offaite circuits, or barriers will
be installed to preclude possible interaction between offsite
and onsite systems.
ODC 17 of 10 CFR Part SO, Appendix A, requires
provisions be included in the design to minimize the
probability of losing electric power from any of the
remaining supplies as a result of, or coincident with, the
loss of power generated by the nuclear power unit, the loss
of power from the transmission network, or the loss of
power from the onsite electric power supplies. The staff
concludes that a design which meet the above described
commitments will provide reasonable assurance that failure
of offsite circuits will not cause loss of onsite circuits and
failure of onsite safety-related equipment will not cause
loss of offsite circuits. The design, therefore, meets the
above defined requirements of ODC 17 of 10 CFR
Part 50, Appendix A, and the staffs proposed applicable
regulation for offoite power sources, and is acceptable.
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Verification that OB provided the above design
commitment! in a future SSAR amendment was DFSER
(SBCY-92-349) Confirmatory Item 8.2.3.4-2. OB nas
included these commitments in Sections 8.2.1.3 and
8.3.3.1 of SSAR Amendment 32, which is acceptable.
Therefore, this item is resolved.
In addition, Figure 8.3.1 of the draft SSAR revision dated
April 3,1992, indicated that the offeite power connection
from the reserve auxiliary transformer is normally supplied
through the Division II Class IE equipment areas to the
Division HI load group. Similarly, OB indicated that the
offeite connection from the unit auxiliary transformers is
normally supplied through the Divisions I and m Class IE
equipment areas to the Divisions I and II load groups. To
further minimise the likelihood of interaction between the
offeite and onsite systems during operation, the staff
contended that the normal configuration for the connection
of the offsite circuit to the onsite Class IE distribution
system should be configured with the reserve auxiliary
transformer normally connected to the Division II load
group and die unit auxiliary transformers normally
connected to die Divisions I and III load groups. This was
DFSER (SECY-92-349) Open Item 8.2.3.4-2.

This is an operation rather than design issue. Therefore,
in response to this item, OE specified that the COL
applicant would establish the preferred configuration of
offeite circuits for normal operation based on the
reliability/stability of offsite circuits, the Class IE bus
loads, and the separation of the offeite feeds as they pass
through the divisional areas. Based on mis requirement,
the staff concludes that the operational configuration of
offeite circuits will minimise the probability of losing
electric power from any of the remaining supplies as a
result of, or coincident with, the loss of power generated
by the nuclear power unit, the loss of power from the
transmission network, or the loss of power from the onsite
electric power supplies. OE has included this COL action
item in Section 8.3.4.9 of SSAR Amendment 32, which is
acceptable. Therefore, DFSER Open Item 8.2.3.4-2 is
resolved.

8.2.3.6" Grounding and Lightning Protection
This section addresses the staffs evaluation of GE*s
response to DFSER (SECY-92-349) Confirmatory
Item 8.2.2.7-1 and Open Item 8.2.2.7-1.
The ACRS, in an April 13, 1992, letter to the staff
discussed a concern mat SSAR Chapter 8 did not discuss
any requirements or design considerations for station
grounding. In response OE has committed to meet the
following Electric Power Research Institute (EPRI) plant
grounding guidelines:
•

A station grounding grid, consisting of bare copper
cables, will be provided that will limit step-and-touch
potentials to safe values under all fault conditions.

•

Bare copper risers will be furnished for all
underground electrical ducts and equipment, and for
connections to the grounding systems within buildings.

•

The design and analysis of the grounding system will
follow the procedures and recommendations specified
by the latest revision of IEEE 665, "Guide for
Generation Station Grounding."

•

Each building will be equipped with grounding systems
connected to the station grounding grid.
As a
minimum, every other steel column of each building
perimeter will connect directly to the grounding grid.

•

The plant's main generator will be grounded with a
neutral grounding device. The impedance of mat
device will limit the maximum phase current under
short-circuit conditions to a value not greater than mat
for a three-phase fault at its terminals.

•

Provisions will be included to ensure proper grounding
of the isophase buses when the generator is
disconnected.

•

The onsite, medium-voltage ac-distribution system will
be resistance grounded at the neutral point of the lowvoltage windings of the unit auxiliary and reserve
transformers.

•

Grounding of the neutral point of the generator
windings of the onsite standby power supply units
(Class IE diesel generators and non-Class IE
combustion turbine generator (CTG)) will be through
distribution-type transformers and loading resistors,
sized for continuous operation in the event of a ground
fault.
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DFSER (SECY-92-349) Open Item 8.2.3.5-2 was related
to the design description and the ITAAC for the physical
separation between offeite and onsite class IE circuits.
The adequacy and acceptability of the ABWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.

Electric Power Systems
•

The neutral point of the low-voltage ac-diatribution
ayeteme will be either aolidly or impedance grounded,
ae necessary, to ensure proper coordination of ground
fault protection.

•

The dc systems will be left ungrounded.

•

Each major piece of equipment, metal structure, or
metallic 'tank will be equipped with two ground
connections diagonally opposite each other.

•

The ground bus of all switchgear assemblies, MCCs,
and control cabinets will be connected to the station
ground grid through at least two parallel paths.

•

One bare copper cable will be installed with each
underground electrical duct run, and all metallic
hardware in each manhole will be connected to this
cable.

•

•

Plant instrumentation will be grounded through separate
radial grounding systems consisting of isolated
instrumentation ground buses and insulated cables. The
instrumentation grounding systems will be connected to
the station grounding grid at only one point and will be
insulated from all other grounding circuits.
Separate instrumentation grounding systems shall be
provided for plant analog and digital instrumentation
systems.

•

A lightning protection system will be provided for each
major plant structure, including the containment
enclosure building. The design and installation of these
systems will comply with the National Fire Protection
Association's Lightning Protection Code, NFPA-78,
and the Nuclear Energy Property Insurance
Association's "Basic Fire Protection for Nuclear Power
Plants" document.

•

Lightning arresters will be provided in each phase of
all tie lines connecting the plant electrical systems to
the switching stations) and offsite transmission system.
These arresters will be connected to the high-voltage
terminals of the main step-up and reserve transformers.

•

Plant instrumentation and monitoring equipment located
outdoors or connected to cabling that runs outdoors will
be equipped with built-in surge suppression devices to
protect the equipment from lightning-induced surges.

GDC 17 of 10 CFR Part SO, Appendix A, requires
provisions be included in the desifen to minimize the
probability of losing electric power from any of the
remaining supplies as a result of, or coincident with, the
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loss of power generated by the nuclear power unit, the loas
of power from the transmission network, or the loss of
power from the onaite electric power supplies. The staff
concludes that a design for plant structures, systems, and
equipment which meets the above described commitments
will be appropriately grounded and protected from
lightning, live design, therefore, meets the above defined
requirements of GDC 17 and is acceptable.
Verification that GE included the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.2.2.7-1. GE has
included these commitments in Section 8.3.1.1.6.2 and
Appendix 8A.1 of SSAR Amendment 32, which is
acceptable. Therefore, this item is resolved.

Certified Pwim Material
DFSER (SECY-92-349) Open Item 8.2.3.6-2 related to the
design description and the ITAAC for the grounding and
lightning protection. The adequacy and acceptability of the
ABWR design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report. Therefore, this item is
resolved.
8.2.3.7 Operating Restrictions on the Offsite Preferred
Power Circuits
Section 8.3.1.1.1 of the draft SSAR revision dated April 3,
1992, in response to DSER (SECY-91-355) Open Item 28,
indicated that during normal operation (which includes:
shutdown, refueling, startup, and run modes of plant
operation), the normal preferred power supply feeds two
of the three Class IE load groups. The remaining load
group is fed from the alternate power source. SSAR
Section 8.3.4.9 specifies that COL applicants that implement the ABWR design must include in their operating
procedures mat one of the three divisional buses must be
fed by the alternate power source during normal operation.
The intent of this provision is to arrange the offsite power
supply circuits to the Class IE buses so that all three
Class IE divisional buses are not simultaneously d e energized on the loss of only one of the offsite power
supplies.
GDC 17 of 10 CFR Part SO, Appendix A, requires
provisions be included in the design to minimize the
probability of losing electric power from any of the
remaining supplies as a result of, or coincident with, the
loss of power generated by the nuclear power unit, the loss
of power from the transmission network, or the loss of
power from the onsite electric power supplies. The staff
concludes that a design which includes this operating
procedure will minimize the probability of losing all
Class IE buses as a result of, or coincident with, the loss
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of power generated by the nuclear power unit or the lost
of power from the transmission network. The design*
therefore, meets the above defined requirements of
GDC 17 of 10 CFR Part SO, Appendix A, and is
acceptable.

from any of the remaining sources as a result of
transmission system's steady-state and transient conditions.
The design, therefore, meets the above defined requirements of ODC 17 of 10 CFR Part SO, Appendix A, and is
acceptable.

Verification that OE included in a future SSAR amendment
the statement that the COL applicant include the above
operating procedure was DFSER (SECY-92-349) COL
Action Item 8.2.4-1. OE included this action item in
Sections 8.2.4.2 and 8.3.4.9 of SSAR Amendment 32,
which is acceptable.

Verification that these design provisions were included in
a future SSAR Amendment was part of DFSER
(SECY-92-349) Confirmatory Item 8.2.2.6-1.
OB
included these provisions in Section 8.2.2.1(2) of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.

8.2.3 J Protection of Onsite Systems

Certified Pttira Material

The normal and alternate preferred offsite power circuits
can be subjected to transmission system's steady-state and
transient conditions (such as switching and lightning
surges, maximum and minimum voltage ranges for heavy
and light load conditions, frequency variation, or stability
limits). OE indicated that provisions will be included in
the design of the offsite and onsite systems to minimize the
probability of losing electric power from any of the
remaining sources as a result of these conditions in
accordance with the requirements of GDC 17 of 10 CFR
Part SO, Appendix A.
In response to DSER
(SECY-91-355) Open Item 26, OE revised the SSAR to
indicate that these provisions include:

This part of DFSER (SECY-92-349) Open Item 8.2.2.6-1
related to the design description and the ITAAC for the
protection of offsite and onsite circuits from transmission
system's steady-state and transient conditions.
The
adequacy and acceptability of the, ABWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.
8.2.4 Power Supply for the Reactor Internal Pumps

•

Switching and lightning surge protection is provided by
the station grounding and surge protection systems
described in Appendix 8A of the SSAR, by independent
feeds (i.e., normal and alternate preferred power
circuits described in SSAR Section 8.2.1.2), and by
grounding and lighting protection specified in SSAR
Section 8.2.3.

•

Maximum and minimum voltage ranges are specified in
SSAR Section 8.2.3 and transformers are designed per
SSAR Sections 8.2.1.2 and 8.2.3.
Allowable
frequency variation or stability limitations are
addressed in SSAR Section 8.2.3.

•

Protection for degraded voltage conditions is discussed
in SSAR Section 8.3.1.1.7(8).

ODC 17 of 10 CFR Part SO, Appendix A, requires
provisions be included in the design to minimize the
probability of losing electric power from any of the
remaining supplies as a result of, or coincident with, the
loss of power generated by the nuclear power unit, the loss
of power from the transmission network, or the loss of
power from the onsite electric power supplies. The staff
concludes that a design which meets these design provisions will minimize the probability of losing electric power

Section 1S.3.1.1.1 of SSAR Amendment 10 stated that,
since four buses are used to supply power to the ten
reactor internal pumps (RIPs), the worst single failure can
only cause three RIPs to trip. In addition, the response to
Question 43S.4 of SSAR Amendment 10 stated that the
probability of any additional RIP trips is low (less than
10E-6 per year). Therefore, the simultaneous trip of more
than three RIPs was classified by OE as a limiting fault.
This classification was identified as DSER (SECY-91-355)
Open Item 29.
The staff subsequently classified this postulated event in
the special category of anticipated transients involving a
common-mode software failure, and developed special
acceptance criteria for the radiological dose calculation.
The staffs evaluation of this postulated event in a special
category is addressed in Section 1S.2 of this report.

8.3 Onsite Class IE Power System
OE provided in the SSAR markup dated March 31, 1993
as amended by SSAR markup dated May 11, 1993, a
description of the ABWR design of the onsite Class IE
power system as being comprised of the following systems:
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•

Class IE Alternating Current (art Power System
The Class IE ac power system will consist of three
redundant Class IE ac safety system divisions
(Divisions I, II, and III). Each of these divisions will
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Claas IB 6.9 kV/480-volt transformer, one nonClaas IB 480-volt MCC, and circuit connections
from medium voltage switchgear through the
interlocked breakers, 6.9 kV/480-volt transformer,
and 480-volt MCC to FMCRD system motor loads.
The circuit connection between the Class IB
medium voltage switchgear load breaker and the
pair of interlocked breakers will be classified as
associated.
The circuit connections from
interlocked breakers to the FMCRD loads and from
the non-Class IB medium voltage switchgear to the
interlocked breakers will be claaaified aa nonClam IB. Control power for the interlocked
breakers will be from the Division I Clam IB
125-volt dc system.

tijrfmlf a Clam IB diesel generator standby power
•apply, •c-diatribution system, and load group. Back
of the three d a m IB dieeel generator ttaDdby power
supplies *flill cflntifft of sji "pfff"*"*^ frtflft *h* ^*"ff^
energy (fuel) to the connection to the distribution
system's supply circuit breaker. Each Claai IB acdiatributioo system will consist of the following
Ctaaa IB ac-distribution systems:
-

6.9 kV medium voltage ac-distribution eyatem
Each of the three Claat IE 6.9 kV medium voltage
ac-distribution lyatema (one par division) will
conaiat of all equipment in the distribution circuit,
from the power aide of the offsite and onaite power
aupply breaker! to and including the 6.9 kV
•
of the three Clan IB 6.9 kV ac-diatribution circuiU
will include; one Claaa IE circuit connection from
the Class IE dieael generator standby power aupply,
three circuit connections from non-Class IE power
supplies (the normal preferred offaite power circuit,
the alternate preferred offsite power circuit, and the
CFG), one 6.9 kV medium voltage Class IE
ac switchgear, the Class IB circuit connections to
and including one or more 6.9 kV medium voltage
Class IE safety system loads, the Class IE circuit
connections to two Class IE 480-volt low voltage
ac distribution systems, one Class IB circuit
connection to ground, and the Class IE circuit
connections through the Claaa IE 480-volt low
voltage ac-distributioo systems to each of the
following systems:
•
•
•
•

one Class IE 120-volt ac I&C distribution
system,
one or more Claaa IE 120/240-volt acdiatribution systems,
one or two Claaa IE dc power systems, and
one or two Class IB vital 120-volt ac I&C
power systems.

Equipment in Division I of the Class IE 6.9 kV acdiatribution circuits will also include three circuit
connections to non-Class IE fine motion control rod
drive (FMCRD) motor loads (one circuit connection
to each of the three FMCRD motor load groups).
Each of the three circuit connections will consist of
all equipment in the distribution circuit from the 6.9
kV medium voltage switchgear to and including the
480-volt FMCRD motor loads.
Equipment
contained in the circuit will include a Class IE zone
selective interlock circuit between the Class IE
medium voltage supply and load breakers, a pair of
Class IE 6.9 kV interlocked breakers, one non-

NUREG 1503

8-22

480-volt low-voltage ac-distribution system
Bach of the six Claw IE 480-volt low voltage acdiatribution systems (two per division) will consist
of all equipment in the distribution circuit from the
6.9 kV medium voltage side of the 6.9 kV/480-volt
transformer to and including the 480-volt Clan IE
safety system loads. Equipment in each of the six
Clam IE 480-volt acHtistribution circuits will
include one Class IE circuit connection from the
Clam IE medium voltage distribution system, one
Clam IE 6.9 kV/480-volt transformer, one
Clam IE 480-volt switchgear, Clam IE circuit
connection to and including one or more 480-volt
Clam IE aafety system loads, one Clam IE circuit
connection to ground, and Clam IE circuit
connection to and including one or more Clam IE
480-volt ac MCCa and their affiliated 480-volt
Clam IE safety system loads.

-

120-volt I&C ac-diatribution system
Each of the three dam IE 120-volt I&C acdistribution systems (one per division) will consist
of all equipment in the distribution circuit from the
480-volt aide of the 480/120-volt transformer to and
including the 120-volt Clam IE safety system I&C
loads. Equipment in each of the three Clam IE
I&C ac-distribution circuits will include one
Clam IE 480/120-volt transformer, two Clam IE
120-volt ac-distribution panels, and Clam IE circuit
connection to and including 120-volt Clam IE
aafety system I&C loads.

•

120/240-volt low-voltage ac-distribution system
Each of the Clam IE 120/240-volt low voltage acdistribution systems (one or more per division) will
conaiat of all equipment in the distribution circuit

Electric Power Systems
from the 480-volt aide of the Class IB
480/120/240-volt transformer to and including
Class IB safety system loads. Equipment in each
of the Class IB 120/240-volt distribution circuits
will include one Class IB 480/120/240-volt
transformer, one or more Class IB 120/240-volt ac
distribution panels, and Class IE circuit connection
to and including Class IB 120- and 240-volt safety
system loada.

so I&C distribution systems will consist of all
equipment in the distribution circuit from the power
side of the constant CVCF power supply breakertoand
including the Class IB safety system I&C loads.
Equipment in each of the four Class IE vital 120-volt
ac distribution circuits will include one or more
120-volt ac distribution panels and connections to and
including vital 120-volt Class IE safety system I&C

• Cliaa IB Dirwt Currentftte)Poww Svrtcm
The Class IB do power system will consist of four
redundant 125-volt Class IB dc safety system divisions
(Divisions I, n, m , and IV). Bach of these divisions
will inffludtt a Class IB battery and battery charger
power supply, 125-volt dc-distribution system, and load
group. Bach of the four Class IB battery power
supplies will consist of storage cells, connectors, and
connections to the distribution system supply circuit
interrupting device. Bach of the four Class IB battery
charger power supplies will consist of all equipment
from the connection to the 480-volt Class IB
ac-distribution system to its distribution system's supply
breaker.
Each of the four Class IB 125-volt
dc-distribution systems will consist of all equipment in
the distribution circuit, from the power aide of the
battery interrupting device and the battery charger
supply breaker to and including the 125-volt Class IB
dc safety system loada. Equipment in each of the four
distribution circuits will include one or more Class IE
distribution panels and connections to and including
125-volt Class IE dc safety system loads.
Divisions I and III of the 480-volt Class IE
ac-distribution system will feed the Divisions I and III
battery charger power supplies, respectively.
Division II of the 480-volt Class IE ac-distribution
System will feed the Divisions II and IV battery charger
power supplies.

*

GIMI

IE Vitil tc IftC Power Svrtfln

Bach divisional CVCF power supply will be supplied
power from its affiliated divisional dc power system.
(For example, the Division I CVCF power supply will
be supplied from Division I 125-volt dc-distribution
system.) In addition, Divisions I and IH of the
480-volt ac-distribution system will supply powertothe
Divisions I and in CVCF power supplies, respectively.
Similarly, Division n of the 480-volt ac-distribution
system will supply power to the Divisions II and IV
CVCF power supplies.
The staff concludes that the above design is consistent with
the typical electrical system design defined by
IEEE 308-1980.
The staff a review of the ABWR
electrical system design was based on this typical design.
OB has included the above typical design in SSAR
Amendment 32, which is acceptable.
In addition, OB indicated that operational restrictions
would apply to the use of Class IE receptacles which are
powered from each of the Class IE 120/240-volt
distribution systems. Verification that these operational
restrictions will be included in appropriate COL procedures
to ensure compliance with the capacity, independence, and
protection provisions required by ODC 2 , 4 , 1 7 , and 18 of
10 CFR Part 50, Appendix A for Class IE power systems
was DFSER (SECY-92-349) COL Action Item 8.3-1. In
response to this item, OE revised their electrical system
design to eliminate Class IE electrical receptacles. OE
included their revised design in Section 8.3.1.1.3 of SSAR
Amendment 32 negating the need for a specific COL
action item which is acceptable.

The Class IE vital ac I&C power system will consist
of four redundant Class IB vital 120-volt ac I&C safety
system divisions (Divisions I, II, III, and IV). Each of
these divisions will include a Class IE Constant
Voltage Constant Frequency (CVCF) power supply, a
120-volt Class IE ac-distribution system, and a load
group. Each of the four CVCF power supplies will
consist of the power source (the static inverter, ac and
dc static transfer switches, and a regulating step down
transformer aa an alternate ac power supply) and its
connection to the distribution supply circuit interrupting
device. Each of the four Class IE vital 120-volt
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ODC 17 of 10 CFR Part 50, Appendix A, requires that the
Class IE systems have sufficient (1) capacity and
capability to permit safety systems to perform their
required safety function and (2) sufficient independence
and redundancy to perform their safety functions assuming
a single failure. With the elimination of Class IE receptacles, the potential for loss of independence between
redundant Class IE divisions and loss of sufficient capacity
of the Class IE power supplies due to incorrect use of the
receptacles was eliminated from the design. Consequently,
the design meets the above defined requirements of
ODC 17 and is acceptable.
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and in Sections 1.2.1.1.2(11), 8.3.1.2(l)(b), 8.3.3.6.2.1,
and 8.1.3.1.2 of SSAR Amendment 32, which is
acceptable. Therefore, this item is resolved.

C«tiflfld Dtttign Material
DFSER (SBCY-92-349) Open Item 8.3-1 related to the
deaign description and the ITAAC for the oneite Claaa IE
power system design. The adequacy and acceptability of
the ABWR design descriptions and ITAAC are evaluated
in Chapter 14.3 of this report. On the basis of this
evaluation, this item is resolved.

8.3.1.1 Compliance with IEEE Standards (NRC Policy
Issue SECY-91-273, Section H A of Enclosure
1 to SECY-93-087)
In the draft SSAR submittal dated September 4, 1991, GE
indicated that there will be no limitation on the use of
IEEE 384-1981 "IEEE Standard Criteria for Independence
of Gats IE Equipment and Circuits," for separation in the
ABWR deaign. The NRC staff has not formally reviewed
and accepted the changes between the 1974 and 1981
versions of this standard. Also, IEEE 384 is not the only
standard in this classification for which the NRC has not
completed its formal evaluation and regulatory guide
endorsement of the newer version of the standard. Thus,
to allow the use of an updated IEEE standard which the
NRC staff has not formally reviewed or endorsed, the staff
felt that each difference between the old and new standard
needed to be identified, justified, and approved for use.
Such review is required in order to ensure that the design
criteria of the new standards are equally conservative as
mote included in the standards currently approved by the
staff. This was DSER (SECY-91-355) Open Item 41.

To ensure that the ABWR deaign incorporates sufficient
capacity, capability, independence, redundancy, and
testability of onsite Claaa IB power systems, the staffs
evaluation also addressed the areas discussed in the
following sections.
8.3.1 Compliance with General Design Criteria
This section addresses the staffs evaluation of OS's
response to DSER (SECY-91-355) Open Items 27 and 30.
Item (1Kb) of Section 8.3.1.2.1 of SSAR Amendment 10
indicated that the Claaa IE ac power ayatem complies with
GDC 2 , 4 , 1 7 , and 18 in part or aa a whole, as applicable.
GE's response to Question 435.26 (also of Amendment 10)
provided clarification that there are no non-compliances,
but also indicated that some portions of the GDC do not
apply to the CVCF power supplies (for example, the
statement in GDC 17 about two physically independent
circuits from the transmission network). Based on the
information presented, the staff could not ascertain which
parts of the GDC GE considered not applicable to the
CVCF power supplies.

In order to identify, justify, and approve the differences
between the old and new standards for use on the ABWR
and also complete the evaluation of the electrical system
design for the ABWR, the staff evaluated the guidelines in
two of the newer standards with respect to the intent of
criteria and guidelines contained in the SRP and existing
regulatory guides. The staff believes that these two
standards provide the majority of the basic criteria for the
electrical power systems. The electrical design proposed
for the ABWR wss then evaluated using the newer
standards.

In its draft submittal dated September 4, 1991, GE
proposed modifying the response to Question 435.26 and
Section 8.3.1.2.1 to indicate full compliance with the
GDC. The proposed modification deleted (1) certain
conflicting statements in the SSAR, (2) the example of non
applicability to GDC 17, and (3) the phrase "the substance
and intent of" from Section 8.3.1.4.2.1. In addition, GE
agreed to revise Item 11 of Section 1.2.1.1.2 of SSAR
Amendment 1 to clarify the systems or components to
which IEEE 279, "Criteria for Protection Systems for
Nuclear Power Generating Stations" (1971) applies and to
correct inconsistencies concerning applicable SRP criteria
within Table 8.1-1 and between Table 8.1-1 and
Section 8.1.3.1.2.

The newer standards were revised to be consistent with
IEEE 603-1980. The newer standards involved primarily
clarificrtion and amplification of guidelines contained in
prior standards and were thus considered the more relevant
base from which to evaluate the ABWR design. The
newer standards included

The staff concludes that the ABWR electrical system
design with the above mentioned changes will comply with
GDC 17 requirements to GDC commitments and is
acceptable. Verification that GE provided the above
clarifications in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.1-1. GE included
this information in Table 8.1-1 of SSAR Amendment 21
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•

IEEE 308-1980, "IEEE Standard Criteria for Class IE
Power Systems for Nuclear Power Generating Stations"
(This standard was specifically revised to be consistent
with IEEE 603-1980, which was endorsed by the NRC
staff in RG 1.153 in 1985.)

•

IEEE-384-1981
"IEEE Standard Criteria
Independence of Class IE Equipment Circuits"
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In addition, IEEB hat developed • and issued other
companion standards to provide additional guidance for
certain areas. These standards include
•

IEEE 741-1986, "Standard Criteria for the Protection
of Class IE Power Systems and Equipment in Nuclear
Power Generating Stations"

•

IEEE 765-1983, "Standard for Preferred Power Supply
for Nuclear Power Generating Stations"

•

IEEE 485-1983, 'Recommended Practice for Sizing
Large-Lead Storage Batteries for Generating Stations
and Substations*

•

IEEE 946-1985, "Recommended Practice for the
Design of Safety-Related dc Auxiliary Power Systems
for Nuclear Power Generating Stations"

Like the two standards cited above, these other companion
standards have not been endorsed by an NRC regulatory
guide. However, these standards were developed to be
used with IEEE 308-1980 and they also clarify and amplify
current SRP criteria and guidelines. The staff therefore
considers these standards the more relevant base from
which to evaluate the ABWR design.
In some cases, GE had not referenced these other
companion standarda in the ABWR SSAR. The staff
proceeded with its review with the understanding that GE
intended to use these other standards. Verification of this
understanding in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory item 8.3.1.1-1.
GE
included a statement of conformance to these standards in
Sections 8.3.1.2(5), 8.2.2.1(9), and 8.3.2.2.2(5) of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.

•

'Redundant parts of the system are physically separated
and electrically independent to the extent that in any
design-basis event with any resulting loss of equipment,
the plant can still be shut down with the remaining two
divisions."

•

"Class IE electric equipment and wiring is segregated
into separate divisions so that no single credible event
is capable of disabling enough equipment to hinder
reactor shut down and removal of decay heat by either
of two unaffected divisional load groups or prevent
isolation of the containment in the event of an
accident."

•

"Equipment arrangement and/or protective barriers are
provided such that no locally generated force or missile
can destroy any reactor protection system (RPS),
nuclear steam supply system, (NSSS), emergency core
cooling system (ECCS), or engineered safety feature
(ESF) functions. In addition, arrangement and/or
separation barriers are provided to ensure that such
disturbances do not affect both high pressure core
flooder (HPCF) and reactor core isolation cooling
(RCIC) systems."

•

"Containment penetrations are so arranged that no
design-basis event can diaable cabling in more than one
division."

•

"The protection system and ESF control, logic, and
instrument panels/racks shall be located in a safety
class structure in which there are no potential sources
of missiles or pipe breaks that could jeopardize
redundant cabinets and raceways."

•

"Hie standby ac power system is capable of providing
the required power to safely shut down the reactor after
LOPP and/or LOCA and to maintain the safe-shutdown
condition and operate the Class IE auxiliaries necessary
for plant safety after shutdown."

8.3.1.2 Compliance with GDC 2 and 4
ABWR SSAR Chapter 8 was modified, in response to
DSER (SECY-91-355) Open Item 31 and 63, by the draft
revision dated April 3, 1992, as amended by an SSAR
markup dated March 31, 1993, to include the following
statements related to the compliance of the electrical
system design to the requirements of GDC 2, "Design
Bases for Protection Against Natural Phenomena," and
GDC 4, "Environmental and Missiles Design Bases," of
10 CFR Part 50, Appendix A:
•

Based on the above stated capability to safely shut down,
other SSAR commitments regarding physical protection of
electrical divisions, and discussions, GE indicated that
there will be a limited number of design-basis events for
which Class IE systems, equipment, and components will
be protected by the capability to maintain safe plant shut
down with any one of the three load groups.

"Electrical equipment and wiring for the Class IE
systems which are segregated into separate divisions
are separated so that no design-basis event is capable of
disabling more than one division of any ESF total
function."
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GDC 2 and 4 of 10 CFR Part 50, Appendix A, requires
that Class IE systems, equipment, and components be
designed (1) to withstand the effects of natural phenomena
without loss of capability to perform their safety functions,
(2) to accommodate the effects of and to be compatible
with the environmental conditions associated with normal
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operation, maintenance, testing, and postulated accidents,
and (3) be appropriately protected against dynamic effects.
GDC 17 of 10 CFR Part SO, Appendix A,requiresthat the
Class IE systems, equipment, and components have
sufficient independence to perform their safety functions
assuming a single failure. The staff concludes that a
design that meets the above described commitments will
reasonably assure mat no design basis event (mat is, failure
of any one safety-related system division or failure of nonClass IE equipment) will cause failure of more than one
safety-related system division. The design, therefore,
meets the above defined requirements of GDC 2 , 4 , and 17
of 10 CFR Part SO, Appendix A, and is acceptable.
Verification that GE has provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.1.2-1. GE has
included information in Sections 8.3.3.1, 8.1.3.1.1.1,
8.3.3.6.1.1, 8.3.3.6.2.3.2, 8.3.3.6.2.2.3, and 8.1.2.2 of
SSAR Amendment 32, which is acceptable. Therefore,
this item is resolved.

•

Scram group conduits will have unique identification
and will be separately routed as Divisions II and i n
conduits for the A and B solenoids of the scram pilot
valves, respectively. This corresponds to the divisional
assignment of their power sources.

•

Conduits containing the circuits for the A solenoids of
the scram pilot valves (Division II) will be separated
from their B solenoid counterpart (Division 03) by a
minimum separation distance of 2.S4 cm (1 in.), in
accordance with divisional separation requirements.

•

The scram group conduits will not be routed within the
confines of any other tray or raceway system.

•

The conduits containing the scram solenoid group
wiring of any one scram group will also be physically
separated by a minimum distance of 2.S4 cm (1 in.)
from the conduit of any other scram group and from
conduits or metal-enclosed raceways affiliated with any
of the four Class IE divisions or any non-Class IE
(non-divisional) circuits.

•

The conduits containing the scram solenoid group
wiring of any one scram group will also be physically
separated from non-enclosed raceways associated with
any of the four safety-related electrical divisions or any
non-safety-related (non-divisional) circuits in
accordance with IEEE 384 and RG 1.7S, Revision 2.

•

Separation "in accordance with IEEE 384" means that
conduits containing scram solenoid group circuit wiring
will be separated from any non-enclosed raceway
containing either safety or non-safety-related circuits.
Specifically, the vertical separation distance will be 1.5
or more m (5 or more ft) and the horizontal separation
distance will be .9 or more m (3 or more ft).

Certified Design Material
DFSER (SECY-92-349) Open Item 8.3.1.2-1 related to the
design description and the ITAAC for the capability of
performing a safe shutdown (performing the required
minimum safety function). The adequacy and acceptability
of the ABWR design descriptions and ITAAC are
evaluated in Chapter 14.3 of this report. Therefore, this
item is resolved.
8.3.2

Physical Independence

8.3.2.1 Conduits to Open Tray Separation (Scram
Cables)
Section 8.3.3.6.2.3.1 of the draft SSAR revision dated
April 3, 1992, documented the following design
commitments in response to DSER (SECY-91-3SS) Open
Item 32:
•

The reactor protective system scram solenoid circuit*,
from the actuation devices to the solenoids of the scram
pilot valves of the control rod drive hydraulic control
units, will be run in grounded steel conduits, containing
no other wiring.

•

Separate grounded steel conduits will be provided for
the scram solenoid wiring for each of four scram
groups.

•

Separate grounded steel conduits will also be provided
for both the A and B solenoid wiring circuits of the
same scram group.
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GDC 4 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
GDC 17 of 10 CFR Part 50, Appendix A, requires that the
onsite electric distribution system have sufficient
independence to perform their safety function assuming a
single failure. The staff concludes that a design that meets
the above described commitments will reasonably preclude
the common failure of reactor protection system scram
solenoid circuits and other Class IE or non-Class IE
circuits. The design, therefore, meets the above defined
requirements of GDC 4 and 17 of 10 CFR Part 50,
Appendix A, and is acceptable.
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onaite electric distribution system have sufficient
independence to perform their safety function assuming a
single failure. The staff concludes that a design that meets
the above described commitments will reasonably preclude
the common failure of neutron monitoring circuits and
other Class IE or non-Class IE circuits. The design,
therefore, meets the above defined requirements of GDC 4
and 17 of 10 CFR Part 50, Appendix A, and is acceptable.

Verification that OE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.2.1-1. In response
to this item, CE further clarified their design commitment
for separation in accordance with IEEE 384. Specifically
OE indicated that the RPS conduits containing the scram
group wiring for the A and B solenoids of the scram pilot
valves (associated with Divisions II and III, respectively),
will be separated from non-enclosed raceways associated
with any of the four electrical divisions or non-divisional
cables by 0.9 m (3 ft) horizontally, or 1.5 m (5 ft)
vertically, or with an additional barrier that is separated
from any raceway by 2.5 cm (1 in.). The staff concludes
that a design that meets the above described commitments
as revised will also reasonably preclude the common
failure of reactor protection system scram solenoid circuits
and other Class IE or non-Class IE circuits. The design,
therefore, meets the above defined requirements of GDC 4
and 17 of 10 CFR Part 50, Appendix A, and is acceptable.
OE has included the revised design commitments in Section 8.3.3.6.2.3.1 of SSAR Amendment 32, which is
acceptable. Therefore, this item is resolved.

Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.2.2-1. In response
to this item, GE further clarified in its design that neutron
monitoring cables will be routed in their own dedicated
raceways for the purpose of assuring their protection from
the effects of electromagnetic interference (EMI). GE
indicated that additional physical separation requirements
are not necessary to assure protection from the effects of
EMI.
The staff concludes that a design that meets the above
described commitments as modified will also reasonably
preclude the common failure of neutron monitoring circuits
and other Class IE or non-Class IE circuits. The design,
therefore, meets the above defined requirements of
GDC 17 of 10 CFR Part 50, Appendix A, and is
acceptable. GE has included this commitment in Section 8.3.3.5.1.3 of SSAR Amendment 32, which is
acceptable. Therefore, this item is resolved.

Certified Pesjgn Material
DFSER (SECY-92-349) Open Item 8.3.2.1-1 related to the
design description and the ITAAC for separation between
scram cables and between scram and other cables. The
adequacy and acceptability of the ABWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.

The issue related to protection of circuits from EMI is
resolved in Chapter 7.0 of this report.

8.3.2.2 Dedicated Neutron Monitoring Raceways
Certified Pesjgn Material
Section 8.3.1.3.1.3 of the draft SSAR revision dated
April 3,1992, (in response to DSER (SECY-91-355) Open
Item 32) indicated that neutron monitoring cables will be
routed in their own divisional conduits and cable trays,
separate from all other power, instrumentation, and control
cables.

DFSER (SECY-92-349) Open Item 8.3.2.2-1 related to the
design description and the ITAAC for routing of I&C
neutron monitoring circuits in dedicated raceways. The
adequacy and acceptability of the ABWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.

GE also committed that neutron monitoring cables will be
routed in their own dedicated raceways from termination
to termination.
These dedicated raceways will be
separated from raceways containing all other Class IE or
non Class IE power, instrumentation, and control cables
by the same separation provided between scram and other
cables described in Section 8.3.2.1 of this report.

8.3.2.3 Separation of dc Emergency Lighting Raceways

GDC 4 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
GDC 17 of 10 CFR Part 50, Appendix A, requires that the

In Section 9.5.3 of the draft SSAR revision dated April 3,
1992, in response to DSER (SECY-91-355) Open Item 32,
GE indicated that dc emergency lighting cables will be
routed in their own divisional conduits and cable trays,
separate from all other power, instrumentation, and control
cables.
GE indicated that the dc emergency lighting cables will be
routed in their own dedicated raceways from termination
to termination.
These dedicated raceways will be
separated from raceways containing all other Class IE or
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non-Class IE power and I&C cables by the same
separation provided between scram and other cables, as
described in Section 8.3.2.1 of this report.
GDC 4 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
ODC 17 of 10 CFR Part 50, Appendix A, requires that the
onsite electric distribution system have sufficient
independence to perform their safety function assuming a
single failure. The staff concludes that a design that meets
the above described commitments will minimiw> to the
extent practicable the common failure of the standby and
dc emergency lighting circuits. The design, therefore,
meets the above defined requirements of ODC 4 and 17 of
10 CFR Part 50, Appendix A, and is acceptable.
Verification that OE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.2.3-1. In response
to this item, GE clarified their design to indicate that
emergency dc lighting circuits will not share raceways with
any other circuits in order to enhance lighting reliability.
GE indicated that physical separation of these raceways
within the same division is not required.

Class IE divisions will be separated by distance, barriers,
and/or location in separate rooms or on separate floors.
The use of barriers and/or location in separate rooms or on
separate floors exceeds separation guidelines for
penetrations and are acceptable approaches. Separation by
distance may also meet separation guidelines; however,
SSAR Amendment 10 did not clearly define what
constitutes the minimum allowable distance between
penetrations. This was DSER (SECY-91-355) Open
Item 33.
In the draft SSAR revision dated April 3, 1992, item (7)
of Section 8.3.1.4.1.2 similarly indicated that electrical
penetration assemblies of different Class IE divisions will
be separated by 3-hour ftre-rated-barriers (that is locations
in separate rooms or on separate floors). Separation by
distance (without barriers) will be allowed only within the
inertod containment. Section 8.3.1.1.5.1 of the April draft
revision further indicated that penetration assemblies will
be located around the periphery of the containment and at
different elevations to facilitate reasonably direct routing of
cables to and from the equipment.
GDC 4 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
GDC 17 of 10 CFR Part 50, Appendix A, requires that the
onsito electric distribution system have sufficient
independence to perform their safety function assuming a
single failure. The staff concludes that a design that meets
the above described commitments will reasonably ensure
that failure of Class IE (or associated) penetration circuits
in any one division will not cause Mure of Class IE (or
associated) penetration circuits in a different Class IE
division. The design, therefore, meets the above defined
requirement of GDC 17 of 10 CFR Part 50, Appendix A,
and is acceptable.

The staff concludes that a design that meets the above
described commitment as modified will also minimize to
the extent practicable the common failure of the standby
and dc emergency lighting circuits. The design, therefore,
meets the above defined requirements of GDC 4 and 17 of
10 CFR Part 50, Appendix A, and is acceptable. GE has
included this design commitment in Sections 9.5.3 and
9.5.3.l.l(7)(d) of SSAR Amendment 32, which is
acceptable. Therefore, this item is resolved.
Certified Pesjgn Mftterjftl
DFSER (SECY-92-349) Open Item 8.3.2.3-1 related to the
design description and the ITAAC for routing of
emergency dc lighting in dedicated raceways. The
adequacy and acceptability of the ABWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.

Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.2.4-1. GE has
included these commitments in Sections 8.3.3.1 and
8.3.3.6.1.2 of SSAR Amendment 32, which is acceptable.

8.3.2.4 Separation of
Penetrations

CertjM Pesign Materia)

Containment

Electrical

Separation Between Class IE Penetrations of Redundant
Divisions
Item (7) of Section 8.3.1.4.1.2 of SS 'iR Amendment 10
indicated that electric penetration assemblies of different
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DFSER (SECY-92-349) Open Item 8.3.2.4-1 related to the
design description and the ITAAC for the separation
between Class IE penetrations of redundant divisions. The
adequacy and acceptability of the ABWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.
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OE indicated that penetrations containing Class IE circuits
will be separated from other divisional cables by routing
through separate rooms and/or different floors outside
containment and by maintaining a minimum separation of
0.9 m (3 ft) horizontal and 1.5 m (5 ft) vertical distance
inside the incited containment. In addition, separation
between penetrations containing Class IE circuits and nondivisional cables will be maintained at a minimum
horizontal distance of 0.9 m (3 ft) and a vertical distance
of 1.5 m (5 ft) both inside and outside of containment.

Penetrations
Section 8.3.1.4.1.2 of the draft SSAR revision dated
April 3,1992, in response to DSER (SECY-91-355) Open
Item 34 indicated that separation between penetrations
containing non-Class IE circuita and those containing
Class IE or associated circuits will be in accordance with
IEEE 384. OE indicated that "separation in accordance
with IEEE 384" means* vertical separation of 1.5 or more
m (5 or more ft) and a horizontal separation distance of
0.9 or more m (3 or more ft).

The staff concluded that a design which meets the above
described commitments will also reasonably ensure (1) that
failure of Class IE (and associated) circuita of one division
will not cause failure of Class IE (or associated)
penetration circuits in a different division and (2) that
failure of non-Class IE circuits will not cause failure of
Class IE (or associated) penetration circuits. The design,
therefore, meets the above requirements of GDC 4 and 17
of 10 CFR Part 50, Appendix A, and is acceptable.

The staff concludes mat a design which meets the above
described commitments will reasonably ensure that failure
of non-Class IE system penetration circuita will not cause
failure of Class IE (or associated) penetration circuits.
The design, therefore, meets the above defined
requirements of ODC4 and 17 of 10 CFR Part SO,
Appendix A, and is acceptable.
Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.2.4-2. In response
to this item, GE further clarified their design to indicate
that the separation between Electrical penetration
assemblies containing non-Class IE circuits and penetration
assemblies containing Class IE or associated Class IE
circuits is by walla, barriers, or floors that have a
three-hour fire-rating. The staff concludes mat a design
which meets the above described commitments will also
reasonably ensure that failure of non-Class IE penetration
circuits will not cause failure of Class IE (or associated)
penetration circuits. The design, therefore, meets the
above defined requirements of GDC 4 and 17 of 10 CFR
Part 50, Appendix A, and is acceptable. GE has included
this design commitment in Section 8.3.3.6.1.2(7) of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.
Certified Design Materia]
DFSER (SECY-92-349) Open Item 8.3.2.4-2 related to the
design description and the ITAAC for the separation
between Class IE and non-Class IE penetrations. The
adequacy and acceptability of the ABWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.

Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.2.4-3. In response
to this item, GE further clarified their design to indicate
that the separation between Electrical penetration
assemblies containing Class IE or associated circuits from
other divisional or non-divisional cables is by walls,
barriers, or floors that have a three-hour fire-rating. The
staff concluded that mis separation exceeds the guidelines
of IEEE 384, meets the protection and independence
requirements of GDC 4 and 17 of 10 CFR Part 50,
Appendix A, and is acceptable. GE included this design
information in Section 8.3.3.6.1.2(7)
of SSAR
Amendment 32, which is acceptable. Therefore, DFSER
(SECY-92-349) Confirmatory Item 8.3.2.4-3 is resolved.
Certified Pesjgn Material
DFSER (SECY-92-349) Open Item 8.3.2.4-3 related to the
design description and the ITAAC for the separation
between Class IE penetrations to non-Class IE cables or
to other divisional cables. The adequacy and acceptability
of the ABWR design descriptions and ITAAC are
evaluated in Chapter 14.3 of this report. Therefore, this
item is resolved.

Separation pf Claw IE Penetration? from Non-Class IE
Cable* vT Other Division*! Cables

8.3.2.5 Separation and Protection of Cables Located
Outside Cabinets and Panels
Section 8.3.1.1.5.1 of the draft SSAR revision dated
April 3, 1992, documents the following design
commitments related to separation of Class IE cables in
response to DSER (SECY-91-355) Open Item 36:

This section addresses the staffs evaluation of GE's
response to DSER (SECY-91-355) Open Item 35.
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(1)

(2)

that the deaign meets the above defined requirements of
ODC 4 and 17 of 10 CFR Part 50, Appendix A, and ia
acceptable.

Enclosed solid metal raceways are required for
separation between Class IE or associated cables of
different safety divisions and between Class IE or
associated cables and non-Class IE cables, if: the
vertical separation ia less than 1.5 m (5 ft), the
horizontal separation diatance ia leas than .9 m
(3 ft), and the cables are located in the same fire
area.

Verification that GE provided the above deaign
commitmenta in a future SSAR amendment waa DFSER
(SECY-92-349) Confirmatory Item 8.3.2.5-1. OE has
included these commitments in Section 8.3.3.1 of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.

Both groupings of cables requiring separation (as
specified in item 1) must be enclosed in solid metal
raceways.

Certified Design, Material
DFSER (SECY-92-349) Open Item 8.3.2.5-1 related to the
deaign description and the ITAAC for the separation and
protection of cables located outside cabinets and panels.
The adequacy and acceptability of the ABWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.

OE indicated that all power, control, and instrumentation
cables (including fiber optic cables) located outside cabinets and panels throughout the plant will be supported in
raceways in accordance with IEEE-recommended practice
for support of cable systems. When Class IE (or
associated) cables of different Class IE divisions are
separated from each other or from non-Class 12 cables by
less than 1.5 m (5 ft) vertically or .9 m (3 ft) horizontally,
the cables will be supported in enclosed solid metal
raceways (such as rigid or flexible metal conduits or totally
enclosed cable trays).

8.3.2.6 Separation of Cables Inside Cabinets and
Panels
In response to DSER (SECY-91-355) Open Item 37,
Sections 8.3.1.4.1, 8.3.1.4.1.2, 8.3.1.4.2, 8.3.1.3.1.3,
and 8.3.1.4.2.2.3 of Amendment 10 to the SSAR and draft
SSAR revision dated April 3, 1992, document the
following design commitments related to separation of
power, control, and instrumentation cables inside panels,
racks, cabinets, and other enclosures located in the main
control room and other areas of the plant.

In addition, Section 8.3.1.2.1(2X0 of the draft SSAR
revision dated April 3, 1992, and Section 1.8.2
(Table 1.8-21) of SSAR Amendment 17 indicated that
the ABWR electric system design will comply with the
requirements of IEEE 384-1981.
Based on this
commitment, GE indicated that the separation distance will
be at least 2.54 cm (1 in.) between solid metal raceways
containing Class IE (or associated) cables of different
Class IE divisions or between solid metal raceways
containing Class IE (or associated) cables and nonClass IE cables.

•

ODC 4 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
ODC 17 of 10 CFR Part 50, Appendix A, requires that the
Class IE systems, equipment, and components
have sufficient independence to perform their safety
functions assuming a single failure. The staff concludes
that a design which meets the above described
commitments will reasonably ensure (1) that failure of
Class IE (or associated) cables in any one division (located
outside of cabinets and panels and in any single raceway)
will not cause failure of Class IE (or associated) cables in
a different Class IE division and (2) that failure of nonClass IE cables (located outside of cabinets and panels and
in any single raceway) will not adversely affect Class IE
(or associated) cables. Consequently, the staff concludes
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Single panels or instrument racks will not contain
circuits or devices of different Class IE safety system
divisions, except under the following conditions:
-

Certain operator interface control panels may have
operational considerations which dictate that
Class IE safety system circuits or devices of
different divisions must be located in a single panel.
These circuits and devices will be separated
horizontally and vertically by a minimum distance
of 15.2 cm (6 in.) or by steel barriers or enclosures.

-

The input and output circuits of isolation devices
will be separated horizontally and vertically by a
minimum distance of 15.2 cm (6 in.) or by steel
barriers or enclosures.

Class IE circuits and devices will also be separated
from the non-Class IE circuits and devices which are
present inside a panel. These circuits and devices will
be separated from each other horizontally and vertically

Electric Power Systems
by a minimum distance of 15,2 cm (6 in.) or by steel
barriers or enclosures.
•

If two panels containing circuits of different divisions
are leas than .9 m (3 ft) apart, there will be a steel
barrier between the two panels. Panel ends closed by
steel end plates will be considered to be acceptable
barriers provided that terminal boards and wireways
are spaced a minimum of 2.S cm (1 in.) from the end
plate.

Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.2.6-1. In response
to this item, GE indicated that it was not their intent to
commit to the routing of power circuits inside rigid or
flexible conduits that will be physically separated from
instrumentation and control cables of the same division by
minimum horizontal and vertical distances of 15.2 cm.
(6 in.) or by steel barriers or additional enclosures. GE
further indicated that the IEEE guideline "installed in
enclosed raceways that qualify as barriers ' has been
interpreted to mean that for EMI considerations, power
cables will be routed in metallic conduit wherever they
come in close proximity with low level (VI) cables. For
independence between power and I&C cables within the
same division, the staff agreed with GE*s interpretation.
The staff concludes that a design that meets the above
described commitments as clarified will reasonably ensure
mat normal operation and/or failure of power circuits
(Class IE, associated Class IE, or non-Class IE) will not
adversely affect I&C circuits. The design, therefore,
meets the above defined requirements of GDC 4 and 17 of
10 CFR Part SO, Appendix A, and is acceptable. The
staffs evaluation for the protection of circuits from EMI
is addressed in Chapter 7.0 of this report. GE has
included the above design commitments in Sections 8.3.3.6.1.1, 8.3.3.6.2.2.3, and 8.3.3.6.2.2.4 of
SSAR Amendment 32, which is acceptable. Therefore,
this item is resolved.
1

•

Penetration of separation barriers within a subdivided
panel will be permitted, provided that such penetrations
are sealed or otherwise treated so that fire generated by
an electrical fault could not reasonably propagate from
one section to the other and disable a protective
function.

Based on the commitment to meet the guidelines of
IEEE 384-1981 and RG 1.75, Revision 2, GE indicated
that Class IE or non-Class IE power circuit* located inside
panels and cabinets will be limited to those required to
operate systems, equipment, or components located inside
the panels snd cabinets. Power cables will not be
permitted to traverse from one side of a panel or cabinet
to the other without being terminated inside the panel. In
addition, these circuits will be routed inside rigid or
flexible conduits that will be physically separated from
instrumentation and control cables by minimum horizontal
and vertical distances of 15.2 cm (6 in.) or by steel
barriers or additional enclosures.
ODC 4 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
GDC 17 of 10 CFR Part 50, Appendix A, requires that the
Class IE systems, equipment, and components
have sufficient independence to perform their safety
functions assuming a single failure. The staff concludes
that a design which meets the above described
commitments will reasonably ensure (1) that failure of
Class IE (or associated) cables in any one division (located
inside of cabinets or panels) will not cause failure of
Class IE (or associated) cables in a different safety
division, (2) failure of non-Class IE cables (located inside
cabinets or panels) will not adversely affect Class IE (or
associated) cables, and (3) normal operation and/or failure
of power circuits (Class IE, associated Class IE, or nonClass IE) will not adversely affect L&C circuits. Ihe
design, therefore, meets the above defined requirements of
GDC 4 and 17 of 10 CFR Part 50, Appendix A, and is
acceptable.

Certified Design Material
DFSER (SECY-92-349) Open Item 8.3.2.6-1 related to the
design description snd the ITAAC for the separation of
cables inside cabinets/panels. The adequacy and acceptability of the ABWR design descriptions and ITAAC are
evaluated in Chapter 14.3 of this report. Therefore, this
item is resolved.
8.3.2.7 Separation of Cables Approaching and/or
Exiting Cabinets and Panels
The response to Question 435.30 in SSAR Amendment 10,
DSER (SECY-91-355) Open Item 40, stated that cable
spreading areas do not apply to the ABWR and are not
included in the plant layout because the majority of the
I&C signals will be multiplexed to the control room. This
response implied that the 0.3 m (1 ft) by 0.9 m (3 ft)
separation guidelines allowed by Section 5.1.3 of
IEEE 384-1974 (Section 6.1.3 of IEEE 384-1981) will not
apply to the ABWR. The guidelines of Position C12 of
RG 1.75 Revision 2, also will be irrelevant. The ABWR
SSAR did not clearly address the criteria for the separation
and protection of cables approaching or exiting cabinets
and panels.
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In discussions with the staff and in Section 8.3.1.4 of the
draft SSAR revision dated April 3, 1992, OB clarified its
design commitments as follows:
•

I&C and optical cables (including metallic and fiberoptic cables) will be treated the same with respect to
separation and protection throughout the plant.

•

Bach division of Class IB power, instrumentation, and
control cables will be routed to the control room
complex through a cable chase or other means, so that
different divisional areas will be separated by a 3-hour
fire-rated barrier.

•

Each cable chase will be ventilated.

•

Separation between Class IE and non-Class IE cables
within the cable chase will be the same as separation of
cables located outside cabinets and panels as described
in Section 8.3.2.5 of this report.

•

Class IE, associated, or non-Class IE power circuits
routed in a cable chase serving the control room or in
the control room area will be limited to those required
to operate systems, equipment, or components located
in the control room area (power cables will be not be
permitted to traverse through from one side of the
control room area to the other without being terminated
in the control room area).

•

Class IE, associated, or non-Class IE power circuits
routed in a cable chase or the control room area will be
routed inside rigid or flexible conduits mat will be
physically separated horizontally and vertically from
any I&C cables by a minimum distance of 15.2 cm
(6 in.) or by steel barriers or additional enclosures.

•

Power cables may be routed in flexible metallic conduit
under the raised floor of the control room.

•

Separation between divisional and between divisional
and non-divisional power, instrumentation, and control
cables within the control room area will be separated in
the same way as cables located outside cabinets and
panels described in Section 8.3.2.5 of this report.

•

Power, instrumentation, and control cables of different
Class IE divisions will enter cabinets and panels
through separate apertures. Similarly, Class IE and
non-Class IE power, instrumentation, and control
cables will enter cabinets or panels through separate
apertures.
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•

Cable chases and the control room area will be nonhazard areas (Section 6.1.3 of IEEE 384-1981 defines
non-hazard areas).

•

Cable chases and the control room area will not contain
potential hazards such aa high energy switchgear,
power distribution panels, transformers or rotating
equipment, potential sources of missiles, pipe failure
hazards, or fire hazards.

GDC 4 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
GDC 17 of 10 CFR Part 50, Appendix A, requires that the
Class IE systems, equipment and components have
sufficient independence to perform their safety functions
assuming a single failure. The staff concludes mat a
design which meets the above described commitments will
reasonably ensure (1) mat failure of Class IE (or associated) cables in any one division (located in a cable chase
or the control room area) will not cause failure of Class IE
(or associated) cables in a different safety division, (2) that
failure of non-Class IE cables (located in a cable chase or
the control room area) will not adversely affect Class IE
(or associated) cables, and (3) normal operation and/or
failure of power circuits (Class IE, associated, or nonClass IE) will not adversely affect I&C circuits. The
design therefore meets the above defined requirements of
GDC 4 and 17 of 10 CFR Part 50, Appendix A, and is
acceptable.
Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.2.7-1. In response
to this item, GE indicated that it was not their intent to
commit to the routing of power circuits inside rigid or
flexible conduits that will be physically separated from
instrumentation and control cables of the same division by
minimum horizontal and vertical distances of 15.2 cm
(6 in.) or by steel barriers or additional enclosures. GE
further indicated that the IEEE guideline "installed in
enclosed raceways that qualify as barriers" has been
interpreted to mean that for EMI considerations, power
cables will be routed in metallic conduit wherever they
come in close proximity with low level (VI) cables. For
independence between power and I&C cables within the
same division, the staff agreed with GE's interpretation.
The staff concludes that a design which meets the above
described commitments as clarified will reasonably ensure
that nonnal operation and/or failure of power circuits
(Class IE, associated, or non-Class IE) will not adversely
affect I&C circuits. The design, therefore, meets the
above defined requirements of GDC 4 and 17 of 10 CFR
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Part 50, Appendix A, and is acceptable. The staffs
evaluation for the protection of circuits from EMI is
addressed in Chapter 7.0 of this report. OB has included
the above design commitments in Sections 8.3.3.1,
8.3.3.6.1.1, 8.3.3.6.1.2, 8.3.3.6.2.2.3, and 8.3.3.8.2 of
SSAR Amendment 32, which ia acceptable. Therefore,
this item is resolved.

Verification that QB provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.2.8-1.
(Section 8.3.3.5 of this report addresses acceptable redundant
circuits independence and protection from distribution
system power panels to connected equipment loads which
are not separated by fire and/or missile barriers.) GE
included mis commitment in Section 8.3.3.6.2.2.2 of
SSAR Amendment 32, which is acceptable. Therefore,
this item is resolved.

In addition, based on the design commitment to meet the
guidelines of IEEE 384-1981, OB indicated that
administrative control of operations and maintenance
activities will be used to control and limit introduction of
potential hazards into cable chases and the control room
area. Verification that OB included in a future SSAR
amendment the statement that the COL applicant include
these adniinistrative controls in appropriate plant procedures was DFSER (SECY-92-349) COL Action
Item 8.3.2.7-1. OE included this action item in Section 8.3.4.26 of SSAR Amendment 32, which is acceptable.

Certified Design Material
DFSER (SECY-92-349) Open Item 8.3.2.8-1 related to the
design description and the ITAAC for the
mdependence/physical separation of equipment. The
adequacy and acceptability of the ABWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.

Certified Design Material

8.3.2.9 Equipment, Cable, and Raceway Identification

DFSER (SECY-92-349) Open Item 8.3.2.7-1 related to the
design description and the ITAAC for the separation of
cables approaching and/or exiting cabinets/panels. The
adequacy and acceptability of the ABWR design descriptions and ITAAC are evaluated in Chapter 14.3 of this
report. Therefore, this item is resolved.

This section addresses the staffs evaluation of GE's
response to DSER (SECY-91-355) Open Item 39.

8.3.2.8 Independence
Equipment

GE indicated in Section 8.3.1.3 ofthe draft SSAR revision
dated April 3, 1992, that the ABWR electrical system
design related to identification of power, control, and
instrumentation systems, equipment, and components will
meet the following commitments:

and Physical Separation of

This discussion addresses DSER (SECY-91-355) Open
Item 36.
GE indicated in the draft SSAR revision dated April 3,
1992, and in discussions with the staff that Class IE power
supply and distribution systems, equipment, and
components from the power supply through the power
distribution panels of different Class IE divisions will be
separated by a 3-hour rated fire barrier and a missile
barrier when the potential for missiles exist.

Identification of Power. Instrumentation, and Control

Ewipment. C»frlw. and Raceways

•

The background of the nameplate for a division's
equipment will be the same color as the electrical cable
jacket markers and the cable raceway markers affiliated
with that division.

•

All exposed Class IE and associated circuit raceways
will be marked with the division color at 4.5 m (15 ft)
intervals on; straight sections, at turning points, at
points of entry to and exit from rooms and enclosed
areas, at discontinuities, at pull boxes, and at origins
and destinations of equipment.

•

Class IE and associated circuit raceways will be
marked before their cables are installed.

•

Before or during installation of all cables, for Class IE
and associated circuits, will be marked with the
division color at intervals of approximately 1.5 m
(5 ft).

ODC 17 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components have
sufficient independence to perform their safety functions
assuming a single failure. The staff concludes that a
design which meets the above described commitment will
e* isure that any failure of or within one division of the
Class IE power system or its load group will not cause a
loss of function in another division of the Class IE power
system. The design, therefore, meets the above defined
requirements of GDC 17 of 10 CFR Part 50, Appendix A,
and is acceptable.
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•

During instatiition cables for Class IB and associated
circuits that are routed in conduits will be marked with
the division color at; points of entrance to and exit
from conduits, at pull boxes, equipment, or enclosures
where cables will or can be exposed. Such cables may
not he marked at 1.5 m (5 ft) intervals inside conduits.

•

All equipment, cables, and raceways will be marked in
a manner of sufficient durability to be legible
throughout the life of the plant and to fecilitate initial
verification that the installation conforms with the
design separation criteria.

•

provide reasonable assurance that cables will be installed
in their affiliated divisional raceways and that Class IB
systems, equipment, and components will be installed in
accordance with design-basis protection and independence
requirements. Consequently, the design meets the above
defined requirements of GDC 17 of 10 CFR Part 50,
Appendix A, and is acceptable.
Verification that OB provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.2.9-1. OB has
included these commitments in Section 8.3.3.5 of SSAR
Amendment 32, which is acceptable. Therefore, DFSER
Confirmatory Item 8.3.2.9-1 is resolved.

All cables will be tagged with a permanent marker at
each end with a unique identifying number (cable
number) in accordance with the design drawings or
cable schedule.

Certified Design Material
DFSER (SECY-92-349) Open Item 8.3.2.9-1 related to the
design description and the ITAAC for the identification of
power, instrumentation, and control equipment, cables, and
raceways. The adequacy and acceptability of the ABWR
design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report. Therefore, this item is
resolved.

•

The method used for identification will readily
distinguish between different divisions of Class IE
systems, between Class IB and non-Class IE systems,
and between associated cables of different divisions.

•

Associated cables will be uniquely identified as such by
a longitudinal stripe or other color-coded method.

•

The color of; the cable marker for associated cables will
be the same color as the related Class IE cable.

•

Individual conductors (located inside panels or cabinets)
exposed by stripping the jacket will be color coded or
color-tagged at intervals not to exceed 0.3 m (1 ft) such
that their division will still be discernable. Exceptions
are permitted for individual conductors within cabinets
or panels where all wiring is unique to a single
division. Any non-divisional cable within such cabinets
will be marked appropriately to distinguish it from the
divisional cables.

•

Class IE wire bundles or cables (located inside panels
or cabinets) will be identified in a distinct permanent
manner at a sufficient number of points to readily
distinguish between Class IE wiring of different
divisions and between Class IE and non-Class IE
wiring.

Identification of Neutron-Monitoring. Scram Solenoid, and

dc Emergency Lighting CaMw/Rftgmys
Section 8.3.1.3 of SSAR Amendment 10 indicated that
cables of the neutron-monitoring system will be run in
their own divisional conduits and cable trays separate from
all other power, instrumentation, and control cables.
Scram solenoid and dc emergency lighting cables will be
similarly routed in their own conduits or cable trays
separate from other cables. In addition, scram solenoid
cables will be run in separate conduits for each rod scram
group.
The following unique voltage class designations and
markings will be used to help distinguish the neutronmonitoring and scram solenoid cables from other cable
types:
•
•

•

For a cabinet or compartment containing only Class IE
wiring of a single division, no distinctive identification
will be required.

GDC 17 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components have
sufficient independence to perform their safety functions
assuming a single failure. The staff concludes that a
design which meets the above described commitments will
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Neutron monitoring cables will be marked with a "VN"
designation.
Scram solenoid cables will be marked with a "VS"
designation.

The staff concluded earlier in the review that the proposed
identification of raceways and cables defined above does
not meet the guidelines for the identification of raceways
and cables defined by Section 6.1.2 of IEEE 384-1981 and
position C10 of RO 1.75 (Rev. 2). The design did not
include permanent, color raceway and cable markings to
ensure that neutron monitoring, scram solenoid, and dc
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lighting cablet will be installed in their aaaociated raceways
in accordance with design basis protection and independence requirements. This waa DFSBR (SECY-92-349)
Open Item 8.3.2.9-2.
In response to this item, OB indicated that the "VN" or
" VS" designation would be superimposed on the divisional
color markings on the cable and raceway. Similarly, OB
indicated a "DCL" designation would be superimposed on
the color mark for dc emergency lighting cables and their
dedicated raceways. Hie staff concludes that these
designations and color coding meet the guidelines of
RO 1.75 (Rev. 2). This aspect of the design therefore
ensures that cables will be installed in their designated
raceways in accordance with design basis requirements snd
is acceptable. OB included this design information in
Sections 8.3.3.5.1.3 and 9.5.3 of SSAR Amendment 32,
which is acceptable. Therefore, this item is resolved.
fortified Pwigp Material

on all MtC circuits ae well aa power circuits that pass
through containment when these circuits can produce
sufficient energy (maximum available fault current) to
exceed the current carrying capability of containment
penetrations. When calculating maximum available mult
current at the penetration, OB further indicated that current
limiting devices will not be used in the calculation. For
example, the worst case failure or shorting of the upstream
or current limiting devices will be assumed as a given in
the calculation. The staff concluded that the proposed
design will include redundant protective devices (that is,
current limiting and/or current interrupting) on all
containment penetration circuits in accordance with
guidelines in RO 1.63 (Rev. 3) as discussed below.
Based on the above, discussions with OB, and information
presented in Section 8.3.4.4 of the draft SSAR revision
dated April 3, 1992, OB indicated that protection of
electrical penetrations will meet the following
commitments:

DFSER (SECY-92-349) Open Item 8.3.2.9-3 related to the
design description and the ITAAC for the identification of
neutron-monitoring, scram solenoid, and dc emergency
lighting cables/raceways. The adequacy and acceptability
of the ABWR design descriptions and ITAAC are
evaluated in Chapter 14.3 of this report. Therefore, this
item is resolved.

•

The thermal capability of all electrical conductors
within containment penetrations will be preserved and
protected by two independent devices which meet
requirements of IEEE 603-1980.

•

The two independent devices will be located in separate
panels or will be separated by barriers.

8.3.3 Protection of Electrical Systems, Equipment, and
Components

•

The two independent devices will be independent such
that failure of one will not adversely affect the other.

Protection of Class IE cable systems from non-Class IE
cable systems by spatial separation or barrier is addressed
in Section 8.3.2. Protection of Class IE cable systems by
isolation devices is addressed in Section 8.3.4.

•

The two independent devices will not depend on the
same power supply to accomplish their safety-related
function of protecting the containment penetration.

•

Analysis will demonstrate that the maximum available
fault current in the event of failure of either of two
devices (that is short or open between input and output
of a current limiting device or protective device fails
open or closed) will be less than the maximum
continuous current capacity of the conductor within the
penetration and the maximum continuous current
capacity rating of the penetration.

•

Fault current clearing-time curves of the electrical
penetrations* primary and secondary current
interrupting devices plotted against the thermal
capability (I t) curve of the penetration will show
proper coordination.

8.3.3.1 Protection of Electric Penetrations
This section addresses DSER (SECY-91-355) Open
Item 43.
Item 7 of Section 8.3.1.4.1.2 of SSAR Amendment 10
indicated that power circuits passing through electric
penetration assemblies are protected against overcurrent by
redundant interrupting devices. In addition, OS's response
to Question 435.31(b) of SSAR Amendment 10 indicated
that the ABWR design requires that redundant interrupting
devices be provided for electrical circuits passing through
containment penetrations, if the maximum available fault
current (including failure of upstream devices) is greater
than the continuous current rating of the penetration.
Based on these design requirements, GE indicated that the
proposed design will include redundant interrupting devices

8-35

2

•

A simplified, one-line diagram will show the location
of the protective or current limiting devices in the
penetration circuit, the maximum available fault current
of the circuit, and specific identification and location of
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power supplies used to provide external control power
for tripping primary and backup electrical penetration
breakers (if utilised).
•

electric penetrations. The adequacy and acceptability of
the ABWR design descriptions and ITAAC are evaluated
in Chapter 14.3 of this report. Therefore, this item is
resolved.

The devices will be capable of being functionally tested
and calibrated.

8.33.2 Design/Qualification of Electrical Equipment

In addition, Section 5.2 of IEEE 308-1980 indicates that
components, equipment, or systems required to provide
some protective action, such as containment integrity
protection, are covered by safety system requirements
defined in IEEE 603-1980. Based on GE's commitment to
meet the guidelines of IEEE 308-1980, OE indicated that
the devices used to protect containment integrity will be
covered by all safety system requirements defined in
IEEE 603-1980.
GDC 50 of 10 CFR Part SO, Appendix A, requires that the
reactor containment structure, including penetrations, be
designed so that the containment structure can, without
exceeding the design leakage rate, accommodate the
calculated pressure, temperature, and other environmental
conditions resulting from any loss-of-coolant accident. The
staff concludes that a design that meets above described
commitments will provide protection of containment
electrical penetration such that a failure of a circuit (i.e.,
the single failure during a design basis event) and single
failure of a device providing protection to containment
penetrations will not cause loss of containment integrity.
The design, therefore, meets the above defined
requirements of GDC 50 of 10 CFR Part 50, Appendix A,
and is acceptable.
Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.3.1-1. GE has
included these commitments in Sections 8.3.1.2(2)(c),
8.3.3.6.1.2, and 8.3.3.7 of SSAR Amendment 32, which
is acceptable. Therefore, this item is resolved.
In addition, GE indicated that the protective devices will
periodically be tested to demonstrate their functional
capability to perform their required safety functions.
Verification that GE included in a future SSAR amendment
a statement that the COL applicant will include periodic
test and calibration of protective devices in appropriate
procedures was DFSER (SECY-92-349) COL Action
Item 8.3.3.1-1.
GE included this action item in
Section 8.3.4.4 of SSAR Amendment 32, which is
acceptable. Therefore, this item is resolved.
Certified Design Material

Section 8.3.1.2.4of the draft SSAR revision dated April 3,
1992, in response to DSER (SECY-91-355) Open Item 45,
indicated that all Class IE equipment is designed to operate
in its normal service environment as well as in the
environment expected in the area in which it is located
during and after any design-basis event. In addition, by
committing to meet the guidelines of IEEE 308-1980
(Table 1.8-21 of SSAR Amendment 17), GE indicated
compliance with the requirements of Section 5.9,
Equipment Qualifications of IEEE 308-1980. Section 5.9
of IEEE 308-1980 requires that all Class IE power system
equipment shall be qualified in accordance with
IEEE 323-1974 to substantiate that it will be capable of
meeting the performance requirements specified in the
design basis.
Based on this commitment, information presented in the
draft SSAR revision dated April 3, 1992, and discussions
with the staff, GE indicated that each type of Class IE
equipment will be
•

qualified by; analysis, successful use under similar
conditions, or by actual test to demonstrate its ability
to perform its function under normal and design-basis
event environmental and operational conditions

•

designed and qualified to survive the combined effects
of temperature, humidity, radiation, and other
conditions associated with a LOCA or other designbasis event environments at the end of their qualified
and/or design life

•

qualified to IEEE 344-1987, "Recommended Practices
for Seismic Qualifications of Class IE Equipment for
Nuclear Power Generating Stations"

•

qualified by test and/or analyzed to demonstrate its
ability to meet its performance requirements during and
following the design-basis seismic event

•

located in seismic Category I structures

•

seismically supported

•

designed and qualified to operate within allowable
design basis limits; (for example, able to operate for
predetermined time when subject to voltage below
90 percent, to operate for a predetermined time when

DFSER (SECY-92-349) Open Item 8.3.3.1-1 related to the
design description and the ITAAC for the protection of
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voltage is below 70 percent, or to operate continuously
when subjected to voltage variations of ± 10 percent
of nominal).

(safety class structures) and systems that are not located in
seismic Category I structures will be provided with
Class IB protective devices (such as coordinated circuit
breakers) located in a seismic Category I structure. By
committing to meet the guidelines of IEEE 308-1980
(Table 1.8-21) of SSAR Amendment 17), GB indicated
compliance with the requirements of Section 5.2 of
IEEE 308-1980. Section 5.2 of IEEE 308-1980 requires
that oomponenta, equipment, or systems utilized to provide
isolation protection are covered by safety system design
requirements defined in IEEE 603-1980.
The staff
concluded that the Class IE classification for the protective
devices utilized to provide an isolation protection function
in the proposed modified design meets the guidelines of
Section 5.2 of IEEE 308-1980. The staff concludes that a
design that meets the above described commitments will
also provide protection to Class IE systems such that there
will be reasonable assurance that Class IE systems will be
capable of performing their required function. The
electrical system design, therefore, meets the above
defined requirements of GDC 2, 4, and 17 of 10 CFR
Part 50, Appendix A, and is acceptable. GE has included
the above design commitments in Sections 3.11.2,
8.1.3.1.1.1,8.3.1.1.5,8.3.1.1.7,8.3.2.1.3.1, and8.3.3.4
of SSAR Amendment 32, which is acceptable. Therefore,
this item is resolved.

All structures, systems, equipment, components, pipes and
loads that are not Class IE and whose failure could
possibly prevent Class IE systems, equipment,
components, and circuits including connected loads from
performing their required safety function will be appropriately designed and qualified to not mil in the normal and
design-basis event environment for which the structures,
systems, equipment, components, pipes and loada will be
expected to function. In addition, variations of voltage,
frequency, and waveform in the Class IE power systems,
during any mode of plant operation, will not degrade the
performance of any safety-related system load below an
acceptable level. The dc system equipment and loads will
be designed and qualified to perform their required safetyrelated function while operating with voltages between 100
to 140 volts at the dc system's 125-volt distribution panels.
GDC 2 and 4 of 10 CFR Part 50, Appendix A, requires
that Class IE systems, equipment, and components be
designed (1) to withstand the effects of natural phenomena
without loss of capability to perform their safety functions,
(2) to accommodate the effects of and to be compatible
with the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents,
and (3) be appropriately protected against dynamic effects.
ODC 17 of 10 CFR Part 50, Appendix A, requires that the
Class IE systems, equipment, and components have
sufficient independence to perform their safety functions
assuming a single failure. The staff concludes that a
design that meets the above commitments will provide
protection to Class IE systems, equipment, and components during design basis events such that there will be
reasonable assurance that Class IE systems will be capable
of performing their required function. The electrical
system design, therefore, meets the above defined
requirements of GDC 2, 4, and 17 of 10 CFR Part 50,
Appendix A, and is acceptable.
Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.3.2-1. In response
to this item, GE further modified their design to indicate
that the Class IE systems, equipment, and components
conform to seismic Category I requirements and are
housed in seismic Category I structures in accordance with
the above design information except for some control
sensors associated with the reactor protection system and
the leak detection system which are housed in the turbine
building which is not a seismic Category I structure. For
these exceptions, GE has indicated that the feeders between
Class IE systems located in seismic Category I structures

Certified Design, Material
DFSER (SECY-92-349) Open Item 8.3.3.2-1 related to the
design description and the ITAAC for the
design/qualification of Class IE electrical equipment. The
adequacy and acceptability of the AJBWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.
8.3.3.3 Seismic Qualification of Light Bulbs
, In response to DSER (SECY-91-355) Open Item 45, GE
provided draft SSAR revision dated April 3, 1992, Section 8.3.2.2.2, identifying an exception to the requirement
that all Class IE equipment is seismically qualified. GE
indicated that the safety-related dc standby lighting system
is powered from the Class IE dc system and that the
lighting system circuits from the Class IE dc system power
source to the lighting fixtures will be treated as Class IE
circuits (that is, these circuits will be classified as
associated) and will be routed in seismic Category I
raceways. The lighting fixtures themselves will not be
seismically qualified, but will be seismically supported.
The bulbs cannot be seismically qualified.
1

To justify this exception, GE indicated that bulbs can only
fail open, and, therefore, do not represent a hazard to the
Class IE power source.
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Based on subsequent discussions with GE, the staff
determined thai lighting fixtures will he seismically
qualified. Ught bulbs may fail during and/or following a
seismic event thereby extinguishing the light; however, the
light bulbs will be replaceable. (The staffs evaluation of
ughtiiig requirements is in Section 8.3.5 of this report.) In
addition, bulbs will not fail in a manner that could cause
failure of other safety-related systems and will not become
a hazard to personnel or safety-related equipment during or
following a seismic event.
GDC 4 of 10 CFR Part SO, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environments] conditions associated with normal
operation, mf«^ttn i . testing, and postulated accidents.
GDC 17oflOCFRPart 50, Appendix A,requiresthat the
Class IE systems, equipment, and components have
sufficient independence to perform their safety functions
assuming a single failure. TTie staff concludes that lighting
circuits that are treated as Class IE except for the seismic
qualification of light bulbs and which include seismically
qualified light bulb fixtures will provide protection to
Class IE systems such that there will be reasonable
assurance that the lighting systems will not prevent the
Class IE systems from performing their required function.
Consequently, the design meets the above defined requirements of GDC 4 and 17 of 10 CFR Part 50, Appendix A,
and is acceptable.
M,M it

Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.3.3-1. In response
to this item, GE indicated that lighting fixtures are
seismically supported but not seismically qualified as
indicated above. GE further indicated that overcurrent
protective devices and their coordination would provide
protection and isolation of the Class IE power supply from
possible failure of non-seismically qualified fixtures during
a seismic event. The staff concluded that Class IE
systems will be adequately protected from failure of the
non-seismically qualified fixtures ss well as the nonseismically qualified light bulbs during a seismic event.
By committing to meet the guidelines of IEEE 308-1980
(Table 1.8-21 of SSAR Amendment 17), GE indicated
compliance with the requirements of Section 5.2 of
IEEE 308-1980. Section 5.2 of IEEE 308-1980 requires
that components, equipment, or systems utilized to provide
isolation protection are covered by safety system design
requirements defined in IEEE 603-1980.
The staff
concluded that the overcurrent protective devices and their
coordination which are utilized to provide an isolation
protection function to the Class IE system from failure of
the non-seismically qualified fixtures will meet me
guidelines of Section 5.2 of IEEE 308-1980 and thus will
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meet safety system design requirements defined in
IEEE 603-1980.
The staff concludes that lighting circuits that are treated as
Class IE except for seismic qualification of light bulbs and
fixtures and include protective devices which meet safety
system requirements will provide protection to Class IB
systems such that there will be reasonable assurance that
the lighting systems will not prevent the Class IE systems
from performing their required function. Consequently,
the design meets the above defined requirements of GDC 4
of 10 CFR Part 50, Appendix A, and is acceptable. GE
has included the above design commitments in
Sections 8.3.2,2.2,9.5.3.1.1,9.5.3.2.2.1,and9.5.3.2.3.1
of SSAR Amendment 32, which is acceptable. Therefore,
this item is resolved.

Certified Pwiga Material
DFSER (SECY-92-349) Open Item 8.3.3.3-1 related to the
design description and the ITAAC for the protection of
Class IE systems from the non-seismically qualified light
fixtures and bulbs. The adequacy and acceptability of the
ABWR design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report. Therefore, this item is
resolved.
8.3.3.4 Submergence
Item (6) of Section 8.3.1.4.2.3.2 of SSAR Amendment 10
stated that any RPS or ESF electrical equipment and/or
raceway located in the suppression pool level swell zone
will be designed to satisfactorily complete its function
before being rendered inoperable due to exposure to the
environment created by the level phenomena. In response
to staff Question 435.36 of SSAR Amendment 10, GE
identified electrical equipment that may be submerged as
a result of suppression pool level swell phenomena or as
a result of a LOCA. GE further indicated that the design
specifications associated with this electric equipment would
require that electrical terminations be sealed such that
equipment operation would not be impaired by submersion.
However, GE did not specifically address the qualification
of this equipment in accordance with the guidelines of
Section 4.7 of IEEE 308-1974.
Based on information presented, it appeared that electrical
equipment subject to submergence was not qualified and
only partially designed for submergence. This conclusion
contradicted Section 8.3.1.2.1 of Amendment 10 to the
SSAR which stated that all Class IE equipment is
qualified.
The staff was concerned that equipment failure due to
submergence could adversely affect the safe operation of
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the plant and could adversely affect Class IE power
sources serving this equipment.
This was DSER
(SBCY-91-35S) Open Item 46.

design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report. Therefore, this item is
resolved.

OE indicated in Section 8.3.1.4.2.3.2 of the draft SSAR
revision dated April 3,1992, that the only Class IE equipment located in the suppression pool level swell zone will
be suppression pool temperature monitors, which have
their terminations sealed such that their operation will not
be impaired by submersion due to pool swell or a LOCA.
Consistent with their Class IE status, these devices will
also be qualified to the requirementa of IEEE 323 for the
environment in which they are located.

8.3.3.5 Redundant Clan IE Systems Subject
Common Design Basis Environments

to

Section 8.3.3.1 of SSAR Amendment 10 stated that the
electrical cable installation is such that direct impingement
of fire suppressant will not prevent safe reactor shutdown.
It waa not clear whether impingement of fire suppressant
would or would not cause failure of cable systems. The
staff was concerned that cables and other electric
equipment might not be designed and qualified to perform
their safety function while being subjected to the direct
impingement of fire suppressant.

OS alto indicated that all Class IE equipment (including
affiliated systems and component parts) subject to
submergence in the suppression pool level swell zone will
either be designed and qualified to perform its required
safety function without failing while submerged. If this is
not possible, all Class IE equipment will be appropriately
protected from submergence and will be appropriately
designed and qualified to perform its required safety
function without failing in the normal and design-basis
event environment for which the equipment is expected to
operate.
ODC 4 of 10 CFR Part SO, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
ODC 17 of 10 CFR Part SO, Appendix A, requires that the
Class IE systems, equipment, and components have
sufficient independence to perform their safety function
assuming a single failure. The staff concludes that a
design which meets the above described commitments will
provide reasonable assurance that the components subject
to submergence will be capable of performing their
required function. The design, therefore, meets the above
defined requirements of ODC 4 and 17 of 10 CFR Part SO,
Appendix A, and is acceptable.
Verification that OE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.3.4-1. OE has
included these commitments in Section 8.3.3.6.2.3.2(6) of
SSAR Amendment 32, which is acceptable. Therefore,
this item is resolved.

The draft information provided by OE on September 4,
1991, indicated that cables and other electric equipment
will not be designed and qualified to perform their safety
function while being subjected to the direct impingement
of fire suppressant. In justifying this lack of design and
qualification, OE indicated that redundant divisions are
provided. In the event that the cable system or equipment
in one division fails due to fire suppressant impingement,
and single failure occurs in a second division, safe
shutdown of the plant (the required minimum safety
function) can be achieved by the third division. This was
DSER (SECY-91-3SS) Open Item 47.
In the draft SSAR revision dated April 3, 1992, OE
indicated that where fire suppressant impinged on cables of
more than one division, each case had been analyzed and
found to be acceptable for the worst case failure mode.
After reviewing information presented in Chapter 8 of the
draft SSAR revision dated April 3,1992, and Section 9A.S
through Amendment 20 to the SSAR, the staff was unable
to reach conclusions as to the acceptability of the level of
protection to be afforded Class IE power systems due to
failure of redundant Class IE components that may be
subjected to environments of the same design-basis event
(including fire, fire suppressant, and non-seismic
structures) for which they may not be designed or
qualified. Information and design commitments presented
in Chapter 8 and Section 9A.S were fouj.d to be
inconsistent. This was DFSER (SECY-92-349) Open
Item 8.3.3.S-1.

Certified Pwim Material
DFSER (SECY-92-349) Open Item 8.3.3.4-1 related to the
design description and the ITAAC for the submergence of
Class IE electrical equipment in the suppression pool swell
zone. The adequacy and acceptability of the ABWR
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In response to this item, OE provided the results of an
analysis in SSAR Section 9A.S. These results assured that
when common mode failure of redundant safety systems
and their supporting Class IE systems occurs because of
(fire, fire suppressant impingement, or seismic event),
sufficient remaining safety systems not affected by these
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same events are available to accomplish the required safety
function. The results of this analysis, indicated that
Class IE power systems will be protected by circuit
protective devices and their coordination or current limiting
devices, in order to assure the continued operation of
Class IE systems in accordance with their required safety
function. By committing to meet the guidelines of
IEEE 308-1980 (Table 1.8-21 of SSAR Amendment 17),
GE indicated compliance with the requirements of
Section 5.2 of IEEE 308-1980.
Section 5.2 of
IEEE 308-1980 requires that components, equipment, or
systems utilized to provide isolation protection are covered
by safety system design requirements defined in
IEEE 603-1980. The staff concluded that the overcurrent
protective devices and their coordination or current limiting
devices which are utilized to provide an isolation protection
function to the Class IE systems will meet the guidelines
of Section 5.2 of IEEE 308-1980 and thus will meet safety
system design requirements defined in IEEE 603-1980.
GDC 4 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
QDC 17 of 10 CFR Part 50, Appendix A, requires that the
Class IE systems, equipment and components have
sufficient independence to perform their safety function
assuming a single failure. The staff co&sludes that a
design that meets the above commitments will adequately
protect Class IE systems such that there will be reasonable
assurance that redundant system will not fail. Consequently, the design meets the above defined requirements
of GDC 4 and 17 of 10 CFR Part 50, Appendix A, and is
acceptable. GE has included the results of this analysis
and the above commitments in Sections 8.3.1.2(2)(c) and
9A. 5 of SSAR Amendment 32, which is acceptable.

Certified Design Material
DFSER (SECY-92-349) Open Item 8.3.3.5-2 related to the
design description and the ITAAC for the protection of
redundant Class IE systems subject to common design
basis environments. The adequacy and acceptability of the
ABWR design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report. Therefore, this item is
resolved.
8.3.3.6 Associated Circuits
Based on discussions with GE and information presented
in Section 8.3.1.1.5.1 of the draft SSAR revision dated
April 3, 1992, in response to DSER (SECY-91-355) Open
Item 38, GE indicated that the ABWR electrical system
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design related to associated circuits will meet the following
commitments:
•

Associated circuits will remain with or be physically
separated in the same manner as those Class IE circuits
with which they are associated;
or
Associated circuits, will remain with or be physically
separated in the same manner as those Class IE circuits
with which they are associated, from the Class IE
equipment to and including an isolation device.

•

Associated circuits (including their isolation devices or
their connected loads without isolation devices) will be
subject to all requirements placed on Class IE circuits.

•

Non-Class IE circuits powered from a Class IE power
supply will be limited to power circuits related to the
FMCRDs and lighting systems.

GDC 4 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
GDC 17 of 10 CFR Part 50, Appendix A, requires that the
Class IE systems, equipment, and components have
sufficient independence to perform their safety function
assuming a single failure. The staff concludes that a
design which meets the above described commitments will
provide adequate protection and independence for Class IE
systems. The design, therefore, meets the above defined
requirements of GDC 4 and 17 of 10 CFR Part 50,
Appendix A, and is acceptable.
Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.3.6-1. GE has
included the above design commitments in Sections 8.3.3.1
and 8.3.1.1.1 of SSAR Amendment 32, which is
acceptable. Therefore, this item is resolved.

Certified Design Material
DFSER (SECY-92-349) Open Item 8.3.3.6-1 related to the
design description and the ITAAC for associated circuits.
The adequacy and acceptability of the ABWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.
The staff determined that a commitment was required in
the design description of electrical systems that states that
non-Class IE circuits connected to the Class IE system
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shall be limited to circuits in the FMCRD and lighting
subsystems. This was Open Item F8.3.3.6-1 identified in
the advance version of the SER. GB has included this
commitment in the design description of Section 2.12.1
and 2.12.12 of the certified design material. The staff
finds this acceptable. This resolved Open Item F8.3.3.6-1.

revision dated April 3, 1992, and Table 1.8-21 of SSAR
Amendment 17, information presented in the draft SSAR
revision dated April 3, 1992, and discussions, GE's
indicated that:
•

the design of the bypass circuitry will meet all the
requirements of IEEE 603-1980

•

abnormal values of all bypassed parameters will be
alarmed in the control room so that the control room
operator can react appropriately to the abnormal
condition on the diesel generator unit

•

the trip bypass function will be capable of being reset
manually (capability for automatic reset is not acceptable)

•

the protective relaying and its bypass circuitry will
have the capability to be tested periodically

8.3.3.7 Diesel Generator Protective Relaying Bypass
Section 8.3.1.1.6.4 of SSAR Amendment 10 indicated that
the following identified protective relaying will trip the
diesel generator and will be retained under LOCA
conditions.
This relaying included the generator
differential, bus differential, engine over speed, low diesel
cooling water pressure (two out of two sensors), and low
differential pressure of secondary cooling water (two out
of two sensors). Other diesel generator protective trips
will be bypassed during LOCA conditions.
GE responded to DSER (SECY-91-355) Open Item 49 in
Section 8.3.1.1.6.4 of the draft SSAR revision dated
April 3,1992, where they indicated that only the generator
differential relays and engine overspeed trip would be
retained under accident conditions. Other protective
relays, such as loss of excitation, antimotoring (reverse
power) overcurrent voltage restraint, low jacket water
pressure, high jacket water temperature, and low lube oil
pressure are automatically removed from the tripping
circuits during LOCA conditions.
By committing to meet the guidelines of IEEE 308-1980
(Table 1.8-21 of SSAR Amendment 17), GE indicated
compliance with the requirements of Section 5.2 of
IEEE 308-1980. Section 5.2 of IEEE 308-1980 requires
that components, equipment, or systems that provide some
protection to Class IE systems are covered by safety
system design requirements defined in IEEE 603-1980.
The staff concluded that the diesel generator protective
relying bypass circuitry which are utilized to provided
protection to the Class IE systems will meet the guidelines
of Section 5.2 of IEEE 308-1980 and thus will meet safety
system design requirements defined in IEEE 603-1980. By
committing to meet the guidelines of RG 1.9 (Rev. 3)
(Table 2.8-20 of SSAR Amendment 33), GE indicated
compliance with the requirements of Position C-1.8 of the
RG. Position C-1.8 requires that the diesel generator
protective relay bypass system design include the capability
for testing the status and operability of the bypass
circuitry, for alarming in the control room for abnormal
values of all bypass parameters, and for resetting the trip
bypass function manually (automate reset is not
acceptable). Based on the above commitment and the
commitment to meet the guidelines of Position C-1.8 of
RG 1.9 (Rev. 3) and Section 5.2 of IEEE 308-1980 contained in Section 8.3.1.2. l(2)(b) of the draft SSAR

GDC 4 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
GDC 17 of 10 CPR Part 50, Appendix A, requires (1) that
offsite and onsite power systems have sufficient capacity
and capability to permit safety systems to perform their
required safety function and (2) that the Class IE systems,
equipment and components have sufficient independence
and testability to perform their safety functions assuming
a single failure.
GDC 18 of 10 CFR Part 50,
Appendix A, requires that electric power systems
important to safety be designed to permit appropriate
periodic inspection and testing of important areas and
features. The staff concludes that a design which meets
the above described commitments will provide reasonable
assurance that the protective relaying (to be installed on
Class IE diesel generators to protect the diesel generator
from failure) will be bypassed during accident conditions
so that the diesel generator will not be prevented from
performing its required safety function under accident conditions due to operation or failure of the protective scheme.
Consequently, the design meets the above defined
requirements of GDC 4, 17, and 18 and is acceptable.
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Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.3.7-1.
GE
included this information in Section 8.3.1.1.6.4 of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.
In addition, GE indicated that the protective relays and
their bypass circuitry will be periodically tested.
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Verification that OB specified in a future SSAR
amendment that the COL applicant will include periodic
testing of protective relays and their bypass circuitry in
appropriate procedures was DFSER (SECY-92-349) COL
Action Item 8.3.3.7-1. GE included this action item in
Section 8.3.4.22 of SSAR Amendment 32, which is
acceptable.

Certified Pwjgn Material
DFSER (SECY-92-349) Open Item 8.3.3.7-1 related to the
design description and the ITAAC for the diesel generator
protective relaying and their bypass. The adequacy and
acceptability of the ABWR design descriptions and ITAAC
are evaluated in Chapter 14.3 of this report. Therefore,
the above open item is resolved.
8.3.3.8 Thermal Overloads
GE's response to Question 435.60 in SSAR Amendment 10
indicated that thermal overload protection for Class IE
motor operated valves (MOVs) is in effect only when the
MOVs are in test mode. The thermal overload protection
is bypassed at all other times by means of closed contacts
in parallel with the thermal overload contacts.
GE responded to DSER (SECY-91-355) Open Item 50, in
Section 8.3.1.2.1(2)(g) and Section 8.3.2.2.2(2)(f) of the
draft SSAR revision dated April 3, 1992, where it was
indicated that the thermal overload; protection for Class IE
MOVs will be in effect during normal plant operation but
the overloads will be bypassed under accident conditions as
specified by Position l.(b) of RG 1.106 (Rev. 1).
By committing to meet the guidelines of IEEE 308-1980
(Table 1.8-21 of SSAR Amendment 17), GE indicated
compliance with the requirements of Section 5.2 of
IEEE 308-1980. Section 5.2 of IEEE 308-1980 requires
that components, equipment, or systems that provide some
protection to Class IE systems are covered by safety
system design requirements defined in IEEE 603-1980.
Based on this commitment, the staff concluded that the
thermal overload protection bypass circuitry for Class IE
MOVs (which is utilized to provide protection to motors of
MOVs in the Class IE system) will meet the guidelines of
Section 5.2 of IEEE 308-1980 and thus the safety system
design requirements defined in IEEE 603-1980.
In
addition, GE indicated that the thermal overload and its
bypass circuitry will have the capability to be tested
periodically.
GDC 4 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal

NUREG-1503

operation, maintenance, testing, and postulated accidents.
GDC 17 of 10 CFR Part 50, Appendix A, requires (1) that
offsite and onsite power systems have sufficient capacity
and capability to permit safety systems to perform their
required safety function and (2) that the Class IE systems,
equipment, and components have sufficient independence
to perform their safety function assuming a single Mure.
GDC 18 of 10 CFR Part 50, Appendix A, requires that
Class IE power systems be designed to permit appropriate
periodic inspection and testing of important areas and
features. The staff concludes that a design which meets
the above described commitments will provide reasonable
assurance that the thermal overload protection to be
installed on Class IE motor operated valves will be
bypassed during accident conditions so that the Class IE
valve motor will not be prevented from performing its
required safety function under accident conditions due to
operation or failure of the thermal overload devices.
Consequently, the design meets the above defined requirements of GDC 4, 17, and 18 and is acceptable.
Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.3.8-1. GE has
included these commitments in Sections 8.3.1.2(2)(g)
and 8.3.2.2.2(2)(f) of SSAR Amendment 32, which is
acceptable. Therefore, this item is resolved.
In addition, GE indicated that the thermal overloads and
their bypass circuitry will periodically be tested.
Verification that GE specified in a future SSAR
amendment that the COL applicant will include periodic
testing of thermal overloads and their bypass circuitry in
appropriate procedures was DFSER (SECY-92-349) COL
Action Item 8.3.3.8-1. GE included this action item in
Section 8.3.4.24 of SSAR Amendment 32, which is
acceptable.
Certified Design Material
DFSER (SECY-92-349) Open Item 8.3.3.8-1 related to the
design description and the ITAAC for the thermal
overloads. The adequacy and acceptability of the ABWR
design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report. Therefore, this item is
resolved.
8.3.3.9 Breaker Coordination
Section 8.3.1.1.2.1 of SSAR Amendment 10 stated that
tripping of the Class IE bus feeder breaker is normal for
faults that occur on its Class IE loads. The staff disagreed
with this statement. Class IE load breakers should be
coordinated with the Class IE bus feeder breaker so that
faults which occur on its Class IE loads will, to the extent

8-42

Electric Power Systems
possible, not cause the bus feeder breaker to trip. A
design which utilizes coordinated breakers minimises the
potential for loss of safety-related systems. This was
DSER (SECY-91-355) Open Item 51.

the operating current point of loads to allow for setpoint
drift. The use of loads, such as motors, with sufficient
overload margins resolves the staffs concern if one
assumes the following:

The draft information provided by OE on September 4,
1991, revised the SSAR to delete the statement that
tripping of the bus supply breaker is normal for faults that
occur on its Class IE loads. OE further indicated that the
Class IE load and bus supply breakers will be coordinated.

•

Specific design parameters clearly define the overload
margin requirements with respect to; protective device
trip setpoints, the margin between the trip setpoint and
operating current point of loads, setpoint drift, and the
margin between the trip setpoint and overload rating of
loads.

•

The protective device trip setpoint is periodically verified and calibrated.

•

The protective device is periodically subjected to a
functional test to demonstrate that it does not trip at its
design rating (the normal operating current of load plus
margin) and that it does trip when subjected to a fault
current.

ODC 4 of 10 CFR Part SO, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
GDC 17 of 10 CFR Part SO, Appendix A, requires (1) that
orrsite and onsite power systems have sufficient capacity
and capability to permit safety systems to perform their
required safety function and (2) that the Class IE systems,
equipment, and components have sufficient independence
to perform their safety function assuming a single failure.
The staff concludes that a design which meets the above
commitment will minimize to the extent practicable the
effect of single Class IE components or equipment failure.
The design, therefore, meets the above defined
requirements of GDC 4 and 17 of 10 CFR Part SO,
Appendix A, and is acceptable.
Verification that GE provided the above design
commitment in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.3.9-1. GE has
included these commitments in Section 8.3.1.1.1 of SSAR
Amendment 32, which is acceptable.
8.3.3.10 Protective Relaying
This section addresses DSER (SECY-91-35S) Open
Item 52.

The staff was concerned earlier in the review that the
ABWR design may not satisfy the above assumptions.
By committing to meet the guidelines of IEEE 308-1980
(Table 1.8-21 of SSAR Amendment 17), GE indicated
compliance with the requirements of Section S.2 of
IEEE 308-1980. Section 5.2 of IEEE 308-1980 requires
that components, equipment, or systems that have no direct
safety function and are only provided to increase the
availability or reliability of the Class IE power systems
shall meet those safety system design requirements defined
in IEEE 603-1980 to assure that those components,
equipment, and systems do not degrade the Class IE
power system below an acceptable level. Based on the
design commitment to meet the guidelines of Section 5.2
of IEEE 308-1980, information presented in the draft
SSAR revision dated April 3, 1992, and discussions, GE
indicated that:

Experience with protective relay applications has
established that relay trip setpoints will drift with
conventional relays. Setpoint drift at nuclear power plants
has resulted in premature tripping of redundant, safetyrelated pump motors when they were required to be
operative. While the staff recognizes the basic need for
proper fault protection for feeders and equipment (and
while such protection may be required for some designbasis events such as fire), the total non-availability of
redundant safety systems due to spurious trips of protective
relays is not acceptable. GE responded to this concern
(Question 43S.58 of SSAR Amendment 10) and indicated
Oat loads, such as motors, will be designed with sufficient
current carrying capability or overload margins so that
setpoints of protective devices can be set sufficiently above
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•

protective relaying design will meet the above defined
assumptions (that is, there will be protective device trip
setpoint margin and capability to functionally test and
calibrate the protective relaying)

•

protective relaying—as well as all other components,
equipment, and systems within the Class IE power
system (that have no direct safety function and are only
provided to increase the availability or reliability of the
Class IE power systems) including the diesel generator
protective relaying and thermal overload protective
devices which are bypassed during accident
conditions—will meet those requirements of
IEEE 603-1980 that assure that the consequences of
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any operation or failure is acceptable to the Class IE
power system
GDC 4 of 10 CFR Part SO, Appendix A, requires that
Class IB systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
GDC 17 of 10 CFR Part SO, Appendix A, requires (1) that
offsite and onsite power systems have sufficient capacity
and capability to permit safety systems to perform their
required safety function and (2) that the Class IE systems,
equipment, and components have sufficient independence
and testability to perform their safety functions assuming
a single failure.
GDC 18 of 10 CFR Part SO,
Appendix A, requires that Class IE power systems be
designed to permit appropriate periodic inspection and
testing of important areas and features.
The staff
concludes that a design mat meets the above commitments
will assure that when these components, equipment, or
systems are used that have no direct safety function their
operation or failure will not significantly reduce the
capability of the Class IE power system from performing
its safety function when required. The design, therefore,
meets the above defined requirements of GDC 4, 17, and
18 of 10 CFR Part SO, Appendix A, and is acceptable.
Verification that GE provided the above design
commitments in a future SSAR amendment was
Confirmatory Item 8.3.3.10-1. GE has included these
commitments in Sections 8.3.1.2(2)(c) and 8.3.2.2.2(2)(b)
of SSAR Amendment 32, which is acceptable. Therefore,
this item is resolved.

MCCs, and distribution panels is compatible with the
short-circuit current available at the Class IE buses. It
was not clear whether the interrupting capacity of this
equipment would be equal to or greater than the maximum
available fault current to which it would be exposed for all
modes of operation (for example, with the diesel generator
operating in parallel with the grid).
Section 8.3.1.1.5.2(4) of the draft SSAR revision dated
April 3,1992, in response to DSER (SECY-91-355) Open
Item S3, indicated that the interrupting capacity of
switchgear, load centers, MCCs, and distribution panels
will be equal to or greater than the maximum available
fault current to which die equipment is exposed under all
modes of operation.
GDC 4 of 10 CFR Part SO, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
GDC 17 of 10 CFR Part SO, Appendix A, requires (1) that
offsite and onsite power systems have sufficient capacity
and capability to pennit safety systems to perform their
required safety function and (2) that the Class IE systems,
equipment, and components have sufficient independence
and testability to perform their safety functions assuming
a single failure. The staff concludes that a design which
meets the above described design commitments will have
sufficient capacity and capability to interrupt the worst case
fault. The design, therefore, meets the above defined
requirements of GDC 4 and 17 and is acceptable.
Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.3.11-1. GE has
included these commitments in Section 8.3.1.1.5(4) of
SSAR Amendment 32, which is acceptable. Therefore,
this item is resolved.

In addition, GE indicated that the protective relaying will
periodically be tested. Verification that GE specified in a
future SSAR amendment that the COL applicant will
include these periodic tests in appropriate plant procedures
was DFSER (SECY-92-349) COL Action Item 8.3.3.10-1.
GE included this action item in Section 8.3.4.27 of SSAR
Amendment 32, which is acceptable.

Certified pesjgn Material

Certified Design Material
DFSER (SECY-92-349) Open Item 8.3.3.10-1 related to
the design description and the ITAAC for protective
relaying. The adequacy and acceptability of the ABWR
design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report. Therefore, this item is
resolved.

DFSER (SECY-92-349) Open Item 8.3.3.11-1 related to
the design description and the ITAAC for the fault
interrupting capacity of Class IE protective equipment.
The adequacy and acceptability of the ABWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.
8.3.3.12 Control of Design Parameters for Motor
Operated Valves

8.3.3.11 Fault Interrupting Capacity
Section 8.3.1.1.5.2(4) of SSAR Amendment 10 stated that
the interrupting capacity of switchgear, load centers,
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Valve problems such as excess friction which may be
caused by excessively tight packing can result in an
operational condition where the current drawn will exceed
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the design rating or capability of the insulation system used
in the valve motor winding. Operating experience has
shown that excessive current, if undetected during
operation, can cause premature or unexpected failure when
the valve is next operated. The ABWR SSAR did not
present methods, design provisions, alarms, or procedures
to ensure that the valve motor will not be operated with
excessive currents without operator knowledge (or will
always be operated within their design limits).

included these commitments in Sections 8.3.1.2(2)(g) and
8.3.2.2.2(2X0 of SSAR Amendment 32, which is
acceptable. Therefore, this item is resolved.
Certified Design Material
DFSER (SECY-92-349) Open Item 8.3.3.12-1 related to
the design description and the ITAAC for the control of
design parameters for MOVs.
The adequacy and
acceptability of the ABWR design descriptions and ITAAC
are evaluated in Chapter 14.3 of this report. Therefore,
this item is resolved.

The draft information provided by OE on September 4,
1991, indicated that thermal overloads will provide
protection at all times for non-Class IE MOVs and will
provide protection during testing or maintenance for
Class IE MOVs. At all other times, the Class IE MOVs
will not be protected. The staff was concerned by this
lack of protection for Class IE MOVs. This was DSER
(SECY-91-355) Open Item 54.

8.3.3.13 Protection of Cable Systems from Internally
• Generated fires
Section 8.3.3.2 of SSAR Amendment 10 indicated that
spatial separation is used as a method of preventing the
spread of fire between adjacent cable trays of different
divisions (for example, inside primary containment). The
design objective should be to separate cable trays of
different divisions with structural fire barriers such as
floors, ceilings, and walls. Where such barriers are not
possible, divisional trays should be separated spatially by
.9 m (3 ft) horizontally and 1.5 m (S ft) vertically. Where
this .9 by 1.5 m (3 by 5 ft) spatial separation is not
possible, fire-rated barriers are used to separate divisional
cable trays.

Section 8.3.1.2.1(2)(g) of the draft SSAR revision dated
April 3, 1992, indicated that Class IE MOVs which are
required to open and/or close to satisfy their safety
function, will have the thermal overload protective device
on the valves' motor in force during normal plant
operation. The thermal overload protective device for
these valves will be bypassed under accident conditions
provided that safety function completion is not jeopardized
or that other safety systems are not degraded as per
Regulatory Position l.(b) of Revision 1 of RG 1.106.
GDC 4 of 10 CFR Part SO, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
GDC 17 of 10 CFR Part SO, Appendix A, requires (1) that
offsite and onsite power systems have sufficient capacity
and capability to permit safety systems to perform their
required safety function and (2) that the Class IE systems,
equipment, and components have sufficient independence
and testability to perform their safety functions assuming
a single failure. The staff concludes that a design, which
keeps the thermal overload in force during normal plant
operation as well as during test and maintenance in
accordance with the above described commitments, will
provide reasonable assurance that the MOV will not be
operated with excessive currents without operator
knowledge (or will be operated within their design limits).
The design, therefore, meets the above defined
requirements of GDC 4 and 17 of 10 CFR Part SO,
Appendix A, and is acceptable.

GDC 17 of 10 CFR Part 50, Appendix A, requires that the
onsite electric distribution systems have sufficient
independence to perform their safety function assuming a
single failure.
For a fire initiated by a cable fault within one division, the
staff concludes that a design which meets the above
described commitments will provide reasonable assurance
that a fire in one division will not propagate to a redundant
division. The design, therefore, meets the above defined
requirements of GDC 17 of 10 CFR Part 50, Appendix A,
and is acceptable. This was DSER (SECY-91-35S) Open
Item 24.

Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.3.12-1.
GE
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In the draft SSAR revision dated April 3, 1992, GE
revised Section 8.3.3.2 of SSAR Amendment 10 to indicate that separation will be achieved by using totally
enclosed raceways separated by a least 2.54 cm (1 in.)
when special separation is less than .9 by 1.5 m
(3 by 5 ft). The staff concludes that a design which meets
this commitment will provide reasonable assurance that a
fire initiated in one division will not propagate to a
redundant division. Consequently, the design meets the
above defined requirements of GDC 17 of 10 CFR
Part 50, Appendix A, and is acceptable.
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Based on discussions, OE indicated that one EPA will be
installed in each of the distribution circuits between the
CVCF power supply and the RPS scram and main steam
isolation valve (MSIV) solenoid valves (the fail-safe-type
equipment). The CVCF abnormality in voltage or
frequency alarm will be a Class IE circuit and the CVCF
alarm system and EPAs will be designed with the capability of being tested periodically.

Verification that OB has provided the above design
commitment in a future SSAR amendment was DFSER
(SBCY-92-349) Confirmatory Item 8.3.3.13-1. OB has
included these commitments in Section 8.3.3.8.2 of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.

Certified Design Material

The staff concludes that single failure of the EPA or the
Class IE CVCF power supply will not cause a non-failsafe type failure of RPS scram or MSIV solenoid valves
and is acceptable.

DFSER (SECY-92-349) Open Item 8.3.2.5-1 related to the
design description and the ITAAC for separation of
raceways. The adequacy and acceptability of the ABWR
design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report. Therefore, this item is
resolved.

Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.3.14-1.
GE
included this information in Sections 8.3.1.1.4.2.1 and
8.3.1.1.4.2.2 of SSAR Amendment 32, which is
acceptable. Therefore, this item is resolved.

8.3.3.14 Electrical Protection for Scram and MSIV
solenoids Electrical Protection Assemblies
(EPAs) (The need for EPAs was established
as part of the staff's evaluation of I&C
Systems. I&C Systems are addressed in
Chapter 7 of this SER.)

In addition, GE indicated that the CVCF alarm system and
the EPA will be tested periodically. Verification that GE
specified in a future SSAR amendment that the COL
applicant will include these periodic tests in appropriate
plant procedures was DFSER (SECY-92-349) COL Action
Item 8.3.3.14-1.
GE included this action item in
Section 8.3.4.28 of SSAR Amendment 32, which is
acceptable.

A generic lettec issued to all operating BWRs on
September 24, 1980, requires two independent EPAs on
the output of RPS power supplies. Two EPAs are
required to satisfy the single-failure criterion for nonfail-safe type failures, which may be caused by undervoltage, over- voltage, and under-frequency conditions.

Certified Design Material
DFSER (SECY-92-349) Open Item 8.3.3.14-1 was related
to the design description and the ITAAC for the electrical
protection for scram and MSIV solenoids. The adequacy
and acceptability of the ABWR design descriptions and
ITAAC are evaluated in Chapter 14.3 of this report.
Therefore, this item is resolved.

GE's response to Question 435.7 included in SSAR
Amendment 10 indicated that EPAs will not be used in the
ABWR design because of special design features. These
special features included voltage and frequency monitoring,
automatic transfer of power supply input sources when the
voltage or frequency exceeds pre-established limits, control
room alarm for abnormal conditions, operator action in
response to alarm of abnormality, and design and
qualification of equipment to preclude failure after
operation for a period of time under the allowable
abnormality of voltage and frequency.

8.3.3.15 Safety Bus Grounding

The staff determined that these special features should
provide reasonable assurance that any abnormality in
voltage and frequency (which can cause failure of
fail-safe-type equipment) will be promptly disconnected by
alarms and operator action.
The special features,
however, do not meet the single failure criterion. Failure
of the special features to alarm or failure of the operator
to take prompt appropriate action are single failures which
may cause a non-fail-safe type failure. The capability to
scram the reactor could thus be compromised. This was
DSER (SECY-91-355) Open Item 55.
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On every bus shown in Figure 8.3-1 of the draft SSAR
revision dated April 3, 1992, there is shown one circuit
connected to ground through a circuit breaker. The circuit
breaker or bus grounding device provides a safety ground
on buses during maintenance operations.
The bus
grounding device includes the following interlocks
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•
•
•

under-voltage relays must be actuated
related breakers must be in the disconnect position
voltage for bus instrumentation must be available

The staff agreed that the proposed grounding device should
be included in the design because it may be an important
protection enhancement for personnel performing mainte-
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nance on Class IB buses. The staff was concerned,
however, that the proposed interlocks may not be sufficient
to prevent inadvertent closing of the device during
non-maintenance operation.
This was DSER
(SECY-91-355) Open Item 44.
OE indicated that annunciation will be provided in the
design to alarm in the control room whenever the breakers
are racked in for service. The staff concludes that a
design which meets the above described commitments,
together with administrative control and annunciation of the
bus grounding system, will be sufficient to prevent
inadvertent actuation of the grounding system.
Consequently, this design is acceptable.
Verification that OE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.3.15-1.
OE
included this information in Section 8.3.1.1.1 of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.
In addition, OE indicated that there will be administrative
controls to keep these circuit breakers racked out (that is
in the disconnect position) whenever corresponding buses
are energized. Verification that OE specified in a future
SSAR amendment that the COL applicant will include
these administrative controls in appropriate plant
procedures was DFSER (SECY-92-349) COL Action
Item 8.3.3.15-1.
GE included this action item in
Section 8.3.4.14 of SSAR Amendment 32, which is
acceptable.

In addition, GE indicated that there will be administrative
control of access to Class IE power equipment areas
and/or distribution panels. Verification that GE specified
in a future SSAR amendment that the COL applicant will
include these administrative controls in appropriate plant
procedures was DFSER (SECY-92-349) COL Action
Item 8.3.3.16-1.
GE included this action item in
Section 8.3.4.19 of SSAR Amendment 32, which is
acceptable.

DFSER (SECY-92-349) Open Item 8.3.3.15-1 related to
the design description and the ITAAC for the safety bus
grounding systems. The adequacy and acceptability of the
ABWR design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report. Therefore, this item is
resolved.
Access

to

Class IE

ODC 4 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
The staff concludes that a design which meets the above
described design commitments will permit control of the
conditions that equipment may be subjected to during
normal operation, maintenance, testing, and postulated
accidents. The design, therefore, meets the above defined
requirements of ODC 4 and is acceptable.
Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) 8.3.3.16-1.
OE has included these
commitments in Section 8.3.3.6.1.1(5) of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.

Certified Design Material

8.3.3.16 Control of
Equipment

chargers, CVCF power supplies, 6.9 kV switchgear*
480-volt load centers, and 480-volt MCCs) will be located
in areas with access doors that can be administratively
controlled. In addition, ac and dc distribution panels will
be located in the same or similar areas as Class IE power
supplies and distribution equipment; otherwise, the
distribution panels will be designed to be locked so that
access to circuit breakers located inside the panel can be
administratively controlled. The plant physical design of
the ABWR will permit the administrative control of access
to Class IE power equipment areas.

Power

Certified Preign Material

By committing to meet the guidelines of IEEE 308-1980
(Table 1.8-21 pf SSAR Amendment 17), OE indicated
compliance with the requirements of Section 5.12 of
IEEE 308-1980. Section 5.12 of IEEE 308-1980 requires
that the plant design permit the administrative control of
access to Class IE power equipment. Based on this design
commitment, information included in the draft SSAR
revision dated April 3, 1992, and discussions, OE
indicated that Class IE power supplies and distribution
equipment (including diesel generators, batteries, battery

DFSER (SECY-92-349) Open Item 8.3.3.16-1 related to
the design description and the ITAAC for control of access
for Class IE power equipment. The adequacy and acceptability of the ABWR design descriptions and ITAAC are
evaluated in Chapter 14.3 of this report. Therefore, this
item is resolved.
8.3.4 Electrical Independence
Based on discussions with GE and information included in
the draft SSAR revision dated April 3,1992, GE indicated
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Class IE divisions. Each diesel generator set will
operate independently of the other sets.

that electrical independence is addressed in the design as
follows:
•

•

The protective actions (that is, the initiation of a signal
with the sense and command features, or the operation
of equipment within the execute features, for the
purpose of accomplishing a safety function) of each
load group will be independent of the protective actions
provided by redundant load groups.
Each onsite Class IE power supply (for example, the
diesel generator) will have provisions for automatic
connection to one Class IE load group, but will have
no automatic connection to any other redundant
Class IE or non-Class IE load group. Ifnonautomatic
(manual) interconnecting means are furnished,
provisions that prevent paralleling of the redundant
onsite Class IE power supplies will be included.
-

The ABWR electrical system design will not
include provisions for the manual connection of the
onsite Class IE power supply of one Class IE
divisional load group to any other redundant
Class IE divisional or non-Class IE non-divisional
load group (except for the spare battery chargers)
+ The ABWR design will include provisions to
allow one spare battery charger to be connected
to either of two divisions and another spare
battery charger to be connected to either of two
other divisions.
+ The spare chargers for the dc power supply may
be manually connected to either of two
designated divisions, but only when their loads
are switched to the same division.
Key
interlocks will mechanically ensure that these
standby chargers can only be used in one
division at a time.

•

-

The ABWR electrical system design will not have
interconnections between redundant Class IE
divisions except as noted in Sections 8.2.2.3 and
8.3.4.1 of this report.

-

The divisional battery charger will normally be fed
from its assigned Class IE divisional 480-volt MCC
bus.

Each standby power system division includes the diesel
generator, its auxiliary systems, and the distribution of
power to various Class IE loads through the 6.9 kV
and 480-volt systems. Each of these divisions will be
segregated and separated from the other divisions. No
automatic interconnection will be provided between the
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•

Control power (for the Class IE 480-volt auxiliaries)
will be from the Class IE 125-volt dc power system of
the same division.

•

Each Class IE dc system load group will have its own
battery charger with no provision for automatic
interconnection with other redundant Class IE load
groups.

•

There will be no provision for automatically
interconnecting redundant dc system load groups.

•

No provision will be made for automatically
transferring loads between Class IE dc power sources.

•

The ABWR design will not have manual
interconnections between redundant Class IE divisions
of the dc system except those that involve the battery
chargers.

•

Each Class IE battery will be independent of other
redundant battery supplies.

•

Each Class IE battery charger will be independent of
other redundant battery chargers.

•

The ac and dc switchgear power circuit breakers in
each division will receive control power from their
respective load groups to provide the following
assurances
•

loss of one Class IE 125-volt dc system division
will not jeopardize the Class IE power supply to
the Class IE buses of the other load groups

-

the differential relays in one division and all the
interlocks affiliated with these relays will be from
one 125-volt Class IE dc system division. There
will be no cross connections between the redundant
dc system divisions through protective relaying

GDC 17 of 10 CFR Part 50, Appendix A, requires that the
Class IE systems, equipment, and components have
sufficient independence and redundancy to perform their
safety functions assuming a single failure. The staff
concludes that a design which meets the above described
commitments will include sufficient independent and
redundant systems such that their will be reasonable
assurance that a single failure of one set of systems (that
is, one Class IE division) will not prevent the remaining
sets of interconnected system components, modules, and
equipment from accomplishing the minimum required

Electric Power Systems
safety function. The design, therefore, meets the above
defined requirements of GDC 17 of 10 CFR Part 50,
Appendix A and is acceptable.

8.3.4.1 Interconnections
Chapter 7 of this SER addresses design requirements for
I&C system isolation devices. These devices are to be
used to maintain independence between Class IE and nonClass IE circuits (such annunciators or data loggers and
computer circuits) and between redundant Class IE trip
channels.)

Verification thai OE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.4-1. In response
to this item, OE further clarified their design to indicate
that, (in addition to the manual transfer capability of the
battery chargers discussed above) the ABWR electrical
design will permit the manual transfer capability of the
FMCRDs motors from a non-divisional to a divisional
supply as well as the manual transfer capability of any one
of the Class IE diesel generators to any one of the
Class IE divisional or non-divisional load groups by
backfeeding power from the diesel generator through the
combustion turbine bus. For these design clarifications,
the staff also concludes that a design which meets the
above described commitments as clarified will include
sufficient independent and redundant systems such that
there will be reasonable assurance that a single failure of
one set of systems (that is, one Class IE division) will not
prevent the remaining sets of interconnected system
components, modules, and equipment from accomplishing
the minimum required safety function. The design,
therefore, meets the above defined requirements of
GDC 17 of 10 CFR Part SO, Appendix A and is acceptable.

Figure 8.3-8 of SSAR Amendment 10 showed two
interconnections between redundant safety divisions:

In addition, GE indicated that the keys for the above
described interlocks, manual interconnections, and manual
transfer of power supplies will be administratively
controlled by the COL applicant. Verification that GE
specified in a future SSAR amendment a statement that the
COL applicant will include these administrative controls in
appropriate plant procedures was DFSER (SECY-92-349)
COL Action Item 8.3.4-1. GE included this action item in
Sections 8.3.4. IS and 8.3.4.18 of SSAR Amendment 32,
which is acceptable.

DFSER (SECY-92-349) Open Item 8.3.4-1 related to the
design description and the ITAAC for electrical
independence. The adequacy and acceptability of the
ABWR design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report. Therefore, this item is
resolved.

The Division III 480-volt bus is connected to the
Division 1480-volt bus through circuit breakers and
a mechanical interlock. Section 8.3.2.1 of SSAR
Amendment 10 indicates that this interconnection is
used to transfer the 250-volt dc normal battery
charger between Division I and III load centers.

(2)

The Division III 480-volt MCC is connected to
Division 1480-volt MCC through battery chargers,
breakers, and key interlocked breakers.
Section 8.3.2.1 of SSAR Amendment 10 indicates
that this interconnection is used for selection of the
normal or standby battery chargers.

A staff concern over this issue was discussed in DSER
(SECY-91-355) as Open Item 56.

GE included the above design commitments in
Sections 8.3.3.1, 8.3.1.1.8.1, 8.3.1.1.2.1, 8.3.1.2(4)(b),
8.3.2.1.3, 8.3.2.1.3.1, and 8.3.2.2.1 of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.

Certified Pesjgn Material

(1)

In Section 8.3.2.1.4 and Figure 8.3-7 of the draft SSAR
revision dated April 3, 1992, GE eliminated the interconnection between Divisions III and I (item 1 above), which
was to be used to transfer the 250-volt dc battery charger
between Class IE divisions. In the new proposed design,
power for the non-safety-related 250-volt dc battery
charger is supplied from either the non-safety-related load
group A or C turbine building load centers. With the
elimination of the interconnection, this item was considered
resolved.
Verification that GE provided the above design information
in an SSAR amendment was one aspect of DFSER
(SECY-92-349) Confirmatory Item 8.3.4.1-1.
GE
included this information in Section 8.3.2.1.3.3 of SSAR
Amendment 32, which is acceptable.
In regard to the interconnection described in item 2 above,
Section 8.3.2.1.2 and Figure 8.3-7 of the draft SSAR
revision dated April 3, 1992, indicates that electrical
interconnections will continue to exist between Divisions I
and II and between Divisions I and III, so that two
redundant divisions can share one standby charger.
Similarly, Division I, and Division II, Division III, and
Division IV, and Division I and Division III can be
interconnected through the standby charger.
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GDC 17 of 10 CFR Part SO, Appendix A requires thai the
Class IE systems, equipment, and components have
sufficient independence to perform their safety functions
assuming a single failure.
To meet this ODC 17
requirement with respect to electrical interconnection
between redundant Class IE divisions, it is the staff
position that two independent open disconnect links, locked
open breakers, or other equivalent open devices shall be
maintained between the redundant Class IE divisions. To
meet this staff position, GE indicated that key interlocks
will be installed as part of their electrical system design
which will mechanically ensure that two open devices are
always maintained between redundant divisions in
accordance with the above staff position. (Also see
Section 8.3.4 of this report.)
The staff concludes that the proposed key interlock design
which meets the above described design commitments will
maintain independence between them by using two open
devices. Failure of one device will not challenge or cause
failure of the remaining redundant divisions. Therefore,
this design meets the above defined requirement of
GDC 17 of 10 CFR Part SO, Appendix A, and is
acceptable.
Verification that GE provided the above design
commitments in a future SSAR amendment was the second
aspect of DFSER (SECY-92-349) Confirmatory
Item 8.3.4.1-1. GE has included these commitments in
Section 8.3.2.1.3.1 of SSAR Amendment 32, whicti is
acceptable. Therefore, thic item is resolved.
In addition, GE indicated that the keys for the interlock
described above will be administratively controlled.
Verification that GE specified in a future SSAR
amendment that the COL applicant will include these
administrative controls in appropriate plant procedures was
DFSER (SECY-92-349) COL Action Item 8.3.4.1-1. GE
included this action item in Section 8.3.4.18 of an SSAR
markup dated March 31, 1993, which is acceptable.

Certified pesjgn Material
DFSER (SECY-92-349) Open Item 8.3.4.1-1 related to the
design description and the ITAAC for interconnections
between redundant divisions.
The adequacy and
acceptability of the ABWR design descriptions and ITAAC
are evaluated in Chapter 14.3 of this report. Therefore,
this item is resolved.
8.3.4.2 Constant Voltage Constant Frequency Power
Supplies
Section 8.3.1.1.4.2 of SSAR Amendment 10 indicated that
each of the four independent trip systems of the reactor
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protection logic and control system is powered by four
CVCF control power buses (one each for Divisions I, II,
III, and IV). This section stated that each of these buses
is independently supplied from an inverter which, in turn
is supplied from one of four independent and redundant ac
and dc power supplies.
Subsequent sections and
Figure 8.3-6 of SSAR Amendment 10, however, indicate
that the ac supply for Divisions I and IV originates from
a single 480-volt MCC (C14). A single 480-volt MCC is
not "independent and redundant" as stated in Section 8.3.1.1.4.2. This was DSER (SECY-91-3SS) Open
Item 57.
Based on discussions with and draft information provided
by GE on September 4, 1991, November 26, 1991, and
April 3, 1992, GE indicated that ac power to Divisions I
and IV is supplied from the 6.9 kV Division I bus through
a single 6.9 kV to 480-volt ac transformer and MCC to the
vital ac system's CVCF power supplies and the dc
system's battery charger power supplies for Divisions I
and IV. GE indicated that Divisions I and IV ac and dc
systems may be subject to a single common failure of the
6.9 kV to 480-volt transformer. In addition, GE indicated
that they would revise the SSAR to indicate that there are
four independent and redundant dc systems and three
(versus four) independent and redundant ac systems.
Verification that GE provided the above design information
in a future SSAR amendment was DFSER (SECY-92-349)
Confirmatory Item 8.3.4.2-1.
GE included this
information in Section 8.3.1.1.4.2.1 of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.
Subsequently, GE revised their design so that the ac supply
for Division IV originates from a Division II (versus
Division I) 480-volt MCC.
Because ac power to Divisions II and IV is supplied from
a single 6.9 kV Division II bus through a single 6.9 to
480-volt ac transformer and MCC, Divisions II and IV ac
and dc systems may be subject to common failure due to
the single failure of the 6.9 kV to 480-volt transformer.
The issue related to the lack of independence between
Divisions II and IV of I&C equipment is resolved in
Chapter 7 of this report.
Certified Design Material
DFSER (SECY-92-349) Open Item 8.3.4.2-1 related to the
design description and the ITAAC for constant voltage,
constant frequency power supplies. The adequacy and
acceptability of the ABWR design descriptions and ITAAC
are evaluated in Chapter 14.3 of this report. Therefore,
this item is resolved.
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With respect to protecting Class IE systems from failure
of non-Class IE systems and components, the staff agreed
with GE that coordinated breakers with zone selective
interlocking met the intent of Position 1 of RG 1.75
(Rev. 2), as well as the protection requirements of GDC 2
and 4. However, with respect to the independence
requirement of GDC 17, the staff disagreed with GE*s
assessment (DSER (SECY-91-355) Open Item 48). Figure 8.3-5 of SSAR Amendment 10 showed non-safetyrelated computers and transient recorder loads with
provisions included in their power supply design for automatically transferring these loads from Class IE
Divisions I to Division III and from Class IE Divisions II
to Division III. In addition, it appeared that the power
supply design may have included provision for automatic
transfer of loads between Divisions I and II. This design
did not meet the guidelines of RG 1.6 or the intent of
Position 1 of RG 1.75 (Rev. 2).

8.3.4.3 Power Supply Circuits for Safety/Rdief Valves
Section 19E.2.1.2.2.2 of SSAR Amendment 10 indicated
that portions of each safety relief valve (SRV) control
circuit use non-safety grade power. This power is taken
from the Class IE dc system through dc to dc converters
or isolation devices connected to each of the four
redundant and independent Class IE dc system buses.
Section 19E.2.1.2.2.2 implied that control power for each
SRV comes from a minimum of two different Class IE
power source divisions. One source directly from the
Class IE dc bus, and the other from a different Class IE
dc bus through the dc-to-dc converter. The staff was
concerned that the proposed design for powering the SRV
may not provide sufficient independence between the
redundant dc power sources, as required by ODC 17.
This was DSER (SECY-91-355) Open Item 58.
Draft information provided by OE on September 4, 1991,
modified SSAR Section 19E.2.1.2.2.2 to delete a reference
to the use of non-safety grade power taken from safety
grade batteries for a portion of each SRV control circuit.
In addition, the information indicated that non-divisional
power is not utilized in either the SRV of die automatic
depressurization system (ADS) functions.
GE indicated that SRVs will be powered only from
Class IE sources and that there will be no electrical
interconnection between power supplies. This design will
ensure electrical independence between the redundant
power supplies, and is acceptable.

Subsequently, in Section 8.3.1.1.1 of the draft SSAR
revision dated April 3, 1992, GE eliminated automatic
transfer of loads between redundant divisions by indicating
that only Class IE Division I will have a non-safety-related
load and this is acceptable. Verification that GE provided
the above design information in a future SSAR amendment
was DFSER (SECY-92-349) Confirmatory Item 8.3.4.4-1.
GE included this information in Section 8.3.1.1.1 of SSAR
Amendment 32, which is acceptable. Therefore, mis item
is resolved.
By SSAR markup dated March 31, 1993, GE revised their
design described in Section 8.3.1.1.1 of the draft SSAR
revision, dated April 3, 1992, for supplying power to the
Non-Class IE FMCRD motors from the Class IE system.
The following evaluation addresses GE response to DFSER
(SECY-92-349) Confirmatory Item 8.3.4.4-2.

Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.4.3-1.
GE
included this information in Section 19E.2.1.2.2.2 of
SSAR Amendment 32, which is acceptable. Therefore,
this item is resolved.
8.3.4.4 Isolation Between Class IE Buses and Loads
Designated as non-Class IE
Section 8.3.1.1.2.1 of SSAR Amendment 10 indicated that
isolation breakers will be provided between the Class IE
and non-Class IE buses. In addition zone-selective
interlocking was provided between each isolation breaker
and its upstream Class IE bus feeder breaker. Section 8.3.1.2.1 of SSAR Amendment 10 indicated that even
though the isolation breaker is only fault current actuated
and does not meet the guidelines of Position 1 of RG 1.75
(Rev. 2), the zone selective interlocking technique met the
intent of this RG. GE therefore concluded that this design
met the recommendations of RG 1.75 (Rev. 2).

GE indicated that the non-Class IE loads, to be connected
to the Class IE power system through isolation devices,
will consist of three separate groups of non-Class IE
FMCRD motors. The rod drive motors are considered
non-Class IE but important to safety because of their
backup scram function. In addition, GE indicated that
these non-Class IE loads will be restricted to Division I
and will be isolated from Class IE systems by a Class IE
fault-actuated breaker, a zone-selective interlock, and a
design restriction that the circuits on the load side of the
transfer switch be classified non-Class IE (so that these
circuits will not be routed as associated circuits with cables
of any Class IE division). Upon loss of power from the
Class IE source, the non-Class IE FMCRD loads will
automatically be transferred between the Class IE
Division I power supply and a non-Class IE power supply,
The design will not allow automatic transfer of this nonClass IE load back from the non-Class IE to the Class IE

8-51

NUREG-1503

Electric Power Systems
•

power aupply. This non-Class IE load can only be
manually transferred from the non-Class IE to the
Class IE power supply.

In addition, by committing to meet the guidelines of
IEEE 308-1980 (Table 1.8-21 of SSAR Amendment 17),
OE indicated compliance with the requirements of
Section 5.2 of IEEE 308-1980.
Section 5.2 of
IEEE 308-1980 requires that components, equipment, or
systems utilized to provide isolation protection are covered
by all the safety system design requirements defined in
IEEE 603-1980. The staff concluded that the overcurrent
protective devices and their coordination together with the
zone select interlocks which are utilized to provide an
isolation protection function to the Class IE systems will
meet the guidelines of Section 5.2 of IEEE 308-1980 and
thus will meet safety system design requirements defined
in IEEE 603-1980. By committing to meet the guidelines
of IEEE 384-1981 (Table 1.8-21 of SSAR Amendment 33)
and RG 1.75 (Rev. 2) (Table 1.8-20 of SSAR
Amendment 33), GE indicated compliance with the guidelines of Sections 5.5.2(1) and 5.5.2(2) and Position 4 of
RG 1.75, Revision 2. These guidelines require that
associate circuits should be subject to all requirements
placed on Class IE circuits. The staff concluded that the
non-Class IE circuit that have been classified as associated
will meet safety system design requirements defined in
IEEE 603-1980. Also, by committing to the guidelines of
IEEE 384-1981, GE indicated compliance with
Section 7.1.2.1 of IEEE 384-1981.
Section 7.1.2.1
requires that the circuit breaker being used for isolation
shall be coordinated with upstream breakers, requires that
the isolation breakers and their coordination be testable and
be periodically tested, and requires that the Class IE
power supply to the loads being isolated have sufficient
capacity and capability to supply fault current. The staff
concluded that GE's proposed design for isolating nonClass IE circuits includes design commitments which are
in accordance with these guidelines of IEEE 384.

GE indicated in Section 8.3.1.1.1 of the SSAR markup
dated March 31, 1993, the following
•

the fault interrupt capability of breakers supplying
Class IE loads, including the Class IE breakers
supplying the Division I non-Class IE FMCRD loads,
will be coordinated with the fault interrupting capability
of each load's upstream supply breaker so that failure
of a greater part of the Class IE division due to the
single failure of a load will be minimized to the extent
feasible

•

the Class IE load breakers for the non-Class IE
FMCRD loads will have zone selective interlocks with
the Class IE supply breaker to provide additional
assurance that failure of a portion of a Class IE
division due to the failure of the non-Class IE load will
be minimized to the extent feasible

•

the FMCRD motor circuits from the output of the 6.9
kV switchgear through the transfer switch will be
classified as associated

•

the FMCRD motor circuits from the associated transfer
switch through the load and the feeder circuits from the
non-Class IE bus to the transfer switch will be
classified non-Class IE

•

the fault interrupt capability of all Class IE breakers,
fault interrupt coordination between the supply and load
breakers for each Class IE load and each Division I
non-Class IE load, the zone selective interlock feature
of the breaker for the non Class IE loads, and the
transfer of power from Class IE to non-Class IE
sources will have the capability of being tested

•

the Division I Class IE onsite power supplies, the nonClass IE offsite power supplies, and the Division I
distribution system will have sufficient capacity and
capability with margin to supply all Class IE loads and
the additional non-safety loads during all modes of
plant operation
-

each FMCRD power train has current limiting
features that are Class IE to limit the FMCRD
motor fault current

-

continuous operation of the FMCRD motors at the
limiting fault current will not degrade operation of
any Class IE loads
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the Division I diesel generator has sufficient
capacity margin to supply overload currents up to
the trip setpoint of the Class IE feeder breaker to
FMCRDs

GDC 4 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components be designed
to accommodate the effects of and to be compatible with
the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.
GDC 17 of 10 CFR Part 50, Appendix A, requires (1) that
offsite and onsite power systems have sufficient capacity
and capability to permit safety systems to perform their
required safety function and (2) that the Class IE systems,
equipment and components have sufficient independence to
perform their safety functions assuming a single failure.
The staff concludes that an isolation system design which
meets the above described commitments will adequately
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protest the Class IE power system from the failure of the
non-Class IE rod control loads, provides sufficient
capability and capacity from either the non-Class IE offsite
or the Class IE onsite power systems to supply Class IB
loads in addition to the non-Class IE rod control loads,
and provides sufficient independence between redundant
Class IB divisions. The proposed ABWR design, for
isolating the non-Class IB FMCRD motor loads from the
Class IB power system, therefore, meets the above defined
requirements of ODC4 and 17 of lOCFRPartSO,
Appendix A and is acceptable. OB included the above
design commitments in Section 8.3.1.1.1 of SSAR Amendment 32, which is acceptable. Therefore, this item is
resolved.

lighting will not be installed in passageways and stairwells.
The normal lighting system will be part of the plant's nonsafety-related system and as such will be supplied by the
non-safety-related power system buses and will be
energized as long as power from an offsite power source
is available. Normal lighting will not be available
following a LOPP event.

The off Standby Lighting Sygtom

In addition, OE indicated that the design permits periodic
calibration and testing of the fault interrupt capability of all
Class IE breakers, fault interrupt coordination between the
supply and load breakers for each Class IE load and the
Division I non-Class IE load, and the zone selective interlock feature of the breaker for the non-Class IE load.
Verification that GE specified in a future SSAR
amendment that the COL applicant must include these
periodic calibrations and functional tests in appropriate
plant procedures was DFSER (SEC Y-92-349) COL Action
Item 8.3.4.4-1.
GE included this action item in
Section 8.3.4.29 of SSAR Amendment 32, which is
acceptable.
Certified Design Material
DFSER (SECY-92-349) Open Item 8.3.4.4-1 related to the
design description and the ITAAC for the isolation
between Class IE buses and non-Class IE loads. The
adequacy and acceptability of the ABWR design
descriptions and ITAAC are evalusted in Chapter 14.3 of
this report. Therefore, this item is resolved.
8.3.5 Lighting Systems
In its DSER (SECY-91-3SS), the staff identified 17
concerns in Open Item 59. GE provided a response in the
draft SSAR revision dated April 3, 1992.
In that
document GE indicated that there will be four lighting
systems: the normal ac lighting system, the standby ac
lighting system, the emergency dc lighting system, and the
guide lamp lighting system.
The Normal Lighting System
The normal ac lighting system will be used to provide up
to SO percent of the lighting needed for operation,
inspection, and repairs during normal plant operation.
Normal lighting will be installed throughout the plant in
areas containing non-safety-related equipment. Normal

The ac standby lighting system will be comprised of two
parts. The non-Class IE ac standby system and the
associated ac standby system. The Class IE associated ac
standby system will serve the safety-related equipment
areas and their passageways. The non-Class IE ac standby
system will serve both safety and non-safety-related
equipment areas and their passageways.
The associated ac standby system will be comprised of
three subsystems. Each subsystem will be supplied from
a different Class IE standby divisional power supply
(diesel generator). Each subsystem will supply a minimum
of SO percent of the lighting needs for the areas containing
safety-related equipment in its respective division. Each
subsystem will also supply SO percent of the lighting in
passageways and stairwells leading to its respective
equipment areas. In addition, the subsystem associated
with Division II will supply a minimum of 50 percent of
the lighting needs for areas containing Division IV safetyrelated equipment (the Division IV battery room and other
Division IV I&C areas). The subsystems associated with
Divisions II and III will each supply a minimum of
50 percent of the lighting needs of the main control room.
Each of the subsystem circuits will be treated as Class IE
(that is, they will be classified as associated) and as such
will meet all requirements of a Class IE circuit. In regard
to the lighting system's fixtures and bulbs, GE has taken
exception to the Class IE requirement for seismic
qualification. The staffs evaluation of this exception is
addressed in Section 8.3.3.3 of this report.
The non-Class IE ac standby system will be comprised of
three non-Class IE load groups. Each load group will be
supplied from a different plant investment protection bus,
which can be connected to the non-Class IE standby power
supply CTG. The non-Class IE ac standby lighting system
will supply a minimum of 50 percent of the lighting needed
for its affiliated equipment areas and will supply
100 percent (50 percent from each of two different plant
investment protection buses) of the lighting needs in
passageways and stairwells leading to equipment areas
containing non-safety-related equipment. In addition, the
non-Class IE ac standby lighting system will supply up to
50 percent of the lighting needs in areas containing safetyrelated equipment and in passageways and stairwells
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leading to them. The non-Class IE lighting in the areas
containing safety-related equipment and the passageways
and stairwells leading to them will be supplied from the
same unit auxiliary transformer power source as the safetyrelated equipment in the area. (Each unit auxiliary
transformer can supply a Class IE and non-Class IE
distribution system and load group. For example, the unit
auxiliary transformer that supplies power to Division I of
the Class IE distribution system and load group will also
supply a non-Class IE distribution system and load group.)
The non-Class IE lighting system's fixtures in areas
containing safety-related equipment and in the passageways
and stairwells leading to them will be seismically supported
and will be designed with appropriate grids or diffusers
such that broken material from either the fixture or bulb
will be contained and will not become a hazard to
personnel or safety equipment during or following a
seismic event.
The dc Emergency Lighting System
The dc emergency lighting system will provide dc powered
backup lighting to prevent total blackout in areas which are
or may be occupied during periods when ac lighting is lost
until the normal or standby lighting systems are energized.
The dc emergency lighting system will be comprised of
two parts. The non-Class IE dc emergency lighting system
and the associated dc emergency lighting system. The
non-Class IE dc emergency lighting system supplies the
lighting needed in plant areas containing non-safety-related
equipment. The associated dc emergency lighting system
supplies the lighting needed in plant areas containing
safety-related equipment.
Plant areas containing. safety-related equipment and
associated dc emergency lighting include the main control
room, the remote shutdown panel rooms, the diesel
generator areas and associated control rooms, the safetyrelated electrical equipment rooms, and dc electric
equipment rooms (including battery rooms). Electrical
power for the associated dc emergency lighting system in
these safety-related equipment areas (except the main
control room) is supplied from the Class IE 125-volt dc
system in the same division as the equipment in the area
(for example, Class IE dc Division I will supply power to
the associated dc emergency lighting system in those rooms
containing Division I safety-related equipment). Electrical
power for the associated dc emergency lighting system in
the main control room will be supplied from the
Divisions II and III Class IE 125-volt dc systems. Each
of the dc emergency lighting circuits will be treated as
Class IE (that is, they will be classified as associated) and
as such will meet all requirements of a Class IE circuit.
In regard to the lighting system's fixtures and bulbs, GE
has taken exception to the Class IE requirement for the
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seismic qualification. The staffs evaluation of this
exception is addressed in Section 8.3.3.3 of this report.
Plant areas containing non-safety-related equipment and
non-Class IE dc emergency lighting include the radwaste
building control room, the CTO area and control room,
and the non-safety-related electrical equipment areas (both
ac and dc). Electrical power for the non-Class IE dc
emergency lighting system in the radwaste building control
room will be supplied from the non-Class IE 250-volt dc
system.
Electrical power for the non-Class IE dc
emergency lighting system in electrical equipment rooms
containing non-safety-related equipment will be supplied
from the same non-Class IE 125-volt dc system that
supplies power to equipment in the room. Electrical
power for the non-Class IE dc emergency lighting in the
non-Class IE CTO area and control room will be supplied
from one of the three non-Class IE 125-volt dc systems.
The non Class IE dc emergency lighting system circuits
providing the needed lighting in non-safety-related
equipment areas will be classified as non-Class IE. (By
letter dated March 31, 1993, GE modified their design to
remove security lighting from their scope of design.)

The qujq> Ump Light System
The guide lamp light system will illuminate stairways, exit
routes, and major control areas such as the main control
room and remote shutdown panel areas. Each guide lamp
unit will have a lighting fixture with two incandescent
sealed-beam lamps and a self-contained battery pack unit
containing a rechargeable battery with an 8-hour capacity.
Each guide lamp unit will also contain a charger and an
initiating switch, which energizes the fixture from the
battery in the event of loss of the ac power supply and deenergizes the fixture upon return of ac power to the
standby light following a time delay of 15 minutes. The
guide lamp units will be supplied ac power from the same
power source that supplies the associated standby lighting
system in the area in which they are located. The guide
lamp light system will be seismically qualified and will
meet Class IE requirements in plant areas containing
Class IE equipment.
GE provided information pertaining to the design of the
normal, standby, emergency, and guide lamp lighting
systems to demonstrate that the lighting is adequate in plant
areas containing safety-related equipment as well as
passageways to and from these areas. GE indicated that
the ABWR design for each of these lighting systems will
meet or exceed the lighting level requirements of the
Illuminating Engineering Society Lighting Handbook and
will have the capability of being functionally tested on a
periodic basis.
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above commitments in Section 9.5.3.2.5 of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.

The staff concluded that a lighting system that meets the
above described commitments will provide adequate levels
of light to permit the required operation and maintenance
of equipment in safety-related equipment areas, and
passageways to and from these areas, under normal
operating conditions. This design is, therefore, acceptable.
Verification that GB provided the above design commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.5-1. GE included
mis information in Section 9.5.3 of SSAR Amendment 32,
which is acceptable. Therefore, this item is resolved.

DFSER (SECY-92-349) Open Item 8.3.5-2 related to the
design description and the FTAAC for the lighting system.
The adequacy and acceptability of the ABWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.

In addition, GE indicated that the ac standby and dc
emergency lighting systems which are normally energized
will be periodically inspected and bulb replacement will be
performed. In addition, the guide lamp system will be
inspected and tested periodically to ensure operability of
lights and switching circuits. Verification that GE has
specified in a future SSAR amendment the requirement that
the COL applicant must include these periodic tests,
inspections, and bulb replacement in appropriate plant
procedures was DFSER (SECY-92-349) COL Action
Item 8.3.4.4-1.
GE included this requirement in
Section 8.3.4.25 of SSAR Amendment 32, which is
acceptable.

8.3.6 Design Control
8.3.6.1 Control of the Electrical Design Process

For other off-normal conditions, it was not clear that the
design adequately considers lighting needs for areas
containing safety-related equipment and for passageways to
and from these areas where plant operations are or may be
required by emergency procedures. For example, under
certain failures, it appears that the main control room may
have only a portion (50 percent) of its lighting. Therefore,
GE needed to further address the adequacy of the lighting
in areas containing safety-related equipment under offnormal conditions. This was DFSER (SECY-92-349)
Open Item 8.3.5-1.
GE indicated that because of the redundancy provided by
the four lighting systems described above, the complete
loss of lighting in any of the critical areas is not credible.
The standby lighting and emergency lighting systems
provide totally independent low level illumination in areas
vital to safe shutdown of the reactor. In addition, the
safety-related control systems will automatically bring the
plant to safe-shutdown conditions. The control systems do
not require the lighting system to perform their safety
function of bringing the plant to a safe-shutdown condition.

Recently, a number of problems have been identified with
the electrical system design at nuclear power plants.
Although the majority of these problems arose as a result
of modifications performed after plant licensing, some
were (and all could have been) the result of poor original
design. GL 88-15 dated September 12,1988, addressed a
number of these problems that have occurred primarily as
a result of inadequate control over the design process.
These problems have occurred in areas of electrical system
design which have historically well-established,
comprehensive design criteria and guidelines available for
the design engineer such as circuit breaker coordination
and fault current interruption capability. The adequacy of
the design is a function of the designers proper exercise of
the well-established design criteria and guidelines.
In Sections 8.3.4.17 and 8.3.5 of draft SSAR revision
dated April 3, 1992, GE indicated that purchase specification for both Class IE and non-Class IE equipment will
contain a list of appropriate common industrial standards
to ensure quality manufacturing.
Based on this
commitment, the staff concluded that this concern (DSER
SECY-91-355 Open Item 60) is resolved. Verification that
GE provided the above design information in a future
SSAR amendment was DFSER (SECY-92-349)
Confirmatory Item 8.3.6.1-1.
GE included this
information in Sections 8.3.4.17 and 8.3.5 of SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.
Certified Design Material

The staff concluded that a lighting system design which
meets the above described commitments will provide
reasonable assurance that sufficient illumination will be
available to perform emergency procedures as may be
required during off normal conditions. The lighting
system design is, therefore, acceptable. GE included the
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DFSER (SECY-92-349) Open Item 8.3.6.1-1 related to the
design description and the ITAAC for the control of the
electrical design process. The adequacy and acceptability
of the ABWR design descriptions and ITAAC are
evaluated in Chapter 14.3 of this report. Therefore, this
item is resolved.
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8.3.6.2 Control of the Electrical Design Bases
The design bases described and presented in the ABWR
SSAR should, for the most part, be useable as the bases by
which the NRC issues a plant combined operating license.
However, a review of the bases presented in Chapter 8 and
other related chapters, revealed numerous inconsistencies
as noted in DSER ' (SECY-91-355) Open Item 61.
Consequently, it appears that OE used a deficient process
to control the design bases presented in the ABWR SSAR.
At the time the DFSER was issued, OE had indicated that
a formal engineering review and update of the SSAR was
in progress to identify and correct inconsistencies within
and between sections of the SSAR. Verification that OE
revised the design bases in a future SSAR amendment to
eliminate conflicting information was DFSER
(SECY-92-349) Confirmatory Item 8.3.6.2-1. Staff review
of SSAR Amendment 32 did not show these that
inconsistencies had been resolved. Subsequently, the staff
has reviewed the SSAR through Amendment 34 and found
no significant inconsistencies which affect safety findings
in this chapter. Therefore, Confirmatory Item 8.3.6.2-1
is resolved.

This section addresses DSER (SECY-91-355) Open
Item 62. By committing to meet the guidelines of
IEEE 308-1980 (Table 1.8-21 of SSAR Amendment 17),
GE indicated compliance with the requirements of
Section 7 of IEEE 308-1980. Section 7 of IEEE 308-1980
defines the guidelines for surveillance and preoperational
and periodic equipment and system tests for electrical
systems. Based on this commitment to Section 7 of
IEEE 308-1980, information presented in the draft SSAR
dated April 3, 1992, and discussions, GE indicated the
following:

The ABWR electrical system design will provide
controls and indicators in the main control room.

•

The design will include provisions for control and
indication outside the main control room for

•

Class IE power systems required to be controlled from
outside the main control room will also have
operational status information provided outside the
central control room at the equipment itself, at its
power supply, or at an alternate central location.

•

The operator will be provided with accurate, complete,
and timely information pertinent to the status of the
execute features in the control room.

•

Indication of protective actions and execute features
unavailability, will be provided in the control room.

•

Electric power systems and equipment will have the
capability of being periodically tested.

•

Testability of electrical systems and equipment will not
be so burdensome operationally that required testing at
intervals of 1,2, or 3 months cannot be included in the
TS if deemed necessary.

Except as noted below, the staff concludes that an
electrical system design which meets the above
commitments will be testable. The design, therefore,
meets the above defined requirements of GDC 17 and 18
of 10 CFR Part 50, Appendix A and is acceptable.
Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.7-1.
GE has
included these commitments in Section 8.1.3.1.1.3 of
SSAR Amendment 32, which is acceptable. Therefore,
this item is resolved.

-

circuit breakers that switch Class IE buses between
the preferred and the standby power supply

-

the standby power supply

-

circuit breakers and other equipment as required for
safety systems that must function to bring the plant
to a safe-shutdown condition.
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Operational status information will be provided for
Class IE power systems.

GDC 17 of 10 CFR Part 50, Appendix A, requires that
Class IE systems, equipment, and components have
sufficient testability to perform their safety functions
assuming a single failure. GDC 18 of 10 CFR Part 50,
Appendix A requires that Class IE power systems be
designed (1) to permit appropriate periodic inspection and
testing of important areas and features (such as wiring,
insulation, connections, and switchboards) to assess the
continuity of the systems and the condition of their
components, (2) the capability to test periodically the
operability and functional performance of the components
of the systems, and (3) the capability to test periodically
the operability of the systems as a whole and (under
conditions as close to design as practical) the full operation
sequence that brings the systems into operation.

8.3.7 Testing and Surveillance

•

•

GE also indicated that the electrical systems and equipment
will be periodically tested. Verification that GE specified
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in a future SSAR amendment that the COL applicant will
include this periodic testing of electrical systems and
equipment in appropriate plant procedures was DFSER
(SECY-92-349) COL Action Item 8.3.7-1. GE included
this action item in Section 8.3.4.30 of SSAR
Amendment 32, which is acceptable.
Section 8.3.1.1.5.3, of SSAR Amendment 10 indicated
that the ABWR design of Class IE equipment permits
periodic testing of the chain of system elements from
sensing devices through driven equipment. This testing
ensures that Class IE equipment is functioning according
to design requirements. This section also implies that the
requirements of the single-failure criterion described in
IEEE 379-1977, "Standard Application of the Single
Failure Criterion to Nuclear Power Generating Station
Safety Systems," will be met with respect to testing of
Class IE equipment.
The staff interpreted these statements to mean that one
complete electrical system division may be taken out of
service for maintenance, testing, and/or repair during any
mode of plant operation and still leave theremainingelectrical systems in compliance with the single-failure
criterion. The staff, therefore, concluded that the design
provision for testability of electrical systems (as
interpreted) meets the sufficient testability requirement of
GDC 17 and is acceptable.
To confirm this interpretation, the staff further evaluated
the capability of the electric power system to be tested
during normal plant operation while meeting single failure
requirements with remaining systems for any design-basis
event.
GE's design commitment that the ABWR design meets
Section 5 of IEEE 338-1977, which is endorsed by
RG 1.118 (Rev. 2), reflected the following:

•

When one Class IE division is out of service, an
acceptable level of reliability will be established by GE
for the remaining operable safety systems by a PRA.

Based on the information presented in the ABWR SSAR,
the staff was unable to determine what constitutes an
acceptable level of reliability.
This was DFSER
(SECY-92-349) Open Item 8.3.7-1.
GE revised Sections 8.2.2.1(3) and 8.3.1.1.5.3 of SSAR
Amendment 21 to indicate that all equipment can be tested,
as necessary, to assure continued and safe operation of the
plant. For equipment which will not be tested during
operation, GE indicated that the equipment's reliability
will be such that testing can be performed during plant
shutdown. Based on the above commitment as revised, the
staff concludes that all systems and component parts of an
electrical system design which met the above commitments
as revised will have the capability of being tested. In
addition, the reliability assurance program as discussed in
Chapter 17.3 of this report will ensure that important
reliability assumptions of the probabilistic risk assessment
will be considered throughout the plant life. The design
therefore meets the above defined requirements of GDC 17
and 18 of 10 CFR Part 50, Appendix A, and is acceptable.
GE included the above design commitments in Sections 8.2.2.1(3) and 8.3.3.2 of SSAR Amendment 32,
which is acceptable. Therefore, this item is resolved.

Certified Design Material
DFSER (SECY-92-349) Open Item 8.3.7-2 related to the
design description and the ITAAC for the testing and
surveillance of electrical equipment. The adequacy and
acceptability of the ABWR design descriptions and ITAAC
are evaluated in Chapter 14.3 of this report. Therefore,
this item is resolved.
8.3.8 Capacity and Capability

•

•

On-line testing will be greatly enhanced by the design
which utilizes three independent divisions, any one of
which can safely shutdown the plant. However, the
design will not meet the single-failure criterion with
respect to all required safety-related systems for all
design-basis events with one of the three electrical
system divisions out of service.
An acceptable level of reliability for me remaining
operable safety systems will exist when one train is
taken out of service for a specified period of time for
preplanned or unplanned maintenance while the singlefeature criterion is not met.

8.3.8.1 Non-Class IE dc Power Systems
In response to DSER (SECY-91-355) Open Item 64,
regarding interaction between safety and non-safety-related
systems, GE provided in Sections 8.3.2.1.3 and 8.3.2.1.4
of the draft SSAR revision dated April 3, 1992, a description of the non-Class IE 125-and 250-volt dc systems.
The 125-volt dc non-Class IE system will provide power
to non-Class IE switchgear, valves, converters, transducers, controls, and instrumentation. The non-Class IE
125-volt dc system will have three load groups with one
battery, charger, and bus per load group. The 250-volt dc
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non-Class IE system will provide power for non-safetyrelated computers and the turbine turning gear motor. The
125- and 250-volt dc systems will provide power only to
non-safety-related loads and will be physically and
electrically independent of the Class IE ac and dc systems.
Based on the design commitments included in the draft
SSAR revision, staff concerns relating to interactions
between safety and non-safety-related systems associated
with' the previously proposed common dc power supply
have been resolved.
Verification that CE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.8.1-1.
OE
included this information in Sections 8.3.2.1.3.2 and
8.3.2.1.3.3 of SSAR Amendment 32, which is acceptable.
Therefore, this item is resolved.

•

be sued in accordance with industry recommended
practice defined in IEEE 485-1983

•

have a capacity design margin of 5 to 15 percent to
allow for less than optimum operating conditions

•

have a 25-percent capacity
compensate for battery aging

•

have a 4-percent capacity design margin to allow for
the lowest expected electrolyte temperature of 21 °C
(70 °F)

•

have a number of battery cells that matches the batteryto-system voltage limitations

•

base the first minute of the batteries* duty cycle on the
sum of all momentary, continuous, and noncontinuous
loads that can be expected to operate during the one
minute following a LOCA and/or LOPP

•

be installed in accordance with IEEE 484-1987

•

meet the recommendations
IEEE 946-1985

•

be designed so that each battery's capacity can
periodically be verified

design margin

to

Certified Design Material
DFSER (SECY-92-349) Open Item 8.3.8.1-1 related to the
design description and the ITAAC for the independence
between Class IE and non-Class IE dc power systems.
The adequacy and acceptability of the ABWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, mis item is resolved.

Section 5

of

In addition to having sufficient stored energy to operate all
required LOCA and/or LOPP loads and circuit breakers
for 2 hours, OE indicated that the Division I battery will
have sufficient stored energy to provide an adequate source
of power to start and operate all required loads and circuit
breakers for approximately 8 hours with no ac power.
Further, the heating/ventilation system will maintain
battery electrolyte temperature above 21 °C (70 °F).

8.3.8.2 Capacity of the Class IE 125-volt dc Battery
Supply
This section addresses the staffs evaluation of GE's
response to DSER (SECY-91-355) Open Item 65.
Based on information presented in Section 8.3.2.1.1.1 of
the draft SSAR revision dated April 3,1992, OE indicated
that each of the four Class IE 125-volt batteries will
•

be capable of starting and operating its required steady
state and transient loads

•

be immediately available during both normal operations
and following the loss of power from the alternating
current system

•

have sufficient stored energy to provide an adequate
source of power for starting and operating all required
LOCA and/or LOPP loads and circuit breakers for two
hours with no ac power

•

have sufficient stored energy to provide power in
excess of the capacity of the battery charger when
needed to supply transient loads
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GDC 17 of 10 CFR Part 50, Appendix A, requires that the
Class IE 125-volt dc battery supply have sufficient
(1) capacity and capability to permit safety systems to
perform their required safety function and (2) testability to
perform their safety function assuming a single failure.
GDC 18 of 10 CFR Part 50, Appendix A requires that the
Class IE 125-volt dc battery supply systems be designed
(1) to permit appropriate periodic inspection and testing of
important areas and features (such as wiring, insulation,
connections, and switchboards) to assess the continuity of
the systems and the condition of their components, (2) the
capability to test periodically the operability and functional
performance of the components of the systems, and (3) the
capability to test periodically the operability of the systems
as a whole and (under conditions as close to design as
practical) the full operation sequence that brings the
systems into operation. The staff concludes that Class IE
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125-Volt battery supply design that meets the above
commitments will have sufficient capacity and capability to
supply required loads following a LOCA and/or LOPP and
a station blackout event and will be testable. The design,
therefore, meets the above defined requirements of
GDC 17 and 18 of 10 CFR Part 50, Appendix A, and is
acceptable.

8.3.8.3 Use of Silicon Diode in the dc System
Figure 8.3-7 and GE's response to Question 435.51 in
SSAR Amendment 10 indicated that a silicon diode would
be installed in series with the output of the battery and
battery chargers to create a voltage drop of 10 volts.
During normal operation (that is, when battery charger
output voltage is set at 140 volts to equalize the charge of
battery cells) the switch in parallel with the silicon diode
will be open so that the voltage from the battery charger to
the dc bus will remain at 130 volts (140 volts minus the
10-volt drop across the silicon diode), while 140 volts is
supplied to the battery to equalize the charge of battery
cells.

Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.8.2-1. In response
to this item, GE modified the above commitments to
indicate that the batteries' capacity design margin to allow
for the lowest expected electrolyte temperature was
changed from 21 °C (70 *F) to 10 °C (50 °F). This
change was based on the capability of the heating and
ventilation system to maintain room temperature above
10 °C (50 °F). The capability of the heating and ventilation system to maintain a temperature range of 10 to 40 °C
(50 °F to 104 °F) is addressed in Chapter 9.0 of this SER.

In response to DSER (SECY-91-355) Open Item 66, GE
provided the draft SSAR revision dated April 3, 1992,
which removed the use of the silicon diode from the
ABWR design and restated the commitment to design the
dc system distribution equipment, component, and loads to
function at 140 volts during equalization charge.

The staff concludes that a Class IE 125-volt battery supply
design that meets the above commitments as modified, will
also have sufficient capacity and capability to supply
required loads following a LOCA and/or LOPP and a
station blackout event and will be testable. The design,
therefore, meets the above defined requirements of
GDC 17 and 18 of 10 CFR Part 50, Appendix A, and is
acceptable.
GE has included the above design
commitments in Sections 8.3.2.1.1.1, 8.3.2.1.3.1, and
8.3.2.2.2(5)(c) of SSAR Amendment 32, which is
acceptable.

This item is, therefore, considered resolved. Verification
that GE revised the SSAR in a future amendment,
indicating the removal of the silicon diode from the ABWR
design was DFSER (SECY-92-349) Confirmatory
Item 8.3.8.3-1. GE included this revision in SSAR
Amendment 32, which is acceptable. Therefore, this item
is resolved.

8.3.8.4 Class IE ac Standby Power System (Diesel
Generator)

In addition, GE indicated that the capacity and capability
of the dc system batteries and the capability of the batteries
to supply power to their connected loads will periodically
be tested in accordance with the recommendation of
IEEE 450-1985. Verification that GE specified in a future
SSAR amendment that the COL applicant will include
these periodic tests in appropriate plant procedures was
DFSER (SECY-92-349) COL Action Item 8.3.8.2-1. GE
included this action item in Sections 8.3.4.32 and 8.3.4.33
of SSAR Amendment 32, which is acceptable.

This section addresses the staffs evaluation of GE's
response to DSER (SECY-91-355) Open Item 67.
Based on discussions with GE and information presented
in the draft SSAR revision dated April 3, 1992. GE
indicated that each standby (diesel generator) power source
will
•

be capable of starting, accelerating to rated speed, and
supplying, in the required sequence, all the required
safety system loads

•

be capable of attaining rated frequency (i.e., full speed)
and voltage within 20 seconds after receipt of a start
signal

•

have a continuous load rating of 6.25 megavolt amps
(MVA) @ 0.8 power factor

Certified Pesjgn Material
DFSER (SECY-92-349) Open Item 8.3.8.2-1 related to the
design description and the ITAAC for the Class IE
125-volt dc battery supply. The adequacy and acceptability
of the ABWR design descriptions and ITAAC are
evaluated in Chapter 14.3 of this report. Therefore, this
item is resolved.
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•

•

•

•

have a short time rating (operation at this rating does
not limit the use of the diesel generator unit at its
continuous rating) of 110 percent of the continuous
load rating for a 2-hour period out of any 24-hour
period, without exceeding the manufacturer's design
limits and without reducing the maintenance interval
established for the continuous rating
be available following the loss of the preferred power
supply within a time consistent with the requirements
of the safety function under normal and accident
conditions
have stored energy (fuel) at the site in its own storage
tank with the capacity to operate the standby diesel
generator power supply, while supplying post-accident
power requirements to a unit for seven days
have stored energy (fuel) at the site in its own day tank
with the capacity to operate the standby diesel
: generator power supply while supplying post-accident
power requirements for 8 hours

•

be capable of carrying its continuous load rating for 22
hours following 2 hours of operation at its short time
rating

•

start from each automatic and remote manual signal
and then accelerate to rated voltage and frequency, and
then properly sequence its loads if there is no offsite
power available or operate at no load if offsite power
is available

•

start but not sequence its loads by a local manual start
signal

•

be capable of being manually
ac external electric power

•

be capable of automatic acceleration to rated voltage
and frequency without ac external electric power

•

be capable of allowing the bus to be manually
energized without ac external electric power

started without

GE also indicated that
•

•

•

have a fuel transfer system with the capability of
automatically replenishing the day tank from the
storage tank such that the 8-hour fuel capacity of the
day tank is maintained
be capable of operating in its service environment
during and after any design-basis event, without
support from the preferred power supply
be capable of starting, accelerating, and being loaded
with the design load, within an acceptable time
-

from the diesel engine's normal standby condition

-

with no cooling available, for a time equivalent to
that required to bring the cooling equipment into
service with energy from the diesel generator unit

-

•

•

on a restart with an initial engine temperature equal
to the continuous rating full load engine temperature

be capable of accepting design load following operation
at light or no load for a period of 4 hours
be capable of maintaining voltage and frequency at the
generator terminals within limits that will not degrade
the performance of any of the loads comprising the
design load below their minimum requirements,
including the duration of transients caused by load
application or load removal

NUREG-1503

•

the maximum loads expected to occur for each division
(according to nameplate ratings) will not exceed
90 percent of the continuous power output rating of the
diesel generator

•

each diesel generator's air receiver tanks will have
sufficient capacity for five starts without recharging

•

following one unsuccessful automatic start of the diesel
generator with and without ac external power, each
diesel generator's air receiver tanks will have sufficient
air remaining for three more successful starts without
recharging

•

automatic load sequence will begin at £. 20 seconds
and will end at ^ 65 seconds

•

following application of each load during load
sequencing, voltage will not drop more than 25 percent
from nominal voltage measured at the bus

•

following application of each load during load
sequencing frequency will not drop more than 5 percent
from nominal frequency measured at the bus

•

frequency will be restored to within 2 percent of
nominal, and voltage will be restored to within
10 percent of nominal within 60 percent of each load
sequence time interval
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•

during recovery from transients caused by step load
increases or resulting from the disconnection of the
largest single load, the speed of the diesel generator
unit will not exceed the nominal speed plus 75 percent
of the difference between nominal speed and the
overspeed trip setpoint or 115 percent of nominal,
whichever is lower

•

the transient following the complete loss of load will
not cause the speed of the unit to attain the overspeed
trip setpoint.

•

bus voltage and frequency will recover to 6.9 kVj^lOpercent at 60±2-percent Hz within 10 seconds
following trip and restart of the largest load

•

each of the above design commitments will have the
capability of being periodically verified

that GE specified in a future SSAR amendment that the
COL applicant will include these periodic tests and analysis
in appropriate plant procedures was DFSER
(SECY-92-349) COL Action Item 8.3.8.4-1. GE included
this action item in 8.3.4.36 of SSAR Amendment 32,
which is acceptable.
gt«t time for tltt d i w l generators
As part of DSER (SECY-91-355) Open Item 67, the staff
identified inconsistencies between Sections 8.3.1.1.8.2 and
8.3.1.1.8.3 of SSAR Amendment 10 with regard to the
design capability of the diesel generator to start and attain
rated voltage and frequency. Section 8.3.1.1.8.2 of SSAR
Amendment 10 indicated a 13-second design capability,
while Section 8.3.1.1.8.3 indicated a 20-second capability.

GDC 17 of 10 CFR Part 50, Appendix A, requires that the
Class IE ac standby power supply (the diesel generator
power supply) have sufficient (1) capacity arid capability to
permit safety systems to perform their required safety
function and (2) testability to perform their safety functions
assuming a single failure. GDC 18 of 10 CFR Part 50,
Appendix A, requires that the Class IE ac standby electric
power system be designed (1) to permit appropriate
periodic inspection and testing of important areas and
features (such as wiring, insulation, connections, and
switchboards) to assess the continuity of the systems and
me condition of their components, (2) the capability to test
periodically the operability and functional performance of
the components of the systems, and (3) the capability to
test periodically the operability of the systems as a whole
and (under conditions as close to design as practical) the
full operation sequence that brings the systems into
operation. The staff concludes that a diesel generator
power supply design that meets the above described
commitments will have sufficient capacity and capability to
supply required loads and will be testable. The design,
therefore, meets the above defined requirements of
GDC 17 and 18 of 10 CFR Part 50, Appendix A, and is
acceptable. Verification that GE has revised the SSAR to
include the above design commitments in a future SSAR
amendment was DFSER (SECY-92-349) Confirmatory
Item 8.3.8.4-1. GE has included these commitments in
Sections 8.1.3.1.1.3, 8.3.1.1.8.2, 8.3.1.1.8.3, and
8.3.1.1.8.6 of SSAR Amendment 32, which is acceptable.
Therefore, this item is resolved.
GE indicated that each ot the above design commitments
will be verified periodically and that testing or analysis will
be performed periodically to demonstrate the capability of
the diesel generator to supply the actual full design basis
load current for each sequenced load step. Verification

GE's SSAR Amendment 17 corrected the inconsistency by
changing the 13-seconds start time for the diesel generator
to 20 seconds, with the sequence start times for loads
changing accordingly. GE indicated that this change was
made to be consistent with EPRI/advanced light water
reactor requirements.
GE indicated that the accident analysis requires the residual
heat removal (RHR) and HPCF injection valves to be open
36 seconds after the receipt of a high drywell or low
reactor vessel level signal. Since the motor operated
valves are not tripped off the buses, they start to open (if
requested to do so by their controls) when power is
restored to the bus at 20 seconds. This gives them an
allowable travel time of 16 seconds.
Changing the allowable start time for the diesel generator
from 13 to 20 seconds has changed the allowable travel
time for the RHR and HPCF injection valves to move from
the close to open position from 23 to 16 seconds. GE
indicated that this reduction to a 16 second travel or
opening time is attainable for the RHR and HPCF injection
valves. The staff therefore concluded that the longer start
time for the diesel generator is within the accident analysis
limits and is acceptable. GE included this information in
Section 8.3.1.1.8.2 of SSAR Amendment 32, which is
acceptable. Therefore, this item is resolved.
LOTd gequencjng pn foe Pjesel generator following a
LQCA with H delayed LQPP
This section addresses, in part, the staffs evaluation of
GE's response to DSER (SECY-91-355) Open Item 28 and
DFSER (SECY-92-349) Confirmatory Item 8.2.3.2-1.
As noted in Section 8.2.3.2 of this report, the diesel
generator may be overloaded if there is a LOCA with a
delayed LOPP.
Section 8.3.1.1.7(3) of SSAR
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Amendment 21, LOPP following LOCA, indicated that all
loads that have been connected to the Class IE bus and are
operating from the offsite power supply in response to the
LOCA will be connected, in one block load, to the standby
diesel generator (operating at no load due to the LOCA) if
there is a LOPP. The staff was concerned that the diesel
generator may not have sufficient capacity to supply, in
one block, the loads which may be operating on the
Class IE bus following a LOCA with a delayed LOPP.

required safety function and (2) testability to perform their
safety functions assuming a single failure. ODC 18 of
10 CFR Part SO, Appendix A, requires that the Class IE
CVCF power supply systems be designed (1) to permit
appropriate periodic inspection and testing of important
areas and features (such as wiring, insulation, connections,
and switchboards) to assess the continuity of the systems
and the condition of their components, (2) the capability to
test periodically the operability and functional performance
of the components of the systems, and (3) the capability to
test periodically the operability of the systems as a whole
and (under conditions as close to design as practical) the
full operation sequence that brings the systems into
operation. The staff concludes that a CVCF power supply
design that meets the above commitments will have sufficient capacity and capability to supply required loads and
will be testable. The design, therefore, meets the above
defined requirements of GDC 17 and 18 of 10 CFR
Part SO, Appendix A, and is acceptable.

Subsequently, OE indicated that the diesel generator
breaker will not close until after large motors loads are
tripped. Thus, loads will be reloaded onto the bus in a
controlled sequence which will not overload the diesel
generator power supplies.
If there is a LOCA with a delayed LOPP, if there is a
coincident LOCA and LOPP, or if there is a LOPP with
a subsequent LOCA, the staff concludes that a diesel
generator power supply design that meets the above
commitments (as clarified) will have sufficient capacity and
capability to supply required loads for all modes of plant
operation and will be testable. The design, therefore,
meets the above defined requirements of ODC 17 and 18
of 10 CFR Part SO, Appendix A, and is acceptable. OE
has included the above clarification in Section 8.3.1.1.7 of
SSAR Amendment 32, which is acceptable. Therefore,
this item is resolved.

Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.8.S-1. GE has
included these commitments in Section 8.3.1.1.4.2.1 of
SSAR Amendment 32, which is acceptable. Therefore,
this item is resolved.
GE also indicated that the above capacity commitment for
the CVCF power supplies will periodically be verified.
Verification that GE specified in a future SSAR
amendment that the COL applicant will include these
periodic tests in appropriate plant procedures was DFSER
(SECY-92-349) COL Action Item 8.3.8.S-1. GE included
this action item in Section 8.3.4.34 of SSAR
Amendment 32, which is acceptable.

Cwiified Pcsjgn Material
DFSER (SECY-92-349) Open Item 8.3.8.4-1 was related
to the design description and the ITAAC for the capacity
and capability of the Class IE ac standby power system.
The adequacy and acceptability of the ABWR design
descriptions and ITAAC are evaluated in Chapter 14.3 of
this report. Therefore, this item is resolved.

Certified pesjgn Material
DFSER (SECY-92-349) Open Item 8.3.8.S-1 related to the
design description and the ITAAC for the capacity of the
CVCF power supplies. The adequacy and acceptability of
the ABWR design descriptions and ITAAC are evaluated
in Chapter 14.3 of this report. Therefore, this item is
resolved.

8.3.8.5 Constant Voltage Constant Frequency Power
Supply Capacity
Based on information presented in the draft SSAR revision
dated April 3, 1992, and discussions; GE indicated that
each of the four redundant Class IE CVCF power supplies
will have a capacity based on the largest combined
demands of the various continuous loads, plus the largest
combination of noncontinuous loads that would likely be
connected to the power supply simultaneously during
normal or accident plant operation, whichever is higher.
The design will also permit periodic verification of this
capacity for each of the CVCF power supplies.

8.3.8.6 Battery Charger

ODC 17 of 10 CFR Part SO, Appendix A, requires that the
Class IE CVCF power supplies have sufficient (1) capacity
and capability to permit safety systems to perform their
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Based on information presented in the draft SSAR revision
dated April 3, 1992, and discussions, GE indicated that
each of the four redundant Class IE dc battery chargers
will have sufficient capability and will be testable. The
battery chargers will have a capacity based on the largest
combined demands of the various continuous steady-state
loads, plus charging capacity to restore the battery from
the design minimum charge state to the fully charged state
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within the time stated in the design-basis, regardless of the
status of the plant during which these demands occur. The
dc battery chargers will have a disconnecting device in the
incoming ac power feed and in its dc-power output circuit
for isolating the charger. The dc battery chargers will be
designed to prevent the ac power supply from becoming a
load on the battery. The dc battery chargers will also have
provisions to isolate transients from the ac system from
affecting the dc system and; conversely, provisions will be
included to isolate transients from the dc system from
affecting the ac system. The dc battery charger system
will be sized in accordance with the guidelines defined in
Section 6.1 of IEEE 946-1985 for establishing the required
rating for battery chargers. The design of the dc system
will include the capability to periodically verify the
required capacity for each of the battery charger power
supplies.

Item 8.3.8.6-1.
OE included this action item in
Section 8.3.4.35 SSAR Amendment 32, which is acceptable.
Certified Design Material
DFSER (SECY-92-349) Open Item 8.3.8.6-1 related to the
design description and the ITAAC for the capacity of the
battery charger. The adequacy and acceptability of the
ABWR design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report. Therefore, this item is
resolved.
8.3.8.7 Distribution Systems

GDC 17 of 10 CFR Part 50, Appendix A, requires that the
Class IE battery chargers have sufficient (1) capacity and
capability to permit safety systems to perform their
required safety function and (2) testability to perform their
safety functions assuming a single failure. ODC 18 of
10 CFR Part 50, Appendix A, requires that the Class IE
dc system battery chargers be designed (1) to permit
appropriate periodic inspection and testing of important
areas and features (such as wiring, insulation, connections,
and switchboards) to assess the continuity of the systems
and the condition of their components, (2) the capability to
test periodically the operability and functional performance
of the components of the systems, and (3) the capability to
test periodically the operability of the systems as a whole
and (under conditions as close to design as practical) the
full operation sequence that brings the systems into
operation. The staff concludes that a dc system battery
charger design that meets the above described
commitments will have sufficient capacity and capability to
supply required loads and will be testable. The design,
therefore, meets the above defined requirements of
ODC 17 and 18 of 10 CFR Part 50, Appendix A, and is
acceptable.
Verification that OE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.8.6-1. OE has
included these commitments on Figure 8.3-4 and in
Sections 8.3.2.1.1 of SSAR Amendment 32, which is
acceptable. Therefore, this item is resolved.
OE also indicated that the above capacity commitment for
the battery charger power supplies will be periodically
verified. Verification that OE specified in a future SSAR
amendment that the COL applicant will include this
periodic testing of the battery capacity in appropriate plant
procedures was DFSER (SECY-92-349) COL Action

Based on information presented in the draft SSAR revision
dated April 3, 1992, and discussions, GE indicated that
each Class IE distribution circuit will be capable of
transmitting sufficient energy to start and operate all
required loads in that circuit for all plant conditions
described in the design basis. GE also indicated that the
design will also permit periodic verification of this
required capacity for each distribution circuit.
ODC 17 of 10 CFR Part 50, Appendix A, requires that the
Class IE distribution system have sufficient (1) capacity
and capability to permit safety systems to perform their
required safety function and (2) testability to perform their
safety functions assuming a single failure. GDC 18 of
10 CFR Part 50, Appendix A, requires that the Class IE
distribution systems be designed (1) to permit appropriate
periodic inspection and testing of important areas and
features (such as wiring, insulation, connections, and
switchboards) to assess the continuity of the systems and
the condition of their components, (2) the capability to test
periodically the operability and functional performance of
the components of the systems, and (3) the capability to
test periodically the operability of the systems as a whole
and (under conditions as close to design as practical) the
full operation sequence that brings the systems into
operation.
The staff concludes that a Class IE distribution system
design that meets the above described commitments will be
capable of supplying sufficient energy to Class IE safety
system loads for their operation, and will be capable of
being tested. The design, therefore, meets the above
defined requirements of GDC 17 and 18 of 10 CFR
Part 50, Appendix A, and is acceptable.
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Verification that GE provided the above design
commitments in a future SSAR amendment was DFSER
(SECY-92-349) Confirmatory Item 8.3.8.7-1. GE has
included these commitments in Sections 8.3.1.1.5(2) and
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8.3.3.2 of SSAR Amendment 32, which is acceptable.
Therefore, this item is resolved.

safety-related shutdown loads can be connected (via my
one of the Class IE 6.9 kV buses) from the main
control room within ten minutes

OE also indicated that the above capacity commitment for
each distribution circuit will periodically be verified.
Verification that OE has specified in & future SSAR
amendment that the COL applicant will include this
periodic testing in appropriate plant procedures was
DFSER (SECY-92-349) COL Action Item 8.3.8.7-1. OE
included this action item in Section 8.3.4.30 of SSAR
Amendment 32, which is acceptable.

•

be a self-contained unit equipped with its own auxiliary
control and support systems such that external ac power
is not required for its operation

•

be physically and electrically independent and diverse
from the Class IE standby diesel generators such that
weather-related failures, common cause failures, or
single point vulnerabilities are minimized to the extent
practicable

•

be electrically isolated from each 6.9 kV bus by two
normally open circuit breakers in series (one Class IE
and one non-Class IE) ,

•

require DC control power from the Class IE and nonClass IE dc power systems so that the AAC power
source can be connected to the Class IE 6.9 kV bus (to
close the two normally open circuit breakers) from the
control room within the 10 minute time requirement

•

be capable of operating during and after a station
blackout without any ac support systems powered from
the preferred power supply or the blacked-out units
Class IE power sources affected by the event

•

have sufficient capacity and capability to power one
safety-related bus within 10 minutes of the onset of a
station blackout, such that the plant safety systems will
be capable of maintaining core cooling and containment
integrity

•

not normally or automatically be connected to the offsite power sources or the on-site Class IE 6.9 kV
buses thus minimizing the possibility of a common
cause failure

•

be designed to assume non-safety plant investment
protection (PIP) loads automatically, to shed loads
manually, and assume safety system loads manually
while maintaining voltage and frequency within design
requirements of safety system loads

•

be capable of powering required shutdown loads with
margin

•

be capable of powering HVAC systems, chillers,
battery chargers, and other support/auxiliary equipment
during the station blackout event such that the
environment during and following a station blackout
event will not exceed the environment for which the

fortified Pttim Material
DFSER (SECY-92-349) Open Item 8.3.8.7-1 related to the
design description and the ITAAC for capacity of
distributions systems, the adequacy and acceptability of
the ABWR design descriptions and ITAAC are evaluated
in Chapter 14.3 of this report. Therefore, this item is
resolved.
8.3.9 Station Blackout (SBO)
In SECY-90-016, dated January 12, 1990, the staff
recommended that the Commission approve its position
that a diverse, AAC source, be provided for SBO in
evolutionary LWRs. In; its June 26, 1990, SRM, the
Commission approved the staffs position.
In response to the above staff position and DFSER
(SECY-92-349) Confirmatory Items 8.3.9.1-1, 8.3.9.2-1,
and 8.3.9.3-1 and open items 8.3.9.1-1, 8.3.9.2-1, and
8.3.9.3-1, GE indicated that they planned to change their
commitment for meeting the SBO rule from a design that
met the SBO rule through the use of coping to a design
that meets the SBO rule through the use of an alternate ac
(AAC) power source in accordance with NRC Policy Issue
SECY-90-016.
In an SSAR draft version dated July 2,1993, GE indicated
in accordance with RG 1.1 IS, that the AAC power source
will

•

beaCTG

•

be capable of automatically starting, accelerating to
rated speed, of reaching nominal voltage, and to begin
accepting load within two minutes of receipt of its start
signal

•

be capable of being manually connected to Class IE
6.9 kV buses and safety-related loads

•

be capable of being manually reconfigured such that
non safety investment protection loads can be shed and
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In addition, GE indicated that required plant core cooling
and containment integrity during the station blackout
duration (10 minutes) will not depend on any ac power
sources.

equipment is designed and the habitable environment
for personnel
•

undergo factory testing, similar to the Class IE standby
diced generator, to demonstrate its ability to reliably
start, accelerate to rated speed, voltage, and supply
power within two minutes

Section 50.63(c)(2) of 10 CFR Part SO requires (1) die
time required for startup and alignment of the AAC to
required shutdown equipment be demonstrated by test,
(2) the ACC source have sufficient capacity and capability
to permit required shutdown equipment to perform their
required function, and (3) the AAC can be started and
aligned within 10 minutes to the buses that distribute
power to required shutdown equipment.

•

be subject to site acceptance testing, periodic
preventive maintenance, inspection, testing and
operational reliability assurance program goals

•

be designed to quJity assurance requirements
commensurate with its importance to safety

•

be located above the maximum flood level in the
turbine building

•

be provided with an oil storage and transfer system that
will be physically and mechanically independent of the
Class IE standby diesel generator oil storage and
transfer system

•

have its fuel sampled and analyzed consistent with
applicable standards

•

have sufficient fuel oil stored on-site to support 7 days
operation

•

be capable of being periodically inspected, tested, and

The staff concludes that a design, which meets the above
described commitments, will have sufficient capacity,
capability, and testability to provide power to required
shutdown loads within specified station blackout time
limitations. The design, therefore, meets the above
defined requirements of Section 50.63(c)(2) of 10 CFR
Part 50 and is acceptable. GE has included the ifcov*
design commitments in Section 8.3.1.1.7(9) of SSAR
Amendment 32, which is acceptable.
GE also indicated that the COL applicant must include
periodic testing and/or analysis to verify the adequacy of
the CTG to meet AAC requirements for station blackout in
appropriate plant operating procedures. GE included this
requirement in Section 9.5.13.19 of SSAR Amendment 32,
which is acceptable.

Certified Design Material
The adequacy and acceptability of the ABWR design
descriptions and ITAAC for the AAC are evaluated in
Section 14.3 of this report.

8-65

NUREG-1503

9 AUXILIARY SYSTEMS
9.1 Fuel Storage and Handling

and thus are protected from internally-generated missiles
and the effects of pipe breaks by physical separation.
Applicants referencing the ABWR design will be required
to provide features which prevent placement of a new fuel
assembly in other than its prescribed location. Because the
racks are freestanding (i.e., no supports above the base of
the racks), the racks and rack support structure provide the
necessary dynamic stability for the racks, thus preventing
them from tipping.

9.1.1 New Fuel Storage
The staff reviewed the new fuel storage capability in
accordance with Standard Review Plan (SRP)
Section 9.1.1. Staff acceptance of the new fuel storage
facility design is based on the design meeting the
requirements of General Design Criteria (GDC) 2 as it
relates to the ability of structures housing the facility and
the facility itself to withstand the effects of natural
phenomena such as earthquakes; the position in Regulatory
Guide (RG) 1.29, "Seismic Design Classification,"
Revision 3, Section C, which lists the systems which need
to be designed to operate following a safe shutdown
earthquake (SSE); GDC 5 as it relates to shared structures,
systems, and components (SSCs) important to safety being
capable of performing required safety functions; GDC 61
as it relates to the facility design for fuel storage; and
GDC 62 as it relates to the prevention of criticality.

The new fuel racks are designed to ensure that k ^ does
not exceed 0.95 under all normal and abnormal conditions.
The standard safety analysis report (SSAR) states that the
new fuel storage racks are purchased equipment. In the
draft safety evaluation report (DSER) (SECY-91-235),
interface requirements were identified for the combined
license (COL) applicant to provide:

New fuel storage is provided in the new fuel storage vault
located in the reactor building. The vault will contain
storage racks for up to 40 percent of one full core fuel
load. New fuel normally will be in dry storage; however,
the storage racks can be used in either a wet or dry mode.
The storage racks, vault, and the reactor building that
houses the facilities are designed to seismic Category I criteria. The reactor building also is designed to provide protection against flooding and tornado missiles as evaluated
in Sections 3.4.1 and 3.5.2 of this report, respectively.
Therefore, the design satisfies the requirements of GDC 2
and the guidelines of Position C.l of RG 1.29, Revision 3
because the reactor building provides the required protection.

•

An analysis of design details that prevent inadvertent
placement of a fuel assembly in other than prescribed
locations.

•

Confirmatory dynamic and impact analyses. The input
excitation for these analyses should utilize the
horizontal and vertical response spectra provided in
SSAR Section 3A. 10.2.

•

An analysis showing that the design of the new fuel
storage racks will be such that k will not exceed 0.98
with a fuel load of the highest anticipated reactivity,
assuming optimum moderator conditions (foam, small
droplets, spray, or fogging), as described in SRP
Section 9.1.1.
cfT

In the DSER, the staff identified these requirements as
Interface Information Items 28 and 29. They were later
reclassified as Open Item 9.1.1-1 in the draft final safety
evaluation report (DFSER). Upon further evaluation, the
staff determined that these requirements can be
accomplished by COL actions and are not needed for
design certification. SSAR Sections 9.1.6.1 and 9.1.6.2
state that the COL applicant shall provide a confirmatory
criticality analysis and dynamic and impact analyses of the
new fuel storage racks. This is acceptable as information
which will be evaluated during the COL review. On the
basis of the above, DFSER Open Item 9.1.1-1 and DSER
Interface Information Items 28 and 29 are resolved.
Therefore, the staff concludes that design commitments in
the SSAR meet GDC 62 as it relates to prevention of
inadvertent criticality for fuel storage facilities.

The ABWR is designed as a single-unit facility.
Therefore, the requirements of GDC 5 regarding the
sharing of SSCs are not applicable. An application for a
multi-unit facility will require review of the design for
compliance with GDC 5.
The facility is designed to store unirradiated, low-emission
fuel assemblies. Accidental damage to the fuel would
release only minor amounts of radioactivity. These
amounts would be treated by the standby gas treatment
system (SGTS) which will limit any possible release of
radioactivity from a fuel- handling accident to below
acceptable values.
Thus, the design meets the
requirements of GDC 61 regarding appropriate
containment, confinement, and filtering systems for a fuel
storage facility.

In the DFSER, the staff requested GE to provide adequate
design description and inspections, tests, analyses, and
acceptance criteria (ITAAC) for the new fuel storage
facility. This was part of DFSER Open Item 9.1.2-2. GE

The new fuel racks are not located near any high-energy
lines, rotating machinery, or non seismic Category I SSCs
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submitted a revised set of design description and ITAAC.
The adequacy and acceptability of the design description
and the ITAAC are evaluated in Section 14.3 of this
report. On the basis of the above, the applicable part of
DFSER Open Item 9.1.2-2 is resolved.

The reactor building housing the facility is designed to
seismic Category I criteria, as are the storage racks and
other fuel storage facilities, including the gates between the
spent fuel pool and other areas.
In the DSER
(SECY-91-235), the staff commented on the lack of
information in the SSAR regarding the seismic
classification of the spent fuel pool liner. This was DSER
Open Item 44. Table 3.2-1 of the SSAR states that the
liner will be seismic Category I. This meets the guidelines
of SRP Section 9.1.2 and resolved DSER Open Item 44.

The new fuel facility includes the fuel assembly storage
racks and the concrete storage vault that contains the
storage racks. The staff reviewed the applicant's proposed
design criteria, design bases, and seismic classification for
the new fuel storage facility related to the provisions
necessary to maintain a subciitical array. The staff
concludes that the design of the new fuel storage facility
and supporting systems is acceptable and meets the
requirements of GDC 2 as it relates to the ability of
structures housing the facility (the reactor building) and the
facility itself (designed to seismic Category I) to withstand
the effects of natural phenomena such as earthquakes and
ODC 61 as it relates to the facility design for fuel storage.
GE adequately incorporated a COL action item requiring
the applicant referencing the ABWR to provide information
to ensure compliance with GDC 62 during the COL
review. Therefore, the staff concludes that the design and
related commitments comply with the guidelines of SRP
9.1.1 and are acceptable.

Applicants referencing the ABWR design will be required
to provide features which prevent placement of a spent fuel
assembly in other than its prescribed location. Because the
racks are freestanding (i.e., no supports above the base of
the racks) the racks and rack support structure provide the
necessary dynamic stability for the racks, thus preventing
them from tipping.
The reactor building is also designed to provide protection
against flooding and tornado missiles as discussed in SSAR
Sections 3.4.1 and 3.5.2 and evaluated in Sections 3.4.1
and 3.5.2 of this report. Therefore, the design satisfies the
requirements of GDC 2 for protection of safety-related
SSCs from natural phenomena and the guidelines of Position C.3 of RG 1.13, "Spent Fuel Storage Facility Design
Basis," Revision 1, Positions C.l andC.2ofRG 1.29, and
Positions C.l through C.3 of RG 1.117, "Tornado Design
Classification," Revision 1.

9.1.2 Spent Fuel Storage
The staff reviewed the ABWR spent fuel storage facility in
accordance with the guidelines of SRP Section 9.1.2 to
verify that is meets the requirements of GDC 2 as it relates
to structures housing the facility and the facility itself being
capable to withstand the effects of natural phenomena;
GDC 4 as it relates to structures housing the facility and
the facility itself being capable of withstanding the effects
of environmental conditions, missiles, pipe whip, and jet
impingement forces associated with pipe breaks; GDC 5 as
it relates to shared SSCs important to safety being capable
of performing required safety functions, GDC 61 as it
relates to the facility design for fuel storage and handling
of radioactive materials, GDC 62 as it relates to prevention
of criticality, and GDC 63 as it relates to monitoring
systems to detect conditions that could result in the loss of
decay heat removal capabilities, to detect excessive
radiation levels, and to initiate appropriate safety actions.

The spent fuel pool is not located near any high-energy
lines, rotating machinery, or non seismic Category I SSCs,
and thus is protected from internally-generated missiles and
the effects of pipe breaks by physical separation. The
reactor building provides protection against externally
generated missiles. Therefore, the design of the spent fuel
facility satisfies GDC 4 and Positions C.l through C.3 of
RG 1.117.
The ABWR is designed as a single-unit facility.
Therefore, the requirements of GDC 5 regarding the
sharing of SSCs are not applicable. An application for a
multi-unit facility will require review of the design for
compliance with GDC 5.
Accidental damage to the fuel could release radioactive
material. These amounts would be treated by the SGTS to
limit any possible release of radioactivity from a
fuel-handling accident to below acceptable values. Thus,
the design meets the requirements of GDC 61 regarding
appropriate containment, confinement, and filtering
systems.

The spent fuel storage facility consists of fuel storage racks
contained in the spent fuel storage pool in the reactor
building. The spent fuel pool can store 270 percent of one
full core load, in accordance with American Nuclear
Society (ANS) 57.2 for the capacity of a single-unit facility. As stated in SSAR Section 9.1.4.2.8, defective fuel
assemblies are placed in special fuel storage containers
which are stored in equipment storage racks. Both the
containers and the racks are designed for defective fuel.
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an array that limits k ^ to 0.95 or less under all normal
and abnormal conditions, such as a dropped fuel assembly,
earthquake, or stuck fuel assembly. The SSAR specifies
me design requirements.

the above, the applicable part of DFSER Open
Item 9.1.2-2 is resolved.
The spent fuel storage facility includes the spent fuel
storage racks and the spent fuel storage pool that contains
the racks. The staff reviewed the design criteria, design
bases, and safety classification for the spent fuel storage
facility and the provisions necessary to maintain a
subcritical array. The staff concludes that the design and
related commitments of the spent fuel storage facility and
supporting systems conform with the Commission's regulations as set forth in GDC 2, 4, 5, 61, and 63. GE
adequately incorporated a COL action item requiring the
applicant referencing the ABWR to submit information to
ensure compliance with GDC 62.

In the DSER (SECY-91-235), the staff included interface
requirements, that the COL applicant's purchase
specification for the spent fuel storage racks should require
the vendor to submit:
•

Confirmatory criticality analysis, including the
uncertainty value and associated probability and
confidence level for the k value determined by the
analysis.
cff

•

Confirmatory load drop analysis, including the free fall
of a fuel assembly and its associated handling tool.

The staff concludes that the spent fuel storage design and
commitments meet the guidelines of SRP 9.1.2 and the
requirements of GDC 2 as it relates to structures housing
the facility and the facility itself being capable of
withstanding the effects of natural phenomena; GDC 4 as
it relates to structures housing the facility and the facility
itself being capable of withstanding the effects of
environmental conditions, missiles, pipe whip, and jet
impingement forces associated with pipe breaks; GDC 5 as
it relates to shared SSCs important to safety being capable
of performing required safety functions; GDC 61 as it
relates to the facility design for fuel storage and handling
of radioactive materials; GDC 62 as it relates to prevention
of inadvertent criticality; and GDC 63 as it relates to
monitoring systems to detect conditions that could result in
the loss of decay heat removal capabilities, to detect
excessive radiation levels, and to initiate appropriate safety
actions. The design and related commitments, therefore,
are acceptable.

These were identified as Interface Information Item 30 in
the DSER and later reclassified as Open Item 9.1.2-1 in
the DFSER. Upon further evaluation, the staff determined
that these requirements can be accomplished by COL
actions and are not needed to be met for design
certification. SSAR Sections 9.1.6.3 and 9.1.6.4 state that
the COL applicant shall provide a confirmatory criticality
analysis and load drop analysis of the spent fuel storage
racks. This is acceptable. On the basis of the above,
DFSER Open Item 9.1.2-1 and DSER Interface Information Item 30 are resolved. Therefore, the staff concludes
that the design and associated commitments meet GDC 62
as it relates to prevention of inadvertent criticality.
In the DSER, the staff determined that the design of the
storage pool includes the provisions for radiation monitoring systems described in SSAR Section 11.5 that satisfy,
in part, the requirements of GDC 63 regarding the
monitoring of spent fuel.
In the DSER, the staff
identified, as Open Item 45, a lack of information
regarding pool level indication.
Subsequently, GE
provided additional information which states that the pool
level will be monitored and alarmed (on high and low
level) locally and in the control room. Leakage flow
detectors in the pool drains and pool liners are also
provided and alarmed in the control room. The staff
concludes that these provisions will provide adequate
nionitoring capability and meet the requirements of
GDC 63. Therefore, DSER Open Item 45 is resolved.

9.1.3 Spent Fuel Pool Cooling and Cleanup System
The staff reviewed the spent fuel pool cooling and cleanup
(FPC) system and its makeup system in accordance with
SRP Section 9.1.3 to verify that they meet the
requirements of GDC 2 as it relates to structures housing
the system and the system itself being capable of withstanding the effects of natural phenomena; GDC 4 as it
relates to structures housing the system and the system
itself being capable of withstanding the effects of external
missiles; GDC 5 as it relates to shared SSCs important to
safety being capable of performing required safety
functions; GDC 44 as it relates to the system's ability to
reliably transfer heat loads from safety-related SSCs
(including suitable redundancy and isolability); GDC 45
and 46 as they relate to inspection and functional testing,
respectively; GDC 61 as it relates to the facility design for
fuel storage and handling of radioactive materials; GDC 63
as it relates to monitoring systems provided to detect

In the DFSER, the staff requested GE to provide adequate
design description and the ITAAC relating to the spent fuel
storage facility.
This was part of DFSER Open
Item 9.1.2-2. Subsequently, GE provided a revised set of
design description and ITAAC. The adequacy and
acceptability of the design description and the ITAAC are
evaluated in Section 14.3 of this report. On the basis of
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The FPC system is housed in the reactor building
(secondary containment area), a seismic Category I
structure designed to protect against flood and tornado
missiles. Thus, the system meets Position C.2 of RG 1.13
for protection of this support system for the fuel storage
facility from natural phenomena such as tornados, winds,
and externally-generated missiles.

conditions that could result in the loss of decay heat
removal capabilities, to detect excessive radiation levels,
and to initiate appropriate safety actions; and 10 CFR
Part 20 as it relates to keeping radiation doses as low as
reasonably achievable (ALARA).
The FPC system is a non-safety-related system designed to
remove dec&y heat generated by spent fuel assemblies in
the spent fuel storage pool; to maintain water quality and
clarity; and to remove corrosion products, fission products,
and other impurities from the pool water. The system
consists of all components and piping from the system inlet
at the fuel pool to the system outlet at the fuel pool, piping
used to carry the fuel pool makeup water, and the cleanup
filter/demineralizers (shared with the suppression pool
cleanup (SPCU) system) to the point of discharge to the
radwaste system. Specifically, the system includes two
50-percent capacity circulating pumps, two 50-percent
capacity heat exchangers, two filter/demineralizers, one
postdemineralizer strainer, two skimmer surge tanks,
piping, valves, controls, and instrumentation. Hie pool
water is circulated by means of overflow through skimmers
around the periphery of the pool and a scupper at the end
of the transfer canal; the overflow is collected in the surge
tanks. Normally, one of the two circulating pumps draws
water from these tanks and discharges it through
a common header to either of two filter/demineralizers
connected in parallel. System flow then passes through
two heat exchangers in parallel, cooled by water from the
reactor building cooling water (RCW) system, and returns
to the spent fuel storage pool. The system includes a
bypass line around the cleanup portion of the system (the
filter/demineralizers). Circulating pumps can be powered
from the combustion turbine generators (CTGs) if normal
power is not available.

Normal makeup water is supplied to the storage pool by
the non-safety-related makeup water (condensate) system
(MUWC). Backup to the normal makeup will also be
available from the nonsafety-related SPCU system.
Additionally, an emergency safety-related, seismic
Category I makeup water source to the spent fuel pool will
be provided by FPC connections to the residual heat
removal (RHR) system, which draws water from a
safety-related water source, that is, the suppression pool.
FPC system piping from the spent fuel pool to the RHR
system is classified as safety related. In a letter dated July
23, 1990, GE stated that the FPC system, except for the
filter demineralizers, is designed to seismic Category I,
Quality Group (QG) C standards. Although the entire
system is not classified as seismic Category I, QG C
standards, the nonsafety-related portions of the system that
could affect any SSCs important to safety if they failed
during a seismic event, are designed to ensure their integrity under seismic loading. Thus, the system meets Positions C.l and C.2 of RG 1.29 with respect to the seismic
design of the safety-related and nonsafety-related portions
of the system, respectively.
There are no connections to the spent fuel pool that would
cause the pool water to be drained below a safe shielding
level. All lines that connect to the pool and extend below
the safe level of the pool are equipped with siphon
breakers, check valves, or other suitable devices to prevent
inadvertent pool draining.
Drainage paths are
interconnected behind the liner welds. Leakage through
the pool liner is collected in a drain system and transferred
to an equipment drain tank. No piping connections
penetrate the fuel pool liner to the fuel storage pool. The
FPC system is designed so that no single failure, malfunction, or misoperation of the active components will
uncover the stored fuel. Thus, the system meets Position
C.6ofRG1.13.

The requirements of GDC 5 regarding the sharing of SSCs
do not apply because the ABWR is designed as a singleunit facility. An application for a multi-unit facility will
require review of the design for compliance with GDC 5.
Filtering and ion exchange together maintain clarity and
purity of pool water. The filter/demineralizers maintain
total corrosion product metals at 30 parts per billion (ppb)
or less with a pH range of 5.6 to 8.6 at 25 <>C (77 °F) for
compatibility with fuel storage racks and other equipment.
Conductivity is maintained at less than 1.2 micro Siemens
(/tS)/cm (3.0 micro Mho/in.) at 25 °C and chlorides less
than 20 ppb. Maintaining the pool water (purity within
these levels will ensure that there are no adverse chemical
interactions with the fuel storage racks and other pool
equipment supplied by the applicant. Each filter unit in
thefilter/demineralizersubsystem has adequate capacity to
maintain the desired purity of the pool under normal
operating conditions.
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As mentioned above, the ' system includes a seismic
Category I makeup water source that uses a safety-related
piping segment of the FPC system return line. Check
valves in the return lines that lead to the submerged FPC
water return diffusers protect against backflow. Also, the
system includes redundant safety-related isolation devices
to facilitate isolation of the safety-related makeup portion
of the system from the nonsafety-related SPCU system.
The SPCU system makeup uses the same FPC system
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safety-related piping segment that the RHR makeup uses,
and is, therefore, equally vulnerable to a passive failure.
In the DSER (SECY-91-235), the staff noted that such a
failure will also affect the decay heat removal capability of
both the FPC and the RHR systems, because both of these
use the same safety-related piping segment of the FPC
system return line. Subsequently, OE indicated that the
pipe segments are protected from the effects of the failure
of other components and systems. OE also submitted the
results of an analysis that show that given a failure of this
pipe segment, alternative cooling and makeup capabilities
exist that will maintain the pool level and temperature
within acceptable limits. The SSAR Section 9.1.6.10
clarifies the common piping through which FPC, RHR,
and SPCU flow by stating that the COL applicant will
ensure that the RHR system connections are adequately
protected from the effects of pipe whip, internal flooding,
internally-generated missiles, and the effects of a moderate
energy pipe rupture in the vicinity. This is acceptable.
Furthermore, responding to an early staff request (request
for additional information (RAI) Question 410.37), OE
stated that fire hoses will also be available to supply
makeup water to the pool. This is also acceptable. The
staff concludes that the FPC system design meets
Position C.8 of RG 1.13.

by virtue of its location in the reactor building. Also,
SSAR Sections 3.5.1 and 3.6.1, and SSAR Table 3.6-2,
include spent fuel pool cooling for protection against the
effects of missiles and piping failures. The staff noted that
OE's submittal dated June 2, 1989, further stated that the
major components of the FPC system are located in
separately-shielded rooms and that barriers, restraints, and
equipment compartments protect fuel pool cooling
components against failure of high-energy piping systems.
In the DSER (SECY-91-235), the staff stated, as part of
Open Item 46, the need for OE to confirm that the safetyrelated portion of the system is protected from moderateenergy piping failures in the vicinity. The SSAR states
that the safety-related portions of the system are protected
from moderate-energy pipe breaks. This resolved this part
of DSER (SECY-91-235) Open Item 46.
OE also
committed to modify the design of the SOTS to resolve the
part of DSER (SECY-91-235) Open Item 46 associated
with the SOTS design, and include the required ventilation
and filtration system required as an alternative to designing
the entire FPC system as a safety-grade system. Incorporation of the identified changes to the SOTS into the SSAR
was DFSER Confirmatory Item 9.1.3-1.
The staff
reviewed the SSAR and concluded that the SOTS has been
modified to include two redundant safety-grade filter trains
and that the system complies with RO 1.52.
This
modification allows the ABWR FPC system to meet the
alternate design guidance provided in SRP Sections
9.1.3.II.l.a and b. The SSAR clarifies the common piping
through which FPC, RHR, and SPCU flow. SSAR
Section 9.1.6.10 notes that the COL applicant will provide
the protective features for this section of piping. The staff
finds this approach and commitment acceptable.
Therefore, DFSER Confirmatory Item 9.1.3-1 is resolved.

Acceptance Criteria II. 1 .a and b of SRP Section 9.1.3 state
that ODC 2 and 4 need not apply to the FPC system
design if the design includes a safety-related makeup water
system, including its source, and a safety-related fuel pool
area ventilation and filtration system designed in
accordance with the guidelines of RG 1.52. As noted
above, a major portion of the FPC system is not safetyrelated and, therefore, does not meet Position C.l of
RO 1.13. The design relies instead on the SOTS, a
safety-related ventilation and filtration system for the fuel
pool area and relies on a safety-related makeup water
system. In Section 6.5.1 of the DSER (SECY-91-235), the
staff stated that the design of the SOTS had been identified
as Open Item 30 in SECY-91-153 because OE had not
demonstrated its compliance with all the applicable
positions of RO 1.52 (e.g., redundancy of filters in the
SOTS). The staff stated its concerns about, safety-related
makeup capability for the fuel pool and the' SOTS design
in the DSER (SECY-91-235) as part of Open Item 46
(Section 1.8 of the DSER (SECY-91-235) grouped four
concerns of DSER Section 9.1.3 as Open Item 46.).

Based on the discussions above, the staff concludes that the
design of the FPC system and the structures housing the
system meet the criteria in ODC 2 and 4.
The staff based its evaluation of the capability of the FPC
system to handle the decay heat load in the fuel pool on
the guidelines in SRP Section 9.1.2, Paragraphs II.l.d.(4)
and III.l.h. Each of the two FPC system heat exchangers
is rated at 6.91E+9 J/h (6.55E+6 BTU/hr) at the design
temperature of 52 °C (125 °F). Based on an independent
staff calculation of the spent fuel heat load using Branch
Technical Position (BTP) ASB 9-2, the maximum normal
heat load at 150 hours after shutdown is approximately
18E+9 J/h (1.7E+7 BTU/hr). This heat load is based on
the decay heat generated by one refueling load (35 percent
of the core) at equilibrium conditions 150 hours after
shutdown, plus a refueling load at 365 days, and one at
400 days after shutdown in accordance with SRP Section 9.1.3.III. l.h.iv for pools with storage capacity greater
than 1.3 cores. The FPC heat exchangers are inadequately

OE subsequently committed to revise the design of the
SOTS to include a second redundant filter train. Because
the safety-related makeup for the pool is not totally
independent, but relies on the safety-related portion of the
FPC system, ODC 2 and 4 are applicable for that portion
of the FPC system. As stated above, the system is
protected against the effects of adverse natural phenomena
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sized to handle the decay heat load in the fuel pool at ISO
hours after shutdown as outlined by SRP Section 9.1.3,
Paragraphs II.l.d.(4) and IH.l.h, to meet GDC 44. The
heat load beyond the FPC heat exchanger capacity is to be
handled by the RHR system, which includes a segment of
the non-safety-related suction portion of the FPC system
and a safety-related piping segment of the FPC system
return line for performing its decay heat removal function.
The RHR system also supplements the FPC system
capabilities to maintain pool water temperature below
66 °C (ISO °F) under the maximum abnormal heat load,
that is, a full core offload. GE has based the FPC heat
exchanger design on the heat load at 21 days after
shutdown, the time at which the fuel transfer canal can be
closed without requiring supplemental cooling. Independent calculations of the heat load at this time confirm the
GE-calculated value of 12.0E+9 J/h(1.14 x 10 BTU/hr).
At this time after shutdown, the FPC system is adequately
sized to handle the decay heat load of the fuel pool.

independent calculations verify that the results are
representative of the times available to provide additional
makeup. The available time to realign the fire water
system appears to be sufficient to make the configuration
changes. Incorporation of this information into the SSAR
was DFSER Confirmatory Item 9.1.3-2. The SSAR
provides this information which adequately addresses the
part of DSER Open Item 46 (SECY-91-23S) regarding the
use of the RHR system as an integral part of the FPC
system from ISO hours after shutdown to 21 days after
shutdown, and under the conditions of a loss of offsite
power (LOOP) and a single active failure. This resolved
the applicable part of DSER Open Item 46 and DFSER
Confirmatory Item 9.1.3-2. Therefore, the sf iff concludes
that the FPC system design complies with GDC 44
regarding the system's ability to transfer heat from systems
important to safety under both normal and accident
conditions and also complies with the RHR capability and
coolant inventory maintenance requirements of GDC 61.

In the DSER (SECY-91-23S), the staff stated that the FPC
system design does not accommodate any single active
failures. A single heat exchanger has insufficient heat
removal capability to maintain the fuel pool temperature at
an acceptable level at all times. GE also indicated that for
some active single failures, using the RHR system may be
necessary to limit the temperature of the fuel pool to less
than 60 °C (140 °F). As a result, in addition to this
concern, the DSER (SECY-91-23S) identified as part of
Open Item 46, the apparent undersizing of the FPC heat
exchangers for the ABWR. The staff also identified as a
concern the sole reliance on the RHR system to supplement
the FPC system's normal maximum spent fuel heat load
removal capability during certain situations (e.g., all times
preceding 21 days after shutdown and after 21 days when
there is a single active failure coincident with a loss of all
offsite power). To address this concern, the SSAR
provides additional commitments regarding the design of
the RHR connection and alternative makeup capabilities so
that the connection will Ije protected from the effects of
high- energy and moderate-energy pipe breaks, and any
other hazards to limit the likelihood of failure of the SPCU
and RHR spent fuel pool makeup and cooling capability.
The SSAR also addresses the capability to provide
alternative makeup within an acceptable time limit. Fire
water makeup to the spent fuel pool will be available
within 30 minutes after the failure of the fuel pool cooling
capability. GE's analysis showed that the spent fuel pool
would not reach 60 °C (140 °F) under the maximum
normal heat load at 21 days in less than this time. It
concluded that over 6 hours would be required for the pool
to heat up to this level. Under conditions of a full core
off-load at 21 days after shutdown, the time to reach
boiling was estimated to be over 16 hours. The staffs

The pumps, heat exchangers, and the ftlter/demineralizers
are each located in separate shielded rooms within the
secondary containment portion of the reactor building.
Individual components can be isolated from the rest of the
system during operation. The system design allows for
isolation and accessibility of the components. This
complies with the requirements of GDC 61 for shielding,
containment, and confinement.
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One division of the FPC system (pump, heat exchanger,
and filter-demineralizer) is normally in operation. The
second pump will be operated periodically to ensure its
operability or to allow the operating pump to be removed
from service. Periodically, the FPC system components
will be visually inspected. From this discussion, die staff
concludes that the requirements of GDC 45 and 46
regarding the inspection and testing of cooling water
systems are satisfied for the components in the
safety-related portion of the FPC system. The design also
complies with the testing and inspection requirements of
GDC 61.
The components of the FPC system are accessible and can
be isolated to allow for periodic testing. The FPC system
is located within the secondary containment portion of the
reactor building, thus providing adequate containment.
The FPC system contains design features to prevent
reduction in fuel storage coolant inventory under accident
conditions in accordance with Position C.6 of RG 1.13.
The decay heat removal capabilities of the FPC system are
designed to meet the heat load requirements of the fuel
pool at 21 days after shutdown, not the requirements at
ISO hours after shutdown. Use of the RHR system is
required to meet the heat load requirements of the FPC
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system during the period between ISO hours and 21 days
after shutdown. Additionally, as identified in the DSER,
the FPC system is not capable of handling the decay heat
load assuming both a LOOP and a single active failure.
Again the RHR system, in conjunction with the operable
portions of the FPC system, is the system used to meet the
heat load requirements. As indicated previously, OE has
provided information justifying this system arrangement.
The design includes measures to ensure RHR system
operability in the spent fuel cooling mode and alternative
makeup and cooling capabilities. Therefore, the staff concludes that the FPC system meets all requirements of
GDC 61.

4. The safety-related portion of the FPC system complies
with the requirements of GDC 2 for its protection from
the effects of adverse natural phenomena.
5. The cooling portion of the FPC system complies with
the requirements of GDC 45, 46, 61, and 63, for
inspection, w<«ting, and monitoring.
In the DSER (SECY-91-23S), the staff stated that conclusions 1, 2, and 3 are subject to:
1. GE's confirmation of protection of the system's
safety-related portions from the effects of
moderate-energy piping failures in the vicinity. The
SSAR includes a commitment that the COL applicant
will include features to protect the common portion of
FPC piping from pipe and equipment failures. This
commitment is acceptable.

The control room includes instrumentation to monitor the
fuel pool level and temperature and area radiation for the
fuel storage and handling areas. The control room also
includes high and low fuel pool level and high-radiation
alarms. Interconnected drainage paths behind the liner
welds include instrumentation to detect and measure liner
leaks. Several FPC system parameters are also displayed
and recorded in the control room and locally. These
include pump suction pressure and pump flow and system
water discharge temperature. The pump suction pressure
and flow are also alarmed in the control room. These
monitoring and alarming devices enable plant personnel to
quickly begin appropriate safety actions such as erecting
temporary shields to reduce radiation, supplying makeup
water to the pool through a remotely operated valve, and
actuating the SOTS on a high radiation signal on the
refueling floor). Indications of high system temperature
allow the operator to manually bypass system flow from
thefilter-demineralizersto protect the resins from damage.
Thus, the system instrumentation meets the requirements
of GDC 63 regarding the monitoring of fuel storage
facilities and the initiation of appropriate safety actions.

2. Resolution of the staffs concerns relating to (a) the
system's decay heat removal capability, and (b) the
SGTS design as it pertains to the requirement for
redundant filters. The information provided in the
SSAR regarding the capability of the operators to align
the fire water system to supply pool makeup and
cooling and the temperature response of the pool water
after the loss of all cooling, adequately addresses the
staffs concern about the system's decay heat removal
capability. The staffs concern regarding the design of
the SGTS was identified as Confirmatory Item 9.1.3-3
in the DFSER. Subsequently, the SGTS design was
modified (see SSAR Section 6.5.1 for a full discussion
of the SGTS and Section 6.5.1 of this report for the
staff evaluation of the SGTS). As a result of the
design modifications, the staff concludes that the SGTS
provides adequate redundancy.
Therefore,
Confirmatory Item 9.1.3-3 is resolved.

1

Based on its review as discussed above, the staff concludes
the following:

In the DSER, the staff raised the issue of the technical
specification (TS) implications of using the RHR system as
an integral part of the FPC system, as part of Open
Item 46. In the DFSER, the staff stated that GE's
response did not explain how the RHR system can be used
for the maximum normal heat load removal without
violating the TS requirements for availability of the system
for other purposes in Mode 5 (refueling mode). This was
DFSER Open Item 9.1.3-1. Subsequently, GE submitted
information in which it explained mat, during refueling,
containment is not required to be operable unless fuel is
being moved. Therefore, suppression pool cooling and
wetwell/drywell spray is not required while in the refueling
mode. In a situation where augmented fuel pool cooling
may be required, the shutdown cooling function is not
affected since in this mode, the pool gates are removed and
the reactor and spent fuel pool are common. RHR in the

1. Designing the FPC system for the ABWR as a nonsafety-related system, except as stated above, meets the
applicable acceptance criteria of SRP Section 9.1.3.
2. The cooling portion of the FPC system complies with
the requirements of GDC 44 and 61 for decay heat
removal, inspection and testing, containment and
confinement of stored fuel, maintenance of fuel storage
coolant inventory, and shielding requirements.
3. The safety-related portion of the FPC system complies
with the requirements of GDC 4 for its protection from
the effects of missiles and high- and moderate-energy
piping failures in the vicinity.
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showed that, should pool cooling fail with the
maximum abnormal heat load in the pool, it would
take approximately 16 hours for the pool to reach
boiling conditions. This allows sufficient time for
operators to implement manual recovery actions
(manipulation of manual valves, etc.) well before
boiling conditions develop. The system connections
to each of the two residual heat removal (RHR)
system divisions connected to the FPC utilizes a
motor-operated valve (MOV) on the FPC inlet from
the RHR system and a manual valve on the FPC
outlet to the RHR system. The inlet valves are
remotely operated; the outlet valves, however,
require the operator-to manually manipulate the
valves. OE states in the SSAR that these manual
valves will be accessible following an accident in
sufficient time to permit an operator to align the
RHR system to prevent the SFP from boiling.

low-pressure flooder (LPFL) mode may be needed during
refueling. In this case, TS require only two emergency
core cooling system (ECCS) divisions to be operable.
Five divisions are available in the ABWR design to meet
this need (two divisions of high-pressure core flooder
(HPCF) and three divisions of RHR). TS consider an
RHR division aligned in the shutdown cooling mode to be
considered operable if it can be manually realigned to the
LPFL mode. The staff notes that the ABWR design allows
this reconfiguration. Therefore, based on the evaluation
above, the staff concludes that the ABWR design is
capable of providing adequate availability of RHR for all
required heat removal functions during all modes. This
resolved DFSER Open Item 9.1.3-1.
The ACRS inquired about the ability of the ABWR design
to initiate and/or maintain spent fuel pool cooling during
and following an accident, including a LOCA. This
question arose as a result of design concerns identified at
an operating reactor in a 10 CFR Part 21 notification.
Specifically, it was postulated that if a LOCA occurred,
the resulting environmental conditions in the secondary
containment would render the fuel pool cooling and
cleanup system (FPC) equipment inoperable while, at the
same time, preventing implementation of recovery actions.
Should this occur, water in the spent fuel pool would boil,
resulting in excessive condensation leading to flooded
conditions. In addition, boiling conditions could render the
standby gas treatment system (SOTS) inoperable, so that
any radioactive material resulting from failed fuel in the
pool (due to lack of pool cooling) could be released to the
environment without first being processed by the SOTS.

(3)

Two of the three safety-related RHR divisions are
available to provide cooling water to the spent fuel
pool. Either division is sufficient to cool the spent
fuel pool given the worst-case heat load in the pool.
Therefore, given a single failure of an RHR
division, one remaining division can provide spent
fuel pool cooling while the other provides cooling
for the reactor.

(4)

In the unlikely event that pool boiling were to
occur, safety-related makeup water can be provided
from the suppression pool through either of the
MOVs on the FPC inlet from RHR. The resulting
environmental conditions are bounded by the worstcase environmental conditions postulated in the
CUW line break discussed earlier. Each division of
safety-related equipment inside the secondary
containment is physically and electrically separated
to prevent flood conditions from affecting more
than one division of safety-related equipment.

(5)

The system is not safety related except for those
portions from RHR to the FPC system and from the
FPC system to the RHR system. However, the
FPC system is designed to seismic Category I
standards (with the exception of the filterdemineralizers) to ensure it remains functional
during seismic events. Alternative means of power
to the system is available through the combustion
turbine generator (CTG) which is the alternate ac
(AAC) power source for the ABWR design.
Should a loss of preferred power (LOPP) or station
blackout (SBO) occur, the CTG can be used to
provide power to the FPC system. Therefore, the
system will be available to provide spent fuel pool
cooling under both normal and accident conditions.

The staff discussed the postulated scenario with OE and
askec whether the ABWR design would be able to initiate
and/or maintain spent fuel pool cooling during and
following an accident, including a LOCA, in accordance
with ODC 44 and 61. Subsequently, OE stated that the
ABWR design can accommodate this accident for the
following reasons:
(1)

OE determined that a break in the reactor water
cleanup system (CUW) presents the most limiting
environmental conditions inside secondary
containment for all design-basis accidents, including
a LOCA. Safety-related equipment located inside
the secondary containment is environmentally
qualified to remain functional given a CUW pipe
failure inside the secondary containment.
Therefore, this equipment would remain available
to perform its safety-related functions following an
accident.

(2)

In Section 9.1.3 of the SSAR, GE provided the
results of a pool heatup analysis. The results
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On the basis of this information, the staff concludes that
the ABWR design ensures that cooling can be initiated
and/or maintained during both normal and accident
conditions, including a ]LOCA.

auxiliary hook on the reactor building crane equipped with
a suitable grapple. A 450-kg (1000-lb) auxiliary hoist on
the reactor building crane is used with an auxiliary fuel
grapple to transfer new fuel from the new fuel vault to the
fuel storage pool. From there, the fuel is handled by the
telescoping grapples on the refueling platform or auxiliary
hoists.

In the DFSER, the staff requested OB to submit adequate
design description and the ITAAC relating to the FPC
system. This was DFSER Open Item 9.1.3-2. The
adequacy and acceptability of the design description and
the ITAAC are evaluated in Section 14.3 of this report.
On the basis of the above, DFSER Open Item 9.1.3-2 is
resolved.

The refueling machine is a gantry crane used to transport
fuel and reactor components to and from pool storage and
the reactor vessel. The platform spans the fuel storage and
vessel pools. A telescoping mast and grapple suspended
from a trolley system is used to lift and orient fuel bundles
for placement in the core or storage rack. The fuel
grapple hoist has a redundant load path so that no single
component failure can result in a fuel bundle drop.
Interlocks on the platform (1) prevent hoisting a fuel
assembly over the vessel with a control rod removed,
(2) prevent collision with fuel pool walls or other
structures, (3) limit travel on the fuel grapple, (4) interlock
grapple hook engagement with hoist load and hoist up
power, and (5) ensure correct sequencing of the transfer
operation in the automatic or manual mode.

The staffs review of the FPC system included all
components and piping of the system from the inlet to and
the exit from the storage pool, the seismic Category I
makeup source and piping used for the fuel pool makeup,
the cleanup system filter/demineralizers, and the
regenerative process to the point of discharge to the
radwaste system. The scope of the FPC system review
included layout drawings, process flow diagrams, piping
and instrumentation diagrams, and descriptive information
for the system and supporting systems that are essential to
safe operation. The cooling portion of the system and the
emergency primary makeup system are designed to seismic
Category I, QG C requirements, since they are necessary
to remove decay heat from the spent fuel and to prevent
fuel damage that could lead to unacceptable releases of
radioactivity. The staff concludes that the design of the
FPC system and its makeup systems meet the guidelines of
SRP 9.1.3 and the requirements of GDC 2, 4, 5, 44, 45,
46, 61, and 63, subject to incorporation of information
regarding protection of thefilter-demineralizerresins.
9.1.4 Light Load-Handling
Refueling)

System

(Related

The refueling machine also has two (4.71 kN (1060 lbf)
and 9.87 kN (2200 lbf)) auxiliary hoists. The hoists can
be used normally with appropriate grapples to handle control rods, guide tubes, fuel support pieces, sources, and
other internals of the core.
The refueling machine is designed structurally to seismic
Category I standards and the entire system is housed within
the reactor building, which is a seismic Category I
structure designed tc protect against flood and tornados.

to
In the DSER (SECY-91-235), the staff identified as Open
Item 47, the impact of the failure of the fuel inspection
stand during a safe-shutdown earthquake (SSE) because the
stand was not classified as seismic Category I, and the
radiological and criticality impact of the fall of the new
fuel stand was not satisfactorily addressed in the SSAR.
The SSAR commits the new fuel inspection stand to be
firmly attached to a wall so that it does not fall or dump
personnel into the fuel pool during an earthquake. This is
acceptable and resolved DSER Open Item 47.

The light load-handling system (LLHS) provides the means
of transporting, handling and storing fuel (both new and
spent fuel) in the reactor building. The staff reviewed the
fuel-handling system, in accordance with the guidelines of
SRP Section 9.1.4. Staff acceptance of the LLHS is based
on meeting the requirements of GDC 2 as it relates to
structures housing the system, and the system itself being
capable of withstanding the effects of natural phenomena;
GDC 5 as it relates to shared SSCs important to safety
being capable of performing required safety functions;
GDC 61 as it relates to radioactivity release as a result of
fuel damage, and the avoidance of excessive personnel
radiation exposure; and GDC 62 as it relates to prevention
of inadvertent criticality.

The final inspection stand design meets the requirements of
GDC 2 and the guidelines of Positions C.l and C.6 of
RG 1.13, and Positions C.l and C.2 of RG 1.29, relating
to the protection of safety-related equipment and spent fuel
from the effects of earthquakes, because it is housed and
attached to a seismic Category I structure.

The transfer of new fuel assemblies between the uncrating
area and the new fuel inspection stand and/or the new fuel
storage vault is accomplished using a 4500-kg (5-ton)

The reactor building crane main hook is used to move the
spent fuel cask, and the auxiliary hook is used to move
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new fuel from the new fuel vault to the spent fuel storage
pool. Interlocks and procedures prevent the main hook of
the reactor building crane from traversing over the spent
fuel pool or the new fuel storage vault while carrying a
heavy load. This is acceptable.

the review of the applicant's proposed design criteria and
design bases for the LLHS, and the requirements for the
safe operation of the LLHS, as discussed above, the staff
concludes that the design of the LLHS and supporting
systems are in conformance with the guidelines of SRP
9.1.4, and the Commission's regulations as set forth in
GDC 2 (protection from natural phenomena), GDC 5
(sharing of SSCs), and GDC 61 (fuel storage handling and
radioactivity control) and will conform to GDC 62
(protection of criticality in fuel storage handling), and are
acceptable.

Therequirementsof GDC, 5 for sharing SSCs do not apply
because the ABWR is designed as a single-unit facility.
An application for a multi-unit facility will require review
of the design for compliance with GDC 5.
In Section 9.1.2 of the DSER (SECY-91-235), the staff
stated that the COL applicant's purchase specification
should include an interface requirement for the vendor to
submit a confirmatory audyaia of the consequences of
dropping a fuel assembly and its associated'handling tool
from above the spent fuel storage racks. The staff
determined that this requirement can be accomplished by
COL actions as resolved in Section 9.1.2 of this report.

9.1.5 Overhead Heavy Load-Handling System

This additional information will ensure compliance with
GDC 62 regarding protection of the fuel from inadvertent
criticality.
The fuel-handling machine grapple retracts to a maximum
position which ensures that the fuel will not be lifted
beyond a safe-shielding height. Various electrical and
mechanical interlocks prevent excessive cable load,
movement over the core with a control rod removed,
withdrawal of a control rod with fuel of the core, and
collisions of fuel with surrounding structures. The
refueling machine has redundant load paths and is designed
to retain its load during a seismic event. Finally, the
ABWR design includes instrumentation to monitor
radiation levels on the refueling floor and initiated
protective actions on a high-radiation level (realignment of
heating, ventilation, and air conditioning (HVAC) systems
and SOTS initiation). The staff concludes that the design
of the light load-handling system meets the guidelines of
Position C.3 or RG 1.13 and ANS 57.1, and the requirements of GDC 61 for the release of radioactivity resulting
from fuel damage and protection of personnel from
excessive radiation exposure.
In the DFSER, the staff requested GE to submit adequate
design description and the ITAAC for the LLHS. This
was DFSER Open Item 9.1.4-1. GE submitted a revised
set of design description and ITAAC. The adequacy and
acceptability of the design description and the ITAAC are
evaluated in Section 14.3 of this report. On the basis of
the above, DFSER Open Item 9.1.4-1 is resolved.
The LLHS includes all components and equipment used in
moving fuel and other related light loads between the
receiving area, storage areas, and reactor vessel. Based on

NUREG-1503

Inadvertent operations and equipment malfunctions caused
by a load drop during critical load-handling operations
could cause (1) a release of radioactivity to the
environment above acceptable limits, (2) a criticality
accident, (3) the inability to cool fuel within the reactor
vessel or spent fuel pool, or (4) the inability to achieve
safe shutdown of the reactor when needed. Therefore,
critical load-handling equipment and operations are
required to prevent these problems by built-in design
features and operating procedures. Additionally, safe
handling of loads includes design considerations for maintaining occupational radiation exposures as low as
practicable during transportation and handling. The
overhead heavy load-handling system (OHLHS) consists of
all components and equipment used in moving all heavy
loads, that is, loads weighing more than one fuel assembly
and its associated handling device.
The staff reviewed the system in accordance with SRP Section 9.1.5. Staff acceptance of the OHLHS design was
based on meeting the requirements of GDC 2 as it relates
to the ability of structures, equipment, and mechanisms to
withstand the effects of natural phenomena; GDC 4 as it
relates to protection of safety-related equipment from the
effect* of dropped loads; GDC 5 as it relates to sharing of
equipment and components important to safety; and
GDC 61 as it relates to the safe handling and storage of
fuel. In addition, the acceptance criteria for the OHLHS
includes meeting the guidelines of ANS 57.1, "Design
Requirements for Light Water Reactor Fuel Handling
System," and 57.2, "Design Objectives for Light Water
Reactor Spent Fuel Storage Facilities at Nuclear Power
Plants," The staff used the guidelines contained in the
SRP Section III titled "Review Procedures" and in
NUREG-0612, "Control of Heavy Loads at Nuclear Power
Plants."
The OHLHS includes equipment necessary for the safe
disassembly and reassembly of the reactor vessel head and
internals during refueling operations and for the safe
handling of the spent fuel cask. The reactor building crane
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1. In the DSER (SECY-91-235), the staff noted that Note
x for SSAR Table 3.2-1 needed to be clarified to show
that the reactor building and refueling platform cranes
will hold their loads under the dynamic effects of an
SSE.

will handle heavy loads in the containment and
fuel-handling area of the reactor building.
This
single-failure-proof crane will handle the reactor vessel
head, shroud head, steam separator, steam dryer, pool
gates, new fuel from the reactor building entry hatch to
new fuel storage, spent fuel shipping cask, some reactor
internal pump (RIP) components during pump servicing,
and other miscellaneous loads during operation and outage.
Also, the OHLHS includes reactor servicing equipment,
upper and lower drywell servicing equipment, and main
steam tunnel (MST) area servicing equipment, which are
used for safe handling of main steam isolation valves
(MSIVs), safety/relief valves (SRVs), RIP motors, heat
exchangers and pump components, control rod blades and
guide tubes, and fine motion control rod drive (FMCRD)
components during their removal and reinstallation or
replacement. This servicing equipment includes among
other things, monorail and its hoist, transportation carts,
equipment hatchway hoist, steam tunnel crane and its hoist,
servicing platform, refueling platform, equipment platform,
and lower drywell RIP hoist.

Note x of Table 3.2-1, SSAR Amendment 20, stated
that the cranes are capable of holding their loads under
operating-basis earthquake (OBE) conditions but did not
address the SSE. This part of DSER Open Item 48
was not resolved and was reclassified as Open
Item 9.1.5-1 in the DFSER. In the SSAR, Note x of
Table 3.2-1, states that the cranes are designed to hold
their load and maintain their position during an SSE.
This is acceptable and resolved DFSER Open
Item 9.1.5-1.
2. In the DSER (SECY-91-235), the staff noted that the
above criterion should be applied for all other applicable (i.e., affecting safe-shutdown equipment) non
seismic Category I load-handling equipment.

The OHLHS equipment described above is housed in the
reactor building in which the associated heavy
load-handling operations are performed. The building is a
flood-protected and tornado-protected structure and thus,
the OHLHS described above is protected against the effects
of adverse natural phenomena. The spent fuel storage
facility and the new fuel storage vault are seismic
Category I. Also, as stated in Section 9.1.3 of this report,
the spent fuel storage facility meets Position C.6 of
RO 1.13, "Spent Fuel Storage Facility Design Basis." The
OHLHS equipment and components are not seismic
Category I except for the upper and lower drywell servicing equipment, refueling platform, equipment platform,
and reactor service platform. Though the load- handling
equipment need not be seismic Category I, the non seismic
Category I equipment that can adversely impact SSCs important to safety should they fail during a seismic event,
have to meet Position C.2 of RG 1.29. SSAR Table 3.2-1
states that the reactor building and refueling platform
cranes are designed to hold their positions during an SSE.
The table further indicates that the non seismic Category I
system equipment that can adversely impact safety-related
SSCs during an SSE, are designed to ensure their integrity
under seismic loading resulting from an SSE. The staff
identified in the DSER (SECY-91-23S), as part of Open
Item 48, (Section 1.8 of the DSER grouped eight concerns
of DSER Section 9.1.5 as Open Item 48. Five are
addressed in the items that follow. The remaining three
are addressed in subsequent paragraphs.) several concerns
pertaining to compliance of the OHLHS with GDC 2 as it
relates to protection of safety-related equipment from the
effects of adverse natural phenomena:
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In response, GE indicated that the use of the steam
tunnel handling equipment is limited to times when the
reactor is shut down.
Failure of the handling
equipment at this time would not result in the loss of
safety functions (identified in SSAR Amendment 17).
The rationale for not requiring this equipment to have
the capability of holding its loads during an SSE is
acceptable. However, sufficient justification for the
lack of the application of a seismic criterion, such as
that identified in item 1 above, has not been provided
for the remaining devices in the control building,
secondary containment, and clean zone of the reactor
building. This part of DSER Open Item 48 was not
resolved and was reclassified as Open Item 9 * .5-2 in
the DFSER. GE later added Amendment 24 to the
SSAR which stated that, with the exception of containment, the MST, and the refueling floor, no safetyrelated components of one division shall be routed over
another safety-related division. Therefore, a dropped
load cannot adversely effect more than one safetyrelated division.
GE also indicated that the amount of safety-related
equipment present inside primary containment, and the
divisional equipment is widely separated (120 degrees)
around the containment. Therefore, the likelihood of
a dropped load damaging more than one train of safetyrelated equipment is minimized.
Load-handling
equipment in the MST is operated only during
shutdown conditions. During this condition, systems
located in the tunnel are isolated and not required to be
operable. In addition, isolation valves inside the tunnel
have redundancy with valves inside containment.
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Therefore, a dropped load in the MST could damage
components inside the tunnel, but the redundant
components inside the containment will maintain the
safety function. Finally, regarding the refueling floor,
the reactor building crane meets the single-failure-proof
design requirements of NUREG-0554 and is
interlocked to prevent movement over the spent fuel
storage pool. The SSAR incorporates the above
information. The staff reviewed the information and
concluded that the design features for the load-handling
equipment in all certified buildings ensure that both
new and spent fuel, as well as safety-related
equipment, will not be damaged to such an extent as to
inhibit or prevent safety functions. This is acceptable
and resolved DFSER Open Item 9.1.5-2.

housing the equipment in a non seismic Category I
structure is acceptable.

3. In the DSER (SECY-91-235), the staff noted that terms
such as "refueling bridge crane," "automatic refueling
machine," and "spent fuel handling crane" were used
in the SSAR to represent possibly the same loadhandling device. Also, it was not clear whether the
ABWR used a jib crane and whether the fuel-handling
platform was different from the refueling platform.
Further, SSAR Tables 3.2-1 and 9.1-2 gave different
seismic classifications for the refueling platform crane
(automatic refueling machine) and the jib crane.

5. The staff stated in the DSER (SECY-91-235) that
SSAR Table 3.2-1 showed load-handling equipment for
special service rooms being housed in the non seismic
Category I radwaste and turbine buildings, and
requested GE to clarify why such locations are
acceptable.

' In the DFSER, the staff stated that many of the
discrepancies had been corrected. However, neither
the jib crane nor the refueling platform crane were
referred to in the text of SSAR Section 9.1, although
both were listed in SSAR Table 3.2-1. While the term
"Refueling Bridge," was used only in Table 3.2-1, the
term "Refueling Platform," was used throughout
Section 9.1. The text of Section 9.1 appeared to be
internally consistent.
References to a refueling
platform consistently referred to the fuel-handling
equipment. The staff requested GE to clarify the
remaining discrepancies in the nomenclature in SSAR
Table 3.2-1 and Section 9.1. The staff reclassified this
part of DSER Open Item 48 as Open Item 9.1.5-3 in
the DFSER. Subsequently, GE provided clarifying
information which corrected the remaining
discrepancies and changed "refueling platform" to
"refueling machine." This is acceptable and resolved
DFSER Open Item 9.1.5-3.
4. The staff noted in the DSER (SECY-91-235) that SSAR
Section 9.1.5.2.1 implies that the load-handling equipment for steam tunnel servicing (MSIVs and SRVs) is
housed in the reactor building, while SSAR Table 3.2-1
shows the equipment to be located in "any other
location." The staff requested GE to correct the
location of the subject equipment, as appropriate and,
if the location is "any other location," to state why
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In response, SSAR Section 9 . i . 5 . 2 . 2 . 3 ,
Amendment 17, stated that the MST servicing
equipment is a permanently installed monorail system.
Note c in SSAR Table 3.2-1, which indicated the MST
tunnel servicing cranes and hoists are in "any other
location," is interpreted to mean that the monorail is
not in any of the locations specifically identified in
Note c, and does not contradict the statement in SSAR
Section 9.1.5. The clarification shows that the equipment is housed in a seismic Category I structure. This
is acceptable and resolved this part of DSER Open
Item 48.

In response, GE indicated that the load-handling
equipment in the turbine and radwaste buildings will
handle only the equipment in those structures. In the
DFSER, the staff requested GE to incorporate this
information into the SSAR by reclassifying it as
Confirmatory Item 9.1.5-1 in the DFSER. The SSAR
adds information in Sections 9.1.5.3 and 9.1.6.6
clarifying that all load-handling devices, including those
in the radwaste building and turbine buildings, must be
designed and procedures must be used which ensure
that the loads they carry will not damage more than
one division of a safety-related system. Further, the
load-handling devices in the turbine and radwaste
buildings are intended to handle only equipment in
these buildings and that the loads will not be moved
over safety-related equipment. Therefore, failure of
this equipment or dropping of any loads moved by this
equipment will not adversely affect safety-related SSCs.
The staff finds this additional clarification acceptable.
Therefore, DFSER Confirmatory Item 9.1.5-1 is
resolved.
The OHLHS meets Positions C. 1 and C.2 of RG 1.29, and
Positions C.l and C.6 of RG 1.13 for the spent fuel
storage facility and therefore, complies with the
requirements of GDC 2 with regard to protection of the
system from the effects of adverse natural phenomena.
The spent fuel cask pool is separated from the spent fuel
storage pool by a water-tight gate. Redundant safety
interlocks and limit switches in the reactor building crane
prevent transport of any heavy load, including the spent
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load-handling devices. The lower drywell load-lifting
device does not carry loads over safety-related
equipment.
The failure of the upper drywell
load-lifting device, used only during maintenance at
shutdown, can affect only the one division of an ECCS.
Safe-shutdown conditions can be maintained with the
failure of the one ECCS division. The MST equipment
is used only during shutdown, and its failure will not
impact any safety-related equipment needed to maintain
safe-shutdown conditions. Load-handling equipment in
the turbine and radwaste buildings is not used near
safety-related equipment because such equipment is restricted to use in these structures. However, the use of
heavy load-handling equipment in the control building
was not addressed. As discussed in the DFSER, all
items identified in this portion of DSER Open Item 48
are resolved with the information provided by SSAR
Amendment 20 except for the concern regarding the
control building. Identification of how safety-related
equipment would be protected during all heavy
load-handling operations involving non-single-failureproof load lifting devices in the control building was
identified as Open Item 9.1.5-4 in the DFSER.
Subsequently, GE provided clarifying information in
SSAR Sections 9.1.5.3, 9.1.5.4, 9.1.5.5, and 9.1.6.6.
The design of all heavy load-handling equipment will
meet the guidelines of NUREG-0612, including the
guidelines of NUREG-0554 regarding single-failureproof cranes. Based on the additional information
provided in these SSAR subsections, the staff concludes
that safety-related equipment will be adequately
protected during all heavy load-handling operations.
Therefore, DFSER Open Item 9.1.5-4 is resolved.

fuel cask, over the spent fuel pool. Administrative control
and a coverage area prevent transport of any heavy load
over the new fuel storage vault. A dropped cask cannot,
therefore, result in any fuel damage. Additionally, as
mentioned above, the reactor building crane and the
refueling platform crane are single-failure-proof cranes.
The staff in the DSER (SECY-91-235) identified several
concerns, as part of Open Item 48, pertaining to
compliance of the OHLHS with the requirements of
GDC 4 as it relates to protection of safety-related
equipment from the effects of internally-generated missiles
(i.e., dropped loads) during load-handling operations:
1. The staff stated in the DSER (SECY-91-23S) that
SSAR Section 9.1.4.3 incorrectly stated that the spent
fuel-handling crane's lifting height for the spent fuel
cask is limited to 30 feet on the operating floor, and
that this should be corrected to refer to the reactor
building crane.
GE subsequently modified the SSAR to eliminate
inconsistent terms. This modification resolved this part of
DSER Open Item 48.
2. The staff noted in the DSER (SECY-91-235) that SSAR
Amendment 7 (response to RAI 410.43) gives contradictory statements: "While carrying heavy loads, such
as the spent fuel cask, the reactor building crane is
prohibited from moving the heavy load over the spent
fuel pool," and "No other heavy loads other than the
spent fuel cask, need to be carried above the top of the
spent fuel storage pool." The staff requested GE to
correct this as appropriate.
In response, GE committed to revise the response to
RAI 410.43 to eliminate the contradictory statements
regarding movement of the spent fuel cask.
Incorporation of the revisions to the response to RAI
410.43 was identified as Confirmatory Item 9.1.5-2 in
the DFSER. SSAR Section 9.1.5.2.1 states that the
reactor building crane will be interlocked to prevent
movement over the spent fuel pool while carrying
heavy loads. This is acceptable and resolved DFSER
Confirmatory Item 9.1.5-2.
3. The staff noted in the DSER (SECY-91-235), as part of
DSER Open Item 48, that GE had not identified how
safety-related equipment would be protected during all
heavy load-handling operations involving non-singlefailure-proof load lifting devices (e.g., MSIVs, SRVs,
RIP motors and hoists, load-handling operations in control, radwaste, and turbine buildings).
In response, SSAR Amendment 20 identified the
criteria to assess the safety impact of the failure of the

Based on the above information, the staff concludes that
the OHLHS design will meet the guidelines of Positions
C.3 and C.5 of RG 1.13, with respect to protection of the
spent fuel storage facility from the effects of internallygenerated missiles and for the safe handling and storage of
fuel, and further concludes that safety-related equipment is
protected from the effects of internally-generated missiles
during load-handling operations. Therefore, the OHLHS
design for the ABWR will comply with GDC 4 as it relates
to protection of safety-related equipment from internallygenerated missiles.
The requirements of GDC 5 regarding the sharing of SSCs
do not apply because the ABWR is designed as a singleunit facility. An application for a multi-unit facility will
require review of the design for compliance with GDC 5.
As mentioned above, the reactor building and refueling
platform cranes are single-failure-proof cranes. SSAR
Section 9.1.5.5 further states that all the cranes, hoists,
and related lifting devices for handling heavy loads either

9-13

NUREG-1503

Auxiliary Systems
satisfy the single-failure-proof guidelines of NUREG-0612,
Section 5.1.6, including NUREG-0554, or evaluations are
made to demonstrate compliance with guidelines of
NUREG-0612, Section 5.1, including Sections 5.1.4 and
5.1.5. GE stated that the applicable components of the
OHLHS will comply with the guidelines of the following
industry standards: American National Standards Institute
(ANSI) N14.6, ANSI B30.9, ANSI B30.10, ANSI B30.2,
ANSIB30.16, ANSI B30.ll, and Crane Manufacturers
Association of America (CMAA) Specification 70.
NUREG-0554 and NUREG-0612 recommend the standards
specified in ANSI N14.6, ANSI B30.2, ANSI B30.9, and
CMAA 70 for the design and performance of a nuclear
power plant OHLHS. Additionally, GE states that the
design of special lifting devices and slings will comply
with the guidelines of NUREG-0612, Sections 5.1.1(4) and
5.1.1(5).
GE submitted a general description of the inspection,
operation, maintenance, service, and test requirements for
the OHLHS equipment. The COL applicant is responsible
for supplying operating, maintenance, and test procedures
and instruction manuals that will comply with
NUREG-0612, Sections 5.1.1(2) and 5.1.1(6) for heavy
load-handling equipment components (e.g., cranes, hoists,
refueling pisiform). In accordance with the requirements
of 10 CFR Part 50, Appendix B, the COL applicant will
subject the OHLHS equipment to qualification load and
performance tests, dimensional inspection, and nondestructive examination before the equipment is accepted by
the applicant's quality assurance group. The applicant will
also ensure that lifting components are appropriately inspected and tested before shipment, after receipt at the site,
before use, and at periodic intervals. The tests will be
conducted in accordance with the requirements of ANSI
B30.2 and NUREG-0612, Section 5.1.1(6). For each item
of equipment requiring servicing, the applicant will
develop an interface control diagram (ICD) delineating the
space around the equipment required for servicing. The
ICD will include pull space for internal parts and access
space for tools, handling equipment, and alignment
requirements. The ICD will specify the weights of large
removable parts, show the locations of their centers of
gravity, and describe installed lifting accommodations such
as eyes and trunnions. The COL applicant will develop
safe load paths and routing plans for each heavy load to be
handled, which will show, among other things, frequency
of transportation and usage of the route. The safe load
paths/routing will comply with NUREG-0612, Section 5.1.1(1), guidelines. These items are DFSER COL
Action Item 9.1.5-1.
The staff stated in the DSER (SECY-91-235) that the information provided in SSAR Section 9.1.5 (also
Section 9.1.4, which is cross-referenced in Section 9.1.5),
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lacked details with respect to OHLHS compliance with the
applicable guidelines of NUREG-0612.
The staff's
concerns, identified as DSER Open Item 49 (Section 1.8
of the DSER grouped four concerns of DSER Section
9.1.5 as Open Item 49.) in this regard, are as follows:
1. In the DSER (SECY-91-235), the staff noted that GE
had not identified all the hoists for the reactor building,
refueling platform, and steam tunnel cranes and any
other crane, nor the load-handling capacity for all the
hoists, including the monorail hoist, equipment
hatchway hoiet, equipment platform/lower drywell RIP
hoist. In the DFSER, the staff further noted that GE
had not provided this information, therefore, this part
of DSER Open Item 49 was reclassified as Open
Item 9.1.5-5 in the DFSER. Upon further review, the
staff determined that the issue can be addressed by
COL actions. The SSAR, Section 9.1.6.6, states that
the COL applicant will provide this information. This
is acceptable and resolved DFSER Open Item 9.1.5-5.
2. In the DSER (SECY-91-235), the staff noted that GE
had not identified which of the hoists and related lifting
devices associated with all heavy load-handling systems
meet single-failure-proof criteria and which of these
components meet the alternative criteria specified in
applicable sections of NUREG-0612.
The staff
indicated that GE should identify the specific alternative
criterion applicable to the chosen heavy load- handling
device, or if neither of the above criteria is applicable
for some heavy load-handling devices (because they do
not affect required safety-related equipment). GE
should include justification for such a conclusion for
the applicable devices.
As previously noted, SSAR Amendment 20 identified
the criteria to be applied to each heavy load-handling
system except for those in the control building. With
the exception of this area as discussed separately in
item (4) below, this information resolved the applicable
part of DSER Open Item 49.
3. In the DSER (SECY-91-235), the staff noted that GE
did not identify the specific limit and safety devices
(e.g., interlocks and limit switches) provided for
automatic and manual operation of all the heavy
load-handling equipment (within ABWR scope) under
both normal and emergency conditions. Further, the
staff noted that GE did not submit a failure modes and
effects analysis for the OHLHS instrument and control
system to demonstrate that the control system will
adequately limit the loads or limit the crane load
movement, assuming a single failure, without affecting
the function of safety-related equipment or causing the
release of radioactivity.
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acceptability of the design description and the ITAAC are
evaluated in Section 14.3 of this report. On the basis of
the above, DFSER Open Item 9.1.5-8 is resolved.

Section 9.1.5.5 of SSAR Amendment 20 states that
limit switches and safety interlocks are provided to
prevent transporting heavy loads over spent fuel.
However, the amendment does not include the level of
detail requested by the staff in the DSER
(SECY-91-235) and does not specify this information
as the action of the COL applicant. In the DFSER, the
staff stated that GE should either submit this
information or designate this as the action of the COL
applicant. The staff reclassified this part of DSER
Open Item 49 as DFSER Open Item 9.1.5-6. SSAR
Section 9.1.6.6 states that the COL applicant will
submit this information.
This is acceptable and
DFSER Open Item 9.1.5-6 is resolved.
4. The staff stated in the DSER (SECY-91-235) that OE
had not indicated the heavy load-handling operations
which may involve areas other than the reactor building
which are within ABWR scope (e.g., control building).
Specifically, GE had not identified the heavy
load-handling equipment, its handling capacity, the load
required to be handled, when such operations have to
be performed, and how safety-related equipment is
protected during such operations.
In the DFSER, the staff stated that GE did not submit
the information requested in the DSER (SECY-91-235)
and did not state guidelines for load- lifting systems
outside the scope of the ABWR (e.g., the reactor
service water (RSW) pump house). The staff further
noted that this information should include the identification of the load-handling systems, the system
characteristics, and the ability to meet the guidelines of
NUREG-0612. The staff reclassified as DFSER Open
Item 9.1.5-7 the submission of the previously requested
information and the identification of the requirements
for load lifting systems outside the ABWR scope.
Upon further evaluation, the staff determined that the
issue can be resolved by COL actions. SSAR Section 9.1.6.6 clarifies that the COL applicant will submit
design and operational details for all load-handling
devices both in and out of the design scope. The staff
concludes that this clarification will ensure that the
design and operational details associated with the
movement of heavy loads will be provided. This is
acceptable and resolved DFSER Open Item 9.1.5-7.

The staff concludes that the design of the OHLHS for the
ABWR conforms with the requirements of GDC 2, 4, 5,
and 61 for protection against natural phenomena,
protection of safety-related equipment from the effects of
internal missiles, the sharing of important systems, and the
safe handling and storage of the fuel. The design also
conforms with the guidelines of Positions C.l, C.3, C.5,
and C.6 of RG 1.13 and Positions C.l and C.2 of
RG 1.29. The staff further concludes that the OHLHS
equipment within the ABWR scope conforms with the
guidelines of NUREG-0612. However, since a major
portion of NUREG-0612 is outside the scope of the ABWR
standard design (the part which deals with crane operation,
operator training, operating and maintenance procedures,
and physical marking of safe load paths), the staff stated in
the DFSER that the COL applicant will provide the
specifics of compliance and final implementation of
NUREG-0612 guidelines on a plant-specific basis. This
was DFSER COL Action Item 9.1.5-2.
SSAR
Section 9.1.6 states that the COL applicant will submit this
information.
The OHLHS includes all components and equipment used
to handle all heavy loads at the plant site over the lifetime
of the facility. Based on the review of the SSAR design
criteria and design bases for the OHLHS, the staff
concludes that the design of the OHLHS, as discussed in
detail above, is in conformance with the guidelines of SRP
Section 9.1.5 and the Commission's regulations as set forth
in GDC 2, 4, 5, and 61, and is acceptable.

9.2

Water Systems

For some systems listed in the SRP, the functions in the
ABWR design will be performed by one or more different
systems. For example, the functions of the closed cooling
water system also will be performed by the RCW system,
the heating, ventilation, and air conditioning normal
cooling water (HNCW) system, the HVAC emergency
cooling water (HECW) system, and the turbine building
cooling water (TCW) system.
9.2.1 Station Service Water System

The staff finds that the OHLHS design and commitments
meet the guidelines of NUREG-0612 and requirements of
GDC 61 for the safe handling and storage of fuel.

See Section 9.2.15, "Reactor Service Water."
9.2.2 Reactor Auxiliary Cooling Water System

In the DFSER, the staff requested GE to submit adequate
design description and the ITAAC for the OHLHS. This
was DFSER Open Item 9.1.5-8. GE submitted a revised
set of design description and ITAAC. The adequacy and

See Sections 9.2.11 "Reactor Building Cooling Water
System," and 9.2.12, "HVAC Normal Cooling Water
System" of this report.
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9.2.3 Demineralized Water Makeup System
See Sections 9.2.8, "Makeup Water System (Preparation),"
9.2.9, "Makeup Water System (Condensate)," and 9.2.10
"Makeup Water System (Purified)" of this report.
9.2.4 Potable and Sanitary Water System
The staff reviewed the design requirements for the potable
and sanitary water (PSW) system in accordance with SRP
Section 9.2.4. Staffs acceptance of the design is based on
meeting the requirements of GDC 60 as it relates to
preventing the release of liquid effluents containing
radioactive material into the PSW system. Compliance is
met if there are no interconnections between the PSW
system and any potentially contaminated systems and if the
PSW system is protected by an air gap, if necessary.
GE stated that only the portion of the PSW system located
in the buildings of the certified standard plant is within the
design scope, while the remainder of the system is not.
The out-of-scope portion of the system will be designed by
the applicant referencing the ABWR design. The DFSER
noted that the staffs review was in progress. This was
DFSER Open Item 9.2.4-1. SSAR Section 9.2.4 includes
a conceptual design and interface requirements for the outof-scope portion of the system. The staff reviewed the
conceptual design and interface requirements and
concluded that sufficient guidance has been provided to
allow an applicant referencing the ABWR to design the
out-of-scope portion to meet all applicable regulatory
requirements. This is acceptable and resolved DFSER
Open Item 9.2.4-1.
The PSW system is a non-safety-related system designed
to provide a minimum of approximately 45 m /hr
(200 gpm) of potable water during peak demand periods.
The system is composed of a potable water subsystem, a
sanitary drainage subsystem, and a sewage treatment
subsystem.
3

Water is supplied to the potable water subsystem from the
makeup water system (preparation) (MWP) to a potable
water storage tank. The water is chemically treated,
pressurized, heated, and distributed throughout the plant.
According to SSAR Table 3.2-1, the system serves all
areas of the plant within the ABWR scope except the
primary containment and the MST.
Liquid wastes (including those from the nonradioactive
drain system) are collected in the sanitary drainage
subsystem and sent to the sewage treatment subsystem.
The sewage treatment subsystem uses the activated sludge
biological treatment process. The subsystem contains a
comminutor, aeration tanks, aerobic digesters, air blowers,

NUREG-1503

clarifiers, a froth spray ?ump, a hypochlorite pump, and
associated equipment. This subsystem can be operated in
the extended aeration mode or the contact stabilization
mode (used during high demand periods (e.g., refueling
outages) when additional personnel are on site).
The PSW system does not include any connections to
systems which may contain radioactive material. Where
necessary, additional protection is provided through the use
of air gaps.
The system contains adequate controls, instrumentation,
and alarms to ensure adequate operation during normal
conditions and to alert operators to abnormal conditions.
Drainage piping will be hydrostatically tested.
In the DFSER, the staff requested GE to submit adequate
design description, ITAAC, and interface requirements for
the PSW system. This was DFSER Open Item 9.2.4-2.
Subsequently, OE provided a revised set of design
description, ITAAC, and interface requirements. The
adequacy and acceptability of the design description, the
ITAAC, and the interface requirements are evaluated in
Section 14.3 of this report. On the basis of the above,
DFSER Open Item 9.2.4-2 is resolved.
The PSW system includes all, components and piping from
the supply connection to the municipal or other water
source to all points of discharge to sewage facilities or
other plant systems. Based on the review above, the staff
determined that adequate design provisions have been made
to prevent the inadvertent contamination of the system with
radioactive material. The staff concludes that the design
of the PSW system meets the guidelines of SRP
Section 9.2.4, and since there are no interconnections
between the PSW system and any contamination systems
it also meets the requirements of ODC 60, and is
acceptable.
9.2.5 Ultimate Heat Sink
The staff reviewed the design requirements for the ultimate
heat sink (UHS) in accordance with SRP Section 9.2.5.
Staff acceptance of a UHS design is based on meeting
GDC 2 as it relates to structures housing the system and
the system itself being capable of withstanding the effects
of natural phenomena; GDC 5 as it relates to the capability
of shared SSCs to perform required safety functions;
GDC 44 as it relates to the capability to transfer heat loads
from safety-related SSCs to the heat sink under normal and
accident conditions, providing suitable redundancy of
components to ensure adequate safety function given a
single active component failure, and the capability to
isolate parts of the system so that the safety function is not
compromised; and GDC 45 and 46 as they relate to
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inaervice inspection and operational functional testing,
respectively, of safety-related systems and components.

from the environmental and dynamic effects associated
with equipment failures.

The SSAR states that the design of the UHS is outside the
scope of the ABWR design. The SSAR includes a
conceptual design and interface requirements, as required
by 10 CFR Part 52, to allow an applicant referencing the
ABWR design to provide a plant-specific UHS design that
is capable of dissipating reactor decay heat and essential
cooling loads after a normal reactor shutdown or a
shutdown after an accident, including a loss-of-coolant
accident (LOCA). The UHS must be designed to accept
the heat loads of the RSW system (Section 9.2.15 of this
report), which in turn accepts the heat loads of the RCW
system (Section 9.2.11 of this report) under both normal
and accident conditions.

The requirements of GDC 5 for the sharing of SSCs do not
apply because the ABWR is designed as a single-unit
facility. An application for a multi-unit facility will
require review of the design for compliance with GDC 5.

The conceptual design for the UHS consists of a seismic
Category I spray pond from which the RSW system will
receive cooling water. The spray pond will be excavated
below grade and contain adequate water volume to supply
cooling for 30 days under design-basis conditions. Six
spray networks, three functioning during normal operation,
will cool the RSW return water. The spray nozzles may
be bypassed during cold weather conditions allowing RSW
return water to be returned directly to the pond. RSW
pumps will be located in the spray pond pump structure,
each pump in its own bay. The pond will also have a
seismic Category I overflow weir to accommodate normal
level fluctuations. The spray pond will receive makeup
from a power cycle heat sink makeup line.

The requirements of RG 1.72, "Spray Pond Piping Made
from Fiberglass-Reinforced Thermosetting Resin,"
Revision 2, apply to the design of a spray pond as an
UHS. The staff established Open Item 50 in the DSER
because these requirements were not referenced in the
SSAR submitted before the staff completed the DSER
(SECY-91-235). SSAR Section 9.2.5.8 states that the
COL applicant will submit information to sho v that all
applicable requirements of RG 1.72 are met. This is
acceptable and resolved Open Item 50.

The UHS must have the capability to transfer heat loads
from safety-related structures and systems during normal
and accident conditions, and suitable redundancy so that it
will function given a single-failure coincident with a
LOOP. It must also be capable of isolating portions of the
system in such a way as to not interfere with the system's
safety function. The UHS will provide cooling capability
for 30 days.

The structures and components of the UHS will be
designed to seismic Category I requirements and will be
designed to withstand the effects of natural phenomena
such as floods, earthquakes, and tornados. The system
design should ensure that the UHS can perform its safety
function given the occurrence of any of the following:
(1) the most severe natural phenomena appropriate with
site conditions, (2) site-related events that have historically
occurred, (3) reasonable combinations of natural
phenomena and site-related events, and (4) a single failure
of man-made structures. These interface requirements will
allow an applicant to design a UHS that meets the requirements of ODC 2 regarding protection from natural
phenomena and RG 1.27, "Ultimate Heat Sink for Nuclear
Power Plants," Revision 2 and RG 1.29, "Seismic Design
Classification," Revision 3.
The UHS design will ensure that safety-related portions of
the system are protected from spraying, steam impingement, pipe whip, jet forces, missiles, fire, internal
flooding, and the effects of failure of non seismic
Category I equipment. Thus, the interface requirements
meet the requirements of GDC 4 for protection of systems

The SSAR requires the COL applicant to prepare a
preoperational test program in accordance with the
requirements of Chapter 14 and shall perform inspections
and tests during normal operations. Based on these
commitments, the staff believes that the applicant
referencing the ABWR design can perform inspections and
tests which meet the requirements of GDC 45 and 46,
respectively.
In the DFSER, the staff requested GE to include interface
requirements for the UHS system in the Tier 1
information. This was DFSER Open Item 9.2.5-1. The
adequacy and acceptability of the Tier 1 information is
evaluated in Section 14.3 of this report. On the basis of
the above, DFSER Open Item 9.2.5-1 is resolved.
The staff found the conceptual design and interface
requirements for the UHS to be acceptable. They include
adequate guidelines to ensure that the plant-specific design
can meet the requirements of GDC 2, 5, and 44 with
respect to protection against natural phenomena, sharing of
SSCs and heat transfer, redundancy, isolation capabilities,
and ability to transfer heat loads. The system must be designed by the COL applicants to allow periodic inspections
and tests and must, therefore, meet the requirements of
GDC 45 and 46 with respect to inspection and testing requirements for cooling water systems. The interface
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The MWP system will be located in a building that does
not contain any safety-related components, systems, or
structures. Any failure of the system (including failures
that could cause flooding) will not result in the failure of
any safety-related SSCs and consequently will not
adversely affect any safety-related function of the ABWR
design. Therefore, the staff concludes that the conceptual
design meets the requirements of GDC 2 with regard to
protection of safety-related equipment from natural
phenomena, and Position &.2 of RG 1.29, Revision 3
(September 1978).

requirement in the ABWR SSAR should enable an applicant referencing the ABWR to design an acceptable UHS.
9.2.6 Condensate Storage Facility
See Section 9.2.9, "Makeup Water System (Condensate),"
of this report.
9.2.7 Chilled Water Systems
See Sections 9.2.12, "HVAC Normal Cooling Water
System," and 9.2.13, "HVAC Emergency Cooling Water
System," of this report.

The requirements of GDC 5 for the sharing of SSCs do not
apply because the ABWR is designed as a single-unit
facility. An application for a multi-unit facility will
require review of the design for compliance with GDC 5.

9.2.8 Makeup Water System (Preparation)
The staff reviewed the requirements for the makeup water
system (preparation) (MWP) in accordance with SRP
Section 9.2.3. Staff acceptance of the MWP system design
is based on meeting GDC 2 as it relates to safety-related
portions of the system being capable of withstanding the
effects of natural phenomena, GDC 5 as it relates to the
capability of shared SSCs to perform required safety
function, and position C.2 of RG 1.29, Revision 3
(September 1978) relative to protection of safety-related
SSCs from failure of the system following an SSE.
The MWP system is not within the certified design scope
of the ABWR. As required by 10 CFR Part 52, the SSAR
provides a conceptual design and interface requirements for
the MWP system.
This design information and
commitments provide sufficient detail to ensure that the
system can be designed and built to meet the applicable
regulatory requirements.
The MWP system is a non-safety-related system that
supplies water for the makeup water system (purified)
distribution system (MUWP) and the portable and sanitary
water system (PSW). The MWP system design includes
a requirement for two system divisions, each capable of
producing approximately 45 m /hr (200 gpm) of
demineralized water and each with a storage capacity of at
least 760 m (200,000 gallons).
3

3

The system will consist of both a permanently installed
water treatment system and a mobile water treatment
system. The permanently installed system will consist of
a well, filters, reverse osmosis modules, demineralizers,
storage tanks, and pumps to treat and store well water for
use as demineralized water. The mobile water treatment
system will be used before the permanent system is
operable and if needed to supplement the permanent
system. Therefore, the system does not require a seismic
Category I makeup source.
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In the DFSER, the staff requested GE to submit adequate
design description, ITAAC, and interface requirements for
the MWP system. This was DFSER Open Item 9.2.8-1.
GE submitted a revised set of design description, ITAAC
and interface requirements.
The adequacy and
acceptability of the design description, ITAAC, and
interface requirements are evaluated in Section 14.3 of this
report. On the basis of the above, DFSER Open
Item 9.2.8-1 is resolved.
Based on the SSAR commitments discussed above, the
staff concludes that GE has described an acceptable
conceptual design and interface requirements sufficient to
ensure that an applicant referencing the ABWR can design
a MWP system that will meet the requirements of Position
C.2 of RG 1.29, Revision 3 (September 1978); GDC 2
with regard to the ability of the non-safety-related portions
of the system to withstand the effects of natural phenomena
without affecting safety-related systems; and GDC 5 with
regard to the sharing of SSCs important to safety. The
interface requirements in the SSAR will enable an
applicant referencing the ABWR to design an acceptable
MWP system in compliance with the guidelines of
SRP 9.2.3. The conceptual design is acceptable.
9.2.9 Makeup Water System (Condensate)
The staff reviewed the MUWC system (the condensate
storage and transfer system) in accordance with SRP
Section 9.2.6. Staff acceptance of the MUWC system
design is based on meeting the requirements of GDC 2 as
it relates to the system being able to withstand the effects
of natural phenomena; GDC 5 as it relates to the capability
of shared systems and components to perform required
safety functions; GDC 44 as it relates to redundancy and
isolability of components as well as the capability to
provide makeup to safety-related systems; and GDC 45
and 46 as they relate to inservice inspection and testing,
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respectively, of safety-related systems and components.
The design of the entire MUWC system is within the scope
of the ABWR certified design.
The MUWC system will supply condensate quality water
and will include a piping distribution system from the
source to the components that require this water during
normal and emergency operations. MUWC system water
will be stored in the condensate storage tank (CST) with a
capacity of at least 2,100,000 L (555,000 gallons). The
CST 4s located outdoors adjacent to the turbine building.
The CST will reserve approximately 570,000 L
(150,000 gallons) of this capacity to remove decay heat for
up to 8 hours after a station blackout (SBO). Water will
be supplied to the CST from the MUWP system. Levelsensing instrumentation and transmitters will automatically
switch over the HPCF and reactor core isolation cooling
(RCIC) pumps from the preferred CST to the
safety-related suppression pool when the CST water level
is low. The tank will also supply water for the control rod
drive (CRD) supply pump (the preferred water source
being the condensate treatment system) and the SPCU
pump, which will be used for fuel pool makeup, when
required. The MUWC system will normally supply water
through three system transfer pumps for charging, flushing, pump sealing, surveillance testing, room decontamination, and makeup, as appropriate, for systems including
RHR, HPCF, RCIC, fuel pool skimmer surge tanks, and
the main condenser hotwell.
The MUWC system is not safety-related, except as noted
below, because it will not affect the integrity of the reactor
coolant system pressure boundary, prevent achieving and
maintaining safe shutdown, or affect the capability to
prevent or mitigate the consequences of accidents, which
could result in unacceptable offsite radiological exposures.
Therefore, GDC 44, 45, and 46 do not apply to the nonsafety-related portions of the system.
The safety-related portions of the system discussed below
meet the redundancy, inservice inspection, and inservice
testing requirements for safety-related equipment and
therefore meet the requirements of ODC 44, 45, and 46.
As stated in SSAR Table 3.2-1, for the MUWC, RCIC,
and HPCF systems, certain parts of MUWC system
piping, including supports and valves, will be designed to
seismic Category I and QO B standards and will be located
in seismic Category I, flood-protected and
tornado-missile-protected structures. The safety-related
portions include those forming part of the containment
boundary and those system piping portions that interface
with the safety-related RCIC and HPCF systems, up to and
including the isolation/suction valves for the systems from
the MUWC. The non-safety-related portions of the system

that could affect any SSCs important to safety if they fail
during a seismic event are designed to ensure their integrity under seismic loading conditions resulting from an
SSE. The level instrumentation in the MUWC system that
facilitate the automatic switchover of the HPCF and RCIC
pumps suction from the CST to the suppression pool and
their power supplies are safety-related. The SPCU pumps
will be switched over manually. The staff concludes that
the safety-related and non-safety-related portions of this
system meet Positions C.l and C.2, respectively, of
RO 1.29.
The staff stated in the DSER (SECY-91-235) that OE did
not submit an analysis for flooding that could result from
a possible failure of the non-safety-related portion of the
MUWC system, including the CST, and how safety-related
SSCs are protected from such flooding. This was DSER
Open Item 51. SSAR Section 3.4.1.1.1 reports the results
of a flood analysis and describes the safety features that
will protect safety-related SSCs from external floods
(including the failure of the CST) as discussed in Section 3.4.1 of this report. The instrumentation used to
initiate the automatic switchover of HPCF and RCIC
suction from the CST to the suppression pool is safetyrelated and is housed in a safety-grade standpipe in the
reactor building, a seismic Category I structure designed
to withstand tornadic winds and missiles, flooding,
hurricanes, and an SSE. On the basis of this information,
the staff concludes that the system meets the requirements
of GDC 2 as it relates to the protection of safety-related
portions of the system from the effects of natural
phenomena. Therefore, DSER Open Item 51 is resolved.

The ABWR is designed as a single-unit facility.
Therefore, the requirements of GDC 5 regarding the
sharing of SSCs are not applicable. An application for a
multi-unit facility will require review of the design for
compliance with GDC 5.
Normal alignment for removal of decay heat is with the
CST. Water for RCIC operation is taken from either the
CST or the suppression pool as described in the emergency
procedure guidelines of SSAR Appendix 18A. The
volume of water in these two sources is sufficient to permit
core cooling during SBO for a duration of 8 hours. The
switchover from the CST to the suppression pool (or the
reverse) is performed using station dc power and is not
dependent upon either offsite ac power and systems or
onsite emergency power systems. Therefore, the MUWC
system complies with the applicable guidance of RG 1.155,
"Station Blackout," Revision 0 (August 1988).
MUWC is demonstrated to be operable by normal system
operation. Those portions of the system normally closed
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to flow can be tested to ensure system operability and
integrity.

system, the liquid waste management system (LWMS), the
standby liquid control system (SLCS), and other plant
auxiliary systems.
Protection from flooding for
safety-related SSCs is discussed in Section 3.4.1 of this
report.

Baaed on this information, the staff concludes that MUWC
meets the applicable requirements of GDC 44,45, and 46.

The MUWP system is not safety-related, except as noted
below, because it will not affect the capability of the
reactor coolant system pressure boundary, the capability to
achieve and maintain safe shutdown, or the capability to
prevent or mitigate the consequences of accidents that
could result in unacceptable offsite radiological exposures.
The MUWP system enters the primary containment
through one penetration. The system piping through this
penetration has a locked-closed manual valve outside the
containment and a check valve inside the containment.
The portions of the system penetrating the containment
(including these two valves) are designed to seismic
Category I, QG B requirements in accordance with
Position C.l of RG 1.29.

In the DFSER, the staff requested GE to provide adequate
design description and the ITAAC relating to the MUWC
system.
This was DFSER Open Item 9.2.9-1.
Subsequently, GE provided a revised set of design
description and ITAAC. The adequacy and acceptability
of the design description and the ITAAC are evaluated in
Section 14.3 of this report. On the basis of the above,
DFSER Open Item 9.2.9-1 is resolved.
The MUWC system includes all components and piping
associated with the system to the points of connection with
other systems. The staff determined that the SSAR design
criteria and bases for the MUWC and the requirements for
a sufficient water supply to safety-related systems during
normal and emergency conditions are acceptable.
The staff concludes, as discussed above, that the MUWC
system design complies with Positions C.l and C.2 of
RG 1.29, GDC 2, 5, 44, 45, 46, and, therefore, with the
applicable acceptance criteria of SRP Section 9.2.6 and is
acceptable.
9.2.10 Makeup Water System (Purified) Distribution
System
The staff reviewed the MUWP system in accordance with
SRP Section 9.2.3. The design is acceptable if it complies
with the requirements of GDC 2 as it relates to protection
of the safety-related portions of the system from natural
phenomena, and GDC 5 as it relates to the capability of
shared SSCs to perform required safety functions.
The design of the MUWP system is fully within the scope
of the ABWR design. The staff evaluated the ABWR
capability to prepare, store, and transport demineralized
water to this system as described in Section 9.2.8 of this
report. The MUWP system is not safety-related, except as
noted below.
The MUWP system will supply demineralized makeup
quality water and will include a piping distribution system
from the source to the components that require this water.
The MUWP system will receive makeup water from the
MWP system and will normally supply deinineralized
water for flushing, sealing, surveillance testing, area
decontamination, sampling, and makeup as appropriate.
The MUWP system will supply makeup water to systems
such as the MUWC system, the RCW system, the TCW
system, the diesel generator cooling water (DGCW)
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Although it is not safety-related, this system is designed to
prevent any radioactive contamination of the purified
water. SSAR Table 9.2-2a presents chemistry requirements for the purified makeup water.
In the DSER (SECY-91-235), the staff stated, as part of
Open Item 52, that it was not clear whether the non-safetyrelated portions of the system, which upon their failure
during a seismic event can adversely impact SSCs
important to safety, will be designed to ensure their
integrity under seismic loading resulting from an SSE.
SSAR Section 9.2.10.1 states that the portions of the
MUWP whose failure can impact safety-related SSCs will
be designed to ensure their integrity under seismic loading
conditions resulting from an SSE. This is acceptable.
Therefore, the design of the MUWP system complies with
Positions C.l and C.2 of RG 1.29 for the safety-related
and non-safety-related portions of the system, and GDC 2
for protection against natural phenomena. This resolved
the applicable part of DSER Open Item 52.
In the DSER (SECY-91-235), the staff also stated, as part
of Open Item 52, that it was not clear whether the portions
of the MUWP system in buildings other than the reactor
building (e.g., turbine building) and the transport of the
demineralized water to these buildings were within GE's
scope or the scope of the applicant referencing the ABWR
design. SSAR Section 9.2.10.1 states that the interfaces
between the MUWP system and safety-related systems are
located in the control building or reactor building which
are seismic Category I, tornado-missile resistant and floodprotected structures. Therefore, the MUWP system
complies with Positions C. 1 and C.2 of RG 1.29 and with
GDC 2 and, therefore, with the applicable acceptance

9-20

Auxiliary Systems
criteria of SRP Section 9.2.3. This is acceptable and the
applicable part of DSER Open Item 52 is resolved.
In the DFSER, the staff stated that the applicant
referencing the ABWR design should supply the following:
testing capability for air-operated valves; adequate pump
net positive suction head (NPSH), purified water storage
tank overflow/drainage diversion to the radwaste system;
material corrosion resistance; adequate distribution piping,
valves, instrumentation, and controls; control room instrumentation that indicate the water level in the purified water
storage tank; outdoor piping freeze protection; and adequate diking and other means to control spill and leakage
from the demineralized water storage tank that will be
located outdoors.
This was DFSER COL Action
Item 9.2.10-1.
Upon further review, the staff has
determined that the listing of this information as a COL
action item is not needed in the SSAR because it will be
provided as a normal part of the licensing process.
Therefore, COL action item 9.2.10-1 is appropriately
deleted from the SSAR.
The requirements of ODC 5 for the sharing of SSCs do not
apply because the ABWR is designed as a single-unit
facility. An application for a multi-unit facility will
require review of the design for compliance with ODC 5.
In the DFSER, the staff requested QE to supply adequate
design description and ITAAC for the MUWP system.
This was incorrectly identified in the DFSER as Open
Item 9.2.10-2. This designation was later corrected to
DFSER Open Item 9.2.10-1. Subsequently, OE provided
a revised set of design description and ITAAC. The
adequacy and acceptability of the design description and
the ITAAC are evaluated in Section 14.3 of this report.
On the basis of the above, DFSER Open Item 9.2.10-1 is
resolved.
Based on information in the SSAR and that discussed
above, the staff concludes that the MUWP system complies
with Positions C.l and C.2 of RO 1.29, ODC 2, and
ODC 5, and therefore, with the applicable acceptance
criteria of SRP Section 9.2.3 and is acceptable.
9.2.11 Reactor Building Cooling Water System
The staff reviewed the RCW system in accordance with
SRP Section 9.2.2. Staff acceptance of the design of the
RCW system is based on meeting the requirements of
ODC 2 as it relates to the system withstanding the effects
of natural phenomena; ODC 4 as it relates to the system
withstanding the effects of failed equipment and piping
during both normal and accident conditions; ODC 5 as it
relates to the capability of shared SSCs to perform
required safety functions; GDC 44 as it relates to the

capability to transfer heat loads from safety-related SSCs
to the heat sink under normal and accident conditions,
providing suitable ledundancy for components given a
single active component failure, and die capability to
isolate part of the system so that the safety function is not
compromised; and ODC4S and 46 as they relate to
permitting inservice inspection and testing, respectively,
for safety-related equipment.
The requirements of ODC 5 for the sharing of SSCs do not
apply because the ABWR is designed as a single-unit
facility. An application for a multi-unit facility will
require review of the design for compliance with ODC 5.
The function of the RCW system is to remove heat from
plant auxiliaries (some of which are required for safe shutdown) during normal operation and after a LOCA. The
RCW system is required to operate, with and without
preferred ac power available, at normal power, reactor
shutdown, hot standby, and after a postulated LOCA has
occurred. The RCW system is a closed cooling water
system that provides cooling water to the following
essential systems and components: RHR and fuel pool
cooling heat exchangers; mechanical seals and motor
bearings for RHR and HPCF pumps; air conditioning units
(ACUs) for pump rooms (RHR, HPCF, FPC, and RCIC)
and system rooms (SOTS, containment atmospheric
monitoring system (CAMS), and flammability control
system (FCS)); jacket water coolers and filtered water and
lubricating oil coolers for diesel generators; and HECW
system refrigerators. The RCW system supplies cooling
water to the non-essential RIP pump motor coolers and
motor generator sets, drywell coolers, reactor water
cleanup (CUW) pump coolers, instrument air (IA) and
service air (SA) system coolers, CUW non-regenerative
heat exchangers, CRD pump oil coolers, and other nonessential auxiliary components in the reactor, turbine, and
radwaste buildings (e.g., radwaste components, condenser
offgas, and reactor building and turbine building sampling
coolers).
The RCW system supplies cooling water, which absorbs
heat from the plant auxiliaries it serves, and rejects the
heat through the RCW system heat exchangers to the
reactor service water system. The RSW system, in turn,
rejects the heat to an UHS that will be designed by the
COL applicants. The GE scope of the RCW system includes all the piping, valves, pumps, heat exchangers,
instrumentation, and controls from the RCW system heat
exchangers to their loads in the reactor, turbine, and
radwaste buildings. OE specified the total heat removal
rate, total flow rate, temperature drop, and pressure drop
at the RCW system heat exchangers for all modes of
operation identified above. These parameters provide the
heat removal requirements for the referencing applicant to
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design the plant-specific UHS system that would be
connected to the RSW system.

two remaining operable divisions will be sufficient to meet
the total essential cooling load.

The RCW system consists of three mechanically and
electrically independent divisions, each consisting of its
own separate piping (including supply and return headers),
two pumps, three heat exchangers, valves, and
instrumentation. Each division of the RCW system is
powered by a different division of the engineered safety
features (ESF) power system. Bach division of the RCW
system supplies cooling water to the auxiliaries of a
separate emergency diesel generator, RHR heat exchanger,
RHR pump room ACU, RHR pump motor and seal coolers
and HBCW refrigerators. Other safety loads and nonessential cooling loads are distributed among the three divisions; two divisions share the loads for systems with
redundant components (e.g., HPCF and SOTS). Bach
division has one isolable train for nonessential loads.

The RCW system consists of safety-related and nonsafety-related portions. Portions of the system piping
(including valves forming part of the primary containment
boundary and other safety-related portions of the system
piping up to and including the isolation valves that isolate
the system from its non-safety-related portions) are
designed to the requirements of seismic Category I, QO B
or C, and 10 CFR Part SO, Appendix B.
The
safety-related portions include the RCW system pumps,
heat exchangers, surge tanks, and the division isolation
valves. Instrumentation and controls performing safetyrelated functions (e.g., surge tank level switches) are
located in the safety-related portions of the system.
Electric modules (e.g., sensors, power supplies, signal
processors) and cables performing safety-related functions
are all designed to seismic Category I and QO B
requirements. Non-safety-related portions of the system
that can adversely impact safety-related SSCs if they fail
during a seismic event, are designed to ensure their integrity under seismic loads resulting from an SSE. The
safety-related portions are located in seismic Category I
structures designed to protect against flood and tornado
missiles. In the DSER (SECY-91-235), staff requested OE
to submit confirmatory information that the safety-related
electric modules and safety-related cables are located in
seismic Category I, flood-protected, and tornado-protected
structures. The SSAR incorporates this information. This
is acceptable and resolved the unnumbered DSER
(SECY-91-235) confirmatory item. Therefore, the staff
concludes that the design of the RCW system complies
with GDC 2 with respect to protection from natural
phenomena, and meets Positions C. 1 and C.2 of RO 1.29
with respect to its seismic requirements for the safety-related and non-safety-related portions.

Bach division of the RCW system is equipped with a surge
tank (shared with the HECW system) which the SSAR
states is designed to accommodate 30 days of system
design leakage without makeup water (OB response, dated
March 7, 1989). Also, the system is designed to detect
system leakage by associated level monitors, to provide
adequate pressure for pump suction, and to allow for
changes in system water volume without significant
pressure variations. The system is initially filled with
demineralized water from thi MUWP system. Each division is further equipped with a chemical addition tank to
add chemicals to the RCW system to protect it from
corrosion or organic fouling.
The system is protected from water-hammer by high point
vents in isolable portions of the system and operational
procedures requiring filling and venting of any sections of
the system before operation.
During a LOCA,
nonessential RCW system cooling loads are automatically
isolated by the closure of valves except for system cooling
loads to IA and SA system coolers, CRD pump oil
coolers, and CUW pump coolers; these are isolated by the
operator, if necessary. Level switches for the surge tank
enable the automatic isolation of nonessential cooling loads
in the event of significant system leakage results from
piping failures in the non-safety-related portions of the
system. One valve on each supply and discharge line, with
suitable power and controls from applicable divisional
sources, ensures isolation if a single active component
fails. OE described the methods for determining whether
the system leakage occurs in the nonessential portion of the
system as indicated by a falling surge tank level. Radiation monitors located downstream of the RCW system
pumps and heat exchangers indicate that radiation has
leaked into that division. The ABWR design includes
remote manual isolation capability for any division. The
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The SSAR states that both the mechanical equipment and
piping and electrical equipment, including instrumentation
and controls of the redundant divisions of the RCW
system, are sufficiently separated and protected to ensure
availability of the needed equipment to shut the reactor
down in the event of any of the following occurrences:
pipe rupture or equipment-failure-induced flooding,
spraying or steam release; pipe whip and jet forces from
a postulated nearby high-energy pipeline break; missiles
from equipment failure; fire; non seismic Category I
equipment future; or a single active component failure in
the system. The amendments included the results of a
failure analysis of the RCW system to demonstrate that a
single active or applicable passive component failure will
not compromise the ability of the RCW system to transfer
heat loads from safety-related components to the RSW
during all modes of operation. OE submitted design char-
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acteristics for RCW system components (e.g., pump design
flow rate; heat exchanger heat removal capacity) to show
that the system will transfer the expected heat loads to the
RSW system under all operating conditions.
The staff stated, as Open Item S3 in
(SECY-91-235), the following three concerns:

DSBR

1. The heat removal design capacity of the RCW system
heat exchanger may be inadequate for the heat load
required to be removed during suppression pool
cooling, when the pool temperature reaches 97 °C
(207 *F) after a LOCA. The staff noted that a reactor
shutdown at 4 hours after a blowdown to the main
condenser may be the bounding case, which may require a greater heat removal rate and, consequently, a
higher design capacity than that stated for the heat exchangers (see GE's response to RAI 440.73).
In the DFSER, the staff reclassified this concern as
Open Item 9.2.11-1 because it had not yet been
addressed by OE. The staff reviewed the SSAR and
found that the RCW heat exchanger capacity design had
been modified to ensure that the RCW system will be
able to remove the worst anticipated heat loads as
stated in SSAR Table 9.2-4. This is acceptable and
resolved DFSER Open Item 9.2.11-1.

2. The staff stated in the DSER (SECY-91-235) that the
projected heat loads and flow rates for hot standby conditions with a loss of ac power indicate that both RCW
pumps and all three beat exchangers in a division are
required. The staff also stated that this will also be the
case for shutdown at 4 hours.
Data in SSAR Table 9.2-4 clearly indicate that this
equipment is required for successful operation of each
division for this mode of operation. This is acceptable
and resolved the applicable part of DSER
(SECY-91-23S) Open Item 53.

All three divisions of the RCW system will have at least
one RCW system pump operating. This configuration
ensures the immediate availability of the RCW system for
plant shutdown in the event of a LOCA. A LOOP
concurrent with a LOCA will result in a temporary loss of
pumping until the automatically sequenced restart of RCW
system pumps from the emergency diesel generator loading
sequence. A LOCA will result in the automatic isolation
of most non-safety-related RCW system loads, the starting
of the second RCW system pump, and the placing of the
third heat exchanger in each division in service.
The staff concludes that the safety-related portions of the
RCW system comply with the requirements of GDC 4,
with respect to protection against the dynamic effects of
postulated piping failures and internally- and externallygenerated missiles, and with GDC 44 for the provisions of
a system to transfer heat from SSCs important to safety to
anUHS.
As stated in Section 9.2.5 of this report GE submitted
interface requirements for an applicant to design the UHS.
The RCW system water quality requirements are
established by the MUWP because this system supplies
makeup water for the RCW system as discussed in Section 9.2.10 of this report. All three divisions of the RCW
system are designed to allow periodic inset-vice inspection
of all the system components. The inspections consist of
structural and leak-tightness visual inspection, inspection of
the entire system for operability, and inspection of the
system components for operability and performance.
Testing will be conducted to simulate as closely as possible
the entire operational sequence of the RCW system for
reactor shutdown and LOCA. The system design incorporates provisions for accessibility to permit inservice inspection as required. The staff finds that the system complies
with GDC 45 and 46 for inspection and testing
requirements for cooling water systems.
t

3. The staff questioned in the DSER (SECY-91-235)
whether the loss of an RCW system division during
normal operation would result in plant shutdown or operation at reduced power.

In the DFSER, the staff requested GE to submit adequate
design description and the ITAAC for the RCW system.
This was DFSER Open Item 9.2.11-2. Subsequently, GE
provided a revised set of design description and ITAAC.
The adequacy and acceptability of the design description
and the ITAAC are evaluated in Section 14.3 of this
report. On the basis of the above, DFSER Open
Item 9.2.11-2 is resolved.

In response, the SSAR states that the loss of one
division of RCW to the drywell coolers will not affect
plant operation and the loss of cooling to the RIP
coolers will reduce plant power output but will not
result in a reactor trip. This clarification is acceptable
and resolved the applicable part of DSER Open
Item 53.

The RCW system includes pumps, heat exchangers, valves
and piping, surge tanks, makeup piping, and the points of
connection or interfaces with other systems. Portions of
the RCW system that are necessary for safe shutdown,
accident prevention, or accident mitigation are designed to
seismic Category I and QG B or C requirements. The
staff reviewed the SSAR design criteria, design bases, and
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safety classification for the RCW system against the
requirements for supplying adequate cooling water for the
safety-related BCCS components and reactor auxiliary
equipment for all conditions of plant operation.
Baaed on the above the staff concludes that the design of
the RCW system is acceptable and meets the requirements
of GDC 2, 4, 5,44, 45, and 46 and the guidelines of SRP
Section 9.2.2.
9.2.12 HVAC Normal Cooling Water System
The staff reviewed the HNCW system in accordance with
SRP Section 9.2.2. Staff acceptance of the HNCW design
is based on meeting GDC 2 as it relates to the system
withstanding the effects of natural phenomena; GDC 4 as
it relates to the system withstanding the effects of foiled
equipment and piping during both normal and accident
conditions; GDC 5 as it relates to the capability of shared
SSCs to perform required safety functions; GDC 44 as it
relates to the capability to transfer heat loads from safetyrelated SSCs to the heat sink under normal and accident
conditions, providing suitable redundancy for components
given a single active component failure, and the capability
to isolate part of the system so that the safety function is
not compromised; and GDC 45 and 46 as they relate to
permitting inservice inspection and testing, respectively,
for safety-related equipment.
The entire HNCW system is within the scope of the
ABWR. The HNCW system is not safety related except
for portions of the system that penetrate the primary
containment, the portions of the system that are part of the
secondary containment boundary, and the associated
isolation valves.
The major components of the HNCW system are five
25-percent-capacity chillers (one standby), each with an
HNCW pump (one standby), a surge tank (shared with the
corresponding division of the TCW system), and the
associated piping, valves, and instrumentation. Cooling
water to the chiller-condenser is supplied by the TCW
system.
The requirements of GDC 5 for the sharing of SSCs do not
apply because the ABWR is designed as a single-unit
facility. An application for a multi-unit facility will
require review of the design for compliance with GDC 5.

The function of the HNCW system is to provide chilled
water to the drywell cooler cooling coils and cooling coils
of other non-safety-related air conditioners, primarily in
the reactor, control, radwaste, and service buildings. The
HNCW system is not safety-related because it is not
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required to ensure (1) integrity of the RCS pressure
boundary, (2) capability to achieve and maintain safe
shutdown, or (3) the ability to prevent or mitigate offinte
radiological exposures during accidents.
Therefore,
GDC 44, 45, and 46, identified as acceptance criteria in
SRP Section 9.2.2 do not apply to the non-safety-related
portion of the HNCW system. The HNCW system joins
the primary containment through two penetrations: one for
the supply line and the other for the return line. The
supply line penetration has one motor-operated isolation
vslve outside the containment and a check (isolation) valve
inside the containment. The return line penetration has
two motor-operated isolation valves, one inside and one
outside the containment. Isolation valves and piping for
the primary containment penetrations are safety-related and
are designed to seismic Category I, QG B, and 10 CFR
Part 50, Appendix B, standards. Piping for penetrations
for secondary containment is designed to seismic
Category I and 10 CFR Part 50, Appendix B, standards.
Based on this information, the staff concludes that the
safety-related portions of the HNCW system meet the
requirements of GDC 44 regarding the provision for
reliable systems for transferring heat loads to a heat sink.
The rest of the HNCW system is not safety-related, as
stated above, and is designed to non seismic Category I
standards. However, the non-safety-related portions of the
system whose failure during a seismic event could affect
any structure, system, or component important to safety,
are designed to ensure their integrity under seismic loads
resulting from an SSE. In the DSER (SECY-91-325), the
staff stated that, subject to GE's confirmation that the
safety-related portions include the isolation valves for the
primary containment penetrations, the design of the
HNCW system meets Positions C.l and C.2 of RG 1.29,
as addressed by the SRP Section 9.2.2 acceptance criterion
with respect to the seismic requirements for the
safety-related and non-safety-related portions of the
system. This was DSER Confirmatory Item 6 and DFSER
Confirmatory Item 9.2.12-1.
SSAR Section 9.2.12.3
clarifies the safety classification of the containment
penetrations, which is acceptable. This resolved DSER
Confirmatory Item 6 and DFSER Confirmatory
Item 9.2.12-1.
By virtue of their location in seismic Category I,
tornado-missile-protected and flood-protected structures,
the safety-related portions of the system are protected
against damage from adverse natural phenomena. Further,
as concluded in Section 3.4.1 of this report, all
safety-related systems are protected against flooding that
may result from system failure. Therefore, the system
design complies with GDC 2 with respect to protection of
its safety-related portions against natural phenomena and
protection of other safety-related systems against the conse-
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Section 14.3 of this report. On the basis of the above,
DFSER Open Item 9.2.12-1 ia resolved.

quences of failure of the non aeiamic portiona of the
aystem, aa required by the SRP Section 9.2.2 acceptance
criterion.

The HNCW system includes pumps, chillers, valves and
piping, aurge tanks, makeup piping, and the pointa of
connection or interfaces with other systems. The ataff
reviewed the SSAR design criteria, design bases, and
safety classification for the HNCW ayatem against the
requirements for supplying adequate cooling water for
auxiliary equipment for all conditions of plant operation.
The ataff concludes, aa discussed above, that the design of
the HNCW system is acceptable and meets the applicable
requirements of GDC 2, 4, 5, 45, and 46, and the
guidelines of SRP Section 9.2.2.

The major componenta of the HNCW ayatem are located
in the turbine building. Therefore, failure of any of theae
componenta will not adversely effect safety-related SSCa.
Safety-related portiona of the ayatem are located such that
the advene consequences of a pipe or other component
failure will not prevent the safety-related portiona of the
ayatem from performing their safety function. Thus the
ayatem design meets the requirements of GDC 4 is it
relates to the system's capability to withstand the effects of
adverse environmental and dynamic effects.
This system is designed to allow periodic testing and
inspection of major componenta. Appropriate American
Society of Heating, Refrigeration, and Air Conditioning
(ASHRAE), American Society of Mechanical Engineers
(ASME), Tank Equipment Manufacturers Association
(TEMA), and Hydraulic Institute (HI) standards are used
for all testa. Based on tyis inspection and teat information,
the staff concludes that the HNCW systems meets the
inspection and testing requirements of GDC 45 and 46,
respectively.
Makeup water to the system is supplied by the TCW
system surge tank which, in turn, receives water from the
MUWP system. The MUWP system and the TCW
systems are evaluated in Sections 9.2.10 and 9.2.14 of this
report, respectively. The SSAR states design characteristics for the system (e.g., cooling capacity of the chillers,
pump design flow rate, chilled water supply temperature)
and the heat loads required to be removed from the
components served by the system. These characteristics
indicate that the ayatem is capable of meeting the cooling
water needs of the components it serves during normal
plant operation and refueling shutdown. The chiller units
are controlled individually by remote manual switches.
The containment isolation valves for the system close automatically on a LOCA signal. These valves can also be
operated manually by remote means. In the DSER
(SECY-91-235), the staff stated, as Open Item 54, a
discrepancy regarding the number of HNCW pumps and
chillers. The SSAR piping and instrumentation diagram
(P&ID) correctly shows five HNCW pumps and associated
chillers. This resolved DSER Open Item 54.
In the DFSER, the staff requested GE to provide adequate
design description and the ITAAC relating to the HNCW
system.
This was DFSER Open Item 9.2.12-1.
Subsequently, GE provided a revised set of design
description and ITAAC. The adequacy and acceptability
of the design description and the ITAAC are evaluated in

9.2.13 HVAC Emergency Cooling Water System
The staff reviewed the HECW system in accordance with
SRP Section 9.2.2. Staff acceptance of the HECW design
ia based on meeting GDC 2 aa it relates to the system
withstanding the effects of natural phenomena; GDC 4 as
it relates to the system withstanding the effects of failed
equipment and piping during both normal and accident
conditions; GDC 5 as it relates to the capability of shared
SSCS to perform required safety functions; GDC 44 as it
relates to the capability to transfer heat loads from safetyrelated SSCa to the heat sink under normal and accident
conditions, providing suitable redundancy for components
given a single active component failure, and the capability
to isolate part of the system so that the safety function is
not compromised; and GDC 45 and 46 as they relate to
permitting inservice inspection and testing, respectively,
for safety-related equipment.
The requirements of GDC 5 regarding the sharing of SSCs
do not apply because the ABWR is designed as a singleunit facility. An application for a multi-unit facility will
require review of the design for compliance with GDC 5.

The HECW is a closed cooling water system whose
function is to provide cooling water to the main control
room (MCR) air conditioners, reactor building essential
electrical equipment room (diesel generator zone) coolers,
and control building essential electrical equipment room
coolers. The HECW system is required to operate at
normal power, reactor shutdown, and after any postulated
abnormal reactor conditions, including a LOCA. The
HECW system has no primary or secondary containment
penetrations. GE states that the entire HECW system is
safety-related and is within the scope of the ABWR design.
The GE scope of the HECW system includes all piping,
valves, pumps, chillers, instrumentation, and controls from
the HECW system chillers to their cooling loads.
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The HECW system consists of three mechanically and
electrically independent and completely redundant
divisions. HECW Division "A" serves Division "A" diesel
generator (DO) lone coolers and control building essential
electrical equipment room coolers. Division "A" consists
of one refrigerator and pump, a surge tank (shared with
the corresponding division of RCW), piping, valves, and
instrumentation. Divisions "B" and "C" serve their
respective DO zone coolers, control building essential
electrical equipment room coolers, and MCR air
conditioners. Each division consists of two refrigerators
and two pumps, a surge tank, and separate piping, valves,
and instrumentation. Each refrigeration unit includes a
condenser, an evaporator, a centrifugal compressor,
refrigerant, piping, and package chiller controls. Cooling
water is supplied to the condensers by the corresponding
RCW system divisions. Each HECW system division is
powered by a different division of the ESF power system.
The system also has a chemical feed tank to add chemicals
to each division to protect the system components from
fouling.
The HECW system and the cooling water lines from the
RCW system are designed to the requirements of seismic
Category I, 10 CFR Part SO, Appendix B, and QG C.
Thus, die system meets Position C.l of RO 1.29 for
seismic classification for safety-related systems. The
system is located in the control building, a seismic Category I structure that protects against flood and tornadomissiles. Therefore, the system complies with GDC 2
with regard to protection of safety-related systems against
adverse natural phenomena.
Each'HECW system division is equipped with a surge tank
that OE states is designed to accommodate more than
100 days* system leakage without makeup water during an
emergency. The surge tank is connected to the MUWP
system, which supplies normal makeup water. The tank
includes level switches to detect system leakage and to
allow makeup water to be supplied to the tank when
required. These switches actuate the makeup water supply
valves (open or closed on low or high tank water level,
respectively) and annunciate control room alarms for
high-high or low-low tank water levels.

system bus, or a failure-of-refrigerator signal will not
compromise the ability of the system to perform its
function. With the system controls set for automatic operation, the system is automatically initiated whenever the
HVAC systems in the control building or diesel generator
areas are started. The system can also be manually started
from the control room. Interlocks for the chillers
automatically start the redundant division whenever the
operating division fails (e.g., high temperature of the
returned cooling water or inadequate chilled water flow).
The system flow switches prevent the chiller from
operating unless sufficient water is flowing through both
the evaporator and the condenser. The chiller units can be
controlled individually from the control room by
remote-manual switches.
The system includes
instrumentation and controls for monitoring and controlling
system parameters, such as chilled water flow and
temperature, condenser water flow, and evaporator
discharge flow and temperature. Since the system is not
expected to contain any significant level of radioactivity,
it has no radiation monitors. OE has provided the design
characteristics for the system components (e.g., capacity
of the HECW system refrigeration units, chilled water
pump flow rate, chilled water and condenser water supply
temperatures). OE also submitted the heat removal and
flow requirements for the individual system components.
This information indicates that any single division of the
system is by itself capable of rejecting the total heat from
the components the system serves via the refrigerant to the
RCW cooling water under all reactor conditions.
From its initial review, the staff stated in the DSER
(SECY-91-23S) the following three concerns of DSER
Section 9.2.12 as Open Item 55:
1. SSAR Table 9.2-9 did not indicate that a single HECW
system pump by itself could deliver the required total
chilled water flow rate. The staff noted that the statement in SSAR Section 9.2.13.2 that each division
contained two 100-percent capacity pumps was
contradictory.

The design of the HECW system includes sufficient
separation and independence for both mechanical and
electrical components of the redundant trains and
protection for the system to perform its function under all
reactor conditions, including a LOCA, loss of normal ac
power, or a single active component failure in the system,
or any combination of the above. OE performed a failure
analysis of the HECW system and presented the results in
the SSAR to demonstrate that failure of a single active
component, failure of all power to a single Class IE power
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In response, OE committed to provide information to
reflect that Divisions "B" and "C" consist of two
50-percent capacity pumps and that Division "A" consists of one pump capable of meeting the hydraulic
requirements of the division, which would be consistent
with the information provided in revised SSAR
Table 9.2-9. Incorporation of this information into the
SSAR was Confirmatory Item 9.2.13-1 in the DFSER.
The SSAR states that each HECW pump has a capacity
of approximately 950 L/M (250 gpm). This capacity
is sufficient to supply 100 percent of the needs of Division "A" and 50 percent of the needs for Divisions "B"
and "C," which is acceptable.
Therefore, the
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applicable part of DSER Open Item 55 and DFSBR
Confirmatory Item 9.2.13-1 are resolved.
2. It was not clear whether the single chemical feed tank
provided for the system is safety-related. The staff
also noted that OB had not indicated whether the
associated isolation valve and its piping are safetyrelated, or whether any non-safety-related portions of
the system are isolated from the safety-related portions
of the system if isolation is warranted.
In response, OB indicated that the only non-safetyrelated portions of the HBCW divisions are the
chemical addition tank; and the piping from the tank to
the safety-related valves which isolate the tank from the
safety-related portions of the system. This addressed
the applicable part of DSER (SECY-91-235) Open
Item 55. In the DFSER, the staff requested that the
piping and instrumentation diagrams (P&IDs) be appropriately updated and that the above information be
incorporated into the system description. This was
DFSER Confirmatory Item 9.2.13-2.
The staff
reviewed Figure 9.2-3 of the SSAR and concluded that
the surge tank isolation valves are included in the
safety-related portion of the system. This is acceptable
and resolved DFSER Confirmatory Item 9.2.13-2 and
the applicable part of DSER (SECY-91-235) Open
Item 55.

The design of the HECW system includes provisions to
allow periodic inservice inspection of all the system
components to ensure the integrity of the system and its
capability to perform its intended function. Local display
devices indicate vital parameters required in testing and
inspections. For example, chilled water flow rate and
temperature of the system can be checked by viewing the
display of locally-mounted pressure and temperature
gauges at the main control panel. The staff reviewed the
SSAR and concluded that the system also includes
provisions to permit periodic testing of system components
as well as the system as a whole. The SSAR states that
this testing capability includes structural and leak-tightness
visual inspection, tests of entire system operability, and
tests of system component operability and performance.
This is acceptable. The staff finds that the design of the
system complies with the requirements of ODC 45 and 46
for inspection and testing of safety-related cooling water
systems.

Based on the above information, the staff finds that the
HECW system will comply with ODC 4 regarding
protection for the system against dynamic effects resulting
from postulated piping failures and internally- and externally-generated missiles, and with ODC 44 regarding
system reliability.

As a result of further staff review, an additional concern
was identified regarding the HECW system. Because of
the properties of the refrigerant used in the HECW chiller
units, unique problems may arise in recovering the units
following a SBO. In the DFSER, the staff requested OE
to provide an analysis regarding the HECW system's
ability to recover following a postulated SBO condition.
This was DFSER Open Item 9.2.13-1. As described
below, the SSAR, Appendix 1C, provides information
regarding the HECW system's response during an SBO.
The system can be connected to an alternate ac (AAC)
power source within 10 minutes after the initiation of an
SBO. The CTG serves as the AAC source. During the
SBO, little heat will be generated in the areas served by
the HECW since only battery-powered equipment will be
running. The temperature increase in the rooms over the
10-minute period will not exceed the qualification limits
for the equipment in these areas. Once AAC is available,
fans (which are normally powered from Class IE sources)
will be available to remove heat from the areas served by
the HECW. As the chillers become available, normal area
temperatures will be restored. Furthermore, the SSAR
states that the applicant referencing the ABWR will
provide the necessary means for restarting the system on
an SBO after the AAC is available. The staff concludes
that the design provisions in the SSAR give adequate
assurance that, during an SBO condition, safety-related
equipment served by the HECW system will not exceed its
environmental operability limits. This is acceptable and
resolved DFSER Open Item 9.2.13-1.

The HECW system water quality requirements are
established by the MUWP system, as this system is the
source of the water for the HECW system surge tanks.
(See Section 9.2.10 of this report.)

In the DFSER, the staff requested OE to provide adequate
design description and the IT AAC relating to the HECW
system.
This was DFSER Open Item 9.2.13-2.
Subsequently, OE provided a revised set of design

3. The staff noted that it was not clear which division of
the HECW supplies chilled water to the DO in Zone C.
The staff also noted that SSAR Figure 9.4-4 and
Section 9.2.13 were inconsistent in showing the number
of divisions for the system.
SSAR Section 9.2.13 currently shows the three divisions of the HECW system. Divisions A, B, and C
support diesel generator areas A, B, and C,
respectively. This eliminates the discrepancy in the
DSER (SECY-91-235) and is acceptable. Therefore,
the applicable part of DSER Open Item 55 is resolved.
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description and ITAAC. The adequacy and acceptability
of the design description and the ITAAC are evaluated in
Section 14.3 of this report. On the basis of the above,
DFSER Open Item 9.2.13-2 is resolved.
The HECW system includes pumps, chillers, valves,
piping, surge tanks, makeup piping, and the points of
connection with other systems. Portions of the HECW
system that are necessary for safe shutdown, evident
prevention, or accident mitigation are designed to smandc
Category I and QG B requirements. The staff reviewed
the SSAR design criteria, design bases, and safety classificiUion for the HECW system against the requirements for
supplying adequate cooling water for the safety-related
ECCS components and reactor auxiliary equipment for all
conditions of plant operation. The staff concludes, as
discussed above, that the design of the HECW system is
acceptable and meets the requirements of GDC 2 , 4 , 5, 44,
45, and 46, the applicable criteria of SRP Section 9.2.2.
9.2.14 Turbine Building Cooling Water System
The staff reviewed the non-safety-related TCW system in
accordance with applicable portions of SRP Section 9.2.2.
Staff acceptance of the TCW system design is based on
meeting GDC 2 as it relates to the system withstanding the
effects of natural phenomena; GDC 4 as it relates to the
system withstanding the effects of failed equipment and
piping during both normal and accident conditions; GDC 5
as it relates to the capability of shared SSCs to perform
requires safety functions; GDC 44 as it relates to the
capability to transfer heat loads from safety-related SSCs
to the heat sink under normal and accident conditions,
providing suitable redundancy for components given a
single active component failure, and the capability to
isolate part of the system so that the safety function is not
compromised; and GDC 45 and 46 as they relate to
permitting inservice inspection and testing, respectively,
for safety-related equipment.
The TCW system is a non-safety-related system designed
to remove heat for various turbine island auxiliary equipment. The TCW is a closed-loop system consisting of
three 50-percent capacity pumps, three 50-percent capacity
heat exchangers, a surge tank (shared with the corresponJing division of the HNCW system), and associated piping,
valves, and instrumentation. In Section 9.2.14 of the
DSER (SECY-91-235), the staff noted, as part of Open
Item 56, that the description of the TCW in SSAR Section 9.2.14 contained several inconsistencies.
The
component and system descriptions in SSAR Section 9.2.14.2.3 and in SSAR Figure 9.2-6a did not agree
with the descriptions of SSAR Sections 9.2.14.2.1 and
9.2.14.2.2 and GE's responses to RAIs. The discrepancies
(in particular, the number of heat exchangers and pump
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capacities) required correction. GE submitted information
and committed to update the SSAR to eliminate the
discrepancies between the figures and the text. GE stated
that the system will be a single-loop system consisting of
three pumps and three heat exchangers, each of
50-percent-capacity as stated above. Incorporation of the
corrected information into the SSAR was Confirmatory
Item 9.2.14-1 in the DFSER. The staff reviewed the
SSAR and concluded that the inconsistencies had been
corrected. This is acceptable and resolved the applicable
part of DSER Open Item 56 and DFSER Confirmatory
Item 9.2.14-1.
The SSAR includes pump flow requirements, heat
exchanger capacity, and turbine service water temperature
limits for TCW operation. Demineralized water is added
automatically based on surge tank level indications.
During normal operation, two pumps are in operation and
the third is in standby. The third pump automatically
starts on low pump discharge pressure. There are no connections between the TCW and safety-related water systems, and the TCW system is designed in accordance with
QG D standards.

The TCW system is located in and near the turbine
building, away from safety-related systems. In response
to RAIs 430.206 and 430.207, GE indicated that failure of
any TCW components, including the atmospheric surge
tank, would not cause any safety-related equipment to fail.
In the DSER (SECY-91-235), the staff noted that, from
equipment layout diagrams reviewed, this statement
appears to be true for all equipment shown on the
diagrams. The staff also noted that the atmospheric surge
tank did not appear on these diagrams and the staff verification that failure of this component would not affect
safety-related systems was not possible. The SSAR
identifies the surge tank as being located above the TCW
pumps in the turbine building. This location would place
the tank in an area away from safety-related components,
and failure of the tank would not affect any safety-related
components, which is acceptable. This description meets
Position C.2 of RG 1.29, "Seismic Design Classification,"
Revision 3, and resolved the remaining part of DSER
Open Item 56.
Based on this information, the staff concludes that the
TCW system design meets the guidelines of Position C.2
of RG 1.29, pertaining to seismic requirements for
non-safety-related systems and components. Therefore, the
design meets the requirements of GDC 2 in accordance
with SRP 9.2.2.
The requirements of GDC 5 regarding the sharing of SSCs
do not apply because the ABWR is designed as a single-
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unit facility. An application for a multi-unit facility will
require review of the design for compliance with GDC 5.

outside the ABWR design scope and are the responsibility
of the COL applicant.

Because the TCW system is non-safety-related and does
not interface with a safety system, the remaining
requirements (GDC 4, 44, 45, and 46) of SRP Section 9*2.2 do not apply since they address requirements of
safety-related systems.

The SSAR includes a conceptual design and interface
requirements for that portion of the RSW system outside
the scope of the ABWR design as required by 10 CFR
Part 52.
The function of the RSW system is to provide cooling
water to the RCW system (reviewed in Section 9.2.11 of
this report) for distribution to several safety-related and
non-safety-related loads. The RSW is required to operate
at normal power, reactor shutdown, hot standby, and after
a postulated LOCA. Under each of these conditions, the
RSW is required to function both with and without
preferred ac power available and with a single active
failure.

In the DFSER, the staff requested GE to provide adequate
design description and the ITAAC relating to the TCW
system.
This was DFSER Open Item 9.2.14-1.
Subsequently, GE provided a revised set of design
description and ITAAC. The adequacy and acceptability
of the design description and the ITAAC are evaluated in
Section 14.3 of this report. On the basis of the above,
DFSER Open Item 9.2.14-1 is resolved.
The TCW system includes pumps, chillers, valves, piping,
surge tanks, makeup piping, and the points of connection
with other systems. The staff reviewed the applicant's
proposed design criteria, design bases, and safety classification for the TCW system against the requirements for
supplying adequate cooling water for the auxiliary
equipment for all conditions of plant operation. The staff
concludes, as discussed above, mat the design of the TCW
system is acceptable and meets the applicable requirements
of GDC 2, 4, 5, 44, 45, and 46 and the guidelines of SRP
Section 9.2.2.

9.2.15 Reactor Service Water
The staff reviewed the reactor service water (RSW) system
in accordance with SRP Section 9.2.1. Staff acceptance of
the RSW system design is based on meeting the
requirements of GDC 2 as it relates to protecting SSCs
important to safety from the effects of natural phenomena;
GDC 4 as it relates to protecting SSCs important to safety
from the effects of piping and equipment failures during
both normal and accident conditions; GDC 5 as it relates
to the capability of shared SSCs to perform required safety
functions; GDC 44 as it relates to the capability to transfer
heat loads from safety-related SSCs to the heat sink under
normal and accident conditions, providing suitable
redundancy for components given a single active
component failure, and the capability to isolate part of the
system so that the safety function is not compromised; and
GDC 45 and 46 as they relate to inservice inspection and
testing of safety-related systems and components.
The portion of the RSW system within the ABWR design
scope includes all the piping, valves, instrumentation, and
controls within the control building. All otner equipment
outside the control building, including the RSW pumps, are

The RSW system is an open-cycle system that provides
cooling water to the RCW heat exchangers. The RSW
system supports no other heat loads. The RSW system
picks up heat from the RCW heat exchangers and rejects
the heat to the UHS, which is to be designed by COL
applicants referencing the ABWR design as discussed in
Section 9.2.5 of this report. Although earlier SSAR
amendments discussed the total heat rate, total flow rate,
temperature drop, and pressure drop at the RCW heat
exchangers for all identified modes of operation for the
RCW system, the staff completed the DSER (SECY-91235) before receiving in an amendment similar parameters
for the RSW system (including identification of sufficient
NPSH at pump suction locations for low water levels).
This was identified in Section 1.8 of the DSER
(SECY-91-235) as Open Item 57. GE submitted information and committed to update the SSAR, identifying these
parameters as actions by the COL applicant. This was
DFSER COL Action Item 9.2.15-1.
SSAR Section 9.2.15.2 requires the COL applicant referencing the
ABWR design will submit sufficient information to allow
the staff to perform a plant-specific safety evaluation on
that portion of the RSW system outside of the ABWR
design scope. This is acceptable. On the basis of the
above, the applicable part of DSER Open Item 57 is
resolved.
The RSW system is composed of three mechanically and
electrically independent divisions. Each division consists
of its own separate piping from intake to discharge, two
pumps, two strainers, valves, and instrumentation. Each
RSW division supplies cooling water to one division of the
RCW system.
The SSAR states that the RSW system will be able to function during abnormally low or high water levels and that
steps are taken to prevent organic fouling that may degrade
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system performance. These steps include installing trash
racks, biocide treatment (or non-biocide treatment where
biocide treatment is not allowed), and thermal backwash
capabilities. In the DFSER, the staff stated that selection
of appropriate measures is site-specific and, therefore, the
responsibility of the COL applicant. This was DFSER
COL Action Item 9.2.15-2. SSAR Section 9.2.15.2.2
states that the COL applicant will design the out-of-scope
portion of the RSW system to prevent excessive organic
fouling, erosion, and corrosion of the RSW piping. This
is acceptable and resolved the applicable portion of DSER
Open Item 57.
In the DFSER, staff review of the interface requirements
in the SSAR and the certified design material (CDM) was
in progress. This was DFSER Open Item 9.2.15-1.
Subsequently, OE submitted the design description, the
ITAAC, and the interface requirements relating to the
RSW system. The adequacy and acceptability of the
design description, the ITAAC, and the interface requirements are evaluated in Section 14.3 of this report. On the
basis of the above, DFSER Open Item 9.2.15-1 is
resolved.
System protection from water-hammer is achieved through
the use of high point vents and operational procedures
requiring filling and venting of any sections of the system
before operation. In the DFSER, the staff stated that the
COL applicant should supply these procedures. This was
DFSER COL Action Item 9.2.15-3.
SSAR
Section 9.2.15.2.1(6) states that the COL applicant will
submit the above information. This is acceptable.
All portions of the RSW system are designed to seismic
Category I, QG C, requirements. SSAR Table 3.2-1 states
that the RSW pumps are located in the structures
associated with the UHS; therefore, all portions of the
system will be located in seismic Category I, flood- and
missile-protected structures. The design of the RSW
system complies with the requirements of GDC 2 with
respect to its protection from natural phenomena, and
meets Position C.l of RG 1.29 with respect to its seismic
requirements.
The SSAR states that both the mechanical equipment and
piping and electrical equipment, including instrumentation
and controls, of the redundant divisions of the RSW
system are sufficiently separated and protected to ensure
availability of the needed equipment to shut down the
reactor in the event of any of the following occurrences:
flooding or spraying steam release induced by pipe rupture
or equipment failure, pipe whip and jet forces from a
postulated nearby high-energy line break, missiles from
equipment failure; fire; non seismic Category I equipment
failure, or a single active component failure in the system.
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In the earlier SSAR amendments, insufficient detail was
provided to ensure that this design criteria can be met.
Specifically, location and design features for the
RSW pump and associated equipment were not specified
prior to DSER (SECY-91-235) completion. This was
identified in Section 1.8 of the DSER (SECY-91-235) as
part of Open Item 57. The SSAR provides this information as an interface requirement and establishes interface
criteria to assure an appropriate design. The staff
reviewed this information and found it acceptable. This
resolved the applicable part of DSER Open Item 57.
A portion of each division of the RSW system is located in
separate divisional areas in the control building basement.
An RSW pipe break in this area would expose the safetyrelated RCW heat exchangers to flood water from the UHS
through the RSW system. GE incorporated a flood
protection feature to isolate the affected division of the
RSW system on a high water level signal in the divisional
space within the control building. In this way, only the
division experiencing the break and subsequent flooding
will be affected. The redundant divisions of RCW and
RSW will still be available to perform their safety
functions. Based on this information, the staff concludes
that the ABWR RSW design and related commitments are
adequate to ensure compliance with GDC 4 as it relates to
protection of safety-related equipment from the dynamic
effects resulting from postulated pipe failures, floods, and
internally- and externally-generated missiles.
This
resolved the second part of DSER Open Item 57. Incorporation of this information into the SSAR was identified as
Confirmatory Item 9.2.15-1 in the DFSER. SSAR Section 9.2.15.2.1 states that the COL applicant referencing
the ABWR will design the out-of-scope portion of the
RSW system to withstand the effects of piping and
equipment failures. This is acceptable and resolved
DFSER Confirmatory Item 9.2.15-1.
The staff notes that, in addition to the interface criteria
identified above, the portion of the RSW system within the
scope of the COL applicant's action must meet the
following:

•

the system will be sized to remove the heat associated
with the worst-case condition listed in Table 9.2-4 in
the SSAR.

•

RSW piping length will not exceed 2000 m (~ 6600 ft)
and redundant system isolation capability will be
designed to ensure that flooding in the control building
resulting from the failure of RSW piping is within the
bounds of the flood analysis. This is discussed in
Section 3.4.1 of this report.
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The requirements of GDC 5 for the sharing of SSCs do not
apply because the ABWR is designed as a single-unit
facility. An application for a multi-unit facility will
require review of the design for compliance with GDC 5.
At least one RSW pump in each of the three divisions of
the RSW system will be operating. This configuration
ensures immediate availability of the RSW system for plant
shutdown in the event of a LOCA. A LOPP concurrent
with a LOCA will result in a temporary loss of pumping
until the automatically sequenced restart of RSW pumps
from the emergency diesel generator loading sequence.
Upon the occurrence of a LOCA, the second RSW pump
starts and the third heat exchanger in each division is
placed in service. The design criteria for the RSW include
the requirement that a single active or applicable passive
component failure will not compromise the ability of the
RSW system to transfer heat loads from the RCW system
totheUHS.
GE discussed protection from adverse environmental
conditions, such as freezing, icing, and biofouling in its
response to Unresolved Safety Issues B-29 and B-32 and
Generic Issue (GI) 51. The staff discusses the adequacy of
the ABWR design provisions and interface requirements
with regard to these issues in Sections 20.1 and 20.2 of
this report.
The staff reviewed design information and interface criteria
supplied by GE and concludes in view of the above that
the RSW system design ensures that the heat removal
requirements of GDC 44 will be met and are acceptable.
All three divisions of the RSW system are designed to
allow periodic inservice inspection of all the system
components. This testing capability consists of structural
and leak-tightness visual inspection, tests for entire system
operability, and tests for system component operability and
performance. Testing will be conducted to simulate as
closely as possible the entire operational sequence of the
RSW system from reactor shutdown to LOCA. The
system design also incorporates provisions for accessibility
to permit inservice inspection as required. Therefore, the
system complies with the requirements of GDC 45 and 46
with respect to inspection and testing requirements for
cooling water systems.
In the DFSER, the staff requested GE to provide adequate
design description, the ITAAC, and interface requirements
relating to the RSW system. This was DFSER Open
Item 9.2.15-2. Subsequently, GE provided a revised set
of design description and ITAAC. The adequacy and
acceptability of the design description, the ITAAC, and the
interface requirements are evaluated in Section 14.3 of this

report. On the basis of the above, DFSER Open
Item 9.2.15-2 is resolved.
The design and related commitments of the RSW system
comply with the applicable requirements of GDC 2, 4, 5,
44, 45, and 46, and the guidelines of SRP Section 9.2.1
discussed above, and are acceptable.
9.2.16 Turbine Service Water System
The staff reviewed the non-safety-related turbine service
water (TSW) system in accordance with applicable portions
of SRP Section 9.2.1. The TSW system design is
acceptable if it meets the requirements of GDC 2 as it
relates to protecting SSCs important to safety from the
effects of natural phenomena; GDC 4 as it relates to
protecting SSCs important to safety from the effects of
piping and equipment failures during normal and accident
conditions; GDC 5 as it relates to the capability of shared
SSCs important to perform safety functions; GDC 44 as it
relates to the capability to transfer heat loads from safetyrelated SSCs to the heat sink under normal and accident
conditions, providing suitable redundancy for components
if a single active component fails, and the capability to
isolate part of the system so that the safety function is not
compromised; and GDC 45 and 46 as they relate to
inservice inspection and testing of safety-related systems
and components.
The portion of the TSW system design within the ABWR
design scope includes all the piping, valves, instrumentation, and controls within the turbine building. All other
equipment outside the turbine building, including the TSW
pumps, are outside the ABWR design scope and are the
responsibility of the COL applicant.
The SSAR includes a conceptual design and interface
requirements for that portion of the TSW system outside
the scope of the ABWR design as required by 10 CFR
Part 52.
The TSW system is a non-safety-related system designed
to transfer heat from the TCW system heat exchangers to
the power cycle heat sink. The TSW includes three
50-percent capacity pumps, three duplex strainers, and
associated piping, valves, and instrumentation. In the
DSER (SECY-91-235), the staff stated that GE did not
provide system parameters, (pump flow requirements,
system design pressure) but submitted a requirement that
water supplied to the TCW heat exchangers be at a
temperature not to exceed approximately 40 °C (100 °F).
In response, GE committed to update the SSAR concerning
the design of the TSW system. SSAR Table 9.2-16
provides the specific system parameters described above.
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This is acceptable and resolved DFSER Confirmatory
Item 9.2.16-1.
In the DFSER, the staff noted contradictory information
concerning the number of pumps in the system. The text
of SSAR Section 9.2.16 referred to two pumps and two
duplex strainers. However, SSAR Figure 9.2-8 and
Table 9.2.17 both showed three 50-percent capacity
pumps. Resolution of this discrepancy was identified as
Open Item 9.2.16-1 in the DFSER. The SSAR clarifies
that the system consists of a single loop containing three
vertical wet pit pumps. During normal operation, two
pumps are operating and the third is in standby. The
standby pump starts automatically if an operating pump
trips or if the pump discharge pressure drops below a
preselected limit. This clarification is acceptable and
resolved DFSER Open Item 9.2.16-1.
The TSW system is located in the intake structure (the
power cycle heat sink pump house) and the turbine
building. The system does not have any connections with
safety-related systems. The applicant must demonstrate
that all safety-related components, systems, and structures
are protected from flooding in the event of a pipeline break
in the TSW system in order to meet Position C.2 of
RO 1.29, and thus, comply with ODC 2. The staff
recognized the site-specific location of some TSW
components and stated in the DSER (SECY-91-235) that
this requirement may need to be specified as an interface
requirement. This was identified in Section 1.8 of the
DSER as Open Item 58.
Incorporation of this
requirement in the SSAR was identified as Confirmatory
Item 9.2.16-2 in the DFSER. OE stated that the COL
applicant should submit an interface requirement for flood
protection of safety-related SSCs in case of TSW
component failures.
The SSAR includes sufficient
information to ensure that an applicant referencing the
ABWR can design the out-of-scope portion of the TSW
system to prevent flood damage to safety-related equipment
as a result of a break in the TSW piping. The staff notes
that in the SSAR, Section 3.4.1 includes a flood analysis
which indicated that any flooding resulting from a break in
the TSW system will be prevented from affecting safetyrelated equipment by several means. First, a break in the
TSW line will result in a high water level alarm in the
condenser pit. The operator can then isolate the system.
If the operator is unsuccessful in isolating the system,
flood waters would rise to plant grade where it would flow
out of the truck door and onto the ground at this elevation.
Second, the below-grade tunnel which connects the turbine,
radwaste, and reactor buildings is sealed at all ends to
prevent water from entering any of the buildings. On the
basis of this information, the staff concludes that flooding
as a result of a break in the TSW line will not adversely
affect any safety-related equipment.
Therefore, the
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guidelines of Position C.2 of RO 1.29 and the
requirements of GDC 2 can be met, and DFSER
Confirmatory Item 9.2.16-2 is resolved. The CDM
aspects are addressed in the discussion of DFSER Open
Item 9.2.16-2 below.
The requirements of ODC 5 for the sharing of SSCs do not
apply because the ABWR is designed as a single-unit
facility. An application for a multi-unit facility will
require review of the design for compliance with ODC 5.
The remaining requirements of SRP Section 9.2.1
(ODC 4, 44, 45, and 46) do not apply because the TSW
system is non-safety-related and has no connections to
safety-related systems.
In the DFSER, the staff requested OE to provide adequate
design description, interface requirements, and the ITAAC
relating to the TSW system. This was DFSER Open
Item 9.2.16-2. Subsequently, GE provided a revised set
of design description and ITAAC. The adequacy and
acceptability of the design description and the ITAAC are
evaluated in Section 14.3 of this report. On the basis of
the above, DFSER Open Item 9.2.16-2 is resolved.
The design and related commitments of the TSW system
comply with the requirements of GDC 2 as discussed
above. The requirements of GDC 4, 5, 44, 45, and 46 do
not apply. In view of the above the staff concludes that
the system design and related commitments meet the
applicable acceptance criteria of SRP Section 9.2.1 and are
acceptable.

9.3

Process Auxiliaries

9.3.1 Compressed Air Systems
The design of the compressed air (CA) systems are
discussed in SSAR Sections 6.2.5 (Atmospheric Control
System), 6.7 (High Pressure Nitrogen Gas Supply), 9.3.6
(Instrument Air), and 9.3.7 (Service Air) and were
reviewed in accordance with SRP Section 9.3.1. The
review of the CA systems involved a review of information
in the SSAR and GE's responses to staff RAIs. The
acceptance criteria for the safety-related portions of the CA
systems is provided in SRP Section 9.3.1 and includes
compliance with GDC 1 as it relates to systems and
components important to safety being designed, fabricated,
and tested to quality standards in accordance with the
importance of the safety functions to be performed; GDC 2
as it relates to safety-related CA systems being capable of
withstanding the effects of natural phenomena; and ODC 5
as it relates to the capability of shared systems, and
components to perform required safety functions. The
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staff reviewed the CA systems for compliance with GDC 1
as discussed in Section 3.2 of this report.
The requirements of GDC 5 for the sharing of SSCs do not
apply because the ABWR is designed as a single-unit
facility. An application for a multi-unit facility will
require review of the design for compliance with ODC 5.

The CA system consists of four subsystems: (1) the
atmospheric control system (ACS), (2) the high-pressure
nitrogen gas supply (HPIN) system, (3) the instrument air
(IA) system, and (4) the service air (SA) system. These
systems provide compressed gas (either air or nitrogen) to
operate safety-related equipment relied upon to mitigate the
consequences of design-basis events and plant equipment
used for normal facility operation. The non-safety-related
portions of the system are interconnected with the safetyrelated portions of the system; the designs of the four
subsystems are summarized below.
The ACS system establishes and maintains an inert
atmosphere within the primary containment during all plant
operating modes except (1) during shutdown for refueling
or equipment maintenance, and (2) during limited periods
of time to permit access for inspection at low reactor
power (IS percent). The ACS is non-safety-related except
as necessary to ensure primary containment integrity (e.g.,
penetrations and isolation valves). The ACS includes
nitrogen storage tanks, vaporizers, valves and piping
carrying nitrogen to the containment, valves and piping
from the containment to the SGTS and reactor building
HVAC exhaust line, non-safety oxygen-monitoring, and all
related instrumentation and controls. The ACS provides
nitrogen from the nitrogen evaporator to the HPIN system
during normal operation.

The HPIN system consists of both safety-related and nonsafety-related portions. A single non-safety-related line
provides a continuous nitrogen supply to all pneumatically
operated components in the primary containment during
normal operation. During normal operation, the HPIN
system is supplied from the nitrogen gas evaporator/storage
tank through the makeup line from the ACS.
The safety-related portion of the system consists of two
independent divisions; each division contains a
safety-related nitrogen supply capable of supplying
100-percent of the requirements of the division being
serviced. High-pressure nitrogen gas storage bottles
supply nitrogen gas for the safety-related portion of the
system. Tielines connect the non-safety-related portion of
the system to each division of the safety-related portion of
the system. Each tieline has a motor-operated isolation valve.

The IA system provides dry, oil-free, CA for valve
actuators, non-safety-related instrument control functions,
and general instrumentation and valve services outside the
containment. (All instrumentation and control systems
inside the containment are supplied with nitrogen gas
during normal plant operation.) The primary containment
penetrations of the IA system are of seismic Category I,
QO B, design and are equipped with sufficient isolation
valves to satisfy single-failure criteria. In GE's response
to RAI 430.215, the staff noted in the DSER
(SECY-91-355), as an unnumbered confirmatory issue, that
the reference t o " . . . containment penetrations and drywell
penetrations of the instrument air system . . . " in SSAR
Section 9.3.6.1.1 should be revised to reference primary
containment penetrations only. The correction of the
SSAR text was identified as DFSER Confirmatory
Item 9.3.1-1. OE subsequently made this correction in
Amendment 24 of the SSAR. DFSER Confirmatory
Item 9.3.1-1 is resolved.
The SA system is designed to provide CA of suitable
quality for non-safety-related functions. The SA system
provides CA for services requiring air of lower quality
than that provided by the IA system. The containment
penetrations and drywell penetrations of the S A system are
of seismic Category I, QG B, design o d are equipped
with sufficient isolation valves to satisfy single-failure
criteria. The SA system does not directly interface with
the HPIN system and does not perform any safety-related
function.
As noted earlier, only the HPIN system provides
compressed gas to safety-related components. However,
the ACS and the IA system directly interface with the
HPIN system and could affect the reliability of safetyrelated components relied upon to mitigate the consequences of design-basis events. Therefore, the staff
reviewed these three systems in assessing the adequacy of
the CA systems in accordance with acceptance criteria in
SRP Section 9.3.1.
The staff reviewed the SSAR to determine the safetyrelated portions of the CA system and stated in the DSER
(SECY-91-355) that the text and figures in SSAR
Section 6.7 did not clearly state which portions of the
HPIN system are safety-related. However, the response to
an RAI, and the valve and instrument numbers on a
revision to SSAR Figure 6.7-1 specify which portions of
the system are safety-related. These portions include the
nitrogen storage bottles and their headers up to and including valves F002A through F002D, piping and valves from
F002 (A through D) to the accumulators for the automatic
depressurization system (ADS) valves, and piping from the
cross-tie valves F012A and F012B to the piping leading to
the accumulators (identified previously). Additional safety-
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related piping in the IA system and ACS include piping
and valves from F200 to F208, inclusive.
The staff noted an inconsistency in die designation of the
inboard isolation valve. OB referred to this valve as F209
in all drawings and as F208 in the responses to RAIs. In
DSER (SECY-91-355) Table 9.3.1-1, the staff identified
(DSER Open Item 69) additional numbering
inconsistencies, including valve numbers and valve
operator types.
The staff also stated [DSER
(SECY-91-355) Open Item 70] that the SSAR text and
figures did not include all information on the safety
classification of components before the staff completed
DSER (SECY-91-355). While the information in response
to requests for information is acceptable, the staff stated in
the DSER (SECY-91-355) that this information should be
fully incorporated into the SSAR. The inconsistencies and
lack of information noted in the DSER (SECY-91-235)
were addressed in revised figures to be incorporated into
the SSAR.
This information resolved DSER Open
Items 69 and 70; however, the staff identified incorporation of this information into the SSAR as'Confirmatory
Item 9.3.1-2 in the DFSER. OE submitted Amendment 20
of the SSAR which corrected the inconsistencies and
included the additional |information. This is acceptable,
and resolved DFSER Confirmatory Item 9.3.1-2.
Contrary to the guidelines of the SRP, die SSAR does not
indicate the failure mode for the valves in the HPIN
system. Except as noted below, and assuming that the
MOV8 fail "as-is," the system configuration is acceptable.
In the DSER (SECY-91-355), the staff stated as Open
Item 71 that information related to the failure mode of
components should be incorporated into the SSAR text and
drawings. OE indicated in a letter dated March 11,1992,
that the motor-operated valves in the air systems fail as-is;
air-operated valves fail open (unless otherwise indicated)
in the HPIN, IA, and SA systems and fail closed in the
ACS. This information resolved DSER Open Item 71;
however, identification of the failure modes of the valves
in the CA systems (i.e., confirmation of the failure states)
in the SSAR was identified as DFSER Confirmatory
Item 9.3.1-3. GE modified SSAR Figures 6.7-1, 6.2-39,
9.3-6, and 9.3-7 to include the failure modes of all
pneumatically-operated valves in the CA systems. All
motor-operated valves fail as-is. This is acceptable to the
staff and resolved DFSER Confirmatory Item 9.3.1-3.
In the DSER (SECY-91-355), the staff stated that Valves
AO F018A and B in SSAR Figure 6.7-1 were identified as
"NC, FO" (i.e., normally closed and fail open) and that
this was inconsistent with Section 19E.2.1.2.2.2(2)(b),
which states that upon a loss of power, the operator will
have to manually open these valves. The staff noted that
this is also inconsistent with a design which should protect
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the storage bottles from inadvertent depressurizationdue to
a postulated line break. Confirmation that these valves do
not fail in the open position was identified as DSER
(SECY-91-355) Open Item 72. In a letter dated March 11,
1992, OE changed these valves to motor-operated valves
that are normally locked closed and as such they will fail
as-is, closed. This resolved the DSER Open Item 72.
Incorporation of this information into the SSAR was
identified as DFSER Confirmatory Item 9.3.1-4. In
resolving DFSER Confirmatory Item 9.3.1-2, GE changed
the designation of valves F018A and B to F003A and B in
SSAR Amendment 20 and changed these valves from
pneumatically-operated valves to motor-operated valves
which are normally closed. The staff found the modifications acceptable. DFSER Confirmatory Item 9.3.1-4 is
resolved.
The vessels, piping, and fittings of the safety-related
portions of the HPIN system (except penetrations) are
designed to the requirements of seismic Category I, ASME
Code Section III, Class 3, QG C, and Quality Assurance
B. The SSAR states that the cross-tie valves (i.e.,
F012A and B) that connect the safety-related portions of
the HPIN system to the non-safety-related portions are
safety-related. While two isolation valves are not provided
on the non-safety-related/safety-related interface within the
HPIN system, the system is deemed adequate in
accordance with information GE provided in the response
to RAI 430.211. One isolation valve is provided between
each division of the safety-related HPIN system and the
non-safety-related portion of the system. Additionally,
check valves are provided to prevent backflow of nitrogen
from the accumulators through any possible break in the
non-safety-related portion of the system. The inboard
isolation valves are check valves and each safety-related
accumulator is downstream of a separate check valve. The
accumulators are sized to perform their function. The
combination of isolation valves, check valves, and the
sizing of the accumulators ensures that the system would
fulfill its function in the event of a rupture in the nonsafety-related portion of the piping.
The piping and valves for the containment and drywell
penetrations for the HPIN and IA systems are designed to
the requirements of seismic Category I, ASME Code
Section in, Safety Class 2, QG B, and Quality Assurance
B.
The isolation provisions for the ACS primary
containment penetrations include two isolation valves that
are both located outside the primary containment, which is
not strictly in conformance with GDC 56. However, the
penetrations do not extend inside the containment, and an
inboard isolation valve would not be practical (as described
by GE in the response to RAI 430.209). An inboard
isolation valve for the ACS would be exposed to a more
severe enviiousient and would not be easily accessible for
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inspection, surveillance, and maintenance. The staff
approved a similar design for the GESSAR II BWR/6
design. Therefore, the staff determined that the isolation
design is acceptable. The containment isolation valve
provisions are reviewed in detail in Section 6.2.6 of this
report.

the larger size. DSER Open Item 73 (SECY-91-35S) was
identified as DFSER Open Item 9.3.1-1. Subsequently,
GE modified the SSAR to clarify the design requirements
for components using this nitrogen source. GE submitted
Amendment 24 to the SSAR.
The staff reviewed
Section 6.7.2 of this amendment and concludes that GE
had clarified that any equipment using this nitrogen will be
capable of operating with nitrogen containing 5-micron
particulates. The staff finds the modification acceptable.
DFSER Open Item 9.3.1-1 is resolved.

Based on this information, the staff concluded that the CA
system complies with Positions C.l and C.2 of RO 1.29
regarding the ability of the system to withstand the effects
of earthquakes.
The safety-related portions of the HPIN system are located
within the reactor building. The reactor building is
designed to withstand and protect equipment from
tornados, externally-generated missiles, floods, and other
natural phenomena. In addition, the safety-related portions
of the HPIN system will retain their function during a
LOCA and seismic events in which non-safety-related
portions may be damaged. SSAR Section 6.7.3 states that
the space separating the pipe routing of Divisions I and II
of mtrogen gas is sufficient to prevent a strike by a single
high-energy whipping pipe, the jet force from a single
broken pipe, or an internally-generated missile from
preventing the other division from accomplishing its safety
function. Thus, the system satisfies GDC 2 regarding
protection of the system from natural phenomena.
The ADS valves will perform their safety-related functions
using compressed gas that will be provided by the HPIN
under most conditions. This nitrogen is supplied during
normal operation from the ACS nitrogen storage tank.
During design-basis events, nitrogen is supplied by
accumulators charged by either the ACS, during normal
operation, or by nitrogen bottles during periods when the
ACS'is unavailable. In addition, stored nitrogen can be
used to replenish the accumulators or to supplement their
operation. The ABWR design uses nitrogen containing
particles up to 5 microns. As discussed in DSER Open
Item 73 (SECY-91-355), this does not comply with the
guidance of ANSI MC 11.1-1976, which recommends that
nitrogen used by safety-related components contain
particles no larger than 3 microns. In response to this
issue, GE indicated that the filters in the HPIN system will
be able to remove particles larger than 5 microns from the
system, and the nitrogen supply subsystem will supply oilfree nitrogen with a moisture content of less than 2.5-ppm.
The 5-micron capacity of the filters is not in compliance
with the requirements of ANSI MC 11.1-1976, and GE
had not provided sufficient justification for the staff to
allow deviation from the 3-micron criterion. In the
DFSER, the staff stated that GE should either commit to
the 3-micron requirement of the standard or provide a
commitment to use equipment demonstrated to be
unaffected by the use of nitrogen containing particulates of

IE Bulletin No. 80-01 concerns the operability of the ADS
pneumatic supply. The bulletin states that the ADS
pneumatic supply may not be operable for all possible
events because of a combination of misapplication of check
valves, a lack of testing of the accumulator system backing
up each ADS valve operator, and questions about the
continued operability of the pneumatic supply in a seismic
event.
The bulletin requires licensees of GE BWR facilities which
use a pneumatic operator for ADS function to:
(1)

Determine if the facility has installed hard-seat
check valves to isolate the ADS accumulator system
from the pneumatic supply system.

(2)

Determine if periodic leak tests have been
performed in the ADS accumulator systems to
assure emergency pneumatic supply for the FSARrequired number and duration of valve operations.

(3)

Review seismic qualifications
pneumatic supply system:

(4)

of

the

ADS

(a)

from accumulator system isolation check
valve to ADS valve operator,

(b)

from isolation valve outside containment up
to ADS accumulator check valve.

Based upon determination of Items 1, 2, and 3
above, evaluate the operability of the ADS for the
conditions under which it is required to be
operable, including a seismic event. If operability
cannot be established, adhere to appropriate
technical specification action statement.

Operational experience has shown that check valves with
hard seats may lead to excessive valve leakage, thus
undermining the ability of the accumulators to provide the
required pneumatic fluid to ensure that the ADS valves
actuate. The ABWR design may use check valves with a
hard seat. GE states that accumulator operability will be
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The staff reviewed the preoperational testing of the CA
systems and compliance with RG 1.68.3 as addressed in
Section 14 of this report.

assured by ensuring that system leakage does not exceed
28 L/h(lscm) per valve. SSAR Sections 6.7.2 and 6.7.4
state that periodic leakage testing will be performed to
ensure that the leakage rate does not exceed 28 L/h
(1 scm) for each valve. Section 6.7.3 states that the
safety-related portions of the ADS system are seismic
Category I. The section of system piping addressed in the
bulletin is classified as safety-related for the HPIN system.
Thus, these sections of the system will be able to withstand
the conditions associated with a seismic event. Based on
this information, the staff concludes that the HPIN design
is sufficient to ensure that the ADS SRV accumulators will
supply adequate nitrogen to the ADS SRVs to ensure
proper valve actuation. The system design adequately
addresses the issues in IE Bulletin No. 80-01.

GE submitted the design description and the ITAAC
relating to the CA systems. This was identified as DFSER
Open Item 9.3.1-3. The adequacy and acceptability of the
design description and the ITAAC are evaluated in
Section 14.3 of this report.
On the basis of this
evaluation, DFSER Open Item 9.3.1-3 is resolved.

The staff stated in the DSER (SECY-91-355) that SSAR
Section 9.3.6.1.2 indicated that the non-safety-related IA
system is also used as a backup to the nitrogen system
when, during normal operation, the nitrogen gas supply
pressure drops below a specified setpoint. The staff noted
that this conflicted with GE's earlier response to RAI
430.218, dated March 11,1992, which states: 'Instrument
air system does not serve as a backup to HPIN system
during normal operation . . . ." The resolution of this
discrepancy was identified as Open Item 74.
Subsequently, OE committed to revise the response to RAI
430.218 to indicate that the IA system can be used as a
backup to the HPIN system when nitrogen pressure drops
below the system low pressure setpoint and recovery
efforts have failed. IA would be used until repairs to the
HPIN system are completed. This information resolved
DSER Open Item 74, however, incorporation of this
information into the SSAR was identified as DFSER
Confirmatory Item 9.3.1-5. GE supplied the required
information in Amendment 22 which is acceptable to the
staff. DFSER Confirmatory Item 9.3.1-5 is resolved.
In evaluating the IA system as a potential backup to the
HPIN system, the staff stated in the DSER (SECY-91-355)
that it had found that the system complies with all aspects
of the ANSI MC 11.1-1976 criteria except for particulate
size. The ABWR design proposes a 5-micron criterion for
particulate size that is contrary to the 3-micron criterion of
the ANSI standard. This was identified as DSER Open
Item 75. GE had not justified this aspect of the CA
system design, therefore, the IA system's compliance with
the requirements of GDC 1 remained an outstanding issue.
The staff reclassified DSER Open Item 75 as Open
Item 9.3.1-2 in the DFSER.
The staff reviewed
Section 9.3.6.2 of Amendment 24 of the SSAR and concludes that GE has clarified that any equipment using this
air will be capable of operating with air containing 5micron particulates. The staff finds the modification
acceptable. DFSER Open Item 9.3.1-2 is resolved.
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The CA systems include all components and piping and the
points of connection with other systems. The safetyrelated HPIN system provides a continuous nitrogen supply
to safety-related components and is classified as seismic
Category I and QG C. The staff reviewed the applicant's
design and design criteria for the safety-related CA
systems to verify that they conform to the Commission's
regulations in the GDC, and to applicable regulatory
guides and industry standards. As discussed in detail
above, the staff concludes that the design of the CA
systems is acceptable and conforms to the requirements of
GDC 1, 2, and 5 for quality standards, protection from
natural phenomena, and sharing of systems and
components, and meets the guidelines of SRP Section 9.3.1.
9.3.2 Process and Post-Accident Sampling Systems
9.3.2.1 Process Sampling System
The process sampling system (PSS) is designed to collect
water and gaseous samples contained in the reactor coolant
system and associated auxiliary system process streams
during all normal modes of operation. Provisions are
made to ensure that representative samples (except from
gaseous streams) are obtained from well-mixed streams or
volumes of effluent by the proper selection of sampling
equipment, sampling points, and sampling procedures.
Additionally, grab samples are obtained for confirmatory
analyses and to test for other chemicals. The reactor
coolant sample lines penetrating the containment are each
equipped with two normally closed, isolation valves which
if open, automatically close on a containment isolation
actuation signal.
In DSER (SECY-91-355) Open Item 98, the NRC staff
determined that SSAR Section 9.3.2.1 contained
insufficient information for the staff to evaluate conformance with SRP Section 9.3.2 in the following areas:
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1. Under SRP Section 9.3.2, the PSS should include the
capability to obtain samples from at least the following
points: main condenser evacuation system off gas,
SLCS tank, and sumps inside containment and other
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able and, therefore, DSER Open Item 98 was resolved.
The staff concludes that the system meets the cited
requirements and guidance and is, therefore, acceptable.

locations given in SRP Section 11.5 and those specified
in the SSAR.
i

2. The guidelines in Position C.2 of RO 1.21,
'Measuring, Evaluating and Reporting Radioactivity in
Solid Wastes and Releases of Radioactive Materials in
Liquid and Gaseous Effluent from Light-Water-Cooled
Nuclear Power Plants" and positions of RG 1.56,
"Maintenance of Water Purity in Boiling Water
Reactors," Revision 1* should be used to meet the
requirements of GDC 13, 14, 26, 63, and 64 unless
otherwise acceptable alternatives were proposed. The
SSAR did not indicate conformance with these
guidelines.

GE has submitted ITAAC and design description in Section 2.11.20 of the CDM for the PSS. This was DFSER
Open Item 9.3.2.1-1. GE provided a revised set of design
description and ITAAC. The adequacy and acceptability
of the ABWR design descriptions and ITAAC are
evaluated in Section 14.3 of this report. On the basis of
the above, this item is resolved.

9.3.2.2 Boat-Accident Sampling System

3. In accordance with ANSI N13.1-1969 provisions
should be made to ensure that representative samples
are taken from gaseous process streams and tanks.
This needed to be addressed in the design.
4. To meet 10 CFR 20.1003 in keeping radiation
exposures ALARA, and the requirement of GDC 60 to
control the release of radioactive materials to the
environment, passive flow restrictions to limit reactor
coolant loss from a rupture of the sample line should
be provided.
5. To meet the requirements of GDC 1 and 2, the seismic
design and quality group classification of sampling lines
for the PSS should conform to the classification of the
system to which each sampling line and component is
connected.
GE responded in its March 11, 1992, letter entitled "GE
Responses to the Resolution of Issues Related to ABWR
DSER Chapters 1, 2, 3, 4, 5 , 6 , 9,10, 12, 13, 14, and 15
(SECY-91-355)." In an attachment to this letter (Response
to Open Item 98), GE stated that a capability is provided
to obtain samples from the main condenser evacuation off
gas, SLCS tank, sumps inside containment, liquid radwaste
system process lines, and liquid radwaste system collection
and sampling tanks. They said that the guidelines of
RGs 1.21 and 1.56, and ANSI N13.1-1969 will be used,
except that passive flow restrictors are not provided in
reactor sampling lines to control the release of radioactive
materials from a ruptured sample tide. These devices
become crud traps during normal operation and overly
restrict sampling flow rate during shutdowns when the
reactor is at low pressure. They stated that each reactor
water sampling line is provided with two remotely operable
isolation valves to limit reactor water loss from a sample
line rupture. GE also indicated that the seismic design and
group classification of sampling lines and their components
will conform to the classification of the system into which
they are connected. The staff finds this response accept-

After the accident at Three Mile Island Unit 2, the staff
recognized the need for an improved post-accident
sampling system (PASS) to determine the extent of core
degradation following a severe reactor accident. Criteria
for an acceptable sampling and analysis system are
specified in 10 CFR 50.34(f)(2)(viii) and ItemII.B.3
of NUREG-0737. According to these documents, the
PASS should have the capability to obtain and
quantitatively analyze reactor coolant and containment
atmosphere samples without exposing any individual to
radiation exceeding 5-rem to the whole body or 75-rem to
the extremities (GDC 19) during and following an accident
in which there is core degradation. Materials to be
analyzed and quantified include certain radionuclides that
are indicators of the severity of core damage (e.g., noble
gases, isotopes of iodine and cesium, and nonvolatile
isotopes), hydrogen in the containment atmosphere, and
total dissolved gases, boron, and chloride in reactor
coolant samples.
In DSER (SECY-91-355) Open Item 99, the NRC staff
determined that the PASS design as described in SSAR
Section 9.3.2 was not adequate. The staff stated that GE
needed to address the Item II.B.3 of NUREG-0737 and
indicate the PASS provisions required to satisfy each of the
11 specified criteria. The staff said that the upper limit for
activity levels in liquid samples of 1 Ci/cm in GE's PASS
design (SSAR Section 9.3.2.3.1) was not justified.
Item II.B.3 of NUREG-0737, Criterion 9, and RG 1.97,
"Instrumentation for Light Water-Cooled Nuclear Power
Plants to Assess Plant and Environs Conditions During and
Following an Accident," Revision 3, specify reactor
coolant and sump gross activity sampling capability in the
1 pCi/ml to 10 Ci/ml range. Delaying sampling until the
PASS sample radioactivity decays to 1 Ci/ml is
unacceptable because inordinate and unjustified delay in
obtaining sample radioactivity results. All PASS systems
in operating reactor plants are presently designed with the
capability to sample liquids with up to 10 Ci/ml
radioactivity.
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GE responded (March 11,: 1992, letter) explaining that the
ABWR PASS hat been designed to meet the intent of the
11 requirements listed in NUREO-0737.
OE also
identified several exceptions to some of the requirements
of NUREO-0737.
The NRC staff reviewed this
information andfoundit acceptable, subject to revising the
SSAR to include the following design features:
1. SSAR Section 9.3.2 indicates that PASS is designed for
upper limit for activity samples o f ! Ci/cm . All PASS
systems in operating reactor plants are designed with
capability of sampling liquids up to 10 Ci/ml
radioactivity. OE needs to design PASS with the
capability of sampling liquids up to 10 Ci/ml. This is
DFSBR Open Item 9.3.2.2-1.

would be no need for the PASS to analyze dissolved gases
in accordance with the requirements of 10CFR
50.34(fX2Kviii) and Item m.B.3 of NUREO-0737. In its
April 2, 1993, SRM, the Commission approved the staff
position to exempt the PASS for the evolutionary and
passive ALWRs of boiling water reactor design from
analyzing dissolved gases in accordance with the requirements of 10 CFR 50.34<f)(2Xviii) and Item III.B.3 of
NUREO-0737.

3

2. The ABWR PASS does not have capability to obtain
dissolved gas analysis. OE needs to design PASS to be
capable of obtaining reactor water samples 24 hours
after the end of power generation in order to evaluate
concentrations of dissolved gases and chlorides in the
reactor coolant. The information on the amounts of
dissolved hydrogen, oxygen and chlorides in the reactor
coolant is an important factor in evaluating postaccident conditions exigticg in the reactor vessel. This
is DFSER Open Item 9.3.2.2-2.
The staff concluded in the DFSER that, subject to the
resolution of DFSER Open Items 9.3.2.2-1 and 9.3.2.2-2
described above, OE will have adequately described the
ABWR PASS.
OE addressed DFSER Open Item 9.3.2.2-1 in its SSAR,
Section 9.3.2.3.1, which states that the area radiation is
considered safe when the sample radioactivity is about
1 Ci/cm . When the sample radioactivity level is higher
than 1 Ci/cm , abnormal or emergency conditions will be
used to assess the situation. This is acceptable.
3

3

OE responded to DFSER Open Item 9.3.2.2-2 in its letter
of January 28, 1993. The staff also discussed this issue in
a telephone conference with OE on January 28, 1993. OE
explained that whenever core uncovering is suspected, the
reactor vessel is rapidly depressurized, and thus
pressurized reactor water samples are not necessary. In a
letter dated April 26, 1993, OE revised SSAR
Section 9.3.2.3.1 to document this explanation. OE has
also included this information in the SSAR. On the basis
of the actions above, DFSER Open Item 9.3.2.2-2 is
resolved.
In SECY-93-087, the staff recommended that the
Commission approve its position that for evolutionary and
passive ALWRs of boiling water reactor design, there
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In SECY-93-087, the staff also recommended that the
Commission approve the deviation from the requirements
of ItemII.B.3 of NUREO-0737 with regard to the
requirements for sampling reactor coolant for boron
concentration and activity measurements using the PASS in
evolutionary and passive ALWRs.
The modified
requirement would require the capability to take boron
concentration samples and activity measurements 8 hours
and 24 hours, respectively, following the accident. In its
April 2, 1993, SRM, the Commission approved the staff
position to require the capability to take boron
concentration samples and activities measurements 8 hours
and 24 hours, respectively, following the accident.
The ABWR design will have PASS which meets the
requirements of 10 CFR 50.34(f)(2)(viii) and Item II.B.3
of NUREO-0737 with the modifications described in
SECY-93-087. The system will have the capability to
sample and analyze for activity in the reactor coolant and
containment atmosphere 24 hours following the accident.
This information is needed for evaluating the conditions of
the core and will be provided during the accident
management phase by the containment high-range area
monitor, the containment hydrogen monitor and the reactor
vessel water level indicator. The need for PASS activity
measurements will arise only during the accident recovery
phase and 24 hours sampling time is, therefore, adequate.
PASS will also be able to determine boron concentration
in the reactor coolant. It will be capable to make this
determination within 8 hours following the accident. The
concentration of boron is required for providing insights
for accident mitigation measures. Immediately after the
accident this information will be obtained by the neutron
flux monitoring instrumentation which is designed to
comply with the criteria of RG 1.97, and which has fully
qualified redundant channels capable to monitor over the
full power range. Boron concentration measurements will
not be, therefore, required for the first 8 hours after the
accident.
In order to approve an exemption from the requirements of
10 CFR 50.34(f)(2)(viii) concerning the elimination of
analyses for dissolved gases and chlorides in the reactor
coolant, special circumstances must exist. For the ABWR,
whenever core uncovering is suspected, the reactor vessel
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is depressurized to approximately the pressure within the
werwell and the drywell which results in partial release of
the dissolved gases. Under these conditions, pressurized
samples would not be meaningful. Therefore, application
of the regulation in this particular circumstance would not
serve the underlying purpose of the rule. During accidents
when the reactor vessel has not been depressurized (such
as when a small amount of cladding damage has occurred),
reactor coolant samples could be obtained by the process
sampling system.

SSAR Section 9.3.3 discusses the NRD, which is a nonsafety-related system designed to transfer effluents that are
not radioactive or potentially radioactive. Radioactive
effluents are transferred by the radioactive drain transfer
system (DTS), which is discussed in SSAR Section 9.3.8
and reviewed in Section 9.3.8 of this report.
Initially the NRD was not considered part of the ABWR
design in the DFSER. Subsequently, GE brought portions
of this system within the ABWR design scope. The
portions of the system within standard plant buildings are
within the ABWR design scope, while those portions
outside these buildings are outside of the ABWR design
scope. The portions of the system outside the design
scope, as well as the design details of the in-scope portion
of the system, will be provided by the COL applicant
referencing the ABWR design. GE has provided a
conceptual design and interface requirements for the outof-scope portion of the system as required by 10 CFR
Part 52.

With regards to the need for chloride analysis,
determination of chloride concentrations is of a secondary
importance because it is needed only for determining the
likelihood of accelerated primary system corrosion which
is a slow-occurring phenomenon. Chloride analyses could
be performed on the samples taken by the process
sampling system. In this case, therefore, the intended
purpose of the rule could be achieved without the need for
the PASS to have chloride sampling capabilities.
Accordingly, special circumstances required by 10 CFR
50.12(2Xii) exist for the ABWR in that the regulation
would not serve the underlying purpose of the rule in one
circumstance and is not necessary in the other
circumstance to achieve the underlying purpose of the rule
because the intent of rule could be met with alternate
design requirements proposed by the applicant. On this
basis, the staff concludes that the exemption from
analyzing dissolved gases and chlorides in the reactor
coolant sample is justified.
GE has submitted ITAAC and design description of the
post-accident sampling system as a part of the process
sampling system in ITAAC Section 2.11.20. This was
DFSER Open Item 9.3.2.2-3. GE provided a revised set
of design description and ITAAC. The adequacy and
acceptability of the ABWR design descriptions and ITAAC
are evaluated in Chapter 14.1 of this report. On the basis
of the above, DFSER Open Item 9.3.2.2-3 is resolved.

The NRD system consists of sump pumps, valves, and
associated piping and instrumentation to direct waste
liquids, valve and pump leakoffs, and component drains
and vents to the sanitary drainage portion of the PSW
system. SSAR Table 3.2-1 states that the system serves all
areas of the plant within the ABWR scope except for the
primary containment and the MST.
The areas of
secondary containment housing the EDGs contain no
drains. The system drains by gravity and contains no
active components from the point of drainage to the sumps.
Valves that are relied upon to prevent backflow can be
inspected and tested and are designed to withstand the
effects of a SSE. Flooding is prevented by designing the
system with sufficient capacity to accommodate expected
flooding as well as placing safety-related equipment on
raised pads or gratings (see Section 3.4.1 of this report for
the staffs review of flood protection). Based on this
information, the staff concludes that the system can
withstand the effects of natural phenomena and, therefore,
meets the requirements of GDC 2.

9.3.3 Non-Radioactive Drain System
The staff reviewed the non-radioactive drain (NRD) system
in accordance with SRP Section 9.3.3. The NRD system
is acceptable if it meets the requirements of GDC 2 as it
relates to safety-related portions of the aygtem being
capable of withstanding the effects of natural phenomena;
GDC 4 as it relates to the capability of the system to
withstand the effects of and to be compatible with the
environmental conditions associated with normal operation,
maintenance, testing, and postulated accidents; and
GDC 60 as it relates to providing a means to control the
release of radioactive materials in liquid effluent, including
anticipated operational occurrences.

The NRD system is arranged with separate piping in each
quadrant. Flooding or backflow in one quadrant cannot
affect other quadrants. This system has no connections to
the radioactive drains transfer system, and drains are
designed to withstand the adverse effects (including high
pressure) associated with pipe and equipment failures in
building compartments. Open drainage lines that are
needed to maintain an air pressure differential are provided
with a water seal. Based on this information, the staff
concludes that the NRD system meets GDC 4 as it relates
to protection of the system from environmental and
dynamic effects associated with piping and components
failures.'
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The NRD system design ensures that radioactive material
cannot be discharged. However, effluent is sampled for
radiation prior to discharge. In addition, level switches are
provided in each sump to monitor leakage (see
Section S.2.S of this report for the evaluation of leakage
detection methods). OB included a COL action item in
Amendment 29 of the SSAR requiring COL applicants
referencing the ABWR design to develop a sampling and
analysis program to ensure that radioactive liquids are not
inadvertently being discharged from the nonradioactive
drain system. This was identified as DFSER COL Action
Item 9.3.3-1. Based on these design and operational
provisions, the staff concludes that the system contains
adequate means to detect and control the release of
radioactive materials in the system effluent and meets the
requirements of ODC 60 and is acceptable.
SSAR Amendment 29 includes a conceptual design and
interface requirements for the part of the NRD system
outside of the ABWR design scope. The COL applicant
referencing the ABWR design shall provide the details of
the system design from the standard plant buildings to the
site discharge structure. The system collects wastewater
from plant buildings, precipitation, and other surface
runoff and directs this water to dual settling basins where
suspended solids are settled and oil is collected. Tests and
analyses are performed to meet the plants discharge
permit. Failure of this portion of the system will not
adversely affect any safety-related equipment. Based on
this information, the staff concludes that the out-of-scope
portion of the nonradioactive drain system will also meet
the requirements of ODC 2, 4, and 60.
The staff concludes that the design criteria, conceptual
design, and interface requirements provided in the SSAR
will allow the applicant to design a nonradioactive drainage
system which will comply with the ODC.
OE submitted the design description, ITAAC, and the
relevant interface requirements relating to the NRD
system. The adequacy and acceptability of the design
description, the ITAAC, and the interface requirements are
evaluated in Section 14.3 of this report.
The basis for the staff review has been conformance of the
COL applicant's system design and design criteria to the
Commission's regulations as set forth in the ODC. The
staff concludes that the nonradioactive equipment and floor
drain system provides adequate design criteria to ensure
compliance with ODC 2, 4, and 60 with respect to
protection from natural phenomena, seismic design,
environmental conditions, and control of potentially
radioactive material, respectively. Therefore, the staff
concludes that the design will comply with the guidelines
of SRP 9.3.3 and is acceptable.

NUREG-1503

9.3.4 Chemical and Volume Control System
The ABWR does not include this system.
9.3.5 Standby Liquid Control System
The SLCS was reviewed in accordance with SRP Section 9.3.5 (NUREG-0800). An audit review of each of the
areas listed in the "Areas of Review" portion of the SRP
section was performed according to the guidelines provided
in the "Review Procedures" portion of the SRP. Conformance with the acceptance criteria formed the basis for our
evaluation of the SLCS with respect to the applicable
regulations of 10 CFR Part SO.

The SLCS is a reactivity control system, which will inject
sodium pentaborate solution into the reactor coolant to
provide an independent means for shutting down the
reactor. The SLCS can bring the reactor from rated power
to cold shutdown any time during core life if the normal
reactivity control system becomes inoperable. Thus,
together with the control rod system, it satisfies the
requirements of ODC 26 for reactivity control systems
redundancy and capability. (Refer to Section 4.6 of this
report for a discussion of reactivity control.)
The system consists of a storage tank, a test tank, and two
positive displacement pumps with a motor-operated
injection valve at each pump discharge, a motor-operated
valve at each pump suction, piping, and controls.
All of the SLCS is located within the secondary
containment. The maximum temperature at which the
solid material would precipitate from solution is 15 °C
(59 °F); the room in which the equipment containing the
borated solution is located is kept at a temperature of about
38 °C (100 °F). An electrical resistance heating system
maintains the solution between 24 °C and 29 °C (75 °F
and 85 F) to prevent precipitation of the sodium
pentaborate solution during storage. Both the high and low
liquid level and temperature in the tank are alarmed in the
control room.
9

Hie two pumps in parallel trains take suction on the
storage tank through separate suction lines and discharge
it into the reactor vessel through a common injection line.
The liquid is piped into the reactor through the HPCF line
downstream of the HPCF inboard check valve. The
discharge from each pump is provided with a check valve
(to prevent backflow) and a crossover line. Similarly, the
piping at the pump suction is also connected by a crossover
line. To meet the 10 CFR $0.62 requirements for poison
injection, the system is designed for both pumps to start
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valves to prevent lots or dilution of boron. If the
instrumentation provided indicate that the solution is not
entering the reactor vessel, the operator can turn the other
key-operated switch to the "run" position to actuate the
alternate train.

simultaneously and inject 379 Urn (100 gpm) pentaborate
solution.
The ABWR SLCS design includes motor-operated ac
valves instead of the squib- activated (explosive) injection
valves used in current BWRs. On earlier BWR plants, the
SLCS piping was not completely isolated from the SLCS
storage tank and it was possible for boron to be present in
the SLCS piping. Consequently, OE decided to provide
leakproof explosive valves so that boron would not leak
into the reactor during SLCS testing. In the ABWR SLCS
design, the boron storage tank is provided with normally
closed isolation valves and a suction pipe keep fill system
to prevent the boron solution from entering the SLCS
piping. Because of this design change, OE concluded that
the leak-tight explosive valves are not required in the
ABWR pump discharge piping.

The SLCS is located in a compartment outside the drywell
and below the refueling floor in the seismic Category I
secondary containment, which protects the SLCS from
floods and tornadoes. All portions of the SLCS necessary
to inject sodium pentaborate solution into the reactor are
seismic Category I, QO B (or QO A if they are part of the
reactor coolant pressure boundary). Thus, the SLCS meets
the requirements of ODC 2, and the guidelines of
RO 1.29, "Seismic Design Classification," Position C.l.
The secondary containment protects the SLCS against
externally or internally generated missiles. The SLCS is
separated from non seismic system components and from
the effects of breaks in other high and moderate-energy
piping systems (see Sections 3.5.1.2 and 3.6.1 of this
report). Thus, the SLCS meets the requirements of
GDC 4.

Each pump and its associated valves are powered from a
redundant emergency power supply. They are arranged so
that failure of a single pump or valve will not prevent
adequate amounts of sodium pentaborate solution from
entering the reactor vessel to effect shutdown.

To ensure the availability of the SLCS, the system includes
two parallel sets of components required to actuate the
system (pumps and injection valves). The injection portion
of the system can be functionally tested by injecting
demineralized water from a test tank into the reactor. To
ensure the storage tank discharge valves are reliable, the
staff requires COL to confirm that the valves will have
adequate reliability requirements and that the valves be
incorporated into the operational reliability assurance
program (ORAP). This issue is a COL Action Item
9.3.5-1. This was previously identified as Confirmatory
Item 9.3.5-1 and the Confirmatory item is resolved.

The SLCS is automatically initiated after receiving an
anticipated transient without scram (ATWS) signal or can
be manually actuated by either of two keylocked springreturn switches in the control room. The SLCS system
meets the ATWS rule 10 CFR 50.62 because the SLCS
pumps are started automatically (see Section 1S.S of this
report). Originally, in the DSER SLCS was started
manually, which was identified as an open item (DSER
Open Item IS). With the SLCS now modi .ed to be
automatically initiated, this open item is resolved.

The ATWS initiation signals for SLCS automatic start are
high RPV pressure or low RPV water level 2, and startup
range neutron monitor (SRNM) ATWS permissive for
3 minutes. The time delay of 3 minutes is provided to
allow completion of electric scram which will take about
2 minutes. When the SLCS is automatically initiated to
inject the boron into the reactor, the two injection valves
and two storage tank discharge valves are opened, the two
injection pumps are started, and both pumps run
simultaneously. The CUW isolation valves are also closed
automatically to prevent a loss of the sodium pentaborate
from the vessel.
Turning either key-locked switch in the control panel
switch to the "run" position starts an injection pump, opens
one motor operated injection valve on the pump discharge,
opens a pump suction valve (which is also the tank outlet
valve), and closes the reactor cleanup system isolation

GE submitted the design description and the inspections,
teste, analysis, and acceptance criteria (TTAAC) for the
SLCS. This was Open Item 9.3.5-1. GE has provided a
revised set of descriptions and ITAAC. The adequacy and
acceptability of the ABWR design descriptions and ITAAC
are evaluated in Section 14.3 of this SER. On the basis of
this evaluation, this item is resolved.

The SLCS meets the acceptance criteria of SRP
Section 9.3.5 and concludes that the SLCS meets the
requirements of 10 CFR 50.62 and GDC 2, 4, 26, and 27
as they relate to protected against natural phenomena,
system function and redundancy, and testability, and the
guidelines of Position C.l. of RG 1.29, as related to
seismic classification of the system, and is, therefore,
acceptable.
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9.3.6 Instrument Air System

Figure 11-2 was modified to indicate that these valves are
motor-operated valves. This modification resolved DSER
(SECY-91-355) Open Item 76.

Because the IA system is one of the four systems that
perform functions addressed in SRP Section 9.3.1, the
staff reviewed mis system as part of an integrated review
of the ABWRCA systems. The results of this review are
presented in Section 9.3.1 of this report.
9.3.7 Service Air System
Because the SA system is one of the four systems that
performs functions addressed in SRP Section 9.3.1, the
staff reviewed this system as part of an integrated review
of the ABWR CA systems. The results of this review are
presented in Section 9.3.1 of this report.
9.3.8 Radioactive Drain Transfer System
The staff reviewed the DTS in accordance with SRP
Section 9.3.3. Staff acceptance is based on meeting the
requirements of GDC 2 as it relates to safety-related
portions of the system being capable of withstanding the
effects of natural phenomena; ODC 4 as it relates to the
capability of the system to withstand the effects of the
environmental conditions associated with normal operation,
maintenance, testing, and postulated accidents and to be
compatible with these conditions; and ODC 60 as it relates
to providing a means to control the release of radioactive
materials in liquid effluent, including anticipated
operational occurrences.

All drywell sumps are automatically isolated on a LOCA
signal to prevent the uncontrolled release of primary
coolant outside primary containment.

The DTS is designated as non-safety-related (except for
containment penetrations and piping in the drywell) and
designed to collect radioactive or potentially radioactive
effluents in equipment or floor sumps and then transfer the
effluents to the LWMS for processing. The DTS system
is within the scope of the ABWR design certification. The
system includes floor* drains, drain lines from the
equipment to the sumps, the sumps, the two sump pumps
for each sump (each 100-percent capacity), sump
instrumentation, and pipmg and valves from the sumps to
the radwaste system.
The drains, piping, pumps, instnunentation, and valves of
the DTS system are classified as non-safety-related, except
for the containment (drywell) penetrations and containment
isolation valves, which are safety Class 2, and designed in
accordance with seismic Category I and QG B criteria, and
the reactor building penetrations that meet ASME Code III,
Section 3, requirements. In DSER (SECY-91-3SS) Open
Item 76, the staff noted a discr^ cy in the identification
of these containment isolation valves between Figure 11-2
and Table 6.2-7. Figure 11-2 identified these valves as
air-operated valves, while Table 6.2-7 showed these valves
as motor-operated valves. In SSAR Amendment 20,

NUSEG-1503

All system piping is designed to remain intact following a
seismic event. The drain system is not the only method of
leak detection available for any of the areas served by the
system and this method is not considered in the facility
flood analysis. However, the staff indicated in DSER
(SECY-91-355) Open Item 77 that the check valves that
provide backflow protection for sumps in the ECCS
equipment rooms should be classified as safety Class 3 and
designed to seismic Category I and QG C criteria. OE
committed to revise SSAR Table 3.2-1 and Figure 11-2 to
include the designation of these valves as being non-safety
designed to seismic Category I and QG C criteria. This
information resolved DSER Open Item 77, however, incorporation of the information into the SSAR was identified
as DFSER Confirmatory Item 9.3.8-1. The staff reviewed
Amendment 26 of the SSAR and concludes that GE
modified Section Kll of Table 3.2-1 to require that the
check valves be non-safety class and meet seismic Category I and QG C requirements. GE modified Section 9.3.8.1.1 to require that the check valves be inspectable, testable, and able to withstand an SSE. The staff
finds that these modifications ensure that the check valves
will provide adequate protection from backflow into areas
containing safety-related equipment. DFSER Confirmatory
Item 9.3.8-1 is resolved.

In the DSER (SECY-91-355), the staff discussed two
additional items in its review of the systems and
components shown in SSAR Figures 11.2-1 and 11.2-2.
First, Figure 11.2-1 showed the shower facility discharging
into the high conductivity waste collector tank. In all other
figures, and in the text, the shower facility discharges to
the hot shower drain (HSD) receiver tank. Second, GE
did not identify the points at which changes in component
qualification requirements occur (e.g., for the containment
isolation valves described in the preceding paragraphs).
The staff designated resolution of the discrepancy in
Figure 11.2-1 and the addition of component qualification
requirements to the figures as Open Item 78.
SSAR Amendment 20 revised the figure to show the
shower facility discharging into the HSD receiver tank. In
addition, the staff reviewed Amendment 27 of the SSAR
and concludes that GE clarified the description of the
containment (drywell) sump isolation valves. The valves
meet seismic Category I, safety Class 2, and QG B,
requirements.
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The staff noted in the DSER (SECY-91-355) that a GE
interface requirement in the SSAR prevents connections
between radioactive and nonradioactive systems. Upon
further evaluation, the staff determined that this
requirement can be accomplished by identifying a COL
Action Item requiring this information. This was identified
as DFSER COL Action Item 9.3.8-1. GE has included
this information in the SSAR. This is acceptable.
IE Bulletin No. 80-10 identified an issue concerning the
potential contamination of nonradioactive systems which
could result in iinmonitored, uncontrolled releases of
radioactivity to the environment. The ABWR design
employs several methods to prevent such an occurrence.
The methods include ensuring that no cross-connections
exist between nonradioactive and potentially radioactive
systems (such as with the DTS system), by providing
sampling and monitoring of both radioactive and
nonradioactive effluents before discharge, and by
separating nonradioactive systems from potentially
radioactive systems by barriers, along with radiation
monitors to detect leakage across the barrier (such as with
the RCW system). These methods are discussed in detail
in various SSAR sections (e.g., 9.2.11 and 11.5) and are
reviewed in various sections of this report (e.g., 9.2.11
and 11.5). These methods ensure that all discharges to the
environment are monitored and controlled. Based on this
information, the staff concludes that the ABWR design has
provided sufficient desigh features and design requirements
to ensure that the issues discussed in IE Bulletin No. 80-10
are resolved.

related. GE corrected the SSAR reference and revised
SSAR Section 9.3.8.1, which resolved DSER Open
Item 79. Incorporation of the revisions in the SSAR was
identified as DFSER Confirmatory Item 9.3.8-2. The staff
reviewed Amendment 29 of the SSAR and determined that
the required corrections were made. The staff determined
that the classifications in Section Kl of Table 3.2-1 clarify
which parts of the system are safety-related and which are
not. The staff has determined that these classifications will
ensure that the check valves will provide adequate
backflow protection. Therefore, the staff finds these
modifications acceptable. Therefore, DFSER Confirmatory Item 9.3.8-2 is resolved.
GE submitted the design description and the ITAAC
relating to the DTS system. This was identified in the
DFSER as Open Item 9.3.8-1. GE provided a revised set
of design description and ITAAC. The adequacy and
acceptability of the design description and the ITAAC are
evaluated in Section 14.3 of this report. On the basis of
this evaluation, DFSER Open Item 9.3.8-1 is resolved.
The staff concludes that the design of the RD system is
acceptable and conforms to the requirements of GDC 2, 4,
and 60 for protection against natural phenomena,
environmental conditions, missiles, and the release of
radioactivity to the environment. Therefore, the staff finds
that the design complies with guidelines of SRP
Section 9.3.3, and is acceptable.
9.3.9 Hydrogen Water Chemistry System

In the DSER (SECY-91-3S5), the staff discussed a GE
interface requirement for monitoring the effluent from
nonradioactive systems before discharge to ensure that no
unacceptable (radioactive) effluents are discharged from
the nonradioactive drain systems. This requirement for
monitoring nonradioactive effluents will allow the COL
applicant to design a NRD system that will satisfy the
requirements of GDC 60 (the nonradioactive drain system
is evaluated in Section 9.3.3 of this report). Upon further
evaluation, the staff has determined that this requirement
can be accomplished by establishing a COL Action
Item requiring this information. This was identified as
DFSER COL Action Item 9.3.8-2. GE included this
information in the SSAR, which is acceptable.

Hydrogen water chemistry (HWC) reduces intergranular
stress corrosion cracking (IQSCC) by using feedwater
additions of hydrogen to decrease the oxidizing power of
water and reduce its aggressiveness toward plant material.
To suppress IGSCC, reactor coolant conductivity must be
maintained below 0.3 micro-Siemens per centimeter and
sufficient hydrogen must be added to the feedwater to
reduce the electro-chemical potential below -0.23 volts
(Standard Hydrogen Electrode). These conditions are
specified in EPRI Report NP-4947-SR, "BWR Hydrogen
Water Chemistry Guidelines: 1987 Revision," October
1988. SSAR Section 9.3.9 references this report and
commits to use its guidelines for design and operation of
the HWC system.

The staff stated in the DSER (SECY-91-355) that SSAR
Section 9.3.8.2 inaccurately referred to SSAR
Section 9.3.9.1, when the interface requirements discussed
in SSAR Section 9.3.12 would be the appropriate
reference. The staff stated that GE should revise the first
design basis discussed in SSAR Section 9.3.8.1 to clearly
indicate, consistent with the staffs dialogue With GE, that
only portions of the drain system are considered safety-

Section 9.3.9 of the SSAR also addresses the means of
storing and handling of hydrogen. These operations will
be performed n accordance with the recommendations of
EPRI Report NP-5283-SR-A, "Guidelines for Permanent
BWR Hydrogen Water Chemistry Installations."
l

The staff finds that the EPRI guidelines presented in these
reports describe a satisfactory means for storing and
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handling hydrogen for the ABWR, and the GE
commitments in the SSAR to the EPRI guidelines are thus
acceptable.
The staff concludes that DSER
(SECY-91-355) Open Item 100 is resolved.

Cfftifirt Design Material
OE has proposed ITAAC and included Tier 1 design
description of the hydrogen water chemistry system in
Section 2.11.17 of the CDM. This was identified as
DFSER Open Item 9.3.9-1.
The adequacy and
acceptability of GE's design descriptions and ITAAC are
evaluated in Section 14.3 of this report. On the basis of
this evaluation, DFSER Open Item 9.3.9-1 is resolved.
9.3.10 Oxygen Injection System

low as possible; thereby, reducing personnel exposure
especially during outages.
Based on the foregoing, the staff concludes that Section
9.3.11 of the ABWR SSAR is acceptable.

Certified Pesjgn Material
At the time of the DFSER, GE had not proposed ITAAC
nor a Tier 1 design description of the zinc injection system
in Section 2.11.18 of the CDM. This was DFSER Open
Item 9.3.11-1. GE has provided a final version of the
CDM and it has been evaluated in Chapter 14.3 of this
report. Based on this evaluation, DFSER Open Item
9.3.11-1 is resolved.

9.4

The oxygen injection system is designed to add sufficient
oxygen (20 to 50ppb) to suppress erosion/corrosion,
general corrosion, and the release of corrosion products in
the condensate and feedwater systems. The requirements
for design, operation, maintenance, surveillance, and
testing of the oxygen storage facility are specified in EPRI
Report NP-5283-SR-A. The staff finds that the EPRI
guidelines describe a satisfactory means for storing and
handling oxygen for the ABWR, and are thus acceptable.
Section 9.3.10 of the SSAR references this report and
commits to use these guidelines. The staff concludes that
DSER (SECY-91-355) Open Item 101 is resolved.

Heating,
Ventilation,
Conditioning Systems

and

Air

Certified Design Material
GE submitted in Sections 2.15.5 of the CDM Tier 1 design
description and the ITAAC for HV AC systems which were
under staff review. The results of the staffs review were
to be provided in the FSER. This was DFSER Open
Item 9.4-1,
GE provided a revised set of design
description and ITAAC on August 31, 1993.
The
adequacy and acceptability of the design description and
the ITAAC are evaluated in Section 14.3 of this report.
On the basis of this evaluation, this open item is resolved.

Certified Pesjgn Material
GE had not proposed ITAAC nor a Tier 1 design
description of the oxygen injection system in
Section 2.11.7 of the CDM. This was DFSER Open
Item 9.3.10-1.
The adequacy and acceptability of GE's design descriptions
and ITAAC are evaluated in Section 14.3 of this report.
On the basis of this evaluation, DFSER Open
Item 9.3.10-1 is resolved.
9.3.11 Zinc Injection System
The control of build-up of radiation in reactor systems has
been of concern in BWR plants. GE found that operating
BWR plants having 5 to IS ppb of soluble zinc in the
reactor water had lower piping dose rates than plants that
had only trace amounts of zinc.
I
Laboratory tests confirmed that Co-60 deposition is greatly
reduced in both normal and hydrogen water chemistry with
the presence of soluble zinc. Zinc injection into the
feedwater system to provide reactor water concentrations
of 10 to 15 ppb zinc during initial conditioning and 5 to 10
ppb over the fuel cycle will help keep radiation levels as
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9.4.1 Control Building Heating, Ventilating, and Air
Conditioning System
The staff reviewed the control building HVAC systems in
accordance with SRP Section 9.4.1. The system consists
of two separate HVAC systems: one for the MCR
habitability area and another for the control building
safety-related equipment area. The staff evaluated these
systems as described in Sections 9.4.1.1 and 9.4.1.2,
respectively, of this report, and are evaluated for compliance with the SRP acceptance criteria as discussed below.
9.4.1.1 Control Room Habitability Area Heating,
Ventilating, and Air Conditioning System
(CRHA HVACS)
The CRHA HVAC system serves the main control area
envelope (MCAE) containing the control room proper
(including the critical document file), computer room,
control equipment room, upper and lower corridors, office
and chart room, instrument repair room, and sleeping area,
as described in SSAR Section 6.4.2.1. The MCAE is
maintained at a minimum positive pressure of 3.2 mm
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(1/8 in.) of water gauge relative to the surrounding spaces
with outside makeup air of not more than 360 m /hr
(212 cfm) © 760 mm Hg (30 in.), 0 *C (32 °F). The
kitchen and lunch rooms, men's lavatory, and women's
lavatory and lounge facilities are in the Service Building.

to the surrounding spaces at all times. The CRHA HVAC
system flow diagram is shown in SSAR Figure 9.4-1,
Sheets 1 and 2, flow rates are given in SSAR Table 9.4-3,
and component descriptions are given in SSAR
Tables 9.4-4 and 9.4-4a through 9.4-4c.

The system consists of two fully redundant trains of equip*
ment, including ductwork, air handling units (AHUs), control dampers, fire zone dampers, and supply and exhaust
fans. Each AHU consists of a bag-type filter, a chilledwater cooling coil, an electric heating coil, and a humidifier as described in SSAR Section 9.4.1.1.3. Each train
also incorporates an emergency filtration unit (EFU) which
is an ESF. The EFU is comprised of an electric heating
coil, pre-filter, pre-high efficiency particulate air (HEPA)
filter, charcoal adsorber (SO mm (2 in.) deep, as a minimum), post-HEPA filter, and two circulating fans.
Independent and separate discharge to and return from the
MCAE is provided to each EFU. Chilled water to the
cooling coils is supplied by the HVAC emergency cooling
water (HECW) system. The CRHA HVAC system is
designed to maintain a controlled temperature environment
under normal and accident conditions, and provides for
detection and removal of smoke and filtration of
radioactive material. The range of design conditions for
the MCAE is 21 °C through 26 °C (70 °F - 79 °F) and
10 percent to 60 percent relative humidity. SSAR Section
6.4.4.2 discusses the protection from exterior smoke, toxic
chemicals, and chlorine releases.

GE submitted a draft of a revised SSAR Section 9.4.1.1.4
which addresses IE Bulletin 80-03 compliance by stating
that the charcoal tray and screen will be of all welded construction to preclude the potential loss of charcoal from
adsorber cells per this bulletin. Therefore, the emergency
air filtration system of the CRHA HVAC system precludes
the potential loss of charcoal from adsorber cells as
reflected in SSAR Amendment 34.

3

Normally, one AHU, one supply CRHA HVAC system
fan, and one exhaust fan are in operation. During normal
operation, the CRHA HVAC system performs HVAC
functions and pressurizes the MCAE using a combination
of filtered outdoor air and recirculated indoor air. The
combined air stream is passed through an AHU. Two
parallel, 100-percent capacity supply fans (one standby)
draw air from the instrument panel areas, corridors, MCR,
computer room, office areas, and the switch and tag room,
and return it to the AHU. The exhaust fan starts automatically when the supply fan starts.
Two parallel,
100-percent exhaust fans (one standby), controlled by a
pressure controller, draw air from the areas and exhaust it
to the environment to maintain positive pressure of 3.2 mm
(1/8 in.) of water gauge relative to the surrounding spaces.
The pressure controller is located in the instrument panel
area of the MCR. The supply and return ducts have
manual balancing dampers that are locked in place after the
system is balanced. The supply and return ducts also have
modulating dampers to maintain the required positive
pressure. Sufficient air is provided to pressurize the
control room equipment HVAC envelope. As described in
SSAR Section 6.4.2.1, the control room area envelope is
maintained at a positive pressure of 3.2 mm through
6.4 mm (1/8 in. through 1/4 in.) water gauge with respect

The CRHA HVAC system and components are located in
a seismic Category I control building that is protected
against tornado missiles and floods and are operable during
LOOP. All essential control room HVAC equipment,
including ductwork, is of seismic Category I design.
SSAR Table 3.2-1 states that those nonessential portions of
the system which, by their failure during a seismic event
can affect safety-related portions, of the system are
designed in accordance with Position C.2 of RO 1.29.
Outside air intake valves are protected against freezing and
other environmental conditions, and tornado missile barriers protect the intake vents. The CRHA HVAC system
meets the requirements of GDC 2 by complying with the
provisions of Position C.l of RG 1.29 for the essential
portions, and Position C.2 for the applicable nonessential
portions.
SSAR Figures 1.2-15 and 1.2-21 show that the redundant
CRHA HVAC system trains are located in separate rooms.
In SSAR Amendment 7, GE stated that the walls, floor,
and ceiling of the room that houses each safety-related
system act as missile barriers or shields from missiles
generated outside the room. In SSAR Amendment 17, GE
stated that non-safety-related components are arranged in
such a way that any missile-generating component is in a
separate room away from safety-related components. For
these reasons, the staff concludes that the redundant CRHA
HVAC system trains are protected against internallygenerated missiles. The CRHA HVAC system complies
with GDC 4 with respect to protection of the system
against environmental and dynamic effects, as discussed in
Section 3.6.1 of this report regarding the effect of postulated piping failures outside the containment on the system.
Therefore, the first part of DSER Open Item 60 which
deals with staffs concern relating to compliance of this
system with the requirements of GDC 4, is resolved.
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Smoke detectors in the MCAE will actuate an alarm on
detection of smoke when smoke is detected in a division of
the CRHA HVAC system, MCR operators will manually
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switch the appropriate divisional HVAC system to a smoke
removal mode, in which the exhaust fan is stopped, the
recirculation damper is, closed, and the exhaust bypass
damper is opened. The MCR operators can exhaust
100 percent of the conditioned air to the atmosphere by
manually activating a switch, which closes return dampers
and opens exhaust dampers. In SSAR Amendment 32, QE
stated that the CRHA HVAC system fire dampers are
equipped with fusible links and are capable of closing
under anticipated air flow conditions after the fusible link
melts. Tests will be performed to verify these conditions
at a test facility.

In the DSER (SECY-91-235), the staff stated the system
design meets the control room habitabUity requirements of
TMI Action Item III.D.3.4 of NUREG-0737 with regard
to smoke removal, contingent upon GE submitting revised
P&IDs showing smoke detection capability (second part of
DSER Open Item 60). The staff stated the above
contingency, since the earlier P&IDs for the control room
and the control equipment room did not include smoke
detectors at the air intakes. However, OE committed to
place smoke detectors at the air intakes which will cause
the control room HVAC system to shift to the recirculation
mode, if smoke is detected in the air supply. Since this
commitment resolved the second part of DSER Open
Item 60, the staff classified the SSAR commitment as
DFSER Confirmatory Item 9.4.1.1-1. SSAR amendments
through Amendment 32 included revised P&IDs which
show the smoke detectors at the air intakes. Therefore,
this confirmatory item is resolved.
The evaluation of requirements for protection against
hazardous chemical releases will be site specific as stated
in Section 6.4 of this report. Therefore, the staff stated in
the DFSER that COL applicants should provide information regarding compliance with RO 1.78, "Assumptions for
Evaluating the Habitability of a Nuclear Power Plant
Control Room During a Postulated Hazardous Chemical
Release," and RG 1.9S, "Protection of Nuclear Power
Plant Control Room Operators Against an Accidental
Chlorine Release," if the potential for hazardous chemical,
including chlorine, release exists at their sites. The staff
further stated in the DFSER that COL applicants should
identify plant design features that will automatically isolate
the control room from the outside when necessary, and
thus protect the control room operators from toxic
substances in the plant vicinity. The need for providing
the above information was identified as DFSER COL
Action Item 9.4.1.1-1. By SSAR amendments up to and
including Amendment 32, GE identified COL license
information (Section 6.4.7.3) which states that the design
acceptance is based upon meeting the guidelines of the
subject guides.
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A four-channel radiation monitoring system is provided in
the outside air intake ducts. A radiation monitor is
provided in the MCR to monitor MCR area radiation
levels. These monitors alarm in the MCR upon detection
of high radiation levels. On receiving a high radiation
signal, the redundant normal outside air intake dampers
and exhaust dampers close, the emergency outside makeup
air intake dampers open, and only the corresponding EFU
of the operating division starts automatically. Also, the
emergency recirculation mode can be started manually. In
the emergency recirculation mode, the makeup air and part
of the return air pass through the ESF-grade filter train,
which filters the radioactive particles and iodine to keep
the control room operator exposures below the GDC 19
limit of 5 rem whole body or its equivalent for the duration
of a design-basis accident (DBA). The control room
equipment HVAC system thus meets the requirements of
GDC 19 regarding protection of the control room. For
further information on system compliance with GDC 19
limits, see Section 6.4 of this report. Radioactivity monitors at the inlets allow operator selection of inlet vent
manually. Connections are provided for testing the HEPA
and charcoal filters pressure drops and radioiodine removal
efficiency. A differential pressure switch across the
emergency filtration system alarms on high pressure. A
flow switch in the emergency filtration fan discharge duct
initiates an alarm if the fan fails and automatically starts
the standby system.
After the May S, 1992 meeting between the NRC and GE,
in a telephone conversation on May 12, 1992, GE
committed to provide SSAR appendices identifying the
compliance of (1) the ESF-grade filter train in the system
with RG 1.52 guidelines and (2) control room filter train
instrumentation with the minimum instrumentation
requirements listed in SRP Table 6.5.1-1.
These
appendices were to be similar to those provided for the
SGTS. GE provided the information in the SSAR,
Appendices 9C and 9D. The staff reviewed GE's justifications for compliance with RG 1.52 and NUREG-0800,
Standard Review Plan, Table 6.5.1-1, "Minimum Instrumentation, Readout, Recording and Alarm, Provisions for
ESF Atmosphere Cleanup Systems," for the CRHA HVAC
system and found that the proposed RG 1.52 conformance
and SRP Table 6.5.1-1 instrumentation and controls in the
MCR, as well as selected local panels, meet the intent of
the above guidance. While the staff would prefer that GE
provide all of the local instrumentation and controls described in the above guidance for operational efficiency
and convenience, the staff finds that the CRHA HVAC
system instrumentations and controls meet the intent of the
above guidance based on the following:
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1. The instrumentation and controls (i.e., readout,
recordings, and alarms) provisions for the related
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parameters (i.e., pressure drop, temperature, humidity,
flow) are available and would be made accessible in the
MCR.
2. The COL applicant will prepare plant-specific
procedures to respond to the instrumentation and
controls.
3. The filtration train fully complies with the regulatory
position of RG 1.52.
4. The acceptance, pre-operational, and surveillance
testing meet the intent of ASME Codes N509 and
N510.
5. GE revised SSAR Sections 9.4.1.1.4 and 9.1.1.1.5,
stating that the unfiltered in-leakage is controlled by the
use of welded ducts, except galvanized steel is used for
outdoor air intake and exhaust ducts, and unfiltered inleakage testing will be performed periodically on all
system ductwork outside MCAE, in accordance with
ASME Code N510.
6. CRHA HVAC system dose analysis is bounded by the
minimum outside air intake flow, and any higher flow
will be filtered through the EFUs.
Based on the above, the staff has determined that the
CRHA HVAC system's EFUs will havcj a creditable
removal efficiency of 95 percent for all forms of radioiodine.
In DFSER Open Item 9.4.1.1-1, the staff stated that the
SSAR did not specify heaters to maintain proper humidity
(less than 70 percent) to ensure proper operation of the
charcoal adsorbers. GE revised SSAR Section 9.4.1.1 and
Table 9.4-4 to include electric heaters in the ESF filter
trains. Therefore, this item is resolved.

Based on the above, the staff concludes that the control
room habitability area HVAC system complies with
GDC 2, 4, 19, and 60 as they relate to protection against
natural phenomena, maintaining proper environmental
limits for equipment operation, and protecting those who
access the control room under accidental radioactive releases.
This system also complies with the guidelines of
RGs 1.29 and 1.52 relating to the system seismic
classification and system capability to clean the control
room atmosphere during emergency operation, and thereby
meets the applicable acceptance criteria of SRP Section 9.4.1. Therefore, the staff concludes that the system
is acceptable.

9.4.1.2 Control Building Safety-Related Equipment
Area (CBSREA) HVAC System
The ABWR design includes three similar, but independent,
HVAC systems to service the safety-related electrical,
HVAC, and mechanical equipment (including the
refrigerator, pump, and heat exchanger equipment) of
Divisions A, B, and C of the CBSREA HVAC system.
Safety-related areas serviced by each system include a
safety-related battery room(s), HECW refrigerator room,
reactor building cooling water pump and heat exchanger
room, HVAC equipment room, and safety-related electrical
equipment room. The systems differ with regard to
safety-related areas serviced, in that the system serving
Division B includes two safety-related battery rooms, while
the systems serving Divisions A and C include one safetyrelated battery room each. Each divisional system serves
non-safety-related passages. In addition, Division A serves
a non-essential battery room, and a non-essential electrical
equipment room, and Division C serves the non-safetyrelated MG sets. Each divisional system draws outside air
through a normal air supply unit, and system exhaust fans
discharge to the atmosphere. Chilled water to the cooling
coil is supplied by the emergency cooling water (HECW)
system. Each supply unit consists of a bag filter and
cooling coil. Each divisional system contains an air supply
unit with two 100-percent capacity supply fans and exhaust
fans. The supply and exhaust fans of each system
(Divisions A, B, and C) are powered from the
corresponding Class IE Electrical Divisions I, II, or IE.
One of the two supply fans is started manually for normal
operation. When the ACU supply fan is started, one of
the two exhaust fans start automatically. The exhaust fans
can be started manually to exhaust the air to the atmosphere as needed such as to remove hydrogen and smoke.
In normal operating mode, one ACU, one supply fan, and
one exhaust fan in each division operate. The HVAC
system includes fire dampers for the supply and exhaust
duct penetrations of firewalls for Division IV safety-related
electrical equipment room and battery room, served by
Division B of CBSREA HVAC system. The smoke
removal mode is manually initiated by closing the recirculation damper, closing the exhaust fan, and opening the
exhaust fen bypass damper to allow outside air purging of
the affected area. The smoke removal mode of the HVAC
systems is discussed in CBSREA Section 9.5.1 of this
report. SSAR Amendment 32 stated that the CBSREA
HVAC system fire dampers separating safety-related
electrical equipment and battery Divisions II and IV rooms
use fusible links in HVAC ductwork which will close
under anticipated air flow conditions after the fusible link
melts, and that tests will be performed to verify these
conditions at a test facility.
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The HVAC subsystems and components are located in a
seismic Category I structure that is tornado missileprotected and flood-protected. The essential components
of each system are of seismic Category I design. The lowpressure safety-grade ESF ductwork is designed to
withstand the maximum positive pressure to which it can
be subjected under normal or abnormal conditions. The
outdoor air intake and exhaust are conducted of galvanized
steel, and all other ducts are of welded black steel
construction. Tornado missile barriers protect the air
intake and exhaust vents. Applicable nonessential portions
of the system which, by their failure during a seismic event can effect safety-related portions, are designed
in accordance with Position C.2 of RO 1.29, and as stated
in the SSAR Table 3.2-1.
The systems meet the
requirements of ODC 2 regarding protection from natural
phenomena by complying with the provisions of Positions
C. 1 of RO 1.29 for the essential portions and Position C.2
for the applicable nonessential portions.

The rooms served by this system are not occupied under
accident conditions and the system is not reviewed against
the requirements of ODC 19 regarding protection of the
control room and the provisions of RO 1.78 and RO 1.95.

Each system is designed to maintain hydrogen
concentration below 2 percent by volume in the battery
rooms, and temperature controllers regulate heating and
cooling to maintain conditions within pro-set limits. SSAR
Figures 1.2-IS and 1.2-21 show that the divisional
CBSREA HVAC systems are located in separate rooms.
SSAR Amendment? stated that the walls, floor, and
ceiling of the room that houses each safety-related system
act as missile barriers or shields from missiles generated
outside the room. SSAR Amendment 17 stated that nonsafety-related components are arranged in such a way that
any missile-generating component is in a separate room
away from safety-related components. For these reasons,
the staff concludes that the redundant essential electrical
equipment HVAC systems are protected against internallygenerated missiles. The CBSREA HVAC systems comply
with ODC 4 with respect to protection of the system
against environmental and dynamic effects (see Section 3.6.1 of this report for an evaluation of the effect of
postulated piping failures outside the containment on the
system).

9.4.3 Auxiliary Area Ventilation System

In DSER (SECY-91-23S) Open Item 61, the staff stated
that the RCW pump rooms are located in the secondary
containment and that the design of the HVAC system as
constituted did not account for the potential for radioactivity contamination following an accident. The staff reexamined this issue and finds that SSAR Figure 1.2-15
shows that the subject rooms serviced by the HVAC
system are in the control building and are unlikely to be
contaminated to the extent that the exhaust from the subject
areas has to be filtered. The staff further discusses this in
Section 11.5 of this report and concludes that no
monitoring of this exhaust is required. Therefore, this
resolved DSER Open Item 61.
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The staff concludes that the system complies with ODC 2
and 4 as they relate to protection against natural
phenomena and maintaining proper environmental limits
for equipment operation, and with the guidelines of
RO 1.29 relating to the system seismic classification, and
thereby meets the acceptance criteria of SRP Section 9.4.1.
Therefore, the staff concludes that the CBSREA HVAC
system is design acceptable.
9.4.2 Spent Fuel Pool Area Ventilation System
The spent fuel pool area ventilation system is part of the
reactor building ventilation system and is evaluated in
Section 9.4.5 of this report.

The auxiliary area ventilation system is part of the reactor
building ventilation system and is evaluated in
Section 9.4.5 of this report.
9.4.4 Turbine Island HVAC System
The staff reviewed the turbine island ventilation system in
accordance with SRP Section 9.4.4. The system consists
of the turbine building (TB) HVAC system and the
electrical building (EB) HVAC system.
The TB
HVAC and EB HVAC systems supply filtered and
tempered air to all turbine island spaces during normal,
plant startup, and shutdown operations.
The TB
HVAC and EB HVAC systems do not serve or support
any safety function and have no safety design basis.
The system description, equipment list, and figures are
given in SSAR Section 9.4.4, Tables 9.4-5 and 9.4-5a
through 9.4-5c, and Figures 9.4-2a through 2c. Failure of
the system does not compromise the operation of essential
systems, the ability to shut down the reactor, or result in
unacceptable releases of radioactivity. Both the TB
HVAC and EB HVAC systems comply with ODC 2
because the applicable nonessential portions of the systems
are designed in accordance with Position C.2 of RO 1.29
as stated in SSAR Table 3.2-1. The requirements of
ODC 60 for control of releases of radioactive materials to
the environment do not apply because the ventilation
exhausts of these systems do not include HEP A filters or
charcoal adsorbers. The TBVS exhausts, including turbine
building compartment exhaust and lube oil areas exhaust
(SSAR Figures 9.4-2a through and 2c), will be monitored
at the plant vent. The EB HVAC system will exhaust
directly to the atmosphere (for additional information on
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effluent monitoring, see Section 11.5 of this report). The
staff concludes that the turbine island HVAC system design
complies with the applicable GDC referenced in SRP
Section 9.4.4 and consequently with the subject SRP
criteria and is, therefore, acceptable.
9.4.5 Reactor Building Ventilation System
The reactor building ventilation system (RBVS) consists of
eight subsystems: (1) reactor building (RB) secondary
containment HVAC system, (2) RB safety-related
equipment HVAC system, (3) RB non-safety-related
equipment HVAC system, (4) RB safety-related electrical
equipment HVAC system, (5) RB safety-related diesd
generator HVAC system, (6)RB primary containment
supply exhaust system, (7) RB main steam tunnel (MST)
HVAC system, and (8) RB reactor internal pump (RIP)
power supply panel adjustable speed drive (ASD) HVAC
system.
The RBVS cools all areas in the reactor building serviced
by these subsystems except the area serviced by the RB
primary containment supply/exhaust system (cooling for
this area is evaluated in Section 9.4.9 of thrs report).
Certain subsystems including the RB secondary
containment HVAC system, RB safety-related electrical
equipment HVAC system, RB safety-related diesel
generator HVAC system, and the primary containment
supply /exhaust system have outside air intakes and exhaust
air from the areas serviced by these subsystems. The
HVAC systems are reviewed in accordance with SRP
Section 9.4.5, as applicable, for ESF ventilation systems.
The staff reviewed the RB safety-related equipment HVAC
system in accordance with SRP Section 9.4.2, the subject
HVAC system also services the spent fuel pool area.

9.4.5.1 RB Secondary Containment HVAC System
In the DSER (SECY-91-235), the staff included only a
partial evaluation of the system, stating that the evaluation
would be completed on receipt of the system P&IDs and
interface descriptions. The staff designated this lack of
information as Open Item 62 in the DSER (SECY-91-235).
SSAR amendments through Amendment 34 included the
above information in revised SSAR Section 9.4.5.1,
Figure 9.4-3, and Tables 9.4-3, 9.4-4f through 9.4-4h,
11.5-1, and 11.5-2. Therefore, the DSER Open Item 62
is resolved based on the staffs evaluation given below.
SSAR Section 9.5.1.1.6 describes the smoke control mode
of the secondary containment HVAC system. In Section 9.5.1.4.4 of this report, the staff evaluated the HVAC
system design for smoke control in the secondary
containment.

The RB secondary containment HVAC system provides the
HVAC needs of the secondary containment area of the
reactor building. The system provides the HVAC needs of
the safety-related equipment areas in the secondary
containment, during normal operation. The system also
provides the HVAC needs of the non-safety-related
equipment areas in the secondary containment in
conjunction with the RB safety-related equipment HVAC
system during normal operation. The system is a oncethrough type. Outdoor air is filtered (bag-type filter),
tempered, and delivered to the secondary containment
areas. The exhaust air from all the areas serviced by the
system is filtered (bag-type) and discharged to the
monitored plant vent. The supply system consists of a
bag-type filter, a cooling/heating coil, and three 50-percent
supply fans, two of which operate normally (one is
standby). The exhaust system also has three fans (one
standby), each of which is provided with a bag-type filter.
The system includes radiation monitors for air exhaust
through the refueling floor area ducting, and the common
secondary containment area ducting which provide input
signals to process radiation monitoring system. Isolation
dampers automatically isolate the system and the SOTS is
initiated on (1) secondary containment exhaust high
radiation signal, (2) refueling floor high radiation signal,
(3) LOCA signal, or (4) loss of secondary containment
HVAC supply/exhaust fans signal (for SGTS evaluation,
see Section 6.5.1 of this report).
The secondary containment is maintained at a negative pressure with
respect to the surrounding spaces during normal operation
by the system and during accident conditions by the safetyrelated SGTS. The supply fans will operate only when the
exhausttansare operating. Fire dampers with fusible links
in the HVAC duct work will close under anticipated air
flow conditions after the fusible links melt. The system is
started manually.
The secondary containment HVAC contains no equipment
needed to maintain the integrity of the reactor coolant
pressure boundary or to ensure the safe shutdown of the
reactor. The interface of the secondary containment
HVAC system with the SGTS, which provides radioactivity filtering capability for containment releases, does include components (e.g., isolation devices and monitors)
whose function is required to maintain releases below
acceptable levels.
The system is located in the seismic Category I reactor
building, which protects against flood and tornado missiles.
Although the system is non-safety-related, SSAR
Table 3.2-1 states that the radiation monitors and the
inboard and outboard dampers for isolating the system
under situations identified above are designed to seismic
Category I requirements una that the applicable
nonessential portions are designed in accordance with
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HVAC system. The FCS room FCUs are initiated upon
receiving a manual FCS start signal.

Position C.2 of RG 1.29. Thus, the system complies with
GDC 2 by meeting Position C.1 of RG 1.29 for the
essential portions and Position C.2 for the nonessential
portions. The inboard and outboard isolation dampen are
pneumatically operated and they fail to the closed position
in the event of loss of pneumatic pressure or loss of power
to the actuating solenoids. The safety-related components
are protected against damage from internally-generated
missiles by separation of redundant equipment and are also
protected against piping failures. Thus,'the essential
components of the system comply with GDC 4 regarding
protection from the environment and dynamic effects
associated with equipment failures. GDC 17 is not
applicable to the system because the system is not safety
related. However, because the secondary containment
HVAC system air intake is filtered, the system meets
GDC 17 requirements as it relates to protection of the
electrical components against accumulation of dust and
particulates.

All components of the RB safety-related equipment HVAC
system are designed to ESF requirements and are safetyrelated. Hie units are open-ended and continuously
recirculate cooling air within the space served. Divisional
RCW is the cooling medium for the associated cooling
coils.
Space temperatures in the pump rooms are
maintained less than 66 °C (150 °F) during pump
operation. Space temperatures in all rooms, including the
pump rooms are normally maintained less than 40 °C (104
°F). The units will receive power from the same divisional power source as that for the equipment being
served. The design of the FCUs includes both remote and
local manual override of the system controls. The system
description, figure, snd tables are listed in SSAR Section 9.4.5.2, Figure 9.4-3, and Table 9.4-4e, respectively.

The system complies with GDC 60 regarding the control
of releases of radioactive materials to the environment
because under certain situations, the system is automatically isolated to prevent significant radioactivity release to
the environment. When isolated, the system discharges to
the SGTS, which will filter any release to the environment.

Based on the above, the staff concludes that the system
design complies with applicable GDC referenced in SRP
Section 9.4.5 and consequently with the subject SRP
acceptance criteria, and, therefore, is acceptable.
9.4.5.2 RB Safety-Related Equipment HVAC System
The system cools the following safety-related equipment
areas in the reactor building during accident conditions:
the RHR pump rooms, HPCF pump rooms, RCIC pump
room, FCS equipment rooms, SGTS equipment rooms, and
the CAMS equipment rooms. As stated in Section 9.4.S. 1
of this report, the RB secondary equipment HVAC system
cools the above areas under normal conditions. Increased
and reliable cooling of these rooms will be required during
accident conditions when the equipment in the rooms
operate. The system is designed to provide a controlled
temperature environment in die rooms in accordance with
equipment temperature qualification. Separate safetyrelated fan coil units (FCUs), one for each room serve the
12 rooms that house the redundant components of the five
systems mentioned above and the RCIC pump room. The
pump room FCUs are automatically initiated when RHR
pumps, HPCF pumps, and RCIC turbines are started. The
safety-related FCUs in other rooms are automatically
initiated upon isolation of the RB secondary containment
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All components of the RB safety-related equipment HVAC
system (including associated cables) serving safety-related
functions are located in seismic Category I structures that
protect against flood and tornado missiles. The components of this safety-related system are designed to seismic
Category I requirements as follows from SSAR
Table 3.2-1. Thus, the system meets Position C.l of
RG 1.29, and consequently complies with GDC 2
regarding protection from natural phenomena.
In the DSER (SECY-91-235), the staff included only a
partial evaluation of the system for compliance with
GDC 4 as it relates to protection of the system against
internally-generated missiles and piping failures. The staff
stated that it would complete the evaluation upon receiving
system P&IDs and clarifying information on system
compliance with GDC 4. The DSER (SECY-91-235)
designated the above lack of information as Open Item 63.
SSAR amendments through Amendment 34 included the
required information, which the staff reviewed. The staff
finds that the design satisfies the requirements of GDC 4
for protection against the effects of piping failures and
internally-generated missiles by compartmentalization and
separation. (For additional information, see Section 3.6.1
of this report, SSAR Section 3.6.4, and SSAR
Table 3.6-2.) This resolved DSER Open Item 63.
This internally recirculating cooling system has no supply
air from the outside or exhaust air from the equipment
areas to the outside when the system operates. The system
operates only after the secondary containment HVAC
system is isolated. The normal RB secondary containment
HVAC system air intake is filtered. Therefore, the system
meets GDC 17 as it relates to protection of the electrical
components of the system against accumulation of dust and
particulates. The system does not include any HEPA
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filtera or charcoal adsorbers. Therefore, ODC 60, whkh
pertains to the control of radioactive material released to
the outside, does not apply to the system. Position C.4 of
RG 1.13, (an acceptance criterion for SRP Section 9.4.2),
which deals with the ventilation and filtration basis for the
release of radioactive materials to the environment from
the spent fuel storage facility, does not apply to that part
of the essential equipment HVAC system that services the
fuel pool cooling equipment rooms. The SOTS that serves
the fuel pool area during a DBA, including the
fuel-handling accident, meets Position C.4 of RO 1.13
and, therefore, complies with GDC 61. For further
information, see Section 6.5.1 of this report.

The staff concludes that the system complies with applicable ODC referenced in SRP Section 9.4.5 and
consequently with the subject SRP acceptance criteria.
The part of the system that services the spent fuel pool
area complies with the applicable GDC (GDC 2 and 4)
referenced in SRP Section 9.4.2, and consequently with
the subject SRP acceptance criteria. Therefore, the staff
concludes that the RB safety-related equipment HVAC
system design is acceptable.

9.4.5.3 RB Non-Safety-Related Equipment HVAC
System, RB Mainstream Tunnel HVAC
System, and RB RIP Adjustable Speed Drive
(ASD) HVAC System
DSER (SECY-91-235) Sections 9.4.5.3, 9.4.5.7 and
9.4.5.8 are consolidated in this section as part of this
report.
The RB non-safety-related equipment HVAC system
consists of six FCUs and four AHUs, each consisting of a
cooling coil and a fan. Each fan coil unit cools the
associated room during normal conditions in conjunction
with the RB secondary containment ventilation system.
The 10 individual rooms are identified in SSAR
Section 9.4.5.3.2. The units are open-ended and continuously recirculate cooling air within the space served. This
system is manually started. The system description,
figure, and component description are given in ABWR
SSAR Section 9.4.5.3, Figure 9.4-3, and Tables 9.4-4i,
respectively.

receiving indication of operating fan failure. The system
description, figure, and component description are given in
SSAR Section 9.4.5.7, Figure 9.4-3, and Tables 9.4-3,
9.4-4f, 9.4-4g, and 9.4-4i, respectively.
The Divisions I and II for the RB RIP ASD HVAC system
are identical. Each division consists of two supply fans
(one standby), one cooling coil for each fan, and a closedloop system that cools the associated power panel. The
divisions are started manually from the control room, and
an air flow failure sensed by the flow switch automatically
starts the standby fan and activates an alarm in the control
room to indicate the fan failure. The system description,
figure, and component description are given in SSAR
Section 9.4.5.8, Figure 9.4-5, and Tables 9.4-3 and
9.4-4g, respectively.

The three separate HVAC systems are not safety-related
and are not required to maintain reactor coolant pressure
boundary or to achieve and maintain safe-shutdown
conditions. These HVAC systems include features that
provide reliability over the full range of normal plant
operation such as redundant component* for the RB main
steam tunnel HVAC system and die RB RIP power supply
panel room HVAC system. HVAC normal cooling water
is the cooling medium for these systems. These three
systems comply with GDC 2 regarding protection from
natural phenomena because the applicable nonessential
portions of the system are designed in accordance with
Position C.2 of RG 1.29 as'stated in SSAR Table 3.2-1.
The requirements of GDC 60 regarding control of releases
of radioactive materials to the environment are not
applicable because these systems are recirculation type
systems and do not contain any HEPA filters or charcoal
adsorbers. Further, because the systems do not perform
any safety function and are not used during an accident,
GDC 4 and 17 are not applicable.

GE provided a set of design description and ITAAC
relating to the RB non-safety-related equipment HVAC
system, RB main steam tunnel HVAC system, and RB RIP
ASD room HVAC system. The adequacy and acceptability
of the design description and the ITAAC are evaluated in
Section 14.3 of this report. On the basis of this evaluation, Open Item 9.4-1 as it relates to the above systems, is
resolved.

The RB main steam tunnel HVAC system consists of two
closed-loop fan-coil recirculation units that remove heat
from the tunnel area. Each fan-coil unit consists of a
cooling coil and two fans, one of which operates while the
other is in standby. A flow switch in the operating fan
discharge ductwork automatically starts the standby fan on
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The staff concludes that the RB non-safety-related
equipment HVAC system, RB MST HVAC system, and
RB RIP ASD HVAC system comply with applicable GDC
referenced in SRP Section 9.4.5 and consequently with the
subject SRP acceptance criteria and are, therefore,
acceptable.
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•.4,5.4 IWSe/ety-IUUtfld Electrical EquipmenlllVAC
The system provides air and heat removal (cooling function) to maintain controlled temperature environmenta to
ensure the continued operation of safety-related
oomponenta (in the areaa serviced by the system) under
accident conditions.
The system consists of three
divisions, each serving live areaa: the day tank, diesel
generator engine, diesel generator MCC area, electrical
equipment, and HVAC equipment rooms. Divisions A and
B also serve remote shutdown panel rooms A and B,
respectively, and Divisions B and C also serve RIP ASD
control panel rooms. Division B of the HVAC system
serves Division II electrical equipment room and the
Division IV electrical equipment room.
The staff
evaluated these systems in accordance with SRP
Section 9.4.5.
Each of the three RB safety-related electrical equipment
HVAC system divisions consists of an ACU and
redundant, 100-percent capacity supply and exhaust fans.
Each ACU unit includes a medium-grade bag-type filter
and a chilled water cooling coil for each supply fan and an
electric heater. A safety-related divisional HECW system
supplies chilled water. Each room is maintained at
positive pressure with respect to the surrounding spaces
under normal and accident conditions. Each divisional
system is started manually from the control room. The
system includes temperature control features. The system
and the RB safety-related; DO HVAC system supply fan
maintain the DO room temperature below 45 °C (113 °F)
when the DO is operating. The system maintains other
areas served by it below 40 °C (104 °F). The system also
has smoke removal capability. Upon receiving smoke
alarm in a division of the system, operators will manually
switch the system to smoke removal mode by closing the
recirculation damper, stopping the exhaust fan, and
opening the exhaust fan bypass damper to allow outside sir
to purge the affected area. No other division is affected by
this action. Fire dampers separating electrical Divisions II
and IV rooms that use fusible links in HVAC ductwork
close under air flow conditions after the fusible links melt.
The system and components are located in the seismic
Category I, reactor building, which protects against
tornado missiles and flooding. All components are rated
seismic Category I, and air intake and exhaust structures
are protected against tornado missiles. Thus, the system
meets the Position C.l of RO 1.29 and, thereby, complies
with the requirements of GDC 2 as it relates to protection
from natural phenomena.
The power supply to the RB safety-related electrical
equipment HVAC divisions during a LOOP. Medium-
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grade bag-type filters in each of the three divisions of the
HVAC system will remove dust and particulate matter
from air intakes (supply air). The intake louvers are
located at 15.2 m (50 ft) above grade, thereby meeting the
guidance of Item 2, Section A, of NUREO/CR-0660.
Therefore, the essential electrical equipment HVAC system
meets the pertinent requirements of ODC 17 relating to the
protection of essential electrical components from failure
as a result of accumulation of dust and particulate material.
In the DSER (SECY-91-235), the staff stated that it would
evaluate the system for compliance with ODC 4 for
protection from the environmental and dynamic effects
associated with equipment failures upon receiving system
P&IDs and clarifying information on compliance with the
ODC. OB submitted this information in revised SSAR
Section 9.4.5.4, SSAR Figure 9.4-4, and component
description Tables 9.4-3, 9.4-4 9.4-4a and b. The staff
reviewed this information, the reactor building
arrangement plan drawings, Section 3.6.1 of this report,
and SSAR Section 3.6.4 and Table 3.6-2, and finds that
the system components are protected against the effects of
piping failures and internally-generated missiles by
compartmentalization and separation, thereby satisfying the
requirements of ODC 4. This resolved the unnumbered
open item in DSER Section 9.4.5.4 not listed in Section 1.8 of the DSER.
In DSER (SECY-91-235) Interface Information Item 32,
the staff stated that it would evaluate the monitoring of the
exhaust from the areas served by the HVAC system and
the electrical controls (i.e., interfaces) upon receiving additional system description. SSAR amendments through
Amendment 34, GE included additional system description.
The staff reviewed the information and the revised SSAR
Section 11.5.2.2.4, and finds that the areas serviced by the
RB safety-related electrical HVAC system contain no
radioactive systems. These areas are at positive pressure
with respect to the surrounding spaces (supply fan flow
rate exceeds exhaust fan flow rate) and potentially contaminated adjoining areas.
Because radioactive releases
through exhausts from these areas to the environment are
only from what would have to be brought first into these
areas by their own supply fans, the exhaust from these
areas are not monitored. Therefore, the DSER Interface
Information Item 32 is resolved. For the reasons stated
above, no HEPA filters or charcoal adsorbers are provided
to control releases from these areas to the environment.
Therefore, GDC 60 is not applicable to the system.
The staff concludes that the RB safety-related electrical
equipment HVAC system meets applicable
GDC referenced in SRP Section 9.4.5 consequently with
the subject SRP acceptance criteria and, therefore, is
acceptable.
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f.4.5.5 RB Safety-Related Diesd Generator HVAC
System
The RB safety-related DO HVAC system consists of three
independent and identical divisions, each of which will
service one of the three DO rooms. The divisions supply
fresh air to ensure the continued operation of the safetyrelated diesels under accident conditions. The system and
the RB safety-related electrical equipment HVAC system
maintain the DO room below 45 °C (113 °F) when the
DO is operating. The staff reviewed the system in accordance with SRP Section 9.4.5. Accordingly, the following
criteria were considered: ODC 2 as related to the system
being capable of withstanding the effects of earthquakes
(meeting the guidance of RO 1.29, Position C.l, ODC 4,
with respect to maintaining environmental conditions in
essential areas compatible with the design limits of the
essential equipment located therein during normal,
transient, and accident conditions, ODC 5, as related to
shared systems and components important to safety, ODC
17, as related to assuring proper functioning of the
essential electric power system (protection from the effects
of dust and particulate materials), and ODC 60, as related
to the systems' capability to suitably control the release of
radioactive effluent to the environment.
Each division consists of two intake louvers, a mediumgrade inlet air filter, two supply fans, ductwork, and an
exhaust louver. Both fens of each system draw air from
outside, filter it, and distribute it to the respective diesel
generator room. The exhaust air is forced out through the
exhaust louvers. Each system is interlocked with the
associated diesel generator starting system, but remote
manual override capability is provided for the system fans.
The systems are designed to facilitate inspection. The air
intake louvers are located at 11.5 m (37.7 ft) and exhaust
louvers at 8.5 m (28 ft) above grade, thereby meeting the
guidelines of Item 2, Subsection A, of NUREG-CR-0660.
Therefore, the systems meet the pertinent requirements of
ODC 17 for protection of the essential electrical
components of the systems against dust accumulation and
particulate material. The power supply to each of the
systems allows uninterrupted operation during LOOP.
From its review of SSAR Table 3.2-1, the staff concludes
that each essential diesel generator HVAC system is
composed of seismic Category I components. The air
intake and exhaust structures are protected against tornado
missiles. Each system, by virtue of its location in the
seismic Category I flood-, tornado-, and missile-protected
reactor building, is protected from the effects of
earthquakes, tornados and floods. Consequently, the
safety-related systems meet Position C.l of RG 1.29, and,
thereby, comply with the requirements of ODC 2.

In the DSER (SECY-91-235), the staff included a partial
evaluation of system compliance with ODC, stating that it
would complete a full evaluation upon receiving adequate
information to demonstrate the system compliance with
ODC 4. Therefore, the staff identified this issue of system
compliance with ODC 4 as Open Item 64 in the DSER
(SECY-91-235). After the staff issued the DSER
(SECY-91-235), OE submitted a revised SSAR
Section 9.4.5.5, SSAR Figure 9.4-4, and component
description Tables 9.4-3, 9.44a and 9.4-4b. The staff
reviewed this information, the reactor building arrangement drawings, and SSAR Figure 9.4-4, and finds that the
system components are protected against the effects of
piping failures and mternally-generated missiles by being
located in adequately separated and dedicated diesel generator rooms, thereby satisfying ODC 4regardingprotection
from environmental and dynamic effects associated with
equipment failures. ThisresolvedDSER Open Item 64.
In the DSER (SECY-91-235), the staff stated that it would
evaluate the monitoring of the exhaust from the areas
served by the system and associated interfaces upon
receiving P&IDs and additional system information from
OE. The staff designated this lack of information as
Interface Information Item 33 in the DSER
(SECY-91-235). SSAR amendments through Amendment 34 included additional system description. The staff
reviewed this information and the revised SSAR Section 11.5.2.2.4 and finds that the areas serviced by the
system contain no radioactive systems.
Because
radioactivity releases from these areas to the environment
are only from what would have to be brought first into
these areas by their own supply fans, the system exhaust
is not monitored. Therefore, the DSER Interface
Information Item 33 is resolved. The system includes no
HEPA filters or charcoal adsorbers to control releases
from the system to the environment. Therefore, ODC 60
does not apply to the system. The cooling function of the
system and smoke removal aspects are separately
addressed in Sections 9.4.5.4 and 9.5.1.4.4 of this report.
The staff concludes that the RB safety-related diesel
generator HVAC system complies with applicable ODC 2,
4, and 17 of SRP Section 9.4.5 as discussed above and,
therefore, ia acceptable.
9.4.5.6 RB Primary Containment Supply and Exhaust
HVAC System
The system ventilates the primary containment, using
supply from, and exhaust to, the secondary containment
HVAC system. The staffreviewedoperation of the system
in accordance with SRP Section 9.4.5. The staff reviewed
other aspects of the system in accordance with SRP
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Section 6.2.4, BTP CSB 6-4 as diacusaed in Section 6.2.4
of this report.
The system has no safety-related function and is not
required to maintain the reactor coolant pressure boundary
or to achieve and maintain safe-shutdown conditions. The
system consists of a purge supply fan, a HEP A filter, a
purge exhaust fan, duct work, and controls. The system
has the capability to purge the drywell and the wetwell, if
required. When the system is in use and the air is not
highly radioactive, the system discharges to the secondary
containment HV AC systemforfilteringby a bag-type filter
and exhausting to the plant vent stack. However, if the air
is highly radioactive, it is discharged through the SOTS
system. A high-radiation signal actuates an alarm, closes
the isolation valves in the exhaust duct, and initiates the
SOTS (for evaluation of SOTS, aee Section 6.5.1 of this
report). The system description, PAID, and component
description are in SSAR Section 9.4.5.6, Figures 6.2-39
and 9.4-3, and Tables 6.2-7, 9.4-4g, and 9.4-4h, respectively.
SSAR Section 6.2.5 describes the use of the primary
containment purge system during the long-term postaccident cleanup operation and the deinerting operation
(shutdown) during which the system provides air to the
drywell and wetwell through the purge supply. Refer to
Section 6.2.4.1 of this report for the above interfaces and
compliance with BTP CSB 6-4.
The purge supply is filtered twice, first by a bag-type filter
(secondary containment HVAC system) and then by a
system HEPA filter. The purge air supply has an isolation
damper downstream of the system HEPA, and the exhaust
has redundant isolation dampers in the flow path through
the secondary containment HVAC system and the safetyrelated SOTS.
The system is located in the seismic Category I reactor
building, which protects against flood and tornado missiles.
The system is non-safety-related.
However, SSAR
Table 3.2-1, the staff concludes that the radiation monitors
and dampers for isolating the system are designed to
seismic Category I requirements, and the applicable
nonessential positions are designed in accordance with
Position C.2 of RG 1.29. Thus, the system complies with
ODC 2 regarding protection from natural phenomena by
meeting Position C. 1 of RG 1.29 for the essential portions,
and Position C.2 for the nonessential portions.
In the DSER (SECY 91-235), the staff stated that it would
review the essential portions of the system for compliance
with ODC 4 upon receiving detailed system description
including P&IDs. The staff identified the lack of information pertaining to system compliance with GDC 4 as Open
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Item 65 in the DSBR (SECY-91-235). SSAR amendments
through Amendment 34 included the subject system
information. The staff has reviewed the information and
finds mat the essential portions of the system are protected
against damage from internally-generated missiles by
separation of redundant equipment and are also protected
against piping failures. Thus, the essential portions of the
system comply with ODC 4 as they relate to protection
from the environmental and dynamic effects of equipment
failures. Therefore, DSER Open Item 65 is resolved.

ODC 17 does not apply to the system. The system
complies with ODC 60 for control of releases of
radioactive materials to the environment because under
certain situations, the system is automatically isolated to
prevent significant radioactivity release to the environment
and facilitates the filtered release to the environment via
the SOTS.
OE provided a set of design description and ITAAC
relating to the primary containment (containment purge
supply/exhaust) HVAC system.
The adequacy and
acceptability of the design description and the ITAAC are
evaluated in Section 14.3 of this report. On the basis of
this evaluation, DFSER Open Item 9.4-1 as it relates to the
above systems, is resolved.
The staff concludes that the system design complies with
applicable ODC referenced in SRP Section 9.4.5 and
discussed above and consequently with the subject SRP
acceptance criteria and, therefore, is acceptable.
9.4.5.7 RB Mainsteam Tunnel HVAC System
See Section 9.4.5.3 of this report.
9.4.5.8 RB Reactor Internal Pump Adjustable Speed
Drive (ASD) HVAC System
See Section 9.4.5.3 of this report.
9.4.6 Radwaste Building HVAC System
The staff reviewed the radwaste building ventilation system
in accordance with SRP Section 9.4.3. The system is
located in the radwaste building. It is non-safety-related,
and its failure does not compromise any safety-related system or component and does not prevent reactor safe
shutdown.
The system is designed to provide an
environment with controlled temperature and air flow
patterns to ensure both the comfort and safety of plant
personnel and the integrity of equipment and components.
The system services two zones: the radwaste building
control room and the radwaste building process area.
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the COL applicant to submit flow rates and equipment
lists. OE also submitted SSAR Figure 9.4-10, the PAID
for the system. The staff finds GE's approach to resolve
the subject open item acceptable. Therefore, this item is
resolved.

Heating, cooling, and pressurizetion of the radwaste
building control room are accomplished by an ACU which
has two 100-percent supply fans (one standby). Outdoor
air and recirculating air are mixed and drawn through a
pro-filter, a high efficiency filter, a heating coil and a
cooling coil by the associated fan. The supply sources for
the heating and cooling coils are the hot water heating
(HWH) system and the HNCW system, respectively. A
differential pressure indicating controller modulates the
inlet vanes in the supply fan air inlets to maintain the
subject zone at positive pressure with respect to the
surrounding spaces which includes the radwaste building
process area. The zone has no exhaust fans; however, it
has a 100-percent smoke removal fan to release smoke
directly to the atmosphere, and this fan is operated
manually. An area radiation monitor is provided in the
radwaste control room and it will alarm on high radiation
to alert personnel in the area.

Based on the above, the staff concludes that the radwaste
building ventilation system design complies with the
applicable ODC referenced in SRP Section 9.4.3 and
consequently, with the subject SRP acceptance criteria and
is, therefore, acceptable.
9.4.7 Diesel Generator Area Ventilation System
The diesel generator building ventilation system is part of
the reactor building ventilation system, which is reviewed
in Section 9.4.S.S of this report.
9.4.8 Service Building Ventilation System

The once-through HVAC system for the radwaste building
process area consists of two 100-percent supply fans (one
standby) each associated with a pre-filter, a high efficiency
filter, a heating coil, and a cooling coil, and three
SO-percent exhaust fans (one standby), each associated with
a pre-filter and a high efficiency filter. Separate filters
receive exhaust from the sorting table and compactor area.
The exhaust air from the process area is monitored for
radiation before it is released to the monitored plant vent.
The overall air flow pattern in the zone is from the least
potentially contaminated areas to the most contaminated
areas. The design includes features to isolate manually
affected areas on receipt of the area exhaust radiation
alarm. The zone is at negative pressure with respect to
surrounding spaces. The system description is given in
SSAR Section 9.4.6.
The radwaste building ventilation system complies with
ODC 2 regarding protection from natural phenomena
because the applicable non-essential portions of the system
are designed in accordance with Position C.2 of RO 1.29,
as stated in SSAR Table 3.2-1. The design meets the
requirements of ODC 60 (regarding control of releases of
radioactive materials to the environment) for select areas
in the radwaste building work areas by isolating the
affected areas. Since the design of the system does not
include HEP As or charcoal adsorbers, the system is not
required to meet RG 1.140 guidelines. In a letter dated
August 22, 1990 (response to RAI 430.258), OE
committed to submit the P&IDs, flow diagrams, and
component description tables for the radwaste building
HVAC system. However, the staff designated DFSER
Open Item 9.4.6-1 because it did not receive this
information until after issuing the DFSER. SSAR amendments through Amendment 32 specified COL License
Information (Section 9.4.10, Item 9.4.10.2) which requires

The staff reviewed the service building ventilation system
in accordance with SRP Section 9.4.3. The system
description is given in SSAR Section 9.4.8. The system is
non-safety-related and is not required for accident
mitigation, maintenance of reactor coolant pressure
boundary integrity, or achievement and maintenance of
safe shutdown. It is located in the service building and
operates during all norm?' conditions manually and
continuously and provides an environment with controlled
temperature and air flow patterns to ensure both the
comfort and safety of the plant personnel, and the integrity
of equipment and components in the building. The system
consists of two non-safety-related HVAC systems: (1) the
clean area HVAC system, which serves the technical
support center (TSC), the operational support center
(OSC), and other normally clean areas of the service
building (instrument repair, locker, men and women's
change and lunch rooms and laundry), and (2) the service
building controlled area HVAC system, which serves the
balance of the service building.
The clean area HVAC system supplies filtered, heated or
cooled air to both the clean and controlled areas through a
central fan system consisting of an outside air intake; an
air conditioning unit consisting of filters, heating coils,
cooling coils, two SO-percent capacity supply air fans; and
a supply air duct. Additionally, the system has two
SO-percent capacity exhaust fans and an emergency
filtration unit (EFU). An automatic damper in the supply
system ductwork regulates the flow of air to maintain the
TSC and other clean areas at a positive pressure with
respect to the surrounding spaces. The exhaust fans
discharge the ventilation air from the clean areas to the
outside from the service building roof top. The system
also functions during a high radiation mode. For this
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purpose, radiation monitors are provided to detect radiation
levels in the outside air intake. On receipt of a signal for
high radiation in the normal outside air intake, the normal
air intake damper closes, the minimum outside air intake
opens, and the ventilation air for the clean areas is routed
through the EFU. The EFU consists of a heater and
demister, pre-fUter, HEPA filter, 5.1-cm (2-in.) charcoal
adsorber, a second HEPA filter, and two circulating fans.
The EFU can remove at least 95 percent of all forms of
iodine from the influent stream. If the reactor site is
adjacent to a toxic gas source that could produce releases
of significance to plant operating personnel in the TSC, the
COL applicant will establish protection against the
intrusion of toxic gas into the areas served by the system.
GE has identified COL license information in SSAR
Section 9.4.10 which calls for the COL applicant to locate
required toxic gas monitors in the outside air intake of the
clean area HVAC system, with capability to detect toxic
gas concentrations at which personnel protective actions
have to be initiated.

as DFSER COL Action Item 9.4.8-1. SSAR amendments
through Amendment 34, discussed COL license
information (Section 9.4.10) which requires the COL
applicant to submit the above information. This is acceptable to the staff.

The controlled area HVAC exhaust system consists of two
50-percent exhaust fans. The controlled area exhaust is
released to the environs through the monitored plant vent.
The controlled area is maintained at a slightly negative
pressure with respect to the surrounding spaces including
the TSC and other clean areas.
The service building ventilation system complies with
GDC 2 regarding protection from natural phenomena
because the applicable non-safety-related portions of the
system are designed in accordance with Position C.2 of
RG 1.29, as stated in SSAR Table 3.2-1.
There is no need to monitor or control releases to the
environment from the clean areas since these releases are
from areas which do not contain radioactive sources and
the only manner radioactive materials can get into these
areas is due to its own HVAC system supply fans bringing
outside air into the areas. The controlled area also does
not contain radioactive sources; however, due to leakage
from the secondary containment or turbine building, the
radiation levels in the controlled area may become high.
If this happens, the controlled area HVAC system can be
manually isolated to prevent releases from the area to the
environment. Thus, the service building HVAC system
complies with GDC 60 with regard to control of releases
of radioactive materials to the environment.
By letter dated August 22, 1990 (response to RAI
430.262), GE stated that the COL applicant will handle the
details of the system, including P&IDs and component
description tables, and compliance with applicable
guidelines of RG 1.140 for the system filtration unit. The
staff agreed with GE's approach. The staff designated this
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Based on the above, the staff concludes that the service
building ventilation system design complies with GDC 2
and 60 as referenced in SRP Section 9.4.3 and
consequently, with the subject SRP acceptance criteria and
is, therefore, acceptable.
9.4.9 Drywell Cooling System
The staff reviewed the drywell cooling system in
accordance with SRP Section 9.4.5. The system is not
designed to ensure the reactor coolant pressure boundary
or to achieve and maintain safe-shutdown conditions.
However, the system provides features to include
redundant components to provide reliability over the full
range of normal plant operation. The system provides
conditioned air and nitrogen to cool equipment and
maintain temperature within limits, as specified in SSAR
Section 3.11, during normal operation and in the dry veil
head area, upper and lower drywell, shield wall annulus,
and the wet-well air space. The drywell cooling unit
function is manually controlled from the control room.

Two of the three fan coil units operate under normal
conditions. Each fan coil unit consists of two cooling coils
arranged in series, a drain pan, and a centrifugal fan. The
return air passes over the first coil, which is cooled by
RCW. Part of the cooled air is subsequently cooled by the
second coil, which is cooled by HNCW. The twice-cooled
air is mixed with the air that bypasses the second cooling
coil. During a LOOP (when no LOCA signal exists), the
fan coil units start automatically if power is available from
the diesel generators. During such a situation, only RCW
coils will provide cooling. The system description, figure,
and table are in ABWR SSAR Section 9.4.9, Figures 9.4-8
and 9.4-9, and Tables 9.4-1 and 9.4-2, respectively.

The drywell cooling system complies with GDC 2 for
protection from natural phenomena because the applicable
nonessential portions of the system are designed in
accordance with Position C.2 of RG 1.29, as stated in
SSAR Table 3.2-1.
The requirements of GDC 60
regarding control of releases of radioactive materials to the
environment do not apply because the system is only a
recirculation system and does not contain any HEPA filters
or charcoal adsorbers. GDC 14 and 17 do not apply
because the system will not perform or support any safety
function and is not used during an accident.

Auxiliary Systems
The standard design must comply with 10
CFR Part 50 Appendix R, Section III.G. 1.a
and ensure that safe shutdown can be
achieved assuming that all equipment in any
one fire area will be rendered inoperable by
fire and that re-entry into the fire area for
repairs and operator actions is not possible.
The design must ensure that smoke, hot
gases, or fire suppressant will not migrate
into other fire areas to the extent that could
adversely affect safe-shutdown capabilities
including operator actions. The control
room is excluded because an alternative
shutdown capability is provided which is
physically and electrically independent of the
control room. In the reactor containment,
redundant shutdown systems must be
provided with fire protection to ensure, to
the extent practical, that one shutdown
division be free of fire damage. Because of
unique design layout, other areas may be
accepted on an individual basis.

Based on the above, the staff concludes that the drywell
cooling system meets the applicable acceptance criteria of
SRP Section 9.4.S and is, therefore, acceptable.

9.5 Other Auxiliary Systems
9.5.1 Fire Protection System
The Commission directed that special attention be given to
measures for fire protection in addition to the staffs
review of other aspects of the ABWR design in accordance
with the requirements for current operating plants. For
example, the Commission concluded that the ABWR
design must incorporate the resolution of significant fire
protection issues raised through operating experience and
through the External Events Program.
The NRC established fire protection requirements for
nuclear power plants in GDC 3, 10 CFR S0.48, and
Appendix R to 10 CFR Part SO. The Commission
considered Sections III.G., III. J, and III.O of Appendix R
to be of particular importance. In July 1981, NRC revised
BTP APCSB 9.5-1 (SRP Section 9.5.1) to include these
provisions from Appendix R.

9.5.1.1 General Evaluation Fire Protection Program
The staff has also issued supplemental guidance on fire
protection in documents such as Generic Letter (GL) 81-12
(45 FR 76602, November 19, 1981), dated February 20,
1981, and GL 86-10, dated April 24, 1986. GL 81-12
presents information on safe-shutdown methodology, and
GL 86-10 presents technical information on conformance
with National Fire Protection Association codes and
standards.
To minimize fire as a significant contributor to the
likelihood of severe accidents for the ABWR, the staff
concluded that current NRC guidance must be enhanced.
As stated in SECY-90-016, "Evolutionary Light Water
Reactor (LWR) Certification Issues and Their Relationship
to Current Regulatory Requirements," dated January 12,
1990 (and reiterated in SECY-93-087, "Policy, Technical,
and Licensing Issues Pertaining to Evolutionary and
Advanced Light-Water Reactor (ALWR) Designs"). The
proposed applicable regulation discussed below
encompasses the enhanced, NRC Guidance.
The NRC expects any new reactor design to propose fire
protection systems based on the best technology available,
not on the methods allowed for plants already operating or
in advanced stages of design and construction. Therefore,
the staff evaluated the fire protection system of the ABWR
against the criteria of SRP Section 9.5.1
(BTP CMEB 9.5-1 Rev. 2), which meets the requirements
of GDC 3, and against the following proposed applicable
regulation for fire protection:

GE generally followed the NRC's concept of defense in
depth for fire protection as described in the SSAR. The
three steps of defense in depth and GE's implementation of
these steps follow.
(1)

To reduce the possibility of fire starting in the
plant, GE used fire-resistant and fire-retardant
materials in its design of the ABWR to minimise
and isolate fire hazards. Low-voltage multiplexed
circuits and fiber-optic circuits eliminate the need
for cable-spreading rooms and thereby substantially
reduce the amount of combustible cable insulation
and higher voltage ignition sources in the control
room.

(2)

To promptly detect and suppress a fire, GE has
provided automatic detection and a suitable
combination of automatic and manual fire
suppression capabilities in the ABWR design.

(3)

GE designed the plant so that any fire that might
occur will not prevent safe shutdown of the plant
even if fire detection and suppression efforts fail.

SSAR Section 9.5.1 and Appendix 9A (Fire Hazards
Analysis) describe a fire protection program intended to
protect safe-shutdown capability, prevent release of
radioactive materials, minimize property damage, and
protect personnel from injury as a result of fire.
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GE also considered such features of general plant
arrangement as:

sprinkler system for 30 minutes if an uncontrolled leak
occurs.

•

access and egress routes

•

equipment locations

•

structural design features separating or isolating
redundant safety-related systems

The doors from each fuel tank room open into the
respective DG equipment room which is in the same
division, but in a different fire area. Therefore, should a
fire occur in the fuel tank room, it will need to propagate
and damage two 3-hour barriers before it can penetrate and
threaten another division. Smoke removal in the fuel tank
room is accomplished by the HVAC system.

•

floor drains

•

ventilation

•

construction materials

The SSAR reflects the use of applicable National Fire
Protection Association codes and standards in design and
layout of the ABWR. In the DSER (SECY-91-355), the
staff identified as Open Item 102, the need for GE to
describe any deviations from those codes and standards and
to describe in the Fire Hazards Analysis the measures
taken to ensure that equivalent protection is provided.
Section 9.A.3 of SSAR Appendix 9A describes three
deviations from the fire codes: (1) exceptions to penetration requirements (Section 9A.3.5), (2) wall deviations
(Section 9A.3.6), and (3) door deviations (Section 9A.3.7).
In each case, GE described each deviation, why it was
required, and how the underlying fire protection
requirements are still satisfied. The staff found the GE
explanations acceptable. Therefore, this resolved DSER
Open Item 102.
In the SSAR, Section 9.5.1, GE indicated that the ABWR
design meets the commitments as specified in BTP CMEB
9.5-1 except in five cases:
1. Deviation from BTP CMEB 9.5-1, Section 7.j, "Diesel
Fuel Storage Areas"
The BTP states that the diesel fuel oil tanks with a capacity
greater than 4,164 L (1,100 gallons) should not be located
inside buildings containing safety-related equipment. If
located within 15 m (50 ft) of such buildings, the tanks
should be housed in a separate building with a construction
having a minimum, fire resistance rating of 3 hours.
GE states that the capacity of each tank provides 8 hours
supply, 12,113 L (3,200, gallons), for the emergency diesel
generators. The diesel fuel oil day tanks are located in the
reactor building but outside of secondary containment.
Walls, ceiling, floors, and doors are all 3-hour fire
barriers. SSAR Section 9.5.1 statf J that the sunken
volume of the room will accommodate (hold) the entire
contents of the tank and discharge from the automatic foam
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The staff position is that the capacity of the fuel oil day
tank exceeds the specified limits in the BTP; however, GE
committed to add an automatic foam system with early
detection and suppression capabilities. In addition, as
required by the BTP, the SSAR indicates that the COL
applicant will provide a fire brigade capable of extinguishing any oil-type fire that may occur onsite, including one
in the diesel generator rooms.
Based on the above discussion, the staff finds GE's
justification acceptable for having the diesel fuel oil day
tanks inside the reactor building.
2. Deviation from BTP 9.5-1, Section C.7.b, "Control
Room Complex"
The BTP 9.5-1 requires that automatic fire suppression
should be provided for the control room complex subfloor
if it contains cable runs unless cable is run in 4-inch or
smaller steel conduit or the cables are in fully enclosed
raceways internally protected by automatic fire
suppression.
SSAR Section 9.5.1(2) states that the subfloor area will not
contain a fire suppression system as recommended by BTP
CMEB 9.5-1 Section C.7.b because the amount of cabling
under the floor is substantially less than that used in
current designs. The types of cables located in the raised
floor area smolder for a long time and are selfextinguishing. Cables will be located within conduit. The
control room is continuously staffed so that the presence of
a fire will be quickly detected. There is also a fire
detection system in the subflooring which will quickly
detect a fire in that area. Finally, in the unlikely event
that the control room were to require evacuation, the
remote shutdown panels contain the necessary controls to
bring the plant to cold shutdown.
The staff finds GE's justification for not installing a
suppression system in the subfloor of the control room
complex acceptable.
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The BTP 9.5-1 requires that the office space in the control
room complex be provided with an automatic fire
suppression system.

5. Deviation from BTP CMEB 9.5-1, Section C.7.i,
"Diesel Generator Area"
The BTP indicates that an automatic fire suppression
system should be installed to combat any diesel generator
or lubricating oil fire; such systems should be designed to
operate when a diesel generator is running without
affecting the diesel.

OE SSAR indicated in Section 9.5.1(3) that the office
spaces contained in the control room complex do not have
automatic fire suppression systems installed.
OE SSAR indicated in Section 9.5.1(3) that the control
room complex is continuously manned so that any fire will
be quickly detected and manual suppression commenced
without delay. Papers are limited and stored in file
cabinets, book cases or other storage locations except when
in use. GE indicated that fire detection will be installed in
the peripheral rooms including office spaces. (Refer to
SSAR9A.4.2.4.1.)

GE states that the ABWR has an automatic foam sprinkler
system for diesel generators and diesel day tanks. The
generator is not a 100-percent sealed unit. Openings are
provided for cooling purposes. When a diesel is operating
and fire occurs, the automatic foam sprinkler suppression
system will activate and there is a possibility that the foam
could be siphoned into the generator openings, causing
damage to the generator or a short circuit to occur.

The staff finds GE's justification for not installing an
automatic fire suppression system in the office spaces of
the control room complex to be acceptable.

The ABWR design assumes fire would result in the loss of
function for one division.
Thus, two more diesel
generators are still available for duty. While the DG
equipment is designed to continue operating, actuation of
automatic foam system due to a fire or inadvertent
actuation of the foam system should prompt an operator to
shut down the affected diesel generator.

4. Deviation from BTP 9.5-1, Section C.7.b, "Control
Room Complex"
The BTP 9.5-1 requires fire detectors for the consoles and
cabinets in the control room complex.
SSAR Section 9.5.1(4) states that the control room
complex is continuously staffed so that any fire will be
quickly detected and manual suppression commenced
without delay. The cabinets and consoles contain limited
combustibles and are air cooled so that smoke from a
cabinet fire will exhaust to the control room complex. A
fire in any single cabinet or console will not disable the
capability to safely shut down the plant.
The staff finds the above commitments acceptable since
these consoles are not walk-in type and are small.
Therefore, no detection need be installed within these
consoles. If a fire was to occur, the control room
detection system will alarm or a control room operator will
see or smell the smoke. The automatic fire detectors and
continuous presence of operators will likely result in the
fire being discovered and suppressed early.

SSAR Section 9.5.1.3.7 states that the automatic foam
sprinkler system is actuated by cross-zoned rate of
temperature rise, rate-compensated heat detectors, and
infrared detectors. The system will not discharge foam
until a heat activated fusible link activates in the sprinkler
head.
The applicant's automatic foam sprinkler system
significantly reduces the probability of an inadvertent
actuation of foam on the emergency diesel generators. The
applicant's meets the design aspects of GDC 3 (BTP 9.5-1)
and GI 57. Therefore, the staff finds GE's justification
acceptable.
GE also indicated in the SSAR that excess water, foam,
and diesel fuel oil spilled outside the reactor building will
not have an adverse effect on any safety-related equipment.
9.5.1.2 Specific Features of Protection

GE also indicated that fire detection is not provided in the
cabinets or consoles because the control room ceiling and
peripheral rooms are to be provided with early detection
systems.
GE agreed to install a fire detection system in the sub-floor
area of the control room.:
The staff finds GE's justification for this deviation
acceptable.
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9.5.1.2.1 Protection of Safe-shutdown Equipment
In general, the ABWR design relies on 3-hour-rated fire
barriers to separate safe-shutdown equipment from the
remainder of the plant and from redundant systems and
components outside of primary containment. However,
where safety related equipment is not divisionally separated
by 3-hour fire-rated barriers, the safety-related equipment
is electrically isolated from its respective division by fuses
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1. The MST is an exception to separation of redundant
safety-related components outside containment.

and/or breakers for breaker coordination and multiple high
impedance faults. This is documented in the SSAR,
Section 9A.5. SSAR Section 9.5.13.12 states that the
COL applicant will demonstrate that multiple high impedance faults of those circuits described in Table 9A.5-2,
resulting from a fire within any one fire area, will not
negatively affect other equipment fed from the same
power. The use of 3-hour-rated fire barriers exclusively
for separation of safe-shutdown equipment in the nuclear
power block (NPB) areas outside containment is in
accordance with the review criteria, and is acceptable.
The use of fuses and/or breakers to address breaker
coordination and high impedance fault concerns where
safety-related equipment is not divisional, separated by
3-hour fire-barrier equipment as discussed in SSAR
Section A.S, is in accordance with the review criteria and
is acceptable. This design will ensure the capability for
safe shutdown assuming all equipment in any one fire area
will be rendered inoperable. In addition, this design
provides the operator the ability to achieve safe shutdown
without re-entry into the fire area for repairs or operator
actions and meets the fire protection guidance of
SBCY-90-016.

SSAR Section 9A.4.1.4.26(9) states that all valves in
the MST are designed to fail with acceptable
consequences. For example, power-operated valves are
backed up with air-operated valves not subject to
damage from the same fire, or redundant valves are
located in another fire area.
2. The MCR is an exception to separation of redundant
safety-related components outside containment.
SSAR Section 9.5.1.1.2 describes alternative shutdown
capability that is spatially remote from, and electrically
isolated from, the MCR.
In the event of fire in the MCR, control room
operators will have full safe-ehutdown capability
available at this alternative shutdown station. In the
control room, fiber optics are used to operate power,
instrument, and control circuits for safe-shutdown
equipment.

The staff recognizes the need for open communication
between compartments inside containment to relieve and
equalize pressure following a high-energy line break. GE
stated in the SSAR that the safety divisions will be widely
separated around containment so that a single fire will not
fail any combination of active components that could
prevent safe shutdown. The staff finds that this meets the
fire protection requirements of SECY-90-016, SECY-93087, SRP Section 9.5.1, and 10 CFR Part 50, Appendix R, and is acceptable. The ABWR containment will be
inerted with nitrogen during power operation, which will
prevent propagation of any potential fire inside
containment. In accordance with BTP CMEB 9.5-1,
Section 7.a., the inerted containment significantly reduces
oxygen so that combustion and/or fire will not be
supported. This is an acceptable means of preventing a
fire inside containment. The SSAR commits to an inerted
containment. Therefore, the staff finds that this firesuppression feature meets the guidelines of BTP CMEB
9.5-1, Section 7.a., and is acceptable. Therefore, the use
of structural walls inside containment as fire barriers to
separate safety-related systems (cabling, components, and
equipment), even though such walls may not fully enclose
the equipment requiring separation, is acceptable.

In discussions with the staff, GE stated that all controls
and instrumentation (except for scram function, HPCF,
and MSIV) will utilize a touch screen and touch panel.
The characteristics of the specific touch screen and
touch panel used and the affects of a fire on this
equipment will depend on the as-procured equipment.
If a fire can cause inadvertent operation of the touch
screen or panels, the COL applicant will need to
demonstrate that under the worst-case scenario, the
reactor can be safely shutdown in a controlled manner
and that long-term core cooling can be established and
maintained. In addition, at no time shall top of the
active fuel be uncovered. This is a COL Action
Item (GI 147, "Fire Induced Alternative Shutdown
Control Room Interactions").
3. Inside containment is an exception to separation of
redundant safety-related components.

OE proposes and justifies two areas outside containment
and one inside containment that will not conform to the
3-hour-rated fire barrier separation criteria. The three
exceptions discussed below were well justified by GE and
are acceptable to the staff.
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The entire containment is one fire area. SSAR Section 9.5.1.1.2 states that the shutdown trains will enter
containment widely spaced around the perimeter. This
spacing ensures that no single fire will be able to
damage any combination of active components that
would prevent safe shutdown. In addition, the ABWR
containment will be inerted with nitrogen during power
operation, which ensures that any potential ignition/fire
hazards inside containment will not propagate. In
accordance with BTP CMEB 9.5-1, Section 7.a., the
inerted containment significantly reduces oxygen so that
combustion will not be supported.
This is an
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pool would begin boiling in about 16 hours under the
most adverse conditions of decay heat load from a
recently off-loaded full-core with no emergency
makeup water supplied to the pool.
However,
emergency makeup water can be supplied to the fuel
pool within 30 minutes from (1) the RHR system,
(2) the SPCU system, (3) MUWC system, or (4) the
fire protection water system by means of hoses. The
staff finds that the FPC is not required to prevent offsite releases and is not a safety-related system.
Therefore, this staff concern is resolved.

acceptable means of preventingfirewithin containment.
OE committed to an inerted containment in the SSAR.
Therefore, the staff finds that this fire suppression
feature meets the guidelines of BTP CMEB 9.5-1,
Section 7.a., and is acceptable.
9.5.1.2.2 Passive Fire Protection Features
Passive fire protection features for the ABWR design
consist of building assemblies such as walls, partitions,
floor-ceiling assemblies, columns, beams, fire dampers,
fire penetrations seals, and fire doors. Penetrations
through the building assemblies, such as doorways,
hoistways, stairways, and cable trays and conduits are
protected by appropriatefire-rateddoors, dampers, plugs,
and seals. SSAR Section 9.S. 1.1.3 states that it intends to
select passivefire-protectioncomponents of proven design,
which have previously been tested and are listed by
nationally recognized testing laboratories.

9.5.1.3 Fire Protection System Description
OE submitted the design description and the ITAAC for
the fire protection system. The staff designated this as
DFSER Open Item 9.5.1.3-1. GE submitted a revised set
of design description and ITAAC, which are evaluated in
Section 14.3 of this report. Open Item 9.5.1.3-1 is
resolved.

SECY-90-016 requires separation by 3-hour fire-barriers
for redundant trains of ail safety-related equipment, not
just safe-shutdown equipment.
Therefore, the staff
reviewed the lack of 3-hour barriers between redundant
trains of four separate' systems: (1) SLCS, (2) SOTS,
(3) FCS, and (4) spent fuel pool cooling system (FPC).
The staff evaluations for these systems are provided below:
1. The SLCS is the alternative to the CRD system and is
separated from it by 3-hour fire-rated barriers. This
arrangement satisfies the SECY-90-016 requirements
and is, therefore, acceptable.
2. During a meeting with the staff on May 5, 1992, GE
committed to move pne train of the SGTS to an
available space on a mezzanine level directly above the
location presently shown (SSAR Figure 9A.4-6). In a
subsequent amendment to SSAR Section 6.5.1.3.1, GE
states that the SGTS has independent, redundant active
trains. The two SGTS trains are mechanically and
electrically separated and are located in two side-byside compartments separated by rated fire barriers and
adjacent to the HVAC system exhaust.
This
arrangement satisfies the staffs concern because these
two areas will be completely separated from each other
by 3-hour fire-rated barriers.
3. GE changed SSAR Figure 9A.4-4 to show a 3-hour
fire-rated barrier separating the redundant trains of the
FCS. This arrangement satisfies the staffs concern
and is, therefore, acceptable.
4. The FPC system is not a safety-related system. If the
FPC is lost because of fire, the fuel pool will slowly
heat up and eventually boil. GE calculated that the

9.5.1.3.1 Fire Detection Systems
A previous amendment to the SSAR stated that the ABWR
automatic fire detection systems are designed and installed
in accordance with National Fire Protection Association
(NFPA) Standards 72D and 72E, and will protect all safeshutdown components from all significant hazards. In the
DFSER, the staff stated that NFPA 72A, 72B, 72D, and
72E have been incorporated into NFPA 72, and are no
longer separate standards. Therefore, all references to
NFPA 72D and 72E should be changed to NFPA 72. The
staff designated this as DFSER Open Item 9.5.1.3.1-1.
Amendment 33 to the SSAR states that fire detection
systems are designed according to NFPA 72 Class A and
NFPA 70 Class 1 requirements. Therefore, DFSER Open
Item 9.5.1.3.1-1 is resolved.
The ABWR will include detection capability for major
cable concentrations, safe-shutdown-related major pumps,
switchgear, motor-control centers, battery and inverter
areas, relay rooms, fuel areas, and all other areas that may
contain appreciable in-situ or transient combustibles.
Detector devices will be selected on the basis of the type
of anticipated fire and located on the basis of ventilation,
ceiling height, ambient conditions, and burning characteristics of the involved materials. Detection systems will
alarm and be annunciated in the control room and will give
a distinctive audible and, if necessary, visual local alarm
to aid the fire brigade in finding the fire.
Therefore, the staff concludes that the automatic fire
detection capability provided for the ABWR meets the
guidelines of Section C.6.a of BTP CMEB 9.5-1, as
discussed above, and is acceptable.
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9.5.1.3.2 fire Protection Water Supply System
The dedicated fire protection water supply and distribution
system is designed and will be installed in accordance with
NFPA Standards 11, 13, 14, IS, 16, 16A, 20, and 24 to
meet the anticipated needs for fixed water suppression
systems and manual hose stations.
The sprinkler systems in the reactor building and the wet
standpipe systems in the reactor and control buildings are
designed in compliance with ANSI B31.1 and analyzed to
remain functional following an SSE (seismically analyzed).
Portions of the water supply system, including a tank, a
pump, and part of the yard supply main, are also designed
to these requirements. The remainder of the water systems
are designed to appropriate fire protection standards.
During normal operation, the seismically analyzed systems
will be separated from those not seismically analyzed by
normally closed valves and a check valve so that a break
in the non seismically analyzed portion of the system
cannot impair the operation of the seismically designed
portion of the system.
The water supply system is required to be a fresh water
system, filtered if necessary to remove silt and debris.
The system has two sources, each with a minimum
capacity of 1,136,000 liters (300,000 gal.). If the primary
source is a volume-limited supply such as a tank, a
minimum of 455,000 liters (120,000 gal.) must be
passively reserved for use by the seismically-designed
portion of the fire suppression system. This reserve will
supply two manual hose reels for 2 hours. A diesel-driven
pump in the train is designed to remain functional
following the SSE. A jockey pump will maintain pressure
on the system.

The turbine building fire suppression systems receive water
from the portion of the supply system that is not required
to be seismically analyzed for SSE.
The main power, unit auxiliary, and reserve transformers
will have deluge water spray suppression systems. The
systems are automatically actuated by flame or temperature
detectors. A dike is provided to collect oil and water
beneath each transformer. Drains are provided for each
pit to divert oil and water away from buildings and transformers. Shadow-typefire-barrierwalls separate adjacent
transformers.
Alarm systems, both manual and automatic, will be in all
areas of the plant as passive systems. They alarm without
controlling an extinguishing function.
The two fire pumps are located in separate fire areas,
separated from each other and the plant by 3-hour-rated
fire barriers.
The fire-main loop in the yard will be designed and
installed with sectional control valves that will deliver total
fire flow and pressure design requirements to all automatic
and manual fire suppression systems and manual hose
stations with the shortest portion of the water distribution
piping out of service.
On the basis that the fire water supply and distribution
system conforms to the applicable NFPA standards
mentioned above, the staff concludes that the system will
meet the guidelines of Section C.6.b of BTP CMEB 9.5-1
and is acceptable
9.5.1.3.3 Water Fire Suppression Systems

The ' turbine holding will have modified Class III
standpipes, hose reels, and ABC portable extinguishers
throughout the building. The following fire suppression
systems will have primary fire suppression capability for
the following areas:

The SSAR states that automatic water and foam-fire
suppression systems will be installed over major fire
hazards identified in the fire hazards analysis. Each
system will be designed and installed in accordance with
NFPA 11, 13, and 15.

•

Automatic closed-head sprinkler systems in the open
grating area of the three floors under the turbine.

•

Deluge foam-water sprinkler systems in the lube oil
conditioning area and the lube oil reservoir area.

•

A deluge sprinkler system in the hydrogen seal oil unit
area.

Standpipe and hose stations will be installed throughout the
plant as determined in the fire hazards analysis. The
standpipe systems will be designed and installed in
accordance with NFPA 14. Each hose station will be
equipped with a maximum of 30 m (100 ft) of 3.8-cm
(1.5-in.) hose and an adjustable on/off spray nozzle listed
or approved by a nationally recognized testing laboratory.

•

A preaction sprinkler system in the auxiliary boiler
area.
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Pressure-reducing orifices will be installed at each hose
station as required, to ensure that excessive pressures are
not delivered to the nozzle.
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Exterior hydrants and hose houses will meet needs
described in the fire hazards analysis and will be designed
and equipped in accordance with NFPA 24.
Control and secu'onalizing valves in the fire water system
will be electrically supervised and will be indicated in the
MCR.
The ABWR will not include floor penetrations that are
susceptible to the potential of channeling water from fire
extinguishing operations in one redundant fire area to an
adjacent fire area. Floor penetrations will only be used for
interconnections within one train of safe-shutdown
equipment.
The fire protection water distribution and extinguishing
systems will conform to the guidelines contained in
Sections C.6.b and C.6.c of BTP CMEB 9.5-1 and is
acceptable. This resolved DSER (SECY-91-355) Open
Item 104.
9.5.1.3.4 Automatic Foam Fire Suppression Systems
OE specified an automatic foam sprinkler fire suppression
system for protection of the EDOs.
GDC 3 of
Appendix A of 10 CFR Part 50 states that an inadvertent
operation of the foam system should not adversely affect
the diesel. Section C.7.i. of BTP 9.5-1 CMEB states that
"Automatic fire suppression should be installed to combat
any diesel generator or lubricating oil fire; such systems
should be designed for operation when the diesel is
running without affecting the diesel." GI 57 addresses the
potential for safety-related equipment to become inoperable
due to an inadvertent operation.
The applicant committed to meet the design aspects of
GDC 3, BTP 9.5-1 and GI 57, therefore, the staff
concludes that the automatic foam fire suppression systems
are acceptable. This item was previously discussed in
Section 9.5.1.1 of this report.

9.5.1.4 Fire Protection Support Systems
9.5.1.4.1 Emergency Communication and Lighting
The BTP 9.5-1 requires portable radios be provided for
fire brigade and plant operations personnel to communicate
during a fire incident. This communication system will
have a distinct and separate frequency so that plant security
force communications and actuation of protection relays
will not be affected. The portable radio communication
system will use fixed repeaters, as necessary, to ensure
communications capability with any location in the station
from the control room. The fixed repeaters will be
arranged and protected so that exposure to fire damage will
not disable the entire system. SSAR Section 9.5.2.6.2
states that "Design of fixed emergency communication and
portable communication systems shall comply with BTP
CMEB 9.5.1, Position C.5.g.(3) and (4)."
Sealed-beam emergency lights with individual 8-hour
battery supplies will be provided in areas that must be
occupied for safe shutdown and in routes used for access
and egress to these locations. The lighted areas will
include areas where operator actions occur if the control
room is evacuated. In addition to the sealed-beam 8-hour
emergency lights, portable sealed-beam battery-powered
hand-held lights will be provided for use by fire brigade
and plant operations personnel during a fire incident.
GE responded to staff questions about battery-powered
emergency lights in harsh (extreme high or low
temperature) environments by stating the following in
SSAR Section 9.5.3.1.1(5):
(f) Non-essential battery pack lamps shall be self-contained
units suitable for the environment in which they are
located.
(g)

9.5.1.3.5 Fire Extinguishers
Portable fire extinguishers will be provided in areas with
in-situ or potentially transient combustibles. They will be
chosen on the basis of the anticipated type of fire in the
area and the effect of the extinguishing agent on equipment
in the area. The portable extinguishers will be selected,
installed, and maintained in accordance with the
requirements of NFPA 10.
The portable fire extinguishers will conform to the
guidelines of Section C.6.f of CMEB 9.5-1 and will,
therefore, be acceptable.

The light fixtures for essential battery packs may be
located remotely from the battery if the
environment at the kmp is not within the qualified
range of the battery. Alternatively, lamps powered
from the station batteries may be provided.

Based on the applicant's commitments, the emergency
communication and lighting design conforms to the
guidelines of Section C.5.g of BTP CMEB 9.5-1 and is
acceptable.
9.5.1.4.2 Emergency Breathing Air
The staff reviewed GE's commitments regarding the
provision of emergency breathing air in accordance with
BTP CMEB 9.5-1. Specifically, Position C.3(c) indicates
that the fire protection program will include the provision
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of fire brigade equipment including
breathing apparatis for brigade members.

self-contained

The provisions for curbs and drains conform to the
guidelines in Section A.2 of BTP CMEB 9.5-1 and are
acceptable.

In accordance with BTP CMBB 9.5-1, OE has made the
following commitments concerning the provision of
emergency breathing air for the fire brigade staff.
Emergency breathing air will be provided for fire brigade
and control room personnel. The breathing air will be
delivered by a self-contained apparatus or a storage
reservoir. Full-nee positive-pressure masks approved by
the National Institute for Occupational Safety and Health
will be used by all personnel required to use emergency
breathing air.

9.5.1.4.4 Smoke Control
In SECY-90-016, "Evolutionary Light Water Reactor
(LWR) Certification Issues and Their Relationship to
Current Regulatory Requirements," dated January 12, 1990, the staff stated that the ABWR design must
ensure that smoke, hot gases, or the fire suppressant will
not migrate into other fire areas to the extent that they
could adversely affect safe-shutdown capabilities, including
operator actions.

A minimum of 10 self-contained breathing units will be
provided for fire brigade use. Each unit will be provided
with two extra air bottles located on site. The rated
service life for the self-contained units will be a minimum
of 1/2 hour. In addition to the two extra bottles for each
self-contained unit, compressors will be provided so that
exhausted air bottles may be quickly replenished. The
compressors will operate in areas free of dust and contaminants and will be powered from a vital power bus so that
breathing air is available if off-site power is lost.
The specific provisions for emergency breathing air
conform to the guidelines contained in Section C.3(c) of
BTP CMEB 9.S-1 and are acceptable.

SSAR Section 9.5.1.1.6 states that the HVAC systems will
control smoke and meet the requirements of ASHRAE's,
"Design of Smoke Control Systems for Buildings," and
NFPA's "Recommendations Practice for Smoke Control
Systems." OE describes the major features that will be
incorporated into their design which include the following:
•

Venting of the area of the fire to prevent the fire from
causing pressure to increase.

•

Pressure control across the fire barrier to ensure that
any leakage is into the area experiencing the fire.

•

Pressure control and purge air supply to prevent back
flow of smoke and hot gases when fire-barrier doors
are maintained open for access for manual fire-fighting
activities.

9.5.1.4.3 Curbs and Drains
Floor drains and curbs sized to remove expected firefighting water flow will drain areas protected by fixedwater fire-suppression systems or hand-held hose lines to
prevent water accumulation from causing unacceptable
damage to safety-related equipment. Water drained from
areas that may contain radioactivity will be properly
collected, analyzed, and treated before being discharged to
the environment.

Smoke will be removed from the area of the fire by the
normal ventilation systems (smoke removal mode).
Release of smoke that may contain radioactive materials
will be monitored to ensure compliance with applicable
guidelines and regulations.

SSAR Section 9.5.1 states that the control room will not
have floor drains. The SSAR describes the flow path that
the water will travel if the subflooring was to overflow.
The path traveled by the water will not jeopardize safetyrelated equipment because of floor drains and pedestals
which elevate safety-related equipment. One division
outside the control room will not be in the path of the
discharged water.

The general arrangement of the ABWR design of
safe-shutdown trains features a high degree of separation
with no piping and minimal cabling interconnections
between divisions. With such a physical arrangement, the
ventilation system can become the most likely pathway for
fire propagation and smoke dispersal. Outside primary and
secondary containment, the ABWR employs separate, dedicated HVAC systems for each fire area containing safeshutdown equipment.

Floor drains in areas containing combustible liquids will be
designed so that these liquids cannot flow back into
safety-related areas through the drainage system.

This arrangement of the ventilation systems serving the
areas containing safe-shutdown equipment facilitates the
venting of smoke from one area containing safe-shutdown
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OE also committed to install smoke detectors in the fresh
*ir intakes for the ABWR secondary containment and the
control building. If smoke enters the fresh air supply for
these HVAC systems, they will isolate from the outside
supply and start operating in the 100-percent recirculation
mode.

equipment, and precludes the smoke from spreading to the
redundant area containing safe-shutdown equipment. This
arrangement also means that ventilation air supply, return,
and exhaust for any fire area is independent of all other
fire areas and that HVAC ducting does not penetrate the
3-hour-rated fire barriers separating fire areas. Therefore,
the ABWR design will not include fire dampers outside the
secondary containment. This simplifies not only design of
the ABWR HVAC systems, but also installation and
maintenance of the system throughout the life of the plant.

Since the primary containment is inerted with nitrogen, the
separation of HVAC systems inside primary containment
is not an issue during plant operation.

The HVAC system removes smoke in the event of fire.
For all systems, except the secondary containment and
diesel generator rooms, placing a HVAC system in the
smoke-removal mode causes a damper in the return line to
close and a much larger exhaust damper to atmosphere to
open so that the system becomes a no-return, flow-through
system with the large exhaust plenum vented directly
to atmosphere. The pressure in the area experiencing the
fire drops to atmospheric pressure plus the duct loss in the
exhaust duct and the pressure in other divisional fire areas
remains at their normal positive pressure of approximately
0.06 Kpa (1/4 of an inch of water). This assures that air
leakage through any openings in the fire barriers
surrounding the fires is towards the fire. GE has stated in
SSAR Section 9.5.13.10, that during the detailed design
phase the required differential pressure for each barrier
will be calculated and the HVAC systems are to be
designed to provide the required pressure. This is a COL
Action Item and is not needed for design certification.

To remove smoke from the diesel generator room, the
once-through supply fans for the room start, and purge the
room through the large exhaust opening [4 nr (about
43 ft ]). The applicant has committed to design the smoke
removal systems in accordance with ASHRAE's "Design
of Smoke Control Systems for Buildings" and NFPA's
"Recommendations Practice for Smoke Control Systems."
The applicant states that a minimum of 0.06 pa (.25 in.
H 0) will be maintained across the fire barriers. The
applicant states that sufficient flow and pressure will be
available to prevent smoke migration into the non-fire area
when doors are open to support any fire fighting
operations.
2

2

Based on the above applicants commitments, the staff
concludes that the design of the ABWR HVAC systems in
the smoke-removal mode of operation is in accordance
with the review criteria and is acceptable. This resolved
DSER (SECY-91-35S) Open Item 103. (See also Section 9.5.1.2.2 of this report.)
9.5.1.4.5 Access/Egress Routes

The smoke removal mode for the RB secondary
containment HVAC system differs from that of the other
systems, since common supply and exhaust systems are
used for all three divisional areas within the secondary
containment. The systems from each division are branched
from the common system. Each supply and exhaust
branch includes a dual purpose isolation/fire damper valve.
Each exhaust branch also includes a two-position motoroperated volume damper. Upon detection of a fire, a
normally non-operating exhaust fan is started to increase
the negative pressure of the exhaust system. The motoroperated dampers in the exhaust ducts for the divisional/HVAC fire areas without the fire, reposition to their
pie-determined fire settings to maintain normal negative
pressure in their zones. The pressure in the HVAC and
fire area will become more negative with the change in
exhaust pressure. This establishes a differential pressure
across the fire barriers surrounding the fire. As discussed
above, the required differential pressure for each barrier
will be calculated during the detailed design phase, and the
HVAC systems will be designed to provide the required
pressure.

Fire exit routes will be clearly marked provided for each
fire area. These routes will be designed to comply with
applicable life safety codes and standards. The provisions
for access and egress routes in all areas needed for
operation of safe shutdown equipment will conform to the
guidelines contained in Section III.J of Appendix R to
10 CFR Part 50, and are acceptable.
9.5.1.4.6 Construction Materials and Combustible
Contents
GE has defined non-combustible materials used for interior
wall and structural components, thermal insulation,
radiation shielding, soundproofing, interior finishes, and
suspended ceilings in Section 9A.2.3(4) of SSAR
Appendix 9A. GE also states acceptance criteria for
surface finishes in Section 9A.2.4(6) of SSAR
Appendix 9A. Both the definition and the acceptance
criteria are based on the technical requirements of
American Society for Testing and Materials (ASTM)E84/NFPA 255, and are acceptable to the staff.
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BTP CMEB 9.S.1 Section S.A.12 indicates that
transformers installed inside fire areas containing safetyrelated systems should be of the dry type or insulated and
cooled with noncombustible liquid. Transformers filled
with combustible fluid located indoors should be enclosed
in a transformer vault.

Pipe rupture criteria will ensure that the flood inventory in
fire-protection piping will not cause damage to
safety-related equipment. Drains and sumps in the NPB
will be sized to control maximum flood inventory of fireprotection piping.

With regard to non-combustible liquid-insulated
transformers, the staff identified in Section 9.5.1.4.6 of the
DSER (SECY-91-355), an interface requirement involving
consideration of the potentially unacceptable health hazards
in the event of the release of material from these
transformers.

These provisions comply with the guidelines of BTP
CMEB 9.5-1 Section C.5.a for building design with fire
barriers and divisional separation of BTP CMEB 9.5-1 and
are acceptable.
9.5.1.4.8 Preoperational Testing
All of the active components of the entire plant fireprotection systems are required to pass a preoperational
acceptance test in accordance with the appropriate NFPA
standard governing design and installation of the system.
Components and systems that must pass the preoperational
testing before being placed in service include the
following:

As a result of staff review of interface requirements, OB
clarified in a letter dated March 11, 1992, that
transformers located within fire areas containing safetyrelated equipment will be of the dry-type only. For those
areas utilizing liquid-insulated transformers, the COL
applicant will include features to prevent the insulating
liquid from becoming an unacceptable health hazard to
employees if the material is released to the building
environment. The staff will review these features on a
plant-specific basis. This was DFSER COL Action
Item 9.5.1.4.6-1.
GE later submitted SSAR
Section 9.5.13.15, requiring the COL applicant to design
protective features for liquid-insulated transformers. This
is acceptable to the staff.
The use of non-combustible material and the use of drytype transformers located within fire areas containing
safety-related equipment conforms to BTP CMEB 9.5-1
and is acceptable.

•

fire pumps - controls, flow volume and pressure

•

water distribution - flush and hydrostatic

•

control valves

•

fire-detection and alarm systems, including electronic
supervision for other fire-detection and fire-suppression
systems

•

water fire-suppression systems

•

emergency radio communication systems

•

emergency lights

•

emergency breathing air systems and components

9.5.1.4.7 Interaction with Other Systems
The aspects of the fire protection design to address
interaction with other systems was reviewed in accordance
with Section C.3.a of BTP 9.5.1 relative to the separation
of safety-related systems from any potential fires in nonsafety-related areas, and the existence of separate
redundant divisions of safety-related systems not subject to
damage from a single fire.
The vulnerability of safe-shutdown equipment to fire
protection water is not an issue because the ABWR design
includes three trains of safe-shutdown capability and
assumes separate fire areas for each shutdown train, which
can survive total loss of all equipment in any fire area.
Safe-shutdown equipment in the ABWR design requires no
special protection from the effects of failures of the fireprotection water-suppression systems. However, GE
includes such protection and assumes no credit for it.
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9.5.1.5 Administrative Controls
The staff will perform a detailed review of the
administrative controls for various plant operations during
the plant-specific licensing process of a COL application
referencing the GE ABWR design. Items of interest under
the administrative controls review will include:
•

control of combustible materials such as combustible or
flammable liquids and gases, fire-retardant-treated
wood, plastic materials, and dry ion exchange resins

•

transient combustible materials and general
housekeeping, including health physics materials
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•

open-flame and hot-work permits, and cutting and
welding operations

lubrication (DGLS) (Section 9.5.7), and combustion air
intake and exhaust (DGCA) (Section 9.5.8).

•

quality assurance for fire-protection systems
components, installation, maintenance, and operation

•

qualification of fire-protection engineering personnel,
fire brigade members, and maintenance and testing
personnel for fire-protection systems

•

instruction, training, and drills for fire brigade
members

Adequacy of the systems is based on compliance with the
requirements of GDC 2 (protection against natural
phenomena), GDC 4 (protection from environmental and
dynamic effects of equipment failure), and GDC 5 (sharing
of SSCs between units) as well as the recommendations of
NUREG/CR-0660, "Enhancement of Onsite Emergency
Diesel Generator Reliability." Compliance with the
requirements of other GDC will be reviewed on a systemspecific basis in later sections of this report.

The staff designated this as COL Action Item 9.5,1.5-1 in
the DFSER. GE added SSAR Section 9.5.13.18 to state
that the COL applicant will submit the description of
admiwstrative controls outlined in SSAR Section 9.5.1.6.4.
This is acceptable to the staff.

The diesel engine vendor has not been selected, therefore,
the interaction between the diesel engine and the auxiliary
systems cannot be fully defined. The staff will evaluate the
COL applicant's design of specific engine and support
systems on a plant-specific basis.

9.5.1.6

Most components of the diesel generators and their
auxiliary support systems are located in the seismic
Category I reactor building structure, which will protect
against the effects of tornados, missiles, and floods. Each
diesel generator and its associated auxiliary systems is
physically and electrically separated and is located in
separate divisional areas of the reactor building. Thus, a
failure of equipment in one division cannot adversely affect
the safety function of more than one division of the diesel
generator and its associated auxiliaries.
The diesel
generator exhaust silencer is located on top of the reactor
building, well above the probable maximum flood level
and is designed to function during design-basis events such
as seismic vibrations, wind, hail, tornados, rain, and snow
storms. Fuel oil storage tanks, pump motors, valves, and
piping are located underground and are of seismic
Category I construction. The only portions of the FOST
system located above ground are the fill, sample, and vent
lines. In the DSER (SECY-91-355), the staff concluded
that GE should submit additional information on provisions
to minimize the effect of tornado missiles for these
exposed components. SSAR Section 9.5.4 states that the
FOST system is protected from damage from flying debris
carried by tornados. Subject to confirmation that the fill,
vent, and sample connections were adequately protected
from tornado missiles, the staff concluded in the DFSER
that the system designs met the requirements of GDC 2
and 4, and RGs 1.115 and 1.117. This was DSER Open
Item 80 and was also identified as DFSER Open
Item 9.5.4.1-1. GE submitted Amendment 24 of the
SSAR, which resolved this issue, by stating that the fill,
vent, and sample connections are located outside of the
seismic Category I buildings at or slightly above plant
grade. It is highly unlikely that one tornado missile could
damage more than one redundant division because (1) these
connections are not part of the fuel path from the storage

Summary

The staff finds the fire-protection design for the ABWR
acceptable.
As discussed above, the fire-protection
features described in SSAR Section 9.5.1 and SSAR
Appendix 9A (Fire Hazards Analysis) of the ABWR
application conform to the applicable sections of CMEB
BTP 9.5-1 and meet the applicable regulation discussed in
Section 9.5.1 above.
9.5.2

Communications Systems

This topic is discussed in Section 7.7.15 of this report.
9.5.3

Lighting Systems

This topic is discussed in Section 8.3.5 of this report.
9.5.4

Diesel Generator Fuel Oil Storage and Transfer
System

Section 9.5.4.1 of this report addresses compliance of all
the diesel generator auxiliary systems with the
requirements of GDC 2, 4, and 5. Section 9.5.4.2 of this
report addresses issues specific to the diesel generator fuel
oil storage and transfer system.
9.5.4.1 Diesel Generator Auxiliary Support Systems
(General)
There are three standby (emergency) diesel generators
(DGs) in the ABWR design. Each DG has the following
auxiliary systems, which are addressed in detail in the
sections of this report indicated: fuel oil storage and
transfer (POST) (Section 9.5.4.2), cooling water (DGCW)
(Section 9.5.5), starting air (DGSA) (Section 9.5.6),
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tank to the dies*!, (2) the fuel path is located entirely
within the reactor building, and (3) the connections for
each train are widely spaced around the outside of the
reactor building. The staff finds the design features
acceptable because the design complies with GDC 2 and 4
of the diesel generator auxiliary systems. Therefore,
DFSER Open Item 9.5.4.1-1 is resolved.

of the design description and the ITAAC are evaluated in
Section 14.3 of this report.
On the basis of this
evaluation, this item is resolved.

The requirements of GDC 5 regarding the sharing of SSCs
do not apply because the ABWR is designed as a singleunit facility. An application for a multi-unit facility will
require review of the design for compliance with GDC 5.

The staff evaluated the design of the diesel generator
support (auxiliary) systems for the effects of postulated
pipe failures as discussed in Section 3.6 of this report.
The adequacy of the fire protection for diesel generators
and the associated auxiliary support systems is addressed
in Section 9.S.1 of this report.
The applicant referencing the ABWR design will provide
information to ensure compliance with the
recommendations of NUREG/CR-0660, "Enhancement of
Onsite Emergency Diesel Generator Reliability." The staff
will review this information on a plant-specific basis. This
was identified as DFSER COL Action Item 9.5.4.1-1.
The TS in SSAR Chapter 16 specify test intervals for the
diesel generator auxiliary systems. Most auxiliary systems
are tested during diesel generator start/run tests as required
by RG 1.108. The TS prescribes additional tests for the
fuel oil transfer system. The incorporation of these tests
in the TS will resolve the open item in DSER
Section 9.5.4.1 regarding the test frequency. This was TS
Compliance Item 9.5.4.1-1. GE provided its set of TS in
accordance with the standardized technical specifications
for BWRs. Chapter 16 of this report discusses the
evaluation of the TS. Based on the approval of the ABWR
TS, this TS item is resolved.
Instrumentation is to be located in dust-tight steel cabinets
with gasketed doors/openings and filtered louvers where
ventilation is required. Ventilation is to be taken from a
location high in the reactor building, approximately 11.5m
(38 ft) above grade. Construction-related activity will be
required to use appropriate dust control techniques.
Concrete flooring is tp be painted with concrete or
masonry paint.
GE submitted the design description and the ITAAC
relating to the emergency diesel generator and its
auxiliaries.
This was identified as DFSER Open
Item 9.5.4.1-2. GE provided a revised set of design
description and ITAAC. The adequacy and acceptability
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This section applies to the emergency diesel generator
auxiliary systems, which include the diesel generator fuel
oil storage and transfer system (FOST), diesel generator
cooling water system (DOCW), diesel generator starting
air (DGSA), diesel generator lubrication (DGL), and diesel
generator combustion air intake and exhaust (DGCA). The
start reviewed these auxiliaries for conformance of the
design criteria and bases to the Commission's regulations
M set forth in the GDC of Appendix A to 10 CFR Part 50.
The staff concludes that the plant design is acceptable and
meets the requirements of GDC 2 as it relates to the ability
of the auxiliaries and the structures housing them to
withstand the effects of natural phenomena such as earthquakes, tornados, hurricanes, and floods; GDC 4 as it
relates to structures housing the auxiliaries and the
auxiliaries themselves being capable of withstanding the
effects of externally and internally-generated missiles, pipe
whip, and jet impingement forces associated with pipe
breaks; and GDC 5 as it relates to the capability of shared
systems and components important to safety to perform
required safety functions. In addition, GE has provided
adequate guidance for an applicant referencing the ABWR
design to ensure compliance with the recommendations of
NUREG/CR-0660.
The staff concludes that the design of the auxiliaries
conforms to the above-mentioned GDC and the guidelines
of SRP 9.5.4 and is, therefore, acceptable.
9.5.4.2 Diesel Generator Fuel Oil Storage and Transfer

System
The staff reviewed the FOST system in accordance with
SRP Section 9.5.4. The system should be designed to
meet the requirements of GDC 2 (protection against natural
phenomena), GDC 4 (protection from environmental and
dynamic effects of equipment failure), GDC 5 (sharing of
SSCs between units), and GDC 17 (availability of electric
power systems). The ability of the FOST system to meet
GDC 2, 4, and 5 is discussed in Section 9.5.4.1 of this
report.
The FOST system provides a separate and independent fuel
oil supply division for each diesel generator. The FOST
system provides minimum storage capability for full-load
operation of each diesel generator for 7 days without
replenishment of fuel. GE submitted the acceptance
criteria of the diesel generator support systems.
The ABWR design includes three standby diesel
generators. Each diesel engine fuel oil and transfer
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division consists of a day tank with sufficient capacity to
supply fuel oil to power the dieeel for 8 hours; a fuel oil
storage tank with a capacity sufficient to power the diesel
for 7 days; two fuel oil transfer pumps, an engine-driven
and a redundant dc motor-driven fuel oil pump (both
gravity fed) supplying fuel from the day tank to the engine
fuel manifold; and associated piping, valves,
instrumentation, and controls. Each POST system division
is independent and physically separated from the other two
divisions, and each division is located in a separate
quadrant of the reactor building. Thus, a single failure
within any one of the divisions will affect only the
associated diesel generator.

of the SSAR which included this temperature sensor.
Therefore, Confirmatory Item 9.5.4.2-1 is resolved.

The SSAR states that selection of the fuel oil transfer
pump is an interface requirement.
Upon further
evaluation, the staff determined that this requirement can
be accomplished by identifying a COL action item in the
SSAT. for the applicant referencing the ABWR design to
submit this information.
Therefore, this interface
requirement was reclassified as DFSER COL Action
Item 9.5.4.2-1. Subsequently, OE added design information for one of the fuel oil transfer pumps. The system
will consist of an engine-driven fuel oil transfer pump and
a second electric motor-driven transfer pump. This is
acceptable.

Level sensors provide signals to start the fuel oil transfer
pumps, one starting on low level, a second on low-low
level. At the low level, a 60-minute supply (at full diesel
generator load) of fuel oil is available for diesel generator
operation. OE did not state whether storage tank level
instrumentation was available.
In describing its
commitment for a stick gauge provision, OE stated that
level switches are provided to monitor tank level. In the
DSER (SECY-91-355), the staff identified inconsistencies
in the listing of these level switches between parts of
SSAR Sections 9.5.4 and 8.3. OE committed to include
the level switches and the stick gauge in the appropriate
parts of SSAR Section 9.5.4, Section 8.3.1.1.8.5, and the
referenced figures. This commitment resolved DSER
Open Item 82; however, incorporation of this information
into the SSAR was identified as DFSER Confirmatory
Item 9.5.4.2-2. OE submitted the necessary tank level
information in SSAR Amendments 21, 22, and 25. Table 8.3-5 includes an alarm on low storage tank level, Section 9.5.4.5 discusses level alarms on the storage and day
tanks, and Figure 9.5-6 includes the level sensor and stick
gauge. The staff finds these modifications acceptable.
Therefore, Confirmatory Item 9.5.4.2-2 is resolved.

The staff noted as DSER (SECY-91-3SS) Open Item 81,
that the type of motive power (required to be available
during a LOOP) should be provided in the SSAR. OE
amended the SSAR to identify the motive source for the
pump as Class IE bus power from its respective diesel
generator. This resolved DSER Open Item 81.

The fuel oil storage tanks are located underground in three
separate areas adjacent to the reactor building. The
interior and exterior of the tanks and associated buried
piping will have a protective waterproof coating. Also, the
design will use an impressed current-type cathodic
protection to control corrosion of underground piping.

All POST system piping and components up to the diesel
engine interface are designed to seismic Category I
requirements. All piping and components (including
engine-mounted) meet RG 1.29, and will be designed,
fabricated, and installed in accordance with ASME Code
Section III, Class 3, requirements.

SSAR Figure 9.5-6 depicts the standby diesei generator
fuel oil system. From the review of this figure, the staff
concluded in the DSER (SECY-91-355), that the fuel oil
storage tanks and associated instrumentation should be
added to the figure.
In addition, the staff found
discrepancies between the text and Figure 9.5-6, regarding
the optional characterization of the electric rue! oil pump.
Responding to RAI 430.273, OE stated, in part, that "two
local fuel oil temperature indicators are provided (one in
the suction line and one in the discharge line) from ne day
tank." Figure 9.5-6, however, shows only one temperature sensor. GE committed to include a revised Figure 9.5-6 in the SSAR that will include the fuel storage
tanks and their associated instrumentation.
This
commitment resolved the other part of DSER Open
Item 83. However, incorporation of these revisions into
the SSAR was identified as DFSER Confirmatory
Item 9.5.4.2-3. GE submitted the revised figure in
Amendment 25 of the SSAR. The figure incorporates the
tanks, their associated instrumentation, and temperature
sensors at the suction and discharge of the day tanks, and

Instrumentation provided for the FOST system includes
level indication for the day tank, temperature sensors at the
intake and discharge of the day tank, and pressure
indication for the suction of the engine-mounted and dc
motor-driven fuel oil pumps.
In the DSER
(SECY-91-3SS), the staff indicated as part of DSER Open
Item 83 that the sensor on the tank disclparge did not
appear on the fuel oil system P&ID. OE submitted a
revised figure showing tnis temperature sensor, which
resolved this part of DSER Open Item 83. However,
incorporation of the revised figure in the SSAR was
identified as DFSER Confirmatory Item 9.5.4.2-1.
Subsequently, OE modified Figure 9.5-6 in Amendment 25
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contains a footnote which allows the motor-driven pump to
be added as an option. The staff finds the revisions
acceptable. Therefore, Confirmatory Item 9.5.4.2-3 is resolved.

Therefore, the staff concludes that the diesel generator fuel
oil storage and transfer system meets the guidelines of SRP
9.5.4 and is acceptable.

Section m.5 of SRP Section 9.5.4 addresses the need to
minimiaa the creation of sediment turbulence at the bottom
of the fuel oil storage tank during refueling. To ensure
continuous operation of the diesel generator while
refueling, the ABWR design relies on duplex filters and
strainers between the storage tank and the day tank and at
the fuel oil pump suction to remove any sediment. The
SSAR suggests that refueling would probably occur while
the day tank is full, which would allow time for sediment
to settle before fuel is transferred from the storage tank to
the day tank.

9.5.5 Diesel Generator Cooling Water System
The staff reviewed the DGCW system in accordance with
the GDC in SRP Section 9.5.5.

In the DSER (SECY-91-355), the staff stated that refueling
procedures should be established as an interface
requirement to verify that the day tank is full before refilling the storage tank, thereby minimizing the likelihood of
sediment obstruction of fuel lines and any deleterious
effects on diesel generator operation. This was identified
as DSER Open Item 84. Upon further evaluation, the staff
determined that this requirement can be accomplished by
adding a COL action item requiring these procedures. As
a result, this interface was reclassified as DFSER COL
Action Item 9.5.4.2-2. OE included this information in
the SSAR, which is acceptable.
GE described a program to ensure that the diesel fuel oil
is tested and maintained according to the appropriate
ASTM and ANSI requirements. Fuel oil is to be sampled
and tested monthly for quality and contaminants. New fuel
will be visually inspected before being added to the storage
tank, and will be analyzed within 2 weeks for other
required properties. Fuel oil not meeting all requirements
will be replaced within a week. The system will be tested
as part of the required diesel generator tests and
hydrostatically tested before startup. Each fuel storage
tank will be tested to ASME requirements every 10 years.
Hie system design fuel oil quality and tests meet the
requirements of RG 1.137.
Based on the above
information, the staff concludes that the FOST meets the
requirements of GDC 17.
The design of the FOST system will meet the requirements
of GDC 17, as related to the capability of the fuel oil
system to meet independence and redundancy
requirements, RG 1.9 and RG 1.137. As discussed in
Section 9.5.4.1 of this report, this auxiliary system also
meets the requirements of GDC 2, 4, and 5 and will
incorporate the recommendations of NUREG/CR-0660.
The system will also incorporate appropriate industry
standards, i.e., ANSI N195-1976 and IEEE Standard 387.
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The function of the diesel generator cooling water system
is to maintain the temperature of the diesel engine within
a safe operation range under all load conditions and to
maintain the engine coolant preheated during standby
conditions. The system should be designed to meet the
requirements of GDC 2 (protection against natural
phenomena), GDC 4 (protection from environmental and
dynamic effects of equipment failure), GDC 5 (sharing of
structures, systems, and components between units),
GDC 17 (availability of electric power systems), GDC 45
(inspection of cooling systems), and GDC 46 (testing of
cooling systems). The ability of the ABWR diesel
generator cooling water system to meet GDC 2, 4, and 5
is discussed in Section 9.5.4.1 of this report.
The DGCW system is a closed-loop system that cools the
engine-jacket water, lube oil, and combustion air. The
major components of this system include a jacket water
heat exchanger, lube oil heat exchanger, combustion air
heat exchangers (air intercooler and exhaust manifold), an
expansion tank, two jacket water circulating pumps, an
electric immersion heater,' a jacket water keep-warm
system, a three-way temperature control valve, and the
required controls, alarms, instrumentation, piping, and
valves. Heat generated during diesel generator operation
is rejected to the RCW system through the jacket-water
heat exchanger. All system piping and components are
designated ASME Code Section III, Class 3, designed to
seismic Category I requirements, and will be procured
according to the requirements of 10 CFR Part 50,
Appendix B.
The ABWR design includes three standby diesel
generators, each having a physically separate and
independent engine cooling water division, as described in
the preceding paragraph. Each cooling water division is
powered from the respective diesel generator's
safety-related Class IE motor-control center. Therefore,
the system meets the redundancy and single-failure criteria
requirements of GDC 17.
During operation of the diesel generators, the temperature
of the diesel engine cooling water is regulated by
three-way temperature control valves. When the standby
diesel generators are idle, the cooling water is heated by an
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electric heater and maintained at 49 °C (120 °F), assuming
ambient temperature of 16 °C (60 °F).
In the DSER (SECY-91-355), the staff stated that OE
established interface requirements for specific information
on the design and capability of the cooling water system
and the keep-warm system including the following:
(1)

jacket-water circulating pump characteristics (NPSH
and motive-power source, i.e., shaft, engine, etc.)

(2)

the keep-warm system description (design may or
may not include a keep-warm pump)

(3)

temperature
equivalent)

(4)

heat removal capability of system (to be based on
maximum permissible diesel engine overload
output)

(5)

expansion tank size

(6)

expected water loss over 7-day period and system
volume capacity needed to ensure adequate volume
is available to maintain system water level and
pump NPSH without refill.

sensor

selection

(Amot-type

or

These requirements were identified as DFSER Open
Item 9.5.5-1.
Upon further evaluation, the staff
determined that these requirements do not meet the
definition of interface requirements implied in 10 CFR
Part 52 and can be accomplished by adding a COL action
item in the SSAR requiring the COL applicant referencing
the ABWR design to submit this information. GE included
this information in the SSAR, which is acceptable. This
resolved DFSER Open Item 9.5.5-1.

be incorporated as DFSER COL Action Item 9.5.5-1.
These changes resolve DSER Open Item 85; however,
incorporation of these changes into the SSAR was
identified as DFSER Confirmatory Item 9.5.5-1. The staff
reviewed Amendment 23 of the SSAR and concludes that
the modification to Section 9.5.13.6, requiring the COL
applicant to submit information on the motive power for
the cooling water pumps, is acceptable. Therefore,
Confirmatory Item 9.5.5-1 is resolved.
The interface criteria for selecting this valve did not
specify an Amot-type or equivalent valve. The staff
concluded in DSER (SECY-91-355) Open Item 86 that GE
should include this selection information as DFSER COL
Action Item 9.5.5-1 for temperature sensor selection. GE
committed to incorporate the reference to an Amot-type
temperature sensor, or equivalent into the SSAR.
Therefore, DSER Open Item 86 was resolved. However,
incorporation of this reference into the SSAR was
identified as Confirmatory Item 9.5.5-2 in the DFSER.
The staff reviewed Amendment 23 of the SSAR and concludes that the modification to Section 9.5.13.6, requiring
the COL applicant to submit an Amot-type temperature
sensor or its equivalent, is acceptable.
Therefore,
Confirmatory Item 9.5.5-2 is resolved.

The SSAR states that the diesel engine has the capability
to operate at full load for 2 minutes without secondary
cooling. This will ensure that the diesel engine can
operate at full load in excess of the time required to restore
cooling water (RSW and RCW), which are sequenced onto
the emergency power supply within 1 minute after a
LOPP.

In the DSER (SECY-91-355), the staff discussed a
discrepancy between the text of SSAR Section 9.5.5 and
Figure 9.5-7 regarding the circulating water pump.
Section 9.5.5 described the jacket-circulating water pumps
as engine- and motor-driven while Figure 9.5-7 described
both' as being motor-driven. (This discrepancy was
considered part of DSER Open Item 85.) Additionally, the
interface criteria of Section 9.5.13.6 stated that the
selection of the motive power for these pumps was an
interface requirement. This disagreed with the text of
Section 9.5.5 and Figure 9.5-7, which clearly specified
motive power for the pumps, although in an inconsistent
manner. (This was the other part of DSER Open
Item 85.) GE committed to submit consistent information
regarding the power source for the jacket-cooling water
pumps. The references to specific power sources were to
be removed, and the selection of the power supply was to
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The DGCW system conforms with RG 1.9 for engine
cooling water protective interlocks. All trips are bypassed
during LOC A conditions except low cooling water pressure
and low differential pressure of secondary cooling water.
Both of these trips are 2-out-of-2 logic trips (the diesel
generator system protective interlocks are discussed in
Section 8.3.3.7 of this report). The cooling water system
is provided with an expansion tank and expansion tank vent
line, both of which are to be located above the system
piping and pump location. A static head will ensure that
the pumps and piping are filled with water. On the basis
of the discussion for resolution of DSER (SECY-91-355)
Open Items 85 and 86, the system meets the requirements
of GDC 44 regarding the provision for cooling systems.
The SSAR includes a commitment that the operating
procedures for the diesel generator will require the loading
of the engine up to a minimum of 40-percent of full load
(or lower as specified in the manufacturer's
recommendation) for 1 hour after up to 8 hours of
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continuous no-load or light-load operation. Such no-load
or light-load conditions would exist for a LOCA with
offsite power available. Procedures including this criterion
will specifically meet the guidance listed in Item III. 7 of
SRP Section 9.5.5.
The components of the diesel engine cooling water system
can be periodically inspected through surveillance testing
and monitoring instrumentation for pressure, temperature,
and level. The system cooling water would be analyzed
periodically to ensure that adequate quality is maintained.
The diesel generator would be tested in accordance with
the requirements of RO 1.108. These commitments meet
the inspection and functional testing requirements in
GDC 45 and 46.
The design criteria and bases for the DOCW system will
conform to GDC 17 and 44 for redundancy, physical
independence, and cooling capability, and GDC 45 and 46
for inspection and testability of the system. As stated in
Section 9.5.4.1 of this report, the design meets the
requirements of GDC 2, 4, and 5, for the protection of
equipment from environmental and dynamic effects and
sharing of system components. In addition, GE has
provided adeq;iate guidance for an applicant referencing
the ABWR design to 'ensure compliance with the
recommendations of NUREG/CR-0660. The system meets
the requirements of GDC 45 and 46 for inspection and
testability. The design of the DGCW system will meet the
requirements of GDC 44 for system operability. Therefore, the staff concludes that the system desjgn meets the
guidelines as specified above of SRP Section 9.5.5 and is
acceptable.
9.5.6 Diesel Generator Starting Air System
The staff reviewed the DGCA system in accordance with
SRP Section 9.5.6.
The design function of the DGSA system is to provide a
supply of compressed air for starting the emergency diesel
generator engines without external power. The air storage
system is to perform its function in a manner that ensures
that the time interval between a diesel engine start signal
and a "ready-to-load" status is less than 20 seconds. The
system is to be designed to meet the requirements of
GDC 2 (protection from natural phenomena), GDC 4
(protection from the environmental and dynamic effects of
equipment failure), GDC 5 (sharing of SSCs between
units), and GDC 17 (availability of electric power
systems). Compliance with the requirements of GDC 2,
4, and 5 is discussed in Section 9.5.4.1 of this report.
The ABWR design includes three emergency diesel
generators, each of which has its own starting air division,
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separate and independent of the starting air divisions for
the other two diesel generators. Each starting air division
consists of two 100-percent capacity sections, each of
which is capable of supplying sufficient air for five
automatic or manual start attempts without recharging the
air-receiver tanks. Each starting air division consists of
two air-compressors, two air-receivers, four air-admission
valves (two redundant air-admission valves on each of two
engine starting air manifolds), and associated piping and
valves to connect system components.
One division of the DGSA system consists of two
compressors and two air receivers. Controls are provided
to automatically start and stop each air compressor to
maintain the required pressure in each air receiver. Each
compressor can be manually started to restore pressure in
the air-receivers if needed. Each division is equipped with
an air-receiver low-pressure alarm, which is indicated
locally and displayed in the control room as part of a
diesel generator trouble alarm. Each receiver is also
equipped with a blowdown connection, which would be
used periodically to manually blow down the receiver to
remove any accumulated water from the tank.
In Amendment 16 of the SSAR, GE responded to
Q430.285, stating that each air-dryer system includes an
air dryer equipped with pre-filters and after- filters. SSAR
Figure 9.5-8 did not specifically identify pre-filters and
after-filters for the air dryers. Addition of these filters to
the P&ID (or a statement specifically identifying the filters
as an integral part of the air-dryer component) was
identified as DSER (SECY-91-355) Open Item 88. GE
committed to revise SSAR Figure 9.5-8 to incorporate the
pre- and after-filters into the design. This modification
resolved DSER Open Item 88. However, incorporation of
the modification into the SSAR was identified as DFSER
Confirmatory Item 9.5.6-1.
Subsequently, the staff
reviewed Amendment 25 of the SSAR and concluded that
the addition of note 4 on Figure 9.5-8 clarified the
provisions for pre- and after-filters on the air dryers.
Therefore, Confirmatory Item 9.5.6-1 is resolved.
Each diesel generator is completely separate and
independent of the others so that a malfunction or failure
in one starting air division does not impair the starting
capability of the other diesel generators. Therefore, the
design meets the independence and redundancy
requirements of GDC 17.
GE identified several design parameters as future interface
requirements to be determined once a diesel generator
vendor has been selected. Interface requirements to be
specified included the devices to crank the engine, the
duration of the cranking cycle, and the number of engine
revolutions per start attempt. These interface requirements
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would dictate design parameters such as the volume and
design pressure of the air receivers (sufficient for five start
cycles for each receiver) and compressor size (sufficient
discharge flow to recharge the system in under
30 minutes). Once established, these interface criteria
would provide an adequate basis for selecting component
capacities. This was identified as DSER (SECY-91-355)
Open Item 89 and incorporation of this information into
the SSAR was identified as DFSER Confirmatory
Item 9.5.6-2. Upon further evaluation, the staff has
determined that this requirement can be accomplished by
including a COL action item in the SSAR requiring the
COL applicant to submit this information. GE included
this information in the SSAR. Therefore, DSER Open
Item 89 and DFSER Confirmatory Item 9.5.6-2 are
resolved.
The air compressor's air-storage tanks, valves, and piping
(up to the first connection on the engine skid) are designed
in accordance with the requirements of ASME Code
Section III, Class 3, requirements and are seismic Category I.
The DGSA system description did not include a refefence
to coolers at the discharge of the air compressors, although
SSAIjL Figure 9.5-8 includes after-coolers located
downstream of the starting air compressors.
This
discrepancy was identified as DSER (SECY-91-355) Open
Item 90. GE committed to incorporate the coolers into the
description of the starting air system. This modification
resolved DSER Open Item 90; however, incorporation of
the modifications into the SSAR was identified as DFSER
Confirmatory Item 9.5.6-3.
The staff reviewed
Amendment 23 of the SSAR and concluded that Section 9.5.6.2 contained the required information regarding
the coolers.
The staff reviewed Figure 9.5-8
(Amendment 25 of the SSAR) and concluded that the aftercoolers were adequately identified. The staff finds the
SSAR modifications acceptable. Therefore, Confirmatory
Item 9.5.6-3 is resolved.

The SSAR states that the starting air quality complies with
the diesel engine manufacturer's recommendation regarding
dew point, as opposed to the requirements stated in SRP
Section 9.5.6 II.4.j. The staff will determine whether the
system's air quality complies with SRP Section 9.5.6.II.4.J
on a plant-specific basis.
Based on the above review, the staff concludes that the
DGSA system meets the requirements of GDC 17 as it
elates to the availability of electric power. As discussed
in Section 9.5.4.1 of this report, this auxiliary system also
meets the requirements of GDC 2, 4, and 5 and will
incorporate the recommendations of NUREG/CR-0660.

The system, therefore, meets the guidelines of SRP 9.5.6
and is acceptable.
9.S.7 Diesel Generator Lubrication System
The design safety function of the DGLS system is to
provide a supply of filtered'lubrication oil to the various
moving parts of the diesel engine (including pistons and
bearings) during engine operation and during periods of
standby to enhance first-try-start reliability. The basis for
acceptance in the review was conformance of the design to
GDC 17, regarding redundancy and physical independence,
and the guidance and additional acceptance criteria of
SRP 9.5.7. The staff discusses the ability of the system
design to meet the requirements of GDC 2 (protection
from natural phenomena), GDC 4 (protection from
environmental and dynamic effects of equipment failure),
and GDC 5 (sharing of SSCs between units) and the
recommendations of NUREG/CR-0660 in Section 9.5.4.1
of this report.
The major components of the lubrication system include
the engine lube oil pump (within the engine frame), an
engine-driven pump, an oil cooler, a generator shaft lube
oil cooler, an electric lube oil heater, a keep-warm
circulating pump, oil filter, and strainer. Local alarms
signal low oil pressure, high oil temperature, and low oil
level. These signals are part of a general diesel generator
trouble alarm located in the control room. The low
lubrication oil level alarm is identified in SSAR
Table 8.3-5, and refill is described in SSAR Section 9.5.7
as being performed on indication of low level (a lube oil
supply pump actuates on a low level indication in the
engine sump). In DSER (SECY-91-355) Open Item 91,
the staff stated that SSAR Figure 9.5-9 did not show any
level indication for the lube oil system. GE committed to
correct the figure to include the level instrumentation,
which had been mistakenly identified as a flow transmitter.
This correction resolved DSER Open Item 91; however,
incorporation of the modifications into the SSAR was
identified as DFSER Confirmatory Item 9.5.7-1. GE
supplied the revised figure in SSAR Amendment 25. The
staff finds the revised figure acceptable. Therefore,
Confirmatory Item 9.5.7-1 is resolved.
Each of the DGLS divisions is completely independent of
the other divisions and is dedicated to the support of a
single diesel generator. A malfunction in a DGLS division
will not impair the operational capability of the remaining
lubrication divisions or diesel generators. This meets the
requirements of GDC 17 for system independence and the
single-failure criteria.
The system is designed to provide sufficient lubricating oil
to support full-load diesel operation for 7 days.
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In DSER (SECY-91-355) Open Item 92, the staff requested
that QE submit the following specific design criteria:
pump flows, operating pressure, temperature differentials,
cooling system heat removal capabilities and electric heater
characteristics for the DGLS.
OE stated that the
"lubrication system design criteria will be furnished as an
interface criteria after selection of the diesel vendor is
finalized." Upon further evaluation, the staff determined
that this requirement can be accomplished by identifying a
COL action item in the SSAR requiring the COL applicant
to submit this information. As a result, the interface was
reclassified as DFSER COL Action Item 9.5.7-1. The
staff reviewed Amendment 23 of the SSAR
(Section 9.S. 13.5) and concludes that the COL action item
would ensure that the COL applicant submits the required
information. OE included this COL action item in the
SSAR. This is acceptable.
I
OE stated that the protective features to prevent crankcase
explosions and features to mitigate the consequences of
such an event (such as relief ports) are vendor specific and
would also be included as interface criteria after a diesel
engine vendor is selected. The diesel generator would be
protected from crankcase explosions by activating vacuum
blowers to maintain the crankcase at negative pressure and
shutting down the diesel on high-pressure conditions
(unless a LOCA signal is present). Inclusion of these
design criteria was identified as Open Item 92 in the DSER
(SECY-91-355). OE committed to incorporate the above
system design characteristics into the SSAR for use when
the diesel vendor is selected. This information was to be
incorporated into Section 9.5.8 of the SSAR and resolved
DSER Open Item 92. Incorporation of the modifications
into the SSAR was identified as DFSER Confirmatory
Item 9.5.7-2.
Upon further evaluation, the staff
determined that these requirements should be included in
the system design. OE modified SSAR Section 9.5.8 (Section 9.5.8.2) and Table 8.3-5 to include these design
features.
Therefore, Confirmatory Item 9.5.7-2 is
resolved.
The DGLS is designed to maintain lubrication oil temperature and circulate heated lubrication oil under pressure to
the moving parts of the diesel engine while the engine is in
the standby mode. A lube oil priming pump will operate
intermittently to keep the lube oil piping pressurized. This
same pump is used in conjunction with the lube oil heater
to maintain system temperature.
On low lube oil
temperature, both the heater and priming pump will
automatically start thereby circulating heated oil throughout
the system. The priming pump discharge pressure switch
is Class IE. Based on the above information, the staff
concludes that the DGLS conforms to the recommendations
of NUREG/CR-0660, for enhancing the starting reliability
of the diesel engine.
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All DGLS piping and components will be designed in
accordance with ASME Code Section III, Class 3,
requirements or ANSI B31.1 guidance and will be seismic
Category I. GE did not designate the diesel engine
interface for the lubrication system because the diesel
engine is vendor-specific. Therefore, the components to
be designated to meet ASME Code requirements, have not
been separated from those required to meet the ANSI
standard. To meet NRC requirements, all components up
to the diesel engine interface must meet the ASME Code
requirements. The NRC staff has accepted the ANSI
classification for engine-mounted components if they are
pressure tested to 1.5 times design pressure and the test is
documented. Recognizing that the keep-warri heater and
the priming pump do not have to be nuclear safety grade,
the staff identified classification of components in the
lubrication system as Open Item 93 in the DSER
(SECY-91-355). The staff established Open Item 94 to
have GE clarify which components meet the ASME Code
requirements and which meet the ANSI requirements with
the pressure testing provision. GE committed to revise the
response to RAI 430.271 to clearly state which components
are to meet the ASME Code requirements and which are
to meet the ANSI requirements.
Engine-mounted
components are to be designed to the ANSI standards, all
others, except the keep warm-heater and the priming
pump, are to meet the ASME standard. The proposed
modification resolved DSER Open Items 93 and 94;
however, incorporation of the changes into the SSAR was
identified as DFSER Confirmatory Item 9.5.7-3. The staff
reviewed the revised response to RAI 430.271 in Amendment 22 of the SSAR and the revisions to Figure 9.5-9 in
Amendment 25 of the SSAR. The staff found that the
modifications to the RAI and the figure clearly state which
components are to meet the ASME Code requirements and
which are to meet the ANSI requirements. Therefore,
Confirmatory Item 9.5.7-3 is resolved.
The DGLS conforms to RG 1.9 for the protective
interlocks for the diesel engine lubrication system. All
trips associated with the lubrication system are bypassed
during LOCA conditions. The diesel generator system
protective interlocks are discussed in Section 8.3 of this
report.
The quality of the lubrication oil is maintained through
periodic sampling and analysis of the lubrication oil.
Access to the lubrication system is controlled. The system
is located in locked diesel generator rooms, thereby
limiting the possibility of contamination.
The staff concludes that the design of the DGLS meets
GDC 2 (protection from natural phenomena), GDC 4
(protection from environmental and dynamic effects of
equipment failure), and GDC 17 (availability of electric
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The DGCA meets the guidelines of RG 1.9, Revision 3
(July 1993) as it relates to system protective interlocks.
All DGCA piping and components are designed to seismic
Category I and ASME Code Section III, Class 3, requirements. Engine-mounted piping and components beyond
the engine interface are considered part of the engine
assembly and are seismic Category I as part of the diesel
engine package.

power), the guidelines of SRP Section 9.5.7, and the
recommendations of NUREG/CR-0660 (GDC 5 does not
apply to the ABWR design because it is a single-unit
design). The DGLS design, therefore, is acceptable.
9.5.8 Diesel Generator Combustion Air Intake and
Exhaust System
The design function of the DGCA system is to supply
filtered air for combustion to the engine ana to dispose of
the engine exhaust to the atmosphere. Acceptance is based
on conformance of the design to GDC 17, regarding
redundancy and physical independence, the guidelines of
SRP Section 9.5.8, the recommendations of
NUREG/CR-0660, and industry codes and standards. The
staff also assessed the ability of the system to supply
sufficient combustion air and release sufficient exhaust
gases to enable the emergency diesel generate: to perform
on demand. The compliance of the system design with the
requirements of GDC 2 (protection from natural
phenomena), GDC 4 (protection from environmental and
dynamic effects of equipment failure), and GDC 5 (sharing
of SSCs between units) is discussed in Section 9.5.4.1 of
this report.
Combustion air for each diesel generator is taken from the
associated inlet air cubicle above the diesel generator room
through floor grates into the combustion air inlet plenum,
duct work, intake silencer, turbocharger and air
intercooler.
The exhaust gas passes through the
turbocharger and the exhaust ducting to the exhaust
silencer located on the roof of the reactor building. Each
of the three diesel generators is provided with a separate
and independent combustion air intake and exhaust
division. There are no active components (such as
louvers) that can fail and obstruct the inlet or outlet air
flow paths. Thus, the system's independence, redundancy,
and single- failure criteria meet the requirements of
GDC 17. System design air flow capacity has not been
specified in the SSAR. As with the other diesel generator
auxiliary systems, this design characteristic will be
dependent on selection of a diesel generator vendor.
The staff designated selection of a combustion air flow
capacity sufficient to ensure complete combustion as an
interface requirement and as Open Item 95 in the DSER
(SECY-91-355). Upon further evaluation, the staff
determined that this requirement can be accomplished by
including a COL action item in the SSAR requiring the
COL applicant to submit this information. The interface
was reclassified as DFSER COL Action Item 9.5.8-1. GE
included this information in the SSAR, which is
acceptable.

The combustion air intakes are located on the side of the
reactor building and are protected (by vertical grills) from
tornado missiles. The intakes are located 11.5 m (37.7 ft)
above grade and are designed to minimize any effects from
dust and debris through the use of vertical grills set into
the reactor building wall with filters located behind the
grills. The intakes are protected from flooding by their
location.
The diesel generator exhausts are partly housed within the
reactor building with the exhaust silencer located on the
roof of the reactor building. The design basis for the
silencer requires that it be seismically qualified and able to
withstand the effects of tornados.
In DSER
(SECY-91-355) Open Item 96, the staff stated that the
means of protection from tornado missiles had not been
adequately discussed. GE committed to update the SSAR
to state that the silencers are seismically mounted and
bolted in a horizontal position. However, this design
change did not adequately address protection of the
silencers from tornado missiles. Therefore, this issue was
identified as DFSER Open Item 9.5.8-1. In SSAR Section 9.5.8, GE committed to house the system in a seismic
Category I structure to protect against tornado-missiles.
This resolved DSER Open Item 96; however, confirmation
that the SSAR had been updated was identified as DFSER
Confirmatory Item 9.5.8-1. The staff concluded that the
system complies with GDC 4, RG 1.115, Revision 1 (July
1977) and RG 1.117, Revision 1 (April 1978) and the
recommendations of NUREG/CR-0660.
The staff
reviewed Amendment 26 of the SSAR, which clarified that
all parts of the system, except for the silencers, are housed
in a seismic Category I structure (the reactor building).
The exhaust silencers are seismically mounted and bolted
down horizontally. Therefore, the silencers are unlikely to
become missiles. The silencers are widely spaced around
the top of the building so that it is unlikely that a single
missile could damage more than one division of the
system. A damaged silencer will not prevent a diesel from
performing its safety function unless debris clogs the
exhaust pipe. In such a case, the other divisions will be
relied on to perform the safety function. The staff finds
the additional information sufficient to conclude that the
design includes adequate protection for the intake and
exhaust system. Therefore, DFSER Open Item 9.5.8-1
and DFSER Confirmatory Item 9.5.8-1 are resolved.
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Combustion air is not taken from the diesel generator
room. Instead, combustion air and ventilation air enter the
reactor building through common filters into the air inlet
cubicle. Before the air enters the diesel generator room,
it enters separate inlet plenums for ventilation and
combustion. This design complies with NUREG/CR-0660
for combustion air and dust and dirt control in the portion
of the reactor building housing the diesel generators.

incorporation of the modification into the SSAR was identified as DFSER Confirmatory Item 9.5.8-2. The staff
reviewed Amendment 26 of the SSAR. Amendment 26
contained the modified response to RAI 430.294 stating
that the gases are exhausted through a 150 mm (6-in.) pipe
which passes through the reactor building wall. This
additional information, along with Figure 9.5-6, adequately
addresses the staffs concern. Therefore, this confirmatory
item is resolved.

The SSAR did not describe the design of the portion of the
DGCA which extends from the crankcase vacuum blowers
to the outside environment.
DSER Open Item 97
(SECY-91-355) requested additional information regarding
this area, identified in SSAR Figure 9.5-6. GE committed
to modify the response to RAI 430.294 to state that this
part of the system consists of piping only.
This
information resolved DSER Open Item 97; however,

Based on the above review, the staff concludes that the
DGCA system meets the requirements of GDC 17 as it
relates to the availability of electric power. As discussed
in Section 9.5.4.1 of this report, this auxiliary system also
meets the requirements of GDC 2, 4, and 5 and will
incorporate the recommendations of NUREG/CR-0660.
The system, therefore, meets the guidelines of SRP 9.5.8
and is acceptable.
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10 STEAM AtfD POWER CONVERSION SYSTEM
10.1 Summary Description
The steam and power conversion system is designed to
remove heat energy from the reactor and to generate
electric power in the turbine generator. After the steam
passes through the high- and low-pressure turbines, the
main condensers (MCs) will condense and deaerate the
low-pressure turbine exhaust and transfer the rejected heat
to the circulating water system, which, in turn, will reject
the heat to the power cycle heat sink (PCHS). The
condensate will be reheated and returned as feedwater to
the reactor. The entire system is designed for the
maximum expected energy from the nuclear steam supply
system. GE states in SSAR Section 10.1 that nothing in
the ABWR standard plant design is meant to preclude the
use of a once-through cooling system and a single pressure
condenser nor will such changes affect the nuclear island.
A turbine steam bypass system is designed to discharge at
least 33-percent of the reactor's design rteam flow directly
to the condenser during certain transient conditions. OE
states that although the ABWR standard plant design is for
33-percent bypass, this capability could be increased to a
full-load reject capability without affecting the nuclear
island.

10.2 Turbine Generator
10.2.1 Turbine Generator System
The staff reviewed the turbine generator system (TGS) in
accordance with Standard Review Plan (SRP) Section 10.2.
The design of a TGS is acceptable if the integrated design
meets the requirement of General Design Criteria (GDC) 4
as to protect structures, systems, and components (SSC)
important to safety from the effects of turbine missiles by
providing a turbine overspeed protection system to
minimize the probability of generating turbine t ussiles.
The 188.5 rad/s (1800-rpm) turbine generator unit will be
a compound-type unit with one double-flow high-pressure
turbine and three double-flow low-pressure turbines, in
tandem, coupled directly to a generator with a nominal
rating of approximately 1400 Mwe. Each low-pressure
turbine will exhaust to a multi-pressure three-shell, singlepass surface condenser.
The turbine generator is equipped with an electrohydraulic
control system that will perform two basic functions:
(1) turbine speed control for a variety of operating load
conditions for which a digital control and monitoring
system will be used and (2) turbine overspeed protection.
The design functions of the turbine speed control system
are (1) to control turbine speed throughout the normal
range of load conditions and ensure that a full-load turbine

trip will not cause the turbine to overspeed beyond its
design overspeed and (2) to provide turbine overspeed
protection to minimize the probability of the generation of
turbine missiles, in accordance with GDC 4. The turbine
control system is, therefore, important to the overall safe
operation of the plant.
The turbine is equipped with four turbine stop valves, four
turbine control valves, and six combined intermediate
valves collectively referred to as turbine steam admission
valves. The turbine stop valves and turbine control valves
are located upstream of the high pressure turbine steam
inlet. The combined intermediate valves are located
between the moisture separators and the steam inlets to the
three low-pressure turbines. The combined intermediate
valves consist of an intermediate stop valve and an
intercept valve in a single casing; each will have separate
operating mechanisms and controls. The turbine stop
valves and the intermediate stop valves will be in the fullopen position during normal operation. The control valves
are designed to modulate with load on the turbine generator. The intercept valves will modulate, as required, to
control turbine speed following a load rejection. All of
these valves will be capable of closing in approximately
0.2 second.
The speed control unit is designed to provide speed error
signals to a load control unit. These signals, in turn, will
operate to open or close the valve, as required, to maintain
desired turbine steam flow. In the case of a generator load
rejection up to and including full load followed by an increase in turbine speed, the speed-control unit will close
both the control and intercept valves to limit turbine
overspeed as follows: (1) the control and intercept valves
will start to close at approximately 101 percent of rated
& eed and (2) the control and intercept valves will be fully
closed by the time the turbine reaches approximately
104 percent of rated speed.
k

The turbine overspeed protection system will consist of
mechanical and electrical overspeed control systems. At
a predetermined speed (110 percent of rated speed),
centrifugal force causes the loss of hydraulic pressure to
the associated turbine steam admission valve actuators,
thus closing the turbine steam admission valves. The
electrical overspeed trip system will back up the mechanical overspeed trip. At a predetermined speed (111 percent
of rated speed), solenoids will be deenergized. This, in
turn, will actuate the electrical trip valve to release
hydraulic pressure to the associated turbine steam
admission valve actuators, thus closing the turbine steam
admission valves.
•
Protection of safety-related SSC from turbine generator
missiles is also assured by proper turbine-generator
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orientation. This is discussed in SSAR Section 3.5.1.1.3
and reviewed in Section 3.S.1.3 of this report.

A number of turbine generator electrical and mechanical
parameters will be monitored during operation. An
abnormal condition, as described in SSAR Section 10.2.2.5, in these monitored parameters will also
cause a trip of turbine main stop and control valves, and
combined intermediate valves by way of their disk/pump
valves. These emergency trips will further reduce the
possibility of a turbine missile by shutting down the turbine
before overspeed or mechanical failures can occur. Some
parameters that will be monitored include turbine shaft,
vibration, various temperatures and fluid levels, condenser
vacuum, EHC electrical power, lube oil and hydraulic
pressure, generator trip, electrical and mechanical
overspeed, and thrust bearing wear. All of the above trip
signals except vibration (2 out of 2 per bearing) and
manual trips use 2 out of 3 or 2 out of 4 coincident trip
logic.
The turbine steam admission valves can be manually
tripped and will automatically trip on lor s of power to the
hydraulic and control systems, or on loss of both speed
control signals.
An inservice inspection (ISI) program for the turbine stop
and control valves and combined intermediate valves will
be provided and will include:
(1) dismantling and
inspecting at least one turbine stop valve, one turbine
control valve, one stop valve, and one intercept valve at
approximately 3 Vfc-year intervals during refueling or
maintenance shutdowns coinciding with the ISI schedule
and (2) testing the turbine stop valves, the control valves,
the combined intermediate valves and the extraction steam
nonreturn valves at least once a week. At least once per
month, closure of each turbine stop valve, control valve,
and combined intermediate valve will be verified by direct
observation of the valve motion. GE has included preoperational and startup tests of the turbine generator in
accordance with Regulatory Guide (RG) 1.68, "Initial Test
Programs for Water-Cooled Power Plants," (Rev. 2).
Testing is discussed in Section 10.2.3.6 of the SSAR. The
adequacy of the test program is evaluated in Section 14.2
of this report.

GE has committed to provide turbine generator equipment
shielding and access control for all areas of the turbine
building (TB) that will meet the dose criteria required by
10 CFR Part 20 for operating personnel. This subject is
evaluated in the discussion of the radiation protection
design acceptance criteria (DAC) in Chapter 12 of this
report.
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The turbine generator system meets Branch Technical
Positions Auxiliary Systems Branch (ASB) 3-1, "Protection
Against Postulated Piping Failures in Fluid Systems
Outside Containment," and Mechanical Engineering Branch
(MEB) 3-1, "Postulated Break and Leakage Locations in
Fluid Systems Outside Containment." Evaluation of
protection against dynamic effects associated with a
postulated pipe failure is covered in Section 3.6 of this
report.
GE submitted the design description and the inspections,
tests, analyses, and acceptance criteria relating to the TGS.
This was identified as draft final safety evaluation report
(DFSER) Open Item 10.2.1-1. GE provided a revised set
of design descriptions and ITAAC. Hie adequacy and
acceptability of the final certified advanced boiling water
reactor (ABWR) design description and the ITAAC are
evaluated in Section 14.3 of this report. On the basis of
this evaluation, this item is resolved.
The TGS includes all components and equipment,
including the turbine stop and control valves and the
combined intermediate valves. The scope of the review of
the TGS for the ABWR included layout drawings, piping
and instrumentation diagrams (P&IDs), and descriptive
information for the system and for control and supporting
systems that are essential to its operation.
The basis for acceptance of the TGS was conformance of
the design, design criteria, and design bases to the
Commission's regulations as set forth in the GDC of
Appendix A to 10 CFR Part 50. The staff concludes that
the design is acceptable and meets the requirements of
GDC 4 with respect to the protection of SSC important to
safety from the effects of turbine missiles. GE has met
this requirement by providing a turbine overspeed
protection system to control the turbine action under all
operating conditions and to ensure that a full-load turbine
trip will not cause the turbine to overspeed beyond acceptable limits and will not result in turbine missiles.
The staff concludes that the TGS can perform its design
function, meets the guidelines of SRP Section 10.2, and is
acceptable.
10.2.2 Turbine Rotor Integrity
GDC 4 requires that structures, systems, and components
important to safety shall be appropriately protected against
environmental and dynamic effects, including the effects of
missiles, that may result from equipment failure. Because
turbine rotors have large masses and rotate at relatively
high speeds during normal reactor operation, failure of a
rotor may result in the generation of high energy missiles
and cause excessive vibration of the turbine rotor
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assembly. The staff reviewed the measures taken by the
applicant to assure turbine rotor integrity and reduce the
probability of turbine rotor failure.
The staff utilized the guidelines of SRP Section 10.2.3 to
review and evaluate the information submitted by the
applicant to assure rotor integrity and low probability of
turbine rotor failure with the generation of missiles.
As discussed in SSAR Section 10.2.3, turbine rotors and
parts will be made from vacuum-melted or vacuumdegassed Ni-Cr-Mo-V alloy steel by processes that
minimize flaw occurrence and provide adequate fracture
toughness. The fracture appearance transition temperature
(FAIT) (SO percent FATT). as obtained from Charpy
tests, will be no higher than -17.8 °C (0 °F) for lowpressure turbine rotors. The Charpy V-notch energy at the
minimum operating temperature of low-pressure rotors in
the tangential direction will be at least 8.3 kgm (60 ft-lbs).
The ratio of fracture toughness (Kj ) of the rotor material
to the maximum tangential stress at speeds from normal to
115 percent of rated speed will be at least 10 square root
millimeters (2 ksi square root in.). However, K will be
used only for materials that exhibit a well-defined Charpy
energy and FATT curve and are strain-rate insensitive.
C

IC

In the DFSER the staff stated that the applicant or a
licensee referencing the ABWR standard plant design
should submit the turbine rotor test data and the calculated
toughness curve to the NRC staff for review. This
requirement should be included in the turbine ITAAC and
was identified as DSFER Open Item 10.2.2-1. The staff,
upon further consideration, reclassified this as a COL
action item. GE addressed this item in the SSAR which
states the COL applicant will provide turbine inservice test
and inspection requirements to the staff for review. This
is acceptable to the staff and therefore, Open Item 10.2.2-1
is resolved.
Sufficient warmup time and adequate metal temperature is
to be specified by the COL applicant in the turbine
operating instruction to ensure that toughness will be
adequate to prevent brittle fracture during startup. This
was identified as DFSER COL Action Item 10.2.2-1. GE
addressed this item in SSAR Section 10.2.S, which states
that the COL applicant will provide the turbine material
property data and assure sufficient turbine warmup time as
required by Subsection 10.2.3.2 of the ABWR SSAR.
The combined stresses of low low-pressure turbine rotor at
design overspeed resulting from centrifugal forces,
interference fit, and thermal gradients will not exceed
75 percent of the minimum specified yield strength of the
material. The design overspeed of the turbine will be

S percent above the highest anticipated speed resulting
from a loss of load. In the DFSER, the staff stated that
the applicant or licensee referencing the ABWR standard
plant design should provide the basis for the turbine design
overspeed to the NRC. This requirement should be
included in the turbine ITAAC and was identified as
DFSER Open Item 10.2.2-2. The staff, upon further
consideration, reclassified this as a COL action item. GE
addressed this item in the SSAR Section 10.2.S, which
states that the COL applicant will provide the basis for the
turbine overspeed design to the staff for review. This is
acceptable to the staff and therefore, Open Item 10.2.2-2
is resolved.
The ABWR ISI for the turbine assembly will include the
high- and low-pressure turbine rotor, low-pressure turbine
buckets, turbine shafts, couplings, and coupling bolts.
During plant shutdown, coinciding with the ISI schedule
for ASME Code, Section III components, turbine
inspection will be performed in sections so that a complete
turbine inspection will be performed at least once every
10 years. The low-pressure turbines in currently operating
nuclear plants are inspected on an average of once every
S operating years. However, most of these turbines are of
shrunk-on design, which is more susceptible to stress
corrosion cracking than the forged monoblock rotor in the
ABWR turbine. Thus, the extended inspection interval for
the ABWR is acceptable.
The turbine rotor design will be a solid forged monoblock
rotor rather than one with shrunk-on disks. The current
practice employed by the turbine manufacturers is to bore
the center of the monoblock rotor to remove metal
impurity and permit internal inspection. A forged or
welded rotor will not be as susceptible to stress corrosion
cracking as experienced in the shrunk-on disks. However,
the one-piece rotor design requires stringent partmachining inspections.
Therefore, the applicant
referencing the ABWR design must submit inspection
requirements for a one-piece rotor to the NRC staff
for review and approval before plant operation. Further,
the applicant must submit an actual turbine inspection
schedule following the third refueling outage.
The actual turbine inspection schedule should be based on
a probability calculation of turbine missile generation. The
calculated probability for turbine missile generation is
expected to be less than or equal to 1.0E-4 per year since
GE specified that the turbine be favorably oriented. The
NRC-approved methodology for calculating probability for
turbine missiles is discussed in NUREG-1048
(Supplement 6, July 1986). This was identified as DFSER
COL Action Item 10.2.2-1. GE addressed this item in the
SSAR Subsection 3.5.1.1.1.3 to state that the COL
applicant will submit for NRC approval, within 3 years of
obtaining a COL, a turbine maintenance program including
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probability calculations of turbine missile generation based
on methodology approved by the NRC. Further, during
the preservice inspection of the turbine, each machined
turbine rotor is subjected to 100-percent ultrasonic
examination and surface visual examinations, using
established acceptance criteria. The ISI program for the
turbine assembly includes the disassembly of the turbine
and complete inspection of ail normally inaccessible parts,
such as couplings, coupling bolts, turbine shafts, lowpressure turbine brackets, and low-pressure and high
pressure rotors. This is acceptable to the staff.

The MSSS is designed to supply the required amount of
steam at the required pressure and temperature to the
turbine, reheaters, condenser evacuation system, turbine
gland sealing system (TGSS), and offgas system.

The staff concludes that the integrity of the turbine rotor is
acceptable and meets the relevant requirements of ODC 4
of 10 CFR Part SO. GE has met the requirements of
GDC 4 of 10 CFR Part 50 with respect to the commitment
to use material of acceptable fracture toughness and
elevated temperature properties, adequate design, and the
requirements for preservice and ISIs. GE has also
described its program for ensuring the integrity of lowpressure turbine rotor through the use of suitable materials
of adequate fracture toughness and conservative design
practices. The GE program will provide reasonable
assurance that the probability of failure with missile
generation will be low during normal operation, including
transients in which the turbine speed may reach its design
overspeed.

The steam generated in the reactor vessel will be routed to
the turbine and power cycle auxiliary equipment via four
70-cra (28-in.) nominal diameter MSL. Each MSL will be
equipped with a flow restrictor and two main steam
isolation valves (MSIVs), thus ensuring MSL isolation in
the event of a steamline break outside the containment and
a concurrent failure of an MSIV. One MSIV is located
immediately inside the drywell and the other immediately
outside the drywell. The MSIVs are designed to provide
positive isolation against steam flow associated with a MSL
break. They will be pneumatic or spring-operated (to
close), fast-closing (3-4.5 seconds), Y-pattern, globe
valves. Operating fluid will be supplied to the valves from
the nitrogen supply system. Nitrogen accumulators will
supply backup operating nitrogen for the MSIVs in the
event of a loss of the normal nitrogen supply system.
Open Item 66 in the draft safety evaluation report (DSER)
(SECY-91-235) required GE to clarify whether the backup
nitrogen accumulators were seismic Category I. Subsequently, in a meeting with the staff on May 5,1992, GE
clarified that these accumulators are seismic Category I as
shown on the nuclear boiler (NB) system P&Ds, ABWR
Figure 5.1-3, page 3 of 11. Therefore, this item was
resolved in the DFSER.

10.3 Main Steam Supply System
10.3.1 System Description and Operation
<

The staff reviewed the main steam supply system (MSSS)
in accordance with SRP Section 10.3. The design of the
MSSS is acceptable if the design is in accordance with
GDC 2 as it relates to safety-related portions of the system
being capable of withstanding the effects of natural
phenomena such as earthquakes, tornados, hurricanes, and
floods, GDC 4 as it relates to safety-related portions of the
system being capable of withstanding the effects of
missiles, pipe whip, and jet impingement forces associated
with pipe breaks, and GDC 5 as it relates to the capability
of shared systems and components important to safety to
perform required safety functions. Compliance with
RG 1.115, "Protection Against Low-Trajectory Turbine
Missiles," is evaluated in Section 3.S.1.3 of this report.
The system design should adequately consider steam
hammer and relief valve discharge loads to ensure that
system safety functions can be achieved and should ensure
that operating and maintenance procedures include
adequate precautions to avoid steam hammer and relief
valve discharge loads. The system design should also
include protection against water entrainment.
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The MSSS extends from the seismic interface restraint to
the turbine stop valves and also includes connected piping
up to and including the first shutoff valve on the connected
lines. The safety-relief valves, which will be mounted on
the main steamlines upstream of the containment isolation
valves for the system, are evaluated separately in Section 5.2.2 of this report.

Downstream of the outboard MSIVs and upstream of the
turbine stop valves, the MSLs that will be routed to the
turbine contain no other shutoff valves. From the MSL
header, in addition to the four steamlines to the turbine,
two steamlines will supply steam to the power cycle
auxiliary equipment. One of the branch steamlines will
supply steam to the TGSS and to two reheaters. The other
branch line will supply steam to the offgas system, the
steam jet air ejectors (SJAE), the condenser sparger, and
two other reheaters. Each of these steamlines contains a
power-operated pneumatic gate shutoff valve. These
valves are 41-cm (16-in.) diameter, Quality Group
(QG) B, seismic Category I, shut within approximately
2 seconds following an MSIV closure signal, and are
equipped with air operators and spring closure
mechanisms. These valves fail closed on loss of electrical
power to the valve actuating solenoid or on loss of
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pneumatic pressure and are analysed to demonstrate
structural integrity under SSE loading conditions.
SSAR Section 5.4.9 and Table 3.2-1 state that the MSLs
from the reactor vessel, out to and including the outboard
MSFVs, are designed to QG A standards. From the
outboard MSIVs to the turbine stop valves, the steamlines
and associated equipment are designed to QG B standards.
The MSLs that will extend from the reactor vessel up to
and including the seismic interface restraint (which is
downstream of the outboard MSIVs) are seismic
Category I.
Downstream of the seismic interface
restraints, the main steam (MS) piping and equipment is
classified as nonnuclear, safety-related. This includes the
shutoff valves on the two branch steamlines (inside the TB)
that will supply steam to the power cycle auxiliary equipment (QG D).
SSAR Section 3.2.S.3, however, states that the MSLs from
the containment outboard isolation valves, up to and
including the turbine stop valves and all branch lines
6.3 cm (2.S in) and larger and up to and including the first
valve and its supports, are designed using an impropriate
dynamic seismic system analysis to withstand the safe
shutdown earthquake (SSE) design loads in combination
with appropriate loads within the limits specified. In the
DSER (SECY-91-235), the staff stated that the design for
the MSLs downstream of the outboard MSIVs up to the
turbine stop valves, the connecting lines up to the turbine
bypass valves, and all other connecting lines up to and
including the first shutoff valves, did not comply with the
staffs requirement for seismic and QG classifications as
stated in SRP Section 10.3, Criterion III.3.b, which
requires that the subject portions of the MSSS be designed
to seismic Category I and QG B requirements. Therefore,
the staff identified the lack of seismic Category I
classification of the subject portions as DSER Open Item 3
(SECY-91-153). Although the subject piping portions will
not be seismic Category I, by letter dated April 1, 1992,
GE committed to apply the quality assurance criteria of
10 CFR Part 50, Appendix B, to these portions. The
combination of appropriate dynamic seismic system
analysis, QG B classification, and application of the
Appendix B criteria to these portions are adequate and
acceptable. Therefore, this open item was resolved in the
DFSER (this issue is further discussed in Section 3.2.1 of
this report).
In addition to meeting the acceptance criteria of SRP
Section 10.3, the MS system for the ABWR must also be
capable of mitigating the radiological consequences of an
accident that could result in potential offsite exposures
comparable to the dose reference values specified in
10 CFR Part 100. Most of the currently licensed BWRs
rely on the MSIV leakage control system to mitigate the

radiological consequences of MSIV leakage following a
design-basis loss-of-coolant accident (LOCA) and to stay
within 10 CFR Part 100 limits if the MSIV leakage rate
exceeded the technical specification limit of 0.3 m /hr
(11.5 rf/hr). The ABWR will not have an MSIV leakage
control system and, therefore, will rely on the MS system
coupled with the main condenser (MC) to contain MSIV
leakage, relying on plateout and holdup of radioactive
iodine and to limit the radiological consequences to within
10 CFR Part 100 limits.
3

In the DFSER, the staff stated that in order to take credit
for the MSSS and MC for containment and holdup of
MSIV leakage, the MSSS and the MC and connections
from the MSLs to the condenser must be capable of maintaining their integrity during and following an SSE.
Subsequently, GE added SSAR Subsection 3.2.5.3 which
clarified the seismic requirements for the MSL leakage
paths. Section 3.2 of this report contains a detailed
evaluation of the seismic analysis requirements for the
MSSS and the MC. To process the MSIV leakage through
the MC, a leakage path must be ensured either through the
MS drain line to the condenser or through the turbine
bypass system (TBS) to the condenser. In the DFSER, the
staff stated that, whichever of these two paths is chosen,
reliable power sources must be available so that a control
operator can establish the flow path assuming a single
active failure. The staff stated they would review this
issue on a case-by-case basis for each ABWR COL applicant. GE subsequently stated that the MS drain lines have
parallel motor operated and air operated valves to ensure
a leakage path to the MC. The motor operated valves are
powered from their respective Class IE bus and the air
operated valves fail open on loss of pneumatic pressure or
on loss of power to the actuating solenoid. Additionally,
the turbine bypass valves are hydraulically operated and
powered by redundant uninterruptable non-Class IE power
supplies. Therefore, the staff concludes that reliable
power sources are available to establish the flow path.
In the DFSER, the staff stated that the amount of allowable
MSIV leakage will also be reviewed for each ABWR COL
applicant. This was identified as DFSER COL Action
Item 10.3.1-1. Subsequently, the staff reviewed the final
SSAR and concluded that the modifications to SSAR
Subsections 10.3.2 and 10.3.7 will ensure that the COL
applicant referencing the ABWR design will provide the
amount of allowable MSIV leakage to the staff for review.
This is acceptable to the staff.
The steam lines in the reactor building (including the
containment and some portion of the steam tunnel) and in
the steam tunnel portion in the control building, are located
in seismic Category I, flood-protected and tornadoprotected structures. Thus, these portions of the MSSS
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meet the requirements of GDC 2 and the guidelines of
RG 1.29, "Seismic Design Classification," (Rev. 3)
Positions C.l and C.2.

Confirmatory Item 10.3.1-2.
GE has included this
information in SSAR Section 3.6.5.1.
Therefore,
Confirmatory Item 10.3.1-2 is resolved.

In the DFSER, the staff'explained that SSAR Appendix 3F
stated that since the safety-related portions of the
condensate and feedwater system (CFS) and the MSSS
(from the reactor up to and including the seismic interface
restraints) are qualified for the leak-before-break (LBB)
criterion, a high-energy pipe break does not need to be
considered in those portions of the above systems solely
for considering the local dynamic effects associated with
such breaks. In SSAR Appendix 3F, GE provided generic
LBB evaluation procedures and methodology for the
systems to support this claim. In Section 3.6.3 of this
report, the staff states that a LBB analysis should use
plant-specific data such as piping geometry, materials,
fabrication procedures, loads, degradation mechanisms,
and pipe support locations. Therefore, the staff will
evaluate the acceptability of the LBB methodology on a
plant-specific basis to determine if the essential portion of
the MSSS will be adequately protected against dynamic
effects associated with high-energy pipe breaks. In a
meeting with the staff on May 5, 1992, GE committed to
remove references to LBB from the SSAR. This was
identified as DFSER Confirmatory Item 10.3.1-1.
Subsequently, the staff reviewed the final SSAR and found
that GE had deleted Appendix 3F from the SSAR as
agreed. GE has also removed this information from the
SSAR.
Therefore, Confirmatory Item 10.3.1-1 is
resolved. GE has provided, in SSAR Section 6.2.3, an
analysis of a MSL and main feedwater line pipe failure
inside the MS tunnel. The results of the staffs review of
this analysis are contained in Section 6.2.1.7 of this report.
Features to protect the MSIVs from the effects of a pipe
failure inside the main steam tunnel (MST) are evaluated
in Section 3.6.1 of this report.

GE addressed the issue of steam hammer and relief valve
discharge loads in a submittal dated February 28, 1990,
and stating that the system design accommodates steam
hammer and relief valve discharge loads. In the DFSER,
the staff stated that the staff would require the COL
applicant to have operating and maintenance procedures
that include adequate precautions to avoid steam hammer
and relief valve discharge loads. This was identified as
DFSER COL Action Item 10.3.1-2. Subsequently, the
staff reviewed the final SSAR and concluded that the
modifications to SSAR Subsections 10.3.3 and 10.3.7
provided adequate assurance that the applicant referencing
the ABWR design will provide the necessary procedures to
assure that steam hammer and relief valve discharge loads
will be minimized. This is acceptable to the staff.

Regarding the other aspect of GDC 4, which deals with the
environmental design basis for SSCs important to safety,
GE states in SSAR Appendix 31 that the essential
equipment of the system is environmentally qualified to
function following a postulated high-energy pipe break.
Specifically, this means that the MSIVs will be required to
function to ensure MSL isolation and will be qualified to
function in the expected steam environment resulting from
a steamline break. Further, GE identified an interface
requirement for the COL applicant to provide any
additional protective features (e.g., shields and other
barriers) that may be needed to protect the MSIV
functional capability against the effects of postulated pipe
failures. On further evaluation, the staff determined that
this requirement can be accomplished by identifying a
COL action item in the SSAR requiring the applicant to
provide this information. This was identified as DFSER
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The system design includes drains to protect against water
entrainment. The essential equipment of the system is
located in tornado-missile-protected structures (as stated
above) and is protected from the effects of internally
generated missiles. The appendix to RG 1.117, "Tornado
Design Classification," (Rev. 1), specifies SSCs of lightwater-cooled reactors that should be protected against
tornados. On this basis, the staff finds that the safetyrelated portion of the system meets the requirements of
GDC 4 and the guidelines of RG 1.117 (Rev. 1),
Appendix Position 4.
Because the ABWR is designed as a single-unit facility, the
requirements of GDC 5 do not apply.
GE submitted the design description and the ITAAC
relating to the MSSS. This was identified as DFSER Open
Item 10.3.1-1. GE provided a revised set of design
descriptions and ITAAC. The adequacy and acceptability
of the final certified ABWR design description and the
ITAAC are evaluated in Section 14.3 of this report. On
the basis of this evaluation, this item is resolved.
The MSSS includes all components and piping from the
outermost containment isolation valve up to and including
the turbine stop valves. The safety-related portions of the
system are designed to QG B from the outermost
containment isolation valve and connecting piping up to
and including the first normally closed valve. Those
portions of the MSSS necessary to mitigate the
consequences of an accident are designed to the quality
standards commensurate with the importance *o its safety
function. The scope of the review included layout
drawings, P&IDs, and descriptive information for the
system.
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Based on the above discussion, the staff concludes that the
MSSS for the ABWR from the reactor to the TB satisfies
the requirements of GDC 2, 4, and 5 and the guidelines of
RG 1.29 (Rev. 3), Positions C.l and C.2, and RG 1.117
(Rev. 1), Appendix Position 4; meets SRP Section 10.3
acceptance criteria; and is acceptable.
10.3.2 Steam and Feedwater System Materials
GDC 1 requires that systems important to safety shall be
designed to quality standards commensurate with the
importance to safety of the functions to be performed.
GDC 35 requires suitable inter-connections, leak detection,
isolation, and contaminant capabilities be provided to
assure that the safety system function (i.e., emergency core
cooling) can be accomplished, assumed a single failure.
The staff reviewed the steam and feedwater system
materials in accordance with SRP Section 10.3.6. The
steam and feedwater system materials are acceptable if
they satisfy the requirements of the ASME Code,
Section III and GDC 1 and 35.
The Class 2 materials specified in the SSAR for the MS
and feedwater system satisfy the requirements specified in
Appendix I to Section III of the ASME Code, and Parts A,
B, and C of Section II of the Code. The fracture
toughness properties of the materials meet the requirements
of NC-2300 of ASME Code Section III and RG 1.26,
"Quality Group Classifications and Standards for Water-,
Steam-, and Radioactive Waste-Containing Components of
Nuclear Power Plants" (Rev. 3).
The materials selection and fabrication follow RG 1.71,
"Welder Qualification for Areas of Limit Accessibility"
(original), RG 1.85, "Materials Code Case AcceptabilityASME Section III, Division 1" (Rev. 28), RG 1.37,
"Quality Assurance Requirements for Cleaning of Fluid
Systems and Associated Components of iWater-Cooled
Nuclear Power Plants" (original) and ANSI N45.2.1. The
non-destructive examination of the steam and feedwater
piping meets the acceptance criteria in NC-2550 through
NC-2570 of ASME Code, Section III.
Compliance with the requirements of the ASME Code,
ANSI standard, and regulatory guides satisfy the applicable
requirements of GDC 1 and 35 and Appendix B to 10 CFR
Part 50. The staff concludes that the MS and feedwater
system materials are acceptable and meet the relevant
requirements of 10 CFR 50.55a, GDC 1 and 35, and
Appendix B to 10 CFR Part 50.

10.4 Other Features
10.4.1 Main Condenser
The staff reviewed the MC in accordance with SRP Section 10.4.1. The acceptability of the system design is
based on its meeting the requirements of GDC 60 as it
relates to failure of the system not result in excessive
releases of radioactivity to the environment, not cause
unacceptable condensate quality, and not flood areas
housing safety-related equipment.
The MC is designed to function as a steam cycle heat sink.
The MC will receive, condense, and deaerate the turbine
exhaust steam and the turbine bypass steam. The MC will
also collect miscellaneous steam cycle drains and vents as
well as transfer heat to the circulating water system
(CWS), which, in turn, will reject the heat to the PCHS.
GE states in SSAR Section 10.4.1.2.2 that nothing
precludes the use of a single pressure condenser and a
parallel (instead of series) circulating water system since
these will have no affect on the nuclear TS conditions.

The MC will not be required to serve or support any
reactor safety function. However, because there is no
MSIV leakage control system, the MSLs and condenser
will be used to collect MSIV leakage following a LOCA.
Therefore, the MC must be capable of maintaining its
integrity following a SSE. The condenser supports and
anchorages will be seismically analyzed to demonstrate that
they are capable of sustaining the SSE loading conditions
without failure (Section 3.2 of this report contains
additional discussion and evaluation of the capability of the
MC to meet this requirement.)
The MC consists of three multi-pressure, at least two-tube
bundle, single-pass shells. Each of the shells is located
under its respective low-pressure turbine. The MC hotwell
is sized and designed to retain all condensate for 4 minutes
from the time it enters the hotwell until it is removed by
the condensate pumps. Condensate will be retained in the
condenser for a minimum of 2 minutes to permit
radioactive decay (primarily of nitrogen-16) before it
enters the condensate system. Offgas from the MC will be
processed in the gaseous waste management system, which
is described in Section 11.3 of this report. The MC is
designed to (1) deaerate the condensate, (2) remove air and
noncondensable gases, and (3) remove hydrogen and
oxygen formed in the steam.
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Circulating water on the tube side of the MC will be
treated with chemicals to limit algae growth and to
minimize long-term corrosion of the tubes. Corrosion on
the shell side of the condenser will be controlled by
adhering to strict water quality. The construction materials
used for the MC will be chosen so that corrosion as a
result of galvanic and other effects can be kept to a
minimum.
Condenser leakage will be in-leakage since the MC will
normally be operated under vacuum. Tube leakage will be
monitored by measuring the conductivity of water samples
taken beneath the tube bundles. Additionally, since the
condensate will be monitored at the condensate pump
discharge, any tube leakage will also be detected at this
monitoring point. Conductivity of the condensate will be
continuously monitored at selected locations in the
condenser. Condenser vacuum will also be monitored.
The loss of the MC vacuum will cause a turbine trip and
MSIV closure. An alarm actuates at -81 kPa at 0 °C
(24 in. Hg vacuum at 32 °F), and a high condenser pressure turbine trip will occur at -75 kPa at 0 °C (22 in. Hg
vacuum at 32 °F). Additionally, MSIV closure occurs at
-24 to -34 kPa at 0 °C (7 to 10 in. Hg vacuum at 32 °F)
while turbine bypass valve closure will take place at
-41 kPa at 0 °C (12 in. Hg vacuum at 32 °F).
The MC is designed to condense at least 33 percent of the
full-rated turbine steam flow as bypass steam.
During the initial phase of startup, the mechanical vacuum
pump establishes a vacuum in the MC. The discharge
from the vacuum pump is routed to the Turbine Building
Compartment Exhaust System. Radiation monitors in the
TBCE and plant vent alarm in the MCR if abnormal
radioactivity is detected. In addition, radiation monitors
are provided on the main steam lines which trip the
vacuum pump if abnormal radioactivity is detected in the
steam being supplied to the condenser. This is discussed
in Section 10.4.2 of the SSAR and evaluated in Sections
10.4.2 and 11.5 of this report.
The low-pressure turbine exhaust and the MC will be
connected by a stainless steel expansion joint. Since no
safety-related equipment is located in the condenser area,
failure of the joint will have no adverse effect on safetyrelated equipment. Protection of safety-related equipment
from flooding in the TB is reviewed in Section 3.4.1 of
this report.
Based on this information, the staff concludes that the main
condenser design includes provisions which assure that
failures of the system will not result in excessive releases
of radioactivity to the environment, do not cause
unacceptable condensate quality, or result in flooding of
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areas housing safety-related equipment and therefore meets
the requirements of GDC 60.
OE submitted the design description and the ITAAC
relating to the MC system. This was identified as DFSER
Open Item 10.4.1-1. GE provided a revised set of design
descriptions and ITAAC. The adequacy and acceptability
of the final certified ABWR design description and the
ITAAC are evaluated in Section 14.3 of this report. On
the basis of this evaluation, this item is resolved.
The MC includes all components and equipment from the
turbine exliaust to the connections with the CFS and other
systems. The scope of the review of the MC system
included layout drawings, P&IDs, and descriptive information for the MC system and supporting systems that are
essential to its operation.
The basis for acceptance of the MC system was
conformance of the design, design criteria, and design
bases to the Commission's regulations as set forth in
GDC 60. The staff concludes that the MC system design
is acceptable and meets the requirements of GDC 60 with
respect to failures not resulting in excessive releases of
radioactivity to the environment, not causing unacceptable
condensate quality, and not flooding areas housing safetyrelated equipment.
The staff concludes that the design of the MC is in
conformance with SRP Section 10.4.1, can perform its
design function, and is acceptable.
10.4.2 Main Condenser Evacuation System
The staff reviewed the main condenser evacuation system
(MCES) in accordance with the acceptance criteria in SRP
Section 10.4.2, and guidelines contained in RG 1.26,
"Quality Group Classifications and Standards for Water-,
Steam-, and Radioactive-Waste-Containing Components of
Nuclear Power Plants," (Rev. 3); RG 1.33, "Quality
Assurance Program Requirements (Operation)," (Rev. 2);
and in the Heat Exchanger Institute's "Standards for Steam
Surface Condensers," 6th Edition (1970).
To be
acceptable, the MCES must meet the requirements of
GDC 60 for controlling releases of radioactive materials to
the environment and the requirements of GDC 64 for
monitoring the release of radioactive material to the
environment.
The MCES is designed to establish and maintain condenser
vacuum by removing noncondensable gases from the MC
and directing them to the offgas system for processing
before release through the plant stack during normal plant
operation. The MCES will not perform or support any
safety function.
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The MCBS is designed to QO D standards and consists of
a mechanical vacuum pump for use during startup, and two
100-percent capacity, double stage, steam jet air ejector
(SJAE) units (complete with intercondenser) for normal
operating conditions. During startup, the mechanical
vacuum pump will be used to establish a vacuum in the
MC and the exhaust gas will be vented to the turbine
building (TB) compartment exhaust system.
High
radioactivity in the MSL will trip the mechanical vacuum
pump. The TB compartment exhaust will pass through a
medium efficiency filter and be monitored for radioactivity
before discharge to the plant vent. After the mechanical
vacuum pump has created an absolute pressure of about
-34 to -SO kPa at 0 °C (10 to IS in. Hg at 32 °F) in the
MC and adequate nuclear steam pressure is available, one
of the two SJAEs will be put in service to remove
noncondensable gases from the condenser.
Steam supply to the second stage of the SJAE will be kept
at a minimum predetermined flow to help ensure adequate
dilution of hydrogen (below 4 percent by volume) to
prevent the hydrogen in the offgas system from reaching
a flammable concentration. Low flow of the dilution
steam will result in automatic isolation of the MC from the
offgas system.
GE submitted the design description and the ITAAC
relating to the MCES. This was identified as DFSER
Open Item 10.4.2-1. OE provided a revised set of design
descriptions and ITAAC. The adequacy and acceptability
of the design description and the ITAAC are evaluated in
Section 14.3 of mis report. On the basis of this
evaluation, this item is resolved.
The MCES includes equipment and instruments to establish
and maintain condenser vacuum and to prevent an
uncontrolled release of radioactive material to the
environment. The scope of the review included the system
capability to transfer radioactive gases to the offgas system
and the design provisions incorporated to monitor and
control releases of radioactive materials in effluents. The
staff has reviewed the applicant's system descriptions,
P&IDs, and design criteria for the components of the
MCES.
The staff concludes that the MCES design is acceptable
and meets the requirements of GDC 60 and 64 and the
guidelines of SRP Section 10.4.2 for controlling and
monitoring releases of radioactive material to the environment.
10.4.3 Turbine Gland Sealing System
The staff reviewed the TOSS in accordance with SRP
Section 10.4.3. Acceptance is based on TOSS meeting the

requirements of ODC 60 for controlling the releases of
radioactive materials to the environment and the
requirements of ODC 64 for monitoring the release of
radioactive material to the environment.
The TOSS is designed to prevent release to the TB of
radioactive steam from the turbine shaft/casing penetrations
and valve stems and to prevent air leakage into the steam
cycle via the subatmospheric turbine glands. TOSS will be
accomplished by providing a continuous supply of
relatively clean (i.e., practically free of radioactivity)
sealing steam to the turbine shaft seals and the steam
packings of the stop valves, control valves, and combined
intermediate and bypass valves. The TGSS will not
perform or support any safety function. The TGSS will
consist of a sealing steam pressure regulator, a sealing
steam header, a gland steam condenser, and two 100percent capacity, motor-driven blowers. The system is
designed to QO D standards.
The annular space between the turbine shaft and the casing
will be sealed with sealing steam supplied to the shaft
seals. At all gland seals, the vent annulus will be kept
under a slight vacuum condition and also will receive
outside air as in-leakage. The steam mixture from the vent
annulus then will be pulled to the gland steam condenser,
which will be operated under a slight vacuum condition
created by one of the two exhaust blowers. The steam
mixture will be condensed in the gland steam condenser
and the condensate will be returned to the MC. The
blower is designed to discharge the air in-leakage and the
noncondensable gases to the TB compartment exhaust
system, which eventually will discharge to the plant vent.
As mentioned above, the TGSS is also designed to provide
sealing steam to the turbine stop and control valves and
combined intermediate valve packings. The staff stated
Open Item 67 in DSER (SECY 91-235) that SSAR
Table 11.5-2 did not indicate any separate process
radiation monitoring solely for TGSS exhaust. GE
addressed this issue by including monitoring and sampling
provisions for the turbine gland seal exhausts in SSAR
Tables 11.5-1 and 11.5-7. The staff reviewed these
submittals and found them acceptable. This item was
resolved in the DFSER.
During startup, sealing steam will be provided from the
MSL or the plant auxiliary steam header. The use of MS
as sealing steam will not pose a significant long-term
average release of radioactive material to the environment
because the startup time will be relatively short and plant
startup radioactivity is relatively low. If the MS sealing
steam supply has an abnormally high radioactivity content,
the sealing steam supply can be switched to the plant
auxiliary steam header, which contains clean steam (i.e.,
radioactivity free) from a conventional auxiliary boiler.
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During normal operation (above approximately 50-percent
load), process steam will be used for the sealing steam
supply. The high-pressure heater drain tank vent header,
which is designed to provide relatively clean steam for
turbine gland sealing, will provide the process steam.
Again, if this normal source of sealing steam is observed
to have high radioactivity content, the source for the
sealing system will be switched to the plant auxiliary steam
system, which provides 100 percent backup capability.
Thus, the long-term average amount of radioactive material
released to the environment should be minimal. In the
DSER (SECY-91-235), the staff agreed with this approach
for providing sealing steam, subject to the identification of
an interface requirement to provide procedures for the
switchover to the plant auxiliary steam. In response to
Open Item 67 in the DSER (SECY-91-235), GE included
in SSAR Section 10.4.10 that COL applicants will provide
the necessary procedures for switchover to the auxiliary
steam system if the monitored radiation level in the gland
sealing system exhaust exceeded an acceptable preset level.
The staff agreed with GE's approach for providing sealing
steam for the turbine gland seals. However, upon further
evaluation, the staff determined that this requirement could
be accomplished by identifying a COL action item in the
SSAR requiring the applicant to provide the necessary
procedures. This was identified as DFSER COL Action
Item 10.4.3-1. GE has included this action item in the
SSAR. This is acceptable to the staff.
GE submitted the design description and the ITAAC
relating to the TGSS. This was identified as DFSER Open
Item 10.4.3-1. GE provided a revised set of design
descriptions and ITAAC. The adequacy and acceptability
of the final certified ABWR design description and the
ITAAC are evaluated in Section 14.3 of this report. On
the basis of this evaluation, this item is resolved.
The TGSS includes the equipment and instruments to
provide a source of sealing steam to the annulus space
where the turbine and large steam valve shafts penetrate
their casings. The scope of the review included the source
of sealing steam and the provisions incorporated to monitor
and control releases of radioactive material in effluents.

system malfunction) does not adversely affect safety-related
systems or components and if, in accordance with
GDC 34, the system can shut down the plant during
normal operations. Use of this system will eliminate the
need to rely solely on safety systems.
The TBS is designed to bypass at least 33 percent of the
rated MS flow to the MC. It is also designed to bypass
steam to the MC during plant startup and to permit a
normal manual cooldown of the reactor coolant system
(RCS) from hot shutdown to the point at which the residual
heat removal function can be placed in service. In addition, during a power operation transient (i.e., when steam
produced by the reactor cannot be entirely used by the
turbine), the TBS, in conjunction with the RCS, will allow
a step load reduction up to 40 percent of the turbine
generator rated electrical load without causing a reactor
trip. TBS will also allow a turbine trip or a full load
rejection from 100 percent power with reactor trip, without
lifting the MS relief and safety valves. Thus, the TBS
minimizes step-load reduction transient effects as well as
turbine trip effects on the RCS.
The TBS consists of three control valves that are housed in
a common valve chest connected to the MSLs upstream of
the turbine stop valves and three dump lines that separately
connect each regulating valve outlet to one condenser shell.
Each bypass valve is operated by hydraulic fluid pressure
with spring action to close. The valve chest assembly will
include hydraulic supply and drain piping, hydraulic
accumulators, servo valves, fast-acting servo valves, and
position transmitters. Each bypass valve is operated by the
turbine hydraulic fluid power unit or it may be provided
with a separate hydraulic fluid power unit.
The bypass valves are designed to open whenever the
actual steam pressure exceeds the preset steam pressure.
Fast-acting servo valves will be used to allow the bypass
valves to open rapidly in case a turbine trip or generator
load rejection occurs. The turbine bypass valves are
designed to trip closed on loss of MC vacuum, loss of
electrical power, or loss of hydraulic system pressure.

10.4.4 Turbine Bypass System

The TBS is designed to be tested during operation.
Periodic inspections will be performed on arotatingbasis
within a preventive maintenance program recommended by
the manufacturer. As stated in GE's submittal dated
February 28, 1990, the detailed design of the bypass
valves will follow standard industry practice and reduce the
bypassed steam pressure sequentially through orifices
before the steam enters the condenser.

The staff reviewed the TBS in accordance with SRP
Section 10.4.4. The design is acceptable if, in accordance
with GDC 4, failure of the system (due to a pipe break or

The TBS will not serve or support any safety function. No
safety-related equipment is located inside the TB. All
high-energy lines associated with the TBS are located in

The staff concludes that the TGSS is acceptable because it
meets the requirements of GDC 60 and 64 for controlling
and monitoring releases of radioactive material to the
environment. Therefore, the system meets the guidelines
of SRP 10.4.3 and is acceptable.
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the TB. Therefore, failure of the TBS are any safetyrelated equipment or hamper the capability for safe
shutdown of the plant.

equipment outside the TB, including the CWS pumps is
outside the ABWR scope and is the responsibility of the
COL applicant.

Although the TBS will not be required to serve or support
any reactor safety function, it will have a post-LOCA
function for the ABWR. In the absence of an MSIV
leakage control system, the MSLs and condenser will be
used to collect MSIV leakage following a LOCA. Therefore, the TBS must be capable of maintaining its integrity
following a SSE. The turbine bypass line from the bypass
valve to the condenser will be seismically analyzed to
demonstrate that it is capable of sustaining the SSE loading
conditions without failure (Section 3.2 of this report
contains additional discussion and evaluation of the
capability of the turbine bypass piping to meet this
requirement.)

GE has provided a conceptual design and interface
requirements for that portion of the CWS outside the scope
of the ABWR design, as required by 10 CFR Part 52.

GE submitted the design description and the ITAAC
relating to the TBS. This was identified as DFSER Open
Item 10.4.4-1. GE provided a revised set of design
descriptions and ITAAC. The adequacy and acceptability
of the final certified ABWR design description and the
ITAAC are evaluated in Section 14.3 of this report. On
the basis of this evaluation, this item is resolved.
The TBS includes all components and piping from the
branch connection at the MS to the MC. The scope of the
review included layout drawings, P&IDs and descriptive
information for the TBS.
The basis for acceptance was conformance of the design,
design criteria, and design bases to the Commission's
regulations as set forth in GDC 4 and 34. The TBS has
met the requirements of GDC 4 with respect to the system
being designed such that a safe shutdown will not be
precluded as a result of a TBS failure. The system has
also met the requirements GDC 34 with respect to the
ability to use the TBS for shutting down the plant during
normal operations.
The staff concludes that tne design of the TBS meets the
guidelines of SRP Section 10.4.4 and is acceptable.
10.4.5 Circulating Water System
The staff reviewed the CWS in accordance with
SRP Section 10.4.5. The design of the CWS is acceptable
if, in accordance with GDC 4, the system can accommodate the effects water that may be discharged because a
component or piping in the CWS fails.
The CWS is partially within the ABWR scope. The inscope portion of the system includes all piping, valves,
instrumentation, and controls within the TB. All other

The CWS is designed to remove the power cycle water
heat from the MC and transfer this heat to the PCHS. The
CWS will not be required to maintain the reactor in a safe
shutdown condition or support any safety-related systems
or components. The system is nonseismic and QG D.
The CWS consists of at least three fixed-speed,
motor-driven pumps for circulating water throughout the
system, screenhouse and intake screens, condenser water
boxes, piping and valves, water box fill and drain
subsystem, and general support facilities. A chemical
addition subsystem minimizes biological buildup and
chemical deposits within the system.
The CWS pumps will be vertical, wet pit-type, capable of
delivering approximately 45,430 m /hr (200,000 gpm) per
pump. The discharge line of each pump will be equipped
with a butterfly valve to allow isolation and maintenance
of any one pump while the others are in operation. The
CWS pumps will be tripped and the pump and the
condenser isolation valves closed on a high-high level
condenser pit signal. A condenser pit high-level alarm will
actuate in the control room.
3

The PCHS will be designed to maintain the temperature of
the water entering the CWS within the range of 0 °C to
38 °C (32 °F to 100 °F). The CWS is designed to deliver
water to the MC within a temperature range of 4 °C to
38 °C (39 °F to 100 °F). The 4 °C (39 °F) minimum
temperature will be maintained by recirculating warm
water from the discharge side of the condenser back to the
screenhouse.
In the DFSER, the staff stated that GE had not included an
analysis of flooding in the TB and could affect safetyrelated equipment. The staff requested GE to provide a
flood analysis which characterized the nature of the
hazards and the design features to protect safety-related
equipment from flooding in the TB. This was identified as
DFSER Open Item 3.4.1-1. Subsequently, GE provided
a flood analysis for the TB. The major flood hazard in the
TB is from a failure in the CWS, which is an open-cycle
system. Leak detectors in the condenser pit will alert the
control room and automatically isolate the CWS on
indication of building flooding. A postulated failure of the
isolation function can result in flooding of the TB up to
grade level. A non-watertight truck door at grade level
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will allow release of the flood water onto the ground. As
stated in Section 3.4.1 of this report, the below-plant-grade
tunnel connecting the radwaste, reactor, and TB is sealed
to prevent water from entering the reactor building. The
staff finds that the design adequately protects safety-related
SSCs from the effects of flooding as a result of pipe
failures in the CWS.
GE has also included this
information in the SSAR. Open Item 3.4.1-1 is resolved.

design acceptable.
However, in the DSER
(SECY-91-355), the staff identified that SSAR
Section 10.4.6 contained insufficient information for the
staff to evaluate conformance with SRP Section 10.4.6 in
the following areas:
•

Under SRP Section 3.6.1, the effects of high and
moderate energy piping failures to assure that other
safety-related systems are not rendered inoperable must
be evaluated.

•

Under SRP Section 12.2, the adequacy of the shielding
design of the CCS polisher vessels must be evaluated.

•

Although the SSAR indicates conformance with
RG 1.56, "Maintenance of Water Purity in Boiling
Water Reactors," to meet the requirements of GDC 14
and to mitigate the potential of intergranular stress
corrosion cracking, GE should state conformance with
EPRI NP-4947-SR, "BWR Hydrogen Water Chemistry
Guidelines," (1987 Revision, October 1988).

The CWS includes all components and equipment
necessary to provide the MC with a continuous supply of
cooling water. The system is designed to nonnuclear
safety and QG D requirements. Based on the review of
the applicant's proposed design criteria and bases for the
CWS, the staff concludes that the design is acceptable and
meets the requirements of GDC 4 and the guidelines of
SRP Section 10.4.5.

•

GE should state that the CCS will remove condensate
system corrosion products and impurities from
condenser leakage in addition to radioactive material,
activated corrosion products, and fission products
carried over from the reactor.

10.4.6 Condensate Purification System

The effects of high and moderate energy piping failures on
safety-related equipment are d scussed in Section 3.6.1 of
this report. However, as previously stated, the TB
contains no safety-related equipment and, therefore, safetyrelated systems should not be affected by a CCS piping
failure. This item is resolved.

CWS performance will be monitored by temperature and
pressure indicators in the main control room. CWS-related
valve positions also will be indicated in the control room.
GE submitted the design description and the ITAAC
relating to the CWS. This was identified as DFSER Open
Item 10.4.5-1. GE provided a revised set of design
descriptions and ITAAC. The adequacy and acceptability
of the final certified ABWR design description and the
ITAAC are evaluated in Section 14.3 of this report. On
the basis of this evaluation, Open Item 10.4.5-1 is
resolved.

The condensate cleanup system (CCS) will remove
dissolved and suspended solids from the condensate to
maintain a high quality of feedwater to the reactor under
all normal plant conditions (startup, shutdown, hot
standby, and power operation). The CCS will accomplish
this task by directing the full flow of condensate to five of
the six polishing vessels, which will be piped in parallel.
The sixth polisher will be on standby or in the process of
being cleaned, emptied, or refilled. The six polishing
vessels will contain mixed bed ion exchange resin with a
strainer installed downstream of each vessel. The strainers
will be used to prevent gross resin leakage into the feed
system in the event of vessel underdrain failure and to
minimize resin fine leakage. The CCS will include all
components and equipment needed to remove dissolved and
suspended impurities present in the condensate.
The staff has reviewed the design of the sampling
equipment, sampling locations, and instrumentation to
monitor and control the CCS parameters and finds the
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The staff concluded in the DSER that the adequacy of the
CCS was Open Item 105 in DSER (SECY-91-355).

The adequacy of the shielding design of the CCS polisher
vessels will be evaluated as part of the radiation protection
DAC discussed in Chapter 12 of this report. This item is
resolved.
GE responded to the last two parts of this open item in its
letter of March 11, 1992.
GE revised SSAR
Section 10.4.6.3 to state that condensate system corrosion
products and impurities from condenser leakage will also
be removed and that the CCS will comply with EPRI
NP-4947-SR.
The NRC staff finds this response
acceptable; therefore, this DSER (SECY-91-355) issue
number 105 is resolved. The staff concludes that the
design of the CCS and its supporting systems conforms to
staff guidelines and is acceptable.
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10.4.7 Condensate and Feedwater System
The staff reviewed the condensate and feedwater system
(CFS) in accordance with SRP Section 10.4.7. Acceptance
of the system is based on the system's meeting the
requirements of GDC 2 that the system can withstand the
effects of earthquakes, the requirements of ODC 4 that the
system be protected against dynamic effects associated with
fluid flow instabilities during normal operation as well as
during upset or accident conditions, the requirements of
GDC 5 mat shared systems and components important to
safety can perform required safety functions, the
requirements of GDC 44 that the system can reliably
transfer heat loads from the reactor to a heat sink during
both normal and accident conditions and can isolate
components, subsystems, or piping if necessary to maintain
the system safety function, and GDC 45 and 46 as they
relate to ISI and testing, respectively.
The CFS consists of the piping, valves, pumps, heat
exchangers, and associated controls and instrumentation
that extends from the MC outlet to the nuclear boiling
(NB) system at the seismic interface restraint and to the
heater drain system. The system is designed to receive
condensate from the MC hotwell; supply condensate to the
condensate purification cleanup system; supply cooling
water to the gland steam exhauster, SJAE, and offgas
recombiner coolers; and deliver high-purity feedwater to
the reactor at the required flow rate, pressure, and
temperature. The major equipment in the CFS includes:
(1) four identical fixed-speed, motordriven condensate
pumps, of which three are normally operating and one is
on standby; (2) three identical and independent, 33-65 percent capacity variable speed motor-driven reactor feed
pumps; (3) three parallel and independent trains of four
closed, low-pressure feedwater heaters; (4) two parallel
and independent trains of two high-pressure feedwater
heaters; (5) two heater drain tanks; and (6) two independent, motor-driven heater drain pumps that take suction
from a heater drain tank and discharge into the suction side
of the feedwater pumps. The CFS is described in SSAR
Sections 5.4.9 and 10.4.7.
The CFS flow begins at the MC hotwell. Three normally
operated condensate pumps take suction from the hotwell
and pump condensate through the condensate filters and
demineralizers. The condensate is discharged into a
common header that feeds five parallel auxiliary condenser
coolers (one gland steam exhauster condenser, two SJAE
condensers, and two offgas recombiner coolers). The
condensate then flows to three parallel trains of
low-pressure feedwater heaters that discharge into a
common header routed to three reactor feedwater pumps
arranged in parallel. The reactor feedwater pumps then
discharge into two parallel high-pressure feedwater heater

trains.
Downstream of the high-pressure feedwater
heaters, the feedwater is combined into a common header
that discharges into the reactor through two parallel 56-cm
(22-in.) nominal diameter feedwater lines, as stated in
SSAR Section 5.4.9.3.
On each of the feedwater lines from the common feedwater
header to the reactor, there is a seismic interface restraint.
A remote manual motor-operated gate valve powered by a
non-safety-grade bus serves as a feedwater shutoff valve.
Downstream of this motor-operated gate valve, there is a
spring-closing check valve mat is held open by air and
serves as the outboard containment isolation valve. On the
other side of the containment, a check valve serves as the
inboard containment isolation valve, and downstream of
this check valve is a manual maintenance valve. However,
the staff stated Open Item 69 in the DSER (SECY-91-235)
that the provision of a non-safety-grade power source for
the remote manual shutoff gate valve was inappropriate
because the valve and the portion of piping in which it is
located are designed as seismic Category I and the valve
serves as a long-term isolation for the containment. In a
meeting with the staff on May 5, 1992, GE stated that
insights from the probabilistic risk assessment (Chapter 19
of the SSAR) indicate that the ability to open the valve
using diverse non-safety-grade on-site power instead of
safety-related power to initiate feedwater flow reduces the
risk. Furthermore, this valve is not relied upon as a longterm leakage barrier. Instead, GE has provided high
reliability check valves. Additionally, the spring-closing
check valves are testable and provide a positive means of
isolation. Therefore, the use of diverse non-safety-grade
power for the manual shutoff gate valve was acceptable
subject to GE providing documentation of the information
discussed in the May 5, 1992, meeting. This information
was identified as DFSER Confirmatory Item 10.4.7-1.
Subsequently, the staff reviewed the final SSAR and
concluded that the modification to Subsection 5.4.9.3
regarding the power sources for the shutoff valves was
acceptable. This is acceptable to the staff, and therefore,
Confirmatory Item 10.4.7-1 is resolved.
As indicated in SSAR Section 5.4.9 and Table 3.2-1, the
feedwater piping is QG A from the reactor pressure vessel
out to and including the outboard isolation valve, QG B
from the outboard isolation valve up to and including the
shutoff valve and QG D beyond the shutoff valve. The
feedwater piping and all connected piping of 6.5 cm
(2-V6 in.) or larger nominal size, is seismic Category I
from the reactor pressure vessel out to and including the
seismic interface restraint. The safety-related equipment
is physically separated and protected against the effects of
internally generated missiles. The staff concludes that the
design of the CFS meets the requirements of GDC 2 and
the guidelines of RG 1.29, Positions C.l and C.2.
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In a meeting with the staff on May 5, 1992, GE committed
to remove references to LBB from the SSAR. This
commitment was identified as DFSER Confirmatory
Item 10.3.1-1. In SSAR Section 6.2.3, GE has analyzed
a MSL and main feedwater line pipe failure inside the
MST and has removed Appendix 3F from the SSAR. The
results of the staffs review of this analysis are found in
Section 6.2.1.7 of this report. This is acceptable to the
staff, and therefore, Confirmatory Item 10.3.1-1 is
resolved.

The CFS includes all components and equipment from the
condenser outlet to the connection with the NB system and
heater drain system. Based on the review of the
applicant's proposed design criteria, design bases, and
safety classification for the system, the staff concludes that
the design of the CFS and supporting systems conforms
with GDC 2, 4, 5, 44, 45, and 46 and with the guidelines
of SRP Section 10.4.7 and is, therefore, acceptable.

Regarding the other aspect of GDC 4, that deals with the
environmental design basis for SSC important to safety,
SSAR Appendix 31 states that the essential equipment of
the system is environmentally qualified to function
following a postulated high-energy pipe break. GE has
also addressed the issue of water-hammer loads as a result
of hydraulic transients that can occur when feedwater
control valves rapidly interrupt feedwater flow (submittal
dated February 28, 1990). The ABWR design uses a
modified CFS design that has only a low feedwater flow
control valve specifically designed to minimize cycling in
feedwater nozzles. The valve is used only at low-power
operating conditions. During normal power operations,
feedwater flow is varied as needed by using adjustable
speed, motor-driven feed pumps, thus eliminating the need
for any flow control valve. As discussed in Section 10.3.1
of this report, the staff will require COL applicants to
provide operating and maintenance procedures to ensure
that water hammer and its effects are avoided or minimized. Finally, the system piping is analyzed for loads
from anticipated flow transients. On this basis, the staff
finds that the CFS design complies with GDC 4. Protection of safety-related equipment from flooding in the TB is
discussed in Section 3.4.1 of this report.

The staff reviewed the conceptual design and the design
interface requirements for the PCHS. The PCHS was
included in SSAR Section 10.4.5.8 and was reviewed in
accordance with SRP Section 9.2.5. Acceptance of the
design is based on meeting GDC 2 as it relates to
structures housing the system and the system itself being
capable of withstanding the effects of natural phenomena,
GDC 5 as it relates to shared systems between units,
GDC 44 as it relates to the capability to transfer heat loads
from safety-related SSCs to the heat sink under normal and
accident conditions as well as providing suitable
redundancy of components to ensure adequate safety
function given a single active component failure and the
capability to isolate parts of the system so that the safety
function is not compromised, and GDC 45 and 46 as they
relate to ISI and operational functional testing,
respectively, of safety-related systems and components.

Because the ABWR is designed as a single-unit facility, the
requirements of GDC 5 do not apply.
The system is sized to provide adequate flow to the
reactor. The system contains parallel trains that will allow
for isolation, inspection, and testing during normal
operation. Therefore, GDC 44, 45, and 46 are met.
GE submitted the design description and the ITAAC
relating to the CFS. This was identified in the DFSER as
Open Item 10.4.7-1.
GE provided a revised set of design descriptions and
ITAAC. The adequacy and acceptability of the final
certified ABWR design description and the ITAAC are
evaluated in Section 14.3 of this report. On the basis of
this evaluation, this item is resolved.
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10.4.8 Power Cycle Heat Sink

GE designated the PCHS as being outside the scope of the
ABWR design. GE has provided a conceptual design and
interface criteria, as required by 10 CFR Part 52, to allow
an applicant referencing the ABWR to provide a plantspecific PCHS design capable of dissipating turbine plant
heat. The PCHS will be designed to accept the heat loads
of the turbiae service water (TSW) system (Section 9.2.16
of this report) and the CWS (Section 10.4.5 of this report).
The TSW in turn accepts the heat loads of the turbine
building cooling water (TCW) system (Section 9.2.14 of
this report) while the CWS accepts the heat load from the
MC (Section 10.4.1 of this report).
GE has provided a conceptual design for the PCHS. The
PCHS is a non-safety-related, non-seismic Category I
system and will consist of a natural draft cooling tower
from which the TSW and CWS systems will receive
cooling water. Water circulation, makeup, chemical
control, and inventory blowdown are part of the CWS.
The PCHS is designed to maintain the temperature of the
water entering the CWS within the range of 0 °C to 38 °C
(32 °F to 100 °F).
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The PCHS is designed to ensure that its failure will not
adversely affect safety-related equipment. A flooding
analysis of the TB was perfonned using the CWS and
postulating that a complete rupture of a single expansion
joint thus introducing PCHS water into the TB. In this
situation, high-level sensors in the condenser pit will
isolate the CWS on sensing a high water level in the pit.
Should this isolation fail, excess flood water will rise to
grade level and exit on site. As discussed in Section 10.1
of the SSAR, safety-related instrumentation is provided in
the TB which detects the oil pressure of the main turbine
control valves and the turbine first-stage pressure and main
condenser pressure. As discussed in SSAR Section 3.4.1
and Subsection 10.4.5.6 and as reviewed in Section 3.4.1
of this report, this equipment is protected from both
internal and external flooding. Based on this, the staff
concludes that failure of the PCHS will not adversely
affect safety-related equipment and that the PCHS meets
the requirements of GDC 2.The plant design is for a
single-unit site and, therefore, the requirements of GDC 5
regarding the sharing of SSCs between units do not apply.
Because the PCHS is a non-safety-related system and is not
required to remove reactor heat, the requirements of

GDC 44 do not apply.All active and passive system
components will be accessible for inspection, maintenance,
and testing during normal power operation. Therefore, the
inspection and testing requirements of QDC 45 and 46 are
met.

GE submitted the interface requirements relating to the
PCHS. The adequacy and acceptability of the interface
requirements are evaluated in Section 14.3 of this report.

The conceptual design and interface requirements provided
for the PCHS provide adequate guidelines to ensure that
the plant-specific design can meet the requirements of
GDC 2, 5, and 44 with respect to protection against
natural phenomena, shared systems, and heat removal.
The system will be designed to allow periodic inspections
and tests and will, therefore, meet the requirements of
GDC 45 and 46. Use of the interface criteria will allow
an applicant referencing the ABWR to design a PCHS that
will meet all applicable regulatory requirements.
Therefore, the staff concludes that the design of the PCHS
system is acceptable.
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11 RADIOACTIVE WASTE MANAGEMENT
The advanced boiling water reactor (ABWR) design has
three radioactive waste management systems: the liquid
waste management system, the gaseous waste management
system, and the solid waste management system. The
systems are designed to provide for the controlled handling
and treatment of liquid, gaseous, and solid wastes. The
liquid radioactive waste system will collect and process
liquid wastes from equipment and floor drains; sampling,
decontamination, and laboratory wastes; reactor water
cleanup decant wastes; chemical wastes; and detergent
wastes. The gaseous waste system consists of (1) catalytic
recombiners to reduce the volume of offgases from the
main condenser air ejector, (2) charcoal delay beds to
allow decay of short-lived noble gases from the main
condenser air ejector and to adsorb radioiodines, and
(3) high-efficiency particulate air (HEPA) filters to retain
particulates in the offgaa stream. Thus, the system will
control the release of gaseous radioactive effluents to the
site environs so as to keep the exposure of persons in
unrestricted areas as low aa reasonably achievable in
accordance with 10 CFR Part 20 and Appendix I to
10 CFR Part SO. The solid waste system will package
spent resins and backwash slurries, solidify concentrator
bottoms, incinerate and package combustible dry
radioactive materials, compact and package noncombustible
materials, and store processed solid wastes before they are
shipped off site to a licensed facility for burial.
Radioactive waste management also includes monitoring
and sampling systems to detect and measure radioactive
materials in plant process and effluent streams.
The staff reviewed the applicant's design, design criteria,
and design bases for the radioactive waste management
systems for the ABWR design. The acceptance criteria
that the staff used for this evaluation are set forth in
Section II of Standard Review Plan (SRP) Sections 11.1,
11.2, 11.3, 11.4, and 11.5, which include 10 CFR
50.34(a) as it relates to the technical information contents
in safety analysis reports, 10 CFR 20.106 as it relates to
radioactivity in effluents to unrestricted areas and 10 CFR
Part 71, as it relates to packaging of processed solid
wastes. In lieu of 10 CFR 20.106, the staff used 10 CFR
20.1302, which is the current requirement. The staff also
used compliance with 10 CFR 50.34(f)(2)(xvii) as it relates
to instrumentation for monitoring noble gases and
continuous sampling of radioiodines and particu-lates in
gaseous effluents during an accident and onsite capability
to analyze and measure these samples, as acceptance
criteria for the gaseous effluent monitoring and sampling
systems. Additionally, the staff used compliance with
10 CFR 61.56 as it relates to waste characteristics for the
waste products that result from solid waste processing.
The above SRP sections, additionally, include the
following general design criteria (ODC) of 10 CFR
Part 50, Appendix A, as acceptance criteria for radioactive

waste management systems and liquid and gaseous process
and effluent monitoring and sampling systems: ODC 3 as
it relates to providing protection to gaseous waste handling
and treatment systems from the effects of an explosive
mixture of hydrogen and oxygen; ODC 60 as it relates to
the radioactive waste management systems being designed
to control releases of radioactive materials to the
environment; ODC 61 as it relates to the liquid and
gaseous radioactive waste management systems and
ventilation systems for the fuel storage and handling areas
being designed to assure adequate safety under normal and
postulated accident conditions; and ODC 63 and 64 as they
relate to solid radioactive waste management system and
liquid and gaseous process and effluent monitoring and
sampling systems being designed to monitor radiation
leakages and radioactivity releases to the environment.
The compliance of radioactive waste management systems
and liquid and gaseous process and effluent monitoring and
sampling systems with the above regulations are discussed
in the sections that follow. Because specific compliance
with Appendix I to 10 CFR Part 50 and the guidelines
given in American National Standards Institute (ANSI)
N13.1, "Guide to Sampling Airborne Radioactive Materials
in Nuclear Facilities, ' Regulatory Ouide (RO) 1.21,
"Measuring and Reporting Radioactivity in Solid Wastes
and Releases of Radioactive Materials in Liquid and
Gaseous Effluents from Light-Water-Cooled Nuclear
Power Plants," and R0 4.15, "Quality Assurance for
Radiological Monitoring Programs (Normal OperationEffluent Streams and the Environment," is not within the
scope of ABWR design, the staff will review individual
combined license (COL) applications for the ABWR design
to ensure their conformance with these documents.
Therefore, this was identified as draft final safety
evaluation report (DFSER) COL Action Item 11.0-1. By
amended standard safety analysis report (SSAR) GE
included COL License Information (Section 11.2.5.1,
Item 1) which states Chapter 11 that the COL applicant
will show compliance with 10 CFR Part 50, Appendix I
and the guidelines given in ANSI N13.1 and the RGs 1.21
and 4.15. This approach by GE is acceptable. GE has
also included this action item in the final certified SSAR.
1

Certified Design Material
Tier 1 design information and inspections, tests, analyses,
and acceptance criteria (ITAAC) are required for the
radwaste system. GE submitted the radwaste system
ITAAC for staff review. This was identified as DFSER
Open Item 11.0-1. GE provided a revised set of design
descriptions and ITAAC. The adequacy and acceptability
of the design description and the ITAAC are evaluated in
Section 14.3 of mis report.
On the basis of this
evaluation, this item is resolved.
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11.1 Source Terms
The staff calculated the expected releases of radioactive
materials via gaseous effluents using the boiling water
reactor (BWR) GALE Code methodology described in
NUREG-0016, Revision 1, January 1979.
The
calculations in the code for estimating the liquid and
gaseous effluents during normal plant operation, including
anticipated operational occurrences, are based on (1) date
from operating reactors, (2) field and laboratory tests,
(3) standardized coolant activities derived from American
Nuclear Society 18.1 working group recommendations,
(4) release and transport mechanisms that result in the
appearance of radioactive material in liquid streams, and
(5) the plant's radwaste system design features used to
reduce the quantities of radioactive materials ultimately
released to the environs. The principal parameters used in
these calculations based on date given in ABWR SSAR
Sections 11.1, 11.2, and 11.3 tables and the gaseous
source terms are given in Tables 11.1 and 11.2, respectively, of this report.
Capacities of the principal
components of the liquid and gaseous waste management
systems for a single-unit plant are listed in Table 11.3 of
this report. The liquid effluent source terms will be
reviewed on a plant-specific basis as discussed below.

11.2 Liquid Waste Management System
11.2.1 System Description and Review Discussion
The liquid radioactive waste management system will
consist of process equipment and instrumentation necessary
to collect, process, monitor, and recycle or discharge the
processed radioactive liquid wastes. The processing equipment for the system will be located in the radwaste
building. Treatment of liquid waste will depend on the
source, activity, and composition of the particular liquid
waste and on the intended disposal procedure. The liquid
wastes generated during operation will be collected and
processed in three liquid radwaste management
subsystems.
The three subsystems are (1) the
low-conductivity waste (LCW) (high purity) subsystem,
(2) the high-conductivity waste (HCW) (low purity)
subsystem, and (3) the detergent waste subsystem. These
systems are described in detail in SSAR Section 11.2. The
LCW subsystem will use high efficiency filters that require
less backwash water than the precoat filters used in current
designs. The LCW subsystem will receive less wastes
because the ABWR will not have recirculation pumps and
associated valves and will not regenerate the deep bed
condensate demineralizers or use ultrasonic resin cleaning
as older BWR designs do. For these reasons, the staff
expects less generation of waste in the LCW subsystem
than in the systems of older BWRs.

NUREG-1503

The liquid radwaste treatment systems are designed to
completely recycle of processed liquids from the LCW and
HCW subsystems during normal operation. Processed
liquids will be handled on a batch basis to permit optimum
control and release of radioactive materials from the LCW,
HCW, and detergent waste subsystems. Discharge of
processed LCW or HCW water will be solely governed by
the plant water balance considerations. Before being
released, samples will be analyzed to determine the types
and amounts of radioactivity present. On the basis of the
results of the analyses, the waste from the HCW and LCW
subsystems will be recycled for eventual reuse in the plant,
retained for further processing, or released under
controlled conditions to the environment through the liquid
pathway. All detergent wastes are expected to be released.
A common radiation monitor (RM) in the discharge line
will automatically terminate liquid waste discharges to the
discharge canal from the LCW, HCW, or the detergent
waste subsystem if radiation measurements exceed a
predetermined level set by the COL applicant in order to
meet 10 CFR Part 20, Appendix B, Table 2, Column 2
effluent concentration limits for the applicable subsystem.
The predetermined level will be based on the ratio of
instantaneous radionuclide concentration in any unrestricted
area to the effluent concentration limit for that radionuclide
given in the above table summed over all the radionuclides
present in the liquid effluent not exceeding 10. This was
identified as DFSER COL Action Item 11.2.1-1. By
amended SSAR Chapter 11, GE identified COL License
Information Section 11.2.5.1, Item 5, which states the
COL applicant will provide a RM in the liquid radwaste
discharge line to the environment to perform the function
stated above. This approach by GE is acceptable. GEhas
also included this action item in the final certified SSAR.
The LCW subsystem will collect and process clean wastes
such as those from equipment drains (from the drywell,
reactor, radwaste, and turbine buildings) and spent resin
backwash transfer water. The wastes will be collected in
one or two parallel LCW collector tanks, filtered in one or
two parallel high efficiency filters (for the normal waste
generation rate, one collector tank and one filter are used)
for removal of insolubles and demineralized in a mixedbed demineralizer and a backup polishing demineralizer.
Conductivity instrumentation on the demineralizer
discbarge will route the effluent either to the LCW sample
tanks or back to the LCW collector tanks for reprocessing.
From the sample tanks, the liquid stream will normally be
routed to the condensate storage tank for reuse. However,
a small fraction of the processed waste may be discharged
from one of the sample tanks should the plant's water
balance considerations dictate such a discharge. The staff
estimates that approximately 1 percent of the processed
LCW will be discharged. The staff estimates that the
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Table 11.1

Principal parameters used in the calculation of gaseous and liquid effluents from
ABWR
P^Hpafaf

Value

Thermal Power, MWt
Total steam flow rate, kg/h
Reactor coolant mass, kg
Steam/water concentration, reactor vessel;
Halogens
Particulate
RWC deminieralizer flow rate, kg/h
Fraction of FW through condensate demineralizer
Reactor bldg. iodine release fraction
Reactor bldg. particulate release fraction
Radwaste bldg. iodine release fraction
Radwaste bldg. particulate release fraction
Turbine bldg. iodine release fraction
Turbine bldg. particulate release fraction
Mechanical vacuum pump iodine release fraction

3926
7.63E6 (1.68E7 Ib/b)
3.06E5 (6.75E5 lb)
0.015
0.001
1.52ES (3.3SE5 lb/h)
0.67
1.0
1.0
1.0
1.0
1.0
1.0
1.0

Charcoal delay system:
Kr dynamic adsorption coefficient, cmVg
Xe dynamic adsorption coefficient, cmVg
AT dynamic adsorption coefficient, cmVg
Mass of charcoal, t

16.0
260.0
6.4
113.4

High purity (low conductivity subsystem)
Waste collection rate, mVaay
Reactor coolant activity (RCA) fraction
Collection, and processtime, days
DF for halogens; Cs and Rb; others
Fraction discharged

57.5
(15200 gpd)
0.23
5.98, 0.96
1000; 100; 1000
0.01

41

(125 tons)

Low purity (high conductivity subsystem) * '
Waste 'collection rate, m'/day
RCA fraction
Collection, and process time, days
IF for halogens; Cs and Rb; others
Fraction discharged

23.8
(6300 gpd)
0.0028
1.52, 0.67
10,000; 100,000; 100,000
0.1

Detergent Wastes
DF for radionuclides
Fraction discharged

1.0
1.0

4

4

41

* Excludes dissolved noble gases and tritium
** Includes chemical wastes
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Table 11.2

1 Nuclide

Calculated annual release of radioactive materials in gaseous effluents from single
ABWR unit

BuUdin£ Vents*

Mechanical Vacuum
Pump

Gland Seal

- fife
M

Ci/w

MBq/yr

I AMI

S.6ES

1.SE1

0.0

0.0**

I KR-83M

0.0

0.0

l.SES

I KR-85M

1.1E6

2.9E1

I KR-85

0.0

1 KR-87

Total

Ci/yr

MBq/yr

Ci/yr

MBq/yr

Ci/yr

1

0.0

0.0

3.7E4

1.0

3.9ES

1.6E1

I

4.0

0.0

0.0

0.0

0.0

l.SES

4.0

1

2.6E5

7.0

0.0

0.0

3.1E6

8.5E1

4.4E6

1.2E2

I

0.0

0.0

0.0

0.0

0.0

1.0E7

2.7E2

1.0E7

2.7E2

I

2.3E6

6.3F1

8.9ES

2.4E1

0.0

0.0

0.0

! 0.0

3.2E6

8.7E1

I

1 KR-88

3.SE6

9.5E1

8.9E5

2.4E1

0.0

0.0

2.2E5

6.0

4.8E6

1.3E2

1

I KR-89

2.3E7

6.1E2

4.8E6

1.3E2

0.0

0.0

0.0

0.0

2.7E7

7.4E2

1

I XE-131M

0.0

0.0

0.0

0.0

0.0

0.0

1.3E6

3.6E1

1.3E6

3.6E1

1

1 XE-133M

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

I

I XE-133

1.8E7

4.8E2

3.3ES

9.0

4.8E7

1.3E3

8.5E7

2.3E3

1.SE8

4.1E3

S

1 XE-135M

3.7E7

9.9E2

1.1E6

2.9E1

CO

0.0

0.0

0.0

3.7E7

1.0E3

I

I XE-135

2.7E7

7.4E2

9.6ES ,

2.6B1

1.9E7

S.0E2

0.0

0.0

4.8E7

1.3E3

1

I XE-137

4.8E7

1.3E3

5.6E6

1.SE2

0.0

0.0

0.0

0.0

5.2E7

1.4E3

1

1 XE-138
M31

3.7E7

1.0E3

3.5E6

9.5E1

0.0

0.0

0.0

0.0

4.1E7

1.1E3

I

S.9E3

' 1.6E-1

5.9E1

1.6E-3

3.3E3

8.8E-2

0.0

.0.0

9.3E3

2.5E-1 1

1 1-133

8.5E4

2.3

2.1E2

S.8E-3

3.6E4

9.7E-1

0.0

0.0

1.2ES

3.3

I

0.0

0.0

0.0

0.0

0.0

0.0

3.SE5

9.S

3.SES

9.S

I

H 3

2.2E6

S.9E1

0.0

0.0

0.0

0.0

0.0

0.0

2.2E6

S.9E1

I

I CR-51

1.0E2

2.7E-3

0.0

| 0.0

3.7E-2

1.0E-6

0.0

0.0

1.0E2

2.7E-3 1

1 MN-54
|
| CO-58

2.2E2

6.0E-3

0.0

0.0

0.0

0.0

0.0

0.0

2.2E2

6.0E-3 I

3.6E1

1.5E-3

0.0

0.0

0.0

0.0

0.0

0.0

S.6E1

1.5E-3 1

1 FE-S9

2.9E1

7.9E-4

0.0

0.0

0.0

0.0

0.0

0.0

2.9E1

7.9E-4 1

I CO-60

4.8E2

1.3E-2

0.0

0.0

2.1E-2

5.6E-7

0.0

0.0

4.8E2

1.3E-2 I

II ZN-65

4.1E2

1.1 E-2

0.0

0.0

1.3E-2

3.4E-7

0.0

0.0

4.1E2

1.1 E-2 1

I SR-89

2.3E2

6.1E-3

0.0

0.0

0.0

0.0

0.0

0.0

2.3E2

6.1E-3 1

I SR-90

1.1

3.0E-5

0.0

0.0

0.0

0.0

0.0

0.0

1.1

3.0E-5 I

1

1"
I"
C

14

. ^HFmmJMBq/yr

OffgM Syitem

1

M NB-95
0.0
l O j O ^ 0.0
3.7E2 Ll.OE-2 J
0.0
0.0
JtJELmn 1.0E-2 | 0.0
* Doesiiot include the HEPA mteredoffr tases resulting from ioicineration of certain types of c Iry solid wrotes. The
total release is expected to be 592 MBq/yr (0.016 Ci/yr) in particulate form.
** For noble gases and C-14, 0.0 means less than 37,000 MBq/yr (ICi/yr). For others, it means that the release is
a negligible fraction of the total release for the isotope.
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Table 11.2

Calculated annual releases of radioactive materials in gaseous effluents from single
ABWR unit (continued)
Mechanical
Vacuum Pump

Building Vents*

Gland Setl

MBq/yr

Ci/yr

MBq/yr

Ci/yr

MBq/yr

ZR-95

6.7E1

1.8E-3

0.0

0.0

MO-99

2.SE3

6.8E-2

0.0

RU-103

1.6E2

4.3E-3

AR-UOM

8.9E-2

SB-124

Offgai System

Total

Ci/yr

MBq/yr

Ci/yr

MBq/yr

Ci/yr

0.0

0.0

0.0

0.0

6.7E1

1.8E-3

0.0

0.0

0.0

0.0

0.0

2.5E3

6.8E-2

0.0

0.0

0.0

0.0

0.0

0.0

1.6E2

4.3E-3

2.4E-6

0.0

0.0

0.0

0.0

0.0

0.0

8.9E-2

2.4E-6

8.1

2.2E-4

0.0

0.0

0.0

0.0

0.0

0.0

8.1

2.2E-4

CS-134

2.7E2

7.3E-3

0.0

0.0

1.2E-1

3.2E-6

0.0

0.0

2.7E2

7.3E-3

CS-136

2.2E1

6.0E-4

0.0

0.0

7.0E-2

1.9E-6

0.0

0.0

2.2E1

6.0E-4

CS-137

4.1E2

1.1E-2

0.0

0.0

3.3E-1

8.9E-6

0.0

0.0

4.1E2

1.1E-2

BA-140

1.2E3

3.2E-2

0.0

4.1E-1

1.1E-5

0.0

0.0

1.2E3

3.2E-2

CE-141

4.1E2

• 1.1E-2

0.0

0.0

0.0

0.0

0.0

4.1E2

1.1E-2

1 Nuclide

0.0

1
|

* Does not include the HEPA filtered offgases resulting from incineration of certain types of dry solid wastes. The
total release is expected to be 592 MBq/yr (0.016 Ci/yr) in particulate form.

normal waste generation rate for the LCW system will be
about 58 m /day (15,200 gpd); GE estimates 55 m /day
(14,530 gpd). The capacity of the limiting processing
equipment is 720 m /day (190,080 gpd). The difference
between the expected normal waste generation rate and the
design process flow rate provides adequate reserve for
processing a surge in LCW generation rate.
3

3

3

The HCW subsystem will collect and process water of
relatively high conductivity, such as the wastes from the
floor drains (from drywell, reactor, radwaste, turbine, and
service buildings). The HCW subsystem will also collect
and process chemical wastes from chemical laboratories
and laboratory drains. The wastes will be collected in one
of two parallel HCW collector tanks, chemically adjusted
to a suitable pH for evaporation, and concentrated in one
of two parallel forced-circulation concentrators or
evaporators to reduce the volume of water and
decontaminate the distillate.
The distillate will be
demineralized by the HCW demineralizer and normally
will be routed to the LCW system upstream of the
polishing demineralizer. During normal processing, the
LCW polishing demineralizer will be bypassed and the
processed HCW will be directed to the LCW sample tanks.
The processed stream will then be routed to the condensate
storage tank for reuse. A small fraction of the processed
HCW may be discharged from one of the LCW sample

tanks should the plant's water balance dictate such a
discharge.
The staff estimates that approximately
10 percent of the processed HCW will be discharged. The
distillate from the HCW demineralizer also can be routed
to an HCW distillate tank to be reprocessed by the HCW
demineralizer, if required. The concentrated waste from
the evaporator will be routed to the concentrated waste
storage tank for further processing by the solid waste
system. The staff estimates that the normal waste
generation rate for the HCW system will be approximately
24 m /day (6300 gpd); GE estimates 15 m /day
(4000 gpd). The capacity of the limiting processing
equipment in this system is 142 m /day (37,440 gpd),
leaving adequate reserve for processing a surge in the
HCW generation rate.
3

3

3

The detergent waste subsystem will collect and process
detergent wastes from personnel showers and laundry
operations. Detergent wastes will be collected in the single
hot shower drain (HSD) receiver tank, processed through
one or two HSD filters, and routed to the HSD sample
tank before discharge. GE estimates that the normal
generation of detergent waste will be approximately
11 m /day (3000 gpd); the staffs estimate is 4 m /day
(1000 gpd). In a June 7, 1990, submittal, GE further
stated that, if storm drains are included,
the waste
3

H-5

3
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Table 11.3

Design capacities of principal components in the liquid and gaseous radwaste
treatment systems for ABWR single unit

Component

XSL

Capacity or Flow Rate

High purity (low conductivity) subsystem
Low conductivity collection tank
Waste high efficiency filter
Waste demineralizer (mixed bed)
Sample tank** '

2
2
2
2

430m'
15m'/h
30 m'/h, 36 m'/h
430 m'

(114,000 gal)
(66 gpm)
(130 gpm, 160 gpm)
(114,000 gal)

Low purity (high conductivity) subsystem
High conductivity collection tank
Waste evaporator
Distillate demineralizer
Sample tank **
Distillate tank

2
2
1
2
1

45 m'
3 m'/h
6 m'/h
430m'
16 m'

(12,000 gal)
(13 gpm)
(26 gpm)
(114,000 gal)
(4,200 gal)

Detergent Waste Subsystem
Hot shower drain receiver tank
Hot shower drain sample tank
Detergent filter

1
2
2

33 m'
210 m'
6m'/h

(8,700 gal)
(55,500 gal)
(26 gpm)

2413 kPa
232°C

(350psig)***
(450°F)t

Gaseous Systems*
Ambient temperature RECHAR system
Catalytic recombiner

Condenser

2413 kPa ***tube side
482°C
(900°F)t

Charcoal adsorber beds

2413 kPa ***
4.4°C to 121°C

(40°F to 250°F)f

113.4t

(125 tons)

Mass of activated charcoal

For each component (e.g., for each tank, filter, demineralizer or evaporator)
In accordance with RG 1.143
Shared by high and low conductivity subsystems. Acts as a surge tank for both systems when condensate storage
of the processed liquids is unavailable. In addition, serves as a sample tank for the high conductivity or low
conductivity subsystem from where discharge to the environment can occur.
***

Design pressure
Design temperature
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generation for this subsystem will be approximately
31 m /day (8300 gpd). The storm drain water will be
normally nonradioactive, but can become radioactive on
contact with radioactive liquids. The storm drain water
will be collected in one; of the two HSD sample tanks and
discharged after processing by the HSD filters, if needed.
The staff estimates that all of the detergent wastes and
storm drain water will be discharged. The capacity of the
limiting processing equipment in this system is 284 m /day
(75,000 gpd), which, together with the system's tanks will
ensure adequate margin to collect and process any surge in
the waste generation.

11.2.2 Conclusion

3

3

The liquid radwaste system has one discharge line to the
environs for liquid waste. Radiation-monitoring equipment
placed on this line will measure the activity discharged.
At any one time, this line can be fed only by one HSD
sample tank or one of the two LCW sample tanks. GE
stated that administrative controls will limit the total plant
release per year to 3,700 MBq (0.1 Ci), excluding tritium.
The staff estimates a total annual release of about
7,400 MBq (0.2 Ci) for the liquid wastes, primarily as a
result of 3330 MBq (0.09 Ci) of untreated detergent wastes
and 3,700 MBq (0.1 Ci) because of adjustment for
anticipated operational occurrences such as operator error,
and 2.2 x 10 MBq (59 Ci) for tritium. Administrative
controls for meeting GE's commitment to limit the liquid
wastes to 3700 MBq/yr (0.1 Ci/yr) are not within the
scope of the ABWR design, but will be the responsibility
of the COL applicant. Therefore, this was identified as
DFSER COL Action Item 11.2.1-2. By amended SSAR
Chapter 11, GE identified COL License Information Section 11.2.5.1, Item 3 which states that the COL applicant
will provide the specific administrative controls and liquid
effluent source terms. This approach by GE is acceptable.
GE has also included this action item in the final certified
SSAR.
6

The tanks containing spent resin,filter/demineralizer,and
filter sludges are part of the liquid radwaste management
system.
Separation of filter sludges and
filter/demineralizer sludges from process and transfer
water will take place in phase separator decant tanks. The
liquid from the separator tanks will be routed to the LCW
collector tanks. The spent resins from the condensate
polishing system (i.e., part of the condensate/feedwater
system) LCW and HCW demineralizers will be collected
in a spent resin tank. The sludges from the separator tank,
remaining after decant, and the spent resins from the spent
resin tank will be treated either by a thin film dryer or by
vendorsupplied mobile dewatering systems. The water will
be routed to the LCW collector tank and the dewatered
slurry will be loaded in high-integrity containers (HICs)
for eventual shipment.

In evaluating of the liquid radioactive waste management
system, the staff considered (1) the capability of the system
to maintain releases below the limits in 10 CFR Part 20
during periods of fission-product leakage at design levels
from the fuel, (2) the capability of the system to meet the
processing demands of the station during anticipated
operational occurrences, (3) the quality group and seismic
design classification applied to the equipment, components,
and structures housing the system, and (4) the design
features that are incorporated to control the release of
radioactive materials in accordance with GDC 60. The
staff reviewed all applicable information provided in the
amended SSAR Chapter 11 and GE's submittals dated
June 7 and 29, and November 5, 1990, and August 2,
1991, in response to the staffs request for additional
information.
The staff concludes that the liquid radwaste system
includes the equipment necessary to control the releases of
radioactive materials in liquid effluents in accordance with
GDC 60 and radwaste system aspects of GDC 61 and that
the design of the liquid waste management system is
acceptable and meets the requirements of 10 CFR 20.1302
and GDC 60 and the applicable portion of GDC 61 for
control of releases of radioactive material to the
environment.
The staff further concludes that there is reasonable
assurance that the COL applicant will be able to meet the
Appendix I to 10 CFR Part 50 dose guidelines for
radioactive materials released through liquid effluents with
regard to the minimum discharge canal flow rate of
340 m /hr (1500 gpm) and the additional dilution credit of
at least a factor of 10 between the point of release and the
region in the unrestricted area where the water is used.
The staff considers demonstrating compliance with 10 CFR
Part 50, Appendix I, is the COL applicant's responsibility.
So the staff will evaluate this compliance individually for
each COL application. This was identified as DFSER
COL Action Item 11.2.2-1.
By amended SSAR
Chapter 11, GE identified COL License Information
(Section 11.2-5.1, Items 1 and 4) which requires the COL
applicant to demonstrate the above compliance. This
approach by GE is acceptable. GE has also included this
action item in the final certified SSAR.
3

The staff 8 conclusions are based on the following
findings:
(1)
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On the basis of ABWR parameters that govern
reactor coolant system concentrations of
radionuclides and design of the liquid radwaste
treatment systems, as stated in Section 11.2.1 of
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this report, the staff estimates that the total of
radioactive wastes discharged via the liquid effluent
during normal plant operation including anticipated
operational occurrences will be no more than
7,400 MBq/yr (0.2 Ci/yr) (excluding tritium) and
2.2 x 10 MBq/yr (59 Ci/yr) for tritium. This
finding, in conjunction with SSAR Section 11.2.3.2
assumed minimum dilution flow rate of 340 m /hr
(1500 gpm) and at least an additional credit of a
factor of 10 (as stated in SSAR Section 11.2.3.2)
between the point of discharge and the region in the
unrestricted area where water is used, provides
reasonable assurance that the ABWR liquid waste
management system will meet the applicable
10 CFR Part 50, Appendix I dose guidelines for
liquid effluents.

of the proposed liquid radwaste treatment system to
meet the demands of the plant resulting
from anticipated operational occurrences and has
concluded that the system's capacity and design
flexibility are adequate to meet the anticipated needs
of the plant as discussed in Section 11.2.1 of this
report. The staff also reviewed GE's quality group
classifications which are used for the system
components and the seismic design applied to
structures housing these systems. In the DFSER,
the staff stated that quality assurance (QA)
(Operation) provisions of the liquid radwaste
systems will be reviewed individually for each COL
application and identified this as DFSER COL
Action Item 11.2.2-3. By amended SSAR Chapter
11, GE included COL License Information Section 11.2.5.1, Item 6 which states the COL
applicant will provide QA (Operations) provisions
of the liquid radwaste systems. This approach by
GE is acceptable. GE has also included this action
item in the final certified SSAR.

6

3

(2)

GE's ABWR design has met the requirements of
10 CFR Part 20 that will have the minimum
discharge flow rate of 340 m /hr (1500 gpm) and
for which liquid waste can only be discharged from
either the HSD sample tank or the LCW sample
tank. The staff has considered the potential consequences resulting from reactor operation and has
determined that the concentrations of radioactive
materials in liquid effluent averaged over a year, as
permitted by 10 CFR 20.1302 for the above case,
will be well below the limits in 10 CFR Part 20,
Appendix B, Table 2, Column 2. Instantaneous
discharge concentrations of the radionuclides in
liquid effluents to an unrestricted area will also be
within these limits because GE has stated in a
submittal dated November 5, 1990, that the
discharge rate via the single discharge line will be
administratively controlled to conform to these
limits. The staff will review the administrative
controls to limit the instantaneous discharge concentrations of the radionuclides in liquid effluents to
an unrestricted area to comply with the limits in
10 CFR Part 20, Appendix B, Table 2, Column 2,
as explained in Section 11.2.1 of this report, on a
plant-specific basis for the COL applicants. Therefore, this was identified as DFSER COL Action
Item 11.2.2-2. By amended SSAR Chapter 11, GE
included COL License Information Section 11.2.5.1, Item 5 which states the COL
applicant will provide administrative controls to
ensure the limits mentioned above. This approach
by GE is acceptable. GE has also included this
action item in the final certified SSAR.
3

(3)

GE's ABWR design has met the requirements of
GDC 60 and 61 with respect to system design for
controlling releases of radioactive materials to the
environment. The staff considered the capabilities
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The design of the systems and structures housing
these systems meets the applicable criteria given in
RG 1.143, Revision 1. Specifically, the base mat
and outside walls of the housing structures are
seismic Category I to a height necessary to retain
spilled liquids within the building. In the draft
safety evaluation report (DSER) (SECY-91-235),
the staff stated that the provisions incorporated in
the ABWR design to control the release of radioactive materials in liquids resulting from inadvertent
tank overflow were consistent with the criteria
given in RG 1.143 except for the lack of a local
alarm capability for the condensate storage tank
(CST). This was identified as Open Item 70 in the
DSER (SECY-91-235). GE responded in Amendment 20 to SSAR Section 9.2.9.2, Item (9), by
stating: "Instrumentation shall be provided to
indicate CST water level in the main control room.
High water level will be alarmed both locally and
in the main control room." This satisfies the staff
concern regarding RG 1.143 requirements for a
local high level alarm for CST which will be
located in the radwaste building control room as
stated in SSAR Section 11.2.1.2.1. Therefore,
Open Item 70 is resolved.
IE Bulletin 80-05 identified an issue: cooling hot water in
a low pressure tank could create a low vacuum condition
and buckle the tank, releasing radioactive material or
having other detrimental effects. In a fax dated May 21,
1992, GE stated that several low-pressure tanks that could
contain primary system water have vents to prevent the
development of a low vacuum condition. In the DFSER,
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the staff stated that the above information resolved the tank
failure concern in IE Bulletin 80-05, subject to
documentation of the information in the SSAR. Therefore,
the staff identified the resolution of the issue as DFSER
Confirmatory Item 11.2.2-1. By amended SSAR Section 11.2.4, OE included the above information by stating
that the only tanks in the LWMs that can contain reactor
water, diluted by other wastes are the LCW and HCW
collector tanks and that these tanks are vented to preclude
their vacuum collapse. This is acceptable to the staff, and
therefore, this item is resolved.

hydrogen concentration to less than 1 percent by volume
by the recombiner(s). The recombiner effluent will subsequently be cooled to between 57 °C (135 °F) and 68 °C
(154 °F) by the offgas condenser. The offgas condenser
will also include baffles to reduce moisture entrainment.
The offgas stream will be further cooled to 18 °C (65 °F)
by the cooler condenser. The pressure boundary of the
system will be detonation resistant, with a design pressure
of 2413 kPa (350psig).
Redundant, nonigniting,
detonation-resistant hydrogen analyzers will monitor
hydrogen concentration downstream of the recombiners
and alarm both locally and in the control room when
appropriate.

The staff concludes that the liquid waste management
system for the ABWR meets the acceptance criteria of SRP
Section 11.2 and is, therefore, acceptable.

11.3

Fission and activation gases will be held for decay in the
charcoal absorber system downstream from the offgas
condensers. Before entering the delay beds, these gases
decay for 2.5 minutes during their transit from the main
condenser to the delay beds. The charcoal absorber beds
consist of one guard bed absorber followed by four parallel
trains of two absorber beds in series. The total mass of
charcoal will be 114,000 kg (250,000 lb). The offgas
system is also designed to prevent, monitor, and suppress
the potential ignition and combustion propagation of
charcoal in the charcoal absorber tanks, with the necessary
temperature elements in the charcoal tanks and connections
for nitrogen purge and blanketing.

Gaseous Waste Management System

11.3.1 System Description and Review Discussion
The gaseous radioactive waste processing and plant
ventilation systems are designed to collect, store, process,
monitor, and discharge potentially radioactive gaseous
wastes that will be generated during normal operation of
the plant, including anticipated operational occurrences.
The systems will consist of equipment and instrumentation
necessary to reduce release of radioactive gases and
particulates to the environment.

Before discharge, the offgas system effluent stream will be
passed through an HEPA filter assembly to remove
particulates. The holdup times in the ambient offgas
treatment system charcoal beds at 38 °C (100 °F) with a
dew point of 18 °C (65 °F) were calculated according to
the methodology of NUREO-0016, Revision 1, and OE
proprietary report NEDO-10751. The staff estimates these
times to be approximately 30 days for xenon, 44 hours for
krypton, and 18 hours for argon; GE estimates 42 days for
xenon and 46 hours for krypton. These beds will also
absorb iodines from the treatment system effluent. The
offgas system is designed to withstand a hydrogen
explosion.

The principal sources of gaseous wastes in the plant will be
the effluents from the offgas system, condenser mechanical
vacuum pump, turbine gland seal system (TGSS), and
ventilation exhausts from the radwaste building, containment purge, reactor building, and turbine building. All
these effluents will be routed into the plant stack either
directly or indirectly (TOSS and mechanical vacuum pump)
and monitored continuously.
The major source of gaseous radwaste during normal plant
operation before treatment will be the offgases from the
main condenser air ejector. These will principally contain
hydrogen and oxygen from the radiolytic decomposition of
water, air from condenser in-leakage, fission and activation
gases, and water vapor. To treat this effluent, the ABWR
design uses an offgas processing system consisting of
redundant catalytic hydrogen-oxygen recombiners, charcoal
absorber delay beds, and a HEPA filter operating at
ambient conditions.
The offgases will be diluted with sufficient steam in the
last stage of the air ejector to reduce the hydrogen
concentration to less than 4 percent by volume upstream of
the recombiner. The offgases will be preheated in the first
stage of the recombiners to approximately 177 °C(350 °F)
to remove moisture before recombination and reduced in

The ventilation exhausts from all plant areas such as the
reactor building (RB) (which includes the primary
containment when it is vented or purged, the fuel handling
area, the area housing the emergency core cooling system
equipment, other areas such as the standby gas treatment
system (SGTS) rooms, the fuel pool cooling system
equipment rooms, and areas housing nonessential equipment), the service building controlled area, the radwaste
building, and the turbine building, will be directed to the
plant vent and monitored continuously before being
released to the environs. The RB areas mentioned above
will be serviced either directly or indirectly (for the primary containment purging or venting) by the secondary
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containment ventilation system during normal plant
operation. However, ventilation exhausts from RB areas
serviced by the RB safety-related electrical equipment
heating, ventilation, and air conditioning (HVAC) system
and the RB safety-related diesel generator HVAC system,
the turbine island serviced by the electrical building
ventilation system, and the control building areas serviced
by the control building safety-related equipment area
HVAC system will be discharged directly to the environs
unmonitored. The lack of monitoring for the exhaust from
these areas is evaluated in Section 11.5 of this report
which concludes that this is acceptable. Although SSAR
Section 9.4.8.1.2 states that the service building controlled
area ventilation exhaust will be monitored before its
release, SSAR Table H.S.I does not indicate any explicit
monitoring provision for the subject exhaust. Therefore,
the staff concluded in Open Item 71 in the DSER
(5ECY-91-235) that this discharge will not be monitored.
In its response of December 19, 1991, to the issues raised
in the DSER, GE stated: "The service building ventilation
exhaust is sent to the plant release point where the offgases
are monitored and sampled during release." By amended
SSAR Section 11.5.2.2.4, GE further clarified the issue by
stating that the exhaust from the service building controlled
area will be discharged to the environs via the monitored
plant vent. Therefore, the issue of service building ventilation exhaust monitoring is resolved. Open Item 71 in the
DSER (SECY-91-235), is resolved.
On the basis of SSAR Section 9.4 and GE*s responses
dated May 23 and August 27, 1990, the staff stated in
Open Item 72 in the DSER (SECY 91-235) that neither the
mechanical vacuum pump exhaust nor the normal
ventilation exhaust system of any building includes either
charcoal adsorbers or HEPA filters to remove elemental
and organic forms of iodine and particulates from the
applicable effluent stream. In calculating the gaseous
effluents, the staff, therefore, assumed that all the exhausts
will be discharged to the environs untreated. In its
response of December 19, 1991, GE confirmed the staffs
assumption. The staffs assumption does not invalidate its
conclusion that the gaseous waste management system
discussed in Section 11.3.2 of this report is acceptable.
Therefore, the issue of lack of charcoal absorbers and
HEPA filters is resolved and Open Item 72 in the DSER
(SECY-91-235) is resolved.
The calculated release values for iodines and particulate in
Table 11.2 of this report reflect the above assumption.
SSAR Sections 6.5.1, 9.4.5.1.3, and 9.4.5.1.5 state that,
if high radiation is detected in the secondary containment
exhaust or in the refueling floor atmosphere, the secondary
containment normal ventilation system will be secured and
the exhaust discharged through the safety-related SGTS,
which consists of charcoal adsorbers and HEPA Miters.
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The SGTS exhaust also will go through the monitored
plant vent.
The plant stack and the major streams feeding the plant
stack (offgas system and building ventilation systems) will
be monitored to facilitate appropriate corrective action in
a timely manner to prevent offsite release exceeding
applicable limits. Additionally, the offgas treatment
system includes an automatic control feature to terminate
the post-treatment release if it exceeds a preset radiation
level in the effluent. However, as part of Open Item 73 in
the DSER, the staff questioned whether the monitors for
the secondary containment exhaust will be sufficiently
sensitive to detect a high-radiation level in the primary
containment purge exhaust as specified by Branch
Technical Position CSB 6-4, "Containment Purging Dr ring
Normal Plant Operations." In SSAR Section 11.5.2.1.2,
GE confirmed the sensitivity of these monitors to detect a
high-radiation level in the primary containment purge
exhaust. This part of Open Item 73 in the DSER
(SECY-91-235) is resolved.
As the second part of Open Item 73 in the DSER (SECY91-235), the staff noted that while SSAR
Section 9.4.4.2.1.1 states that the turbine building ventilation exhaust will be monitored before its discharge to the
monitored plant vent, SSAR Table 11.5-2 did not indicate
any such process monitoring provision for that exhaust.
GE amended SSAR Tables 11.5-1 and 11.5-2 to indicate
that the turbine building ventilation exhaust will be
monitored. This part of Open Item 73 is resolved. Both
parts of Open Item 73, in DSER (SECY-91-235) are,
therefore, resolved.
As stated above, all airborne radioactivity releases except
offgases from the incinerator will be through the monitored
plant vent. The plant vent is located on the reactor
building at 76 m (249 ft) above grade and is the tallest
point on the site. Incinerator offgases will also be
monitored prior to their release to the atmosphere, through
incinerator exhaust stack.
11.3.2 Conclusion
In evaluating the gaseous radwaste management system,
the staff used the SRP criteria pertaining to (1) the
capability of the system to maintain releases below the
limits in 10 CFR Part 20 during periods of fission-product
leakage at design levels from the fuel, (2) the capability of
the system to meet the processing demands of the station
during anticipated operational occurrences, (3) the quality
group and seismic design classification applied to the
equipment and to components and structures housing the
system, (4) the design features that are incorporated to
control the releases of radioactive materials in accordance
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with GDC 60, and (5) the potential for gaseous releases
resulting from hydrogen explosions in the gaseous radwaste
system. The staff also reviewed the capability of the
offgas system to limit the whole-body dose to less than
10 percent of the 10 CFR Part 100 limits for an individual
exposure of 2 hours at the nearest exclusion area boundary
(EAB) as a result of radioactive releases from a postulated
offgas system leak or failure as assumed in BTP
ETSB 11-5, Revision 0, July 1981. The staff reviewed all
the applicable information provided in the amended SSAR
as well as GE's submittals dated May 23, June 29,
August 22, September 14, and October 26, 1990, December 19, 19/91, and June 23, 1993.

less than 9.8 x 10" sec/m will meet the above dose
guidelines (.05 mSv (5 mrem) per year to the total body).
6

3

Using the assumptions given in BTP ETSB 11-5 for
analyzing a postulated leak or failure of a waste gas system
and the EAB 0-2 hour x/Q of 1.37 x 10' sec/m (used in
Chapter 15 of this report), the staff has determined that the
wholebody dose at the EAB is less than 10 percent of the
10 CFR Part 100 limit. "Therefore, the staff concludes that
for all sites that have equal to or less than the above x/Q
at the EAB, the offgas system design will meet the above
dose criterion and will be acceptable. This will be verified
for each COL applicant.
3

3

The staff concludes that the gaseous radioactive waste
management system design for the ABWR meets the
applicable requirements of 10 CFR 20.1302 and GDC 3,
60, and 61 with, regard to radioactivity in gaseous effluents
released to unrestricted areas, fire protection, control of
releases of radioactive materials, and radioactivity control
in the gaseous waste management system and ventilation
system associated with fuel storage and handling areas.

These conclusions referred to above are based on the
following findings:
(1)

The ABWR design meets the requirements of
GDC 60 and 61 by ensuring that the gaseous waste
management system includes the equipment and
instruments necessary to detect and control the
release of radioactive materials in gaseous effluents.

The staff expects that the COL applicant will provide an
operational demonstration that the system design complies
with Appendix I to 10 CFR Part 50 numerical guidelines
for offsite radiation doses as a result of gaseous or
airborne radioactive effluents during normal plant
operation, including anticipated operational occurrences.
Therefore, this was identified as DFSER COL Action
Item 11.3.2-1. By amended SSAR Chapter 11, GE
included COL License Information in Section 11.3.11.1,
which states that the COL applicant will demonstrate this
above compliance. This approach by GE is acceptable.
GE has also included this action item in the final certified
SSAR.

(2)

On the basis of expected radwaste inputs over the
life of the plant, the staff has determined the
releases of radioactive materials (noble gases,
iodines, particulate, tritium and carbon-14) in
gaseous effluents resulting from normal operation,
including anticipated operational occurrences. The
staff used the calculated releases for noble gases
(Table 11.2 of this report) to determine the
bounding value for x/Q *nd assumed a 4-minute
decay of the noble gas radionuclides during transit
from the release point to the unrestricted area. The
staff used the dose models and values for
parameters given in RG 1.109 (Rev. 1) to evaluate
compliance with Appendix I to 10 CFR Part 50.
To calculate the external dose of noble gas
radionuclides, the staff assumed a semi-infinite
cloud model for the gaseous effluents. For the
bounding x/Q
e quoted above, the staff
calculated a total body dose (the limiting external
dose) of 0.05 mSv/yr (5 mrem/yr), which meets the
applicable Appendix I dose guideline.

Nonetheless, the staff has evaluated the ABWR design to
determine if there is reasonable assurance that the COL
applicant will be able to meet the Appendix I dose
guidelines for design objectives. The ingestion, inhalation,
and external irradiation of ground contamination pathway
doses to applicable organs resulting from release of
radioactive iodines, radioactive material in particulate
form, and tritium and carbon-14 via airborne effluents
depend on a number of site-dependent parameters. The
population exposures (person-rem) and associated
cost-benefit analysis are also site dependent. Therefore,
the staff considered only if the standard design for the
gaseous waste management system complies with
Appendix I guidelines for external doses to any individual
in an unrestricted area as a result of noble gas
radionuclides in gaseous effluents. The staff concludes
that there is reasonable assurance that ABWRs at sites that
have an atmospheric dispersion factor (x/Q) equal to or

v a w

(3)
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The ABWR design meets the requirements of
10 CFR Part 20 because the staff has considered
the potential consequences resulting from reactor
operation with a postulated fission product release
rate consistent with an offgas noble gas release rate
of 3.7 x 10 Bq/MWt-sec (100 jtCi/MWt-sec) at
30 minutes decay fori a BWR and estimated that,
under these conditions, the concentration of
radionuclides in gaseous effluents in unrestricted
areas with a value of x/Q that is equal to or less
6
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than 9.8 x 10* sec/m will be below the
concentration values in 10 CFR Part 20, Appendix B, Table 2, Column 1. For KR-89 and
XE-137, whose specific concentration values are
not explicitly given in this table, the staff used
relevant concentration values based on ratios of
whole-body dose factors of noblegas radionuclides
given in RO 1.109 (Rev. 1).
3

clothing, gloves, shoe coverings) arising from the
operation and maintenance of the plant. The solid
radwaste management system is located in the radwaste
building.

(4)

The staff has considered the capability of the
proposed gaseous waste management system to
meet the anticipated demands of the plant resulting
from anticipated operational occurrences and
concludes that the system capacity and flexibility of
design are adequate to meet the anticipated needs of
the plant. (See item 3 above.)

(5)

The staff reviewed the seismic design criteria
including the quality group classifications used for
the gaseous waste management system components
and the structures housing the radwaste system and
concludes that the design of the system and the
structures meets the applicable criteria specified in
RG 1.143.

(6)

The staff reviewed the provisions incorporated in
the ABWR design to control releases resulting from
hydrogen explosions in the gaseous waste
management system (SSAR Section 11.3, GB
submittal dated June 29, 1990).
The staff
concludes that the features built into the design are
adequate to prevent the occurrence of an explosion
or adequate to withstand the effects of an explosion
in accordance with ODC 3. (See Section 11.3.1 of
this report regarding hydrogen recombiners and
hydrogen analyzers.)

The ABWR solid waste system is designed to process two
general types of solid wastes: wet solid wastes, which will
be solidified or dewatered before being shipped off site,
and dry solid wastes, which will be either incinerated or
compacted and/or packaged before being shipped.
Combustible dry wastes (e.g., rags, uniforms, paper) will
be burned in an incinerator and discharged to an ash
storage drum. The offgas from the incinerator will be
passed through two ceramic filters in series and a HEPA
Alter before being released into the atmosphere through a
monitored vent. On the basis of GE's submittal dated
June 29, 1990, the staff estimates this release to be
592 MBq/yr (0.016 Ci/yr) and to be in particulate form.
Incinerated ash will be discharged to an ash storage drum
by ash discharge equipment located on the bottom of the
incinerator. The description of the incinerator to be used,
source of incinerator heat, storage facility for the heat
source, and specific fire protection features to prevent any
undue fire hazard resulting from incineration, were
identified as DFSER COL Action Item 11.4.1-1. By
amended SSAR Section 11.4.3.1 and June 2, 1993
submittal, GE included COL License Information
(Section 11.4.3-1, Item 1) which states the COL applicant
will provide the above information. The staff finds that
OS's identification of the COL License Information
pertaining to the incinerator, and testing of the major
components of the incinerator and description of the
incinerator operation in the SSAR (Section 11.4.2.2.6, and
Figure 11.2-2, Sheet 26) are acceptable. OE has also
included this action item in the final certified SSAR.

The staff concludes that the gaseous waste management
system for the ABWR meets the acceptance criteria of SRP
Section 11.3 and is, therefore, acceptable.

Noncombustible dry solid wastes will be compacted and
placed in dry active waste drums for shipment.

11.4

Solid Waste Management System

11.4.1 System Description and Review Discussion
The solid radioactive waste management system will
consist of the equipment and instrumentation necessary to
collect, solidify, incinerate, package, and store radioactive
wastes resulting from the operation of the reactor water
cleanup system, the fuel pool cooling and cleanup system,
the suppression pool cleanup system, the condensate
polishing system, the liquid radwaste system, the building
ventilation systems, the SOTS, the offgas system, and
miscellaneous solid wastes (e.g., paper, rags, contaminated
1
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There will be two forms of wet wastes: (1) slurries of
spent resins and sludges from filters and filter
femineralizer backwashes and (2) concentrated wastes
from the HCW concentrators of the liquid radwaste treatment system. As stated in Section 11.2.1 of this report,
the spent resins and the sludges will be dewatered and the
resulting slurry will be loaded in HICs for eventual
shipment.
The concentrated waste from the HCW concentrators will
be routed through a thin-film dryer for dewatering. The
water from this operation will be routed back to the HCW
collector tanks. Air will be exhausted through the
radwaste building HVAC exhaust.
The dewatered,
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powdered waste will be palletized, and the pellets will be
mixed with cement glass in drums for eventual offsite
shipment or an approved solidification process will be
used. Air from the pelletizing and solidification process
will be routed to the radwaste building HVAC exhaust via
a particle filter and a HEP A filter.
SSAR Interface Requirement 11.4.3.1 stated the first COL
applicant will provide detailed information to demonstrate
that the wet waste solidification process using cement glass
as the solidification agent will result in a product that
complies with 10 CFR 61.56. In Open Item 74 in the
DSER (SECY-91-235), the staff stated that the interface
item should be modified to require all COL applicants to
provide this information. After re-reviewing all interface
items, GE committed to revise the SSAR to reclassify the
need to demonstrate compliance of wet waste solidification
product with 10 CFR 61.56, as a COL Action Item. In
the DFSER, the staff found the QE commitment acceptable
and, therefore, identified demonstration of the above
compliance as DFSER COL Action Item 11.4.1-2. By
amended SSAR Section 11.4.3.1, GE included COL
License Information 11.4.3.1, Item (2) which states the
COL applicant will provide detailed information to
demonstrate that the wet waste solidification process will
result in a product that complies with 10 CFR 61.56. This
is acceptable. GE has also included this action icem in the
final certified SSAR.
On the basis of the Electric Power Research Institute
report EPRI-NP-5528, Volume 1 and NUREG/CR-2907
(annual reports for 1986 and 1987, Volumes 7 and 8, only
BWRs were considered), the staff estimates the processed
wet wastes requiring shipment to be about 370 m /yr
(13,000 frVyr) containing approximately 4.4 x 10 MBq
(1,200 Ci). The spent resin and filter and filter/demineralizer sludge slurries will be stored in HICs before
shipment. The solidified concentrates will be stored in
0.21 m (55-gal) drums before shipment. On the basis of
NUREG/CR-2907 and GE's submittal dated June 29,
1990, the staff estimates that the processed dry wastes
requiring shipment will be about 340 m /yr (12,000 frVyr)
containing approximately 4.4 x 10* MBq (12 Ci).
However, with incineration of combustible dry wastes, the
shipment volume will be less than 340 m /yr
(12,000 ft /yr). The processed dry wastes will be stored
in boxes or in 0.21 m (55-gal) drums.
3

7

BTP ETSB 11-3. This was identified as DFSER COL
Action Item 11.4.1-3.
By amended SSAR Section
11.4.3.1, GE included COL License Information in
Section 11.4.3.1, Item 3 which states the COL applicant
will provide a PCP for solidifying the evaporator concentrates using an approved solidification agent and the
dewatering process for the spent resins and filter sludges.
This is acceptable. GE has also included this action item
in the final certified SSAR.
11.4.2 Conclusion
In evaluating the solid radioactive waste management
system, the staff considered (1) system design objectives in
terms of expected types, volumes, and activities of wastes
processed for offsite shipment; (2) provisions for onsite
storage of processed solid wastes before shipment;
(3) procedures for disposal of incinerated waste; (4) system
design to meet acceptance criteria of SRP Section 11.4;
and (5) piping and instrumentation diagrams for the
system.
On the basis of its review of amended SSAR Section 11.4
and GE's submittals dated June 7, June 29, October 26,
and November 5, 1990, August 2, 1991, May 18, 1992,
and June 2, 1993, the staff concludes that the solid waste
management system design meets the requirements of
10 CFR 20.302(a), and GDC 60,63, and 64. The design
also complies with 10 CFR 61.56 and 10 CFR Part 71.
The dewatered resin and filter sludge wastes will be
Type B per 10 CFR 61.55 classification. As noted above,
they will not be processed to a stable form. They will be
stored in HICs to comply with 10 CFR 61.56 and 10 CFR
Part 71 requirements. The conclusion on solid waste
management system is based on the following findings:
(1)

3

3

3

3

3

Because the establishment and implementation of a process
control program (PC?) for solidifying the evaporator
concentrates, using an approved solidification agent, and
the dewatering process for the spent resins and filter
sludges are dependent on the as-procured equipment for the
ABWR standard design, the staff will review the PCP and
the dewatering process for each COL applicant against
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The design includes equipment and instrumentation
for processing, packaging, and storing of
radioactive solid wastes before shipment off site.
Dedicated radwaste storage areas in the radwaste
building can accommodate 221 0.21 m (55-gal)
drums and 13 boxes with storage capacity of
approximately 62 m (2200 ft ) of processed wet
waste (solidified concentrate) and dry solid wastes.
However, before issuing the DSER (SECY-91-235),
GE did not specify the capacity and maximum
number of HICs that can be stored. Further, the
staff was concerned that the dedicated radwaste
storage areas mentioned above may not be able to
accommodate the HICs before shipment.
Therefore, the staff identified this concern as Open
Item 75 in the DSER (SECY-91-235). By amended
SSAR Chapter 11, GE responded to the above
concern in SSAR Section 11.4.2.3.6. From its
review, the staff finds that normally the HICs will
3

3

3
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be shipped promptly after being filled, in the event
of a snipping delay they will be stored with shielding in the truck area. SSAR Section 11.4.2.3.6
states that the truck area can accommodate 5 HICs
containing approximately 24 m (840 ft ) of
processed (i.e., dewatered) resins and sludges and
the shielding for the HICs. On the basis of the
available storage space for processed wet and dry
solid wastes given above and the estimates of
annual shipment volumes for these wastes given in
Section 11.4.1 of this report, the staff concludes
that the available storage space is sufficient to
accommodate one full offsite waste shipment of dry
wastes and 30 days of wet waste at normal
generation rate in accordance with BTP ETSB11-3,
Positions B.IH.2 and 3. Therefore, Open Item 75
is resolved. The capacities of tanks accumulating
spent resins and filter sludges also meet BTP Position B.II.l.
3

3

Besides the OB submittals and SSAR revisions
discussed above, in a teleconference on May 20,
1992, OB stated that onsite storage of low-level
waste beyond that discussed above would be
addressed by the COL applicant. Therefore, the
staff identified the OB position as DFSER COL
Action Item 11.4.2-1. By amended SSAR Section
11.4.3.1, OB included COL License Information in
Section 11.4.3.1, Item 4 which states that the COL
applicant will provide a discussion of onsite storage
of low-level waste beyond that discussed in the
SSAR, This is acceptable. The staff will review
the COL applicant's discussion against the guidance
provided in Generic Letter 81-38, "Storage of LowLevel Radioactive Wastes at Power Reactor Sites."
(This guidance is similar to the one provided in
Appendix 11.4-A to SRP Section 11.4.) OB has
also included this action item in the final certified
SSAR.
(2)

1

concludes that the subject concentrations will be
below the applicable regulatory limit.
By
identifying the type, the expected quantity, the curie
content, and the manner of disposal of the
combustible wastes that will be incinerated, OB
complies with 10 CFR 20.302 with regard to
disposal of incinerator offgases that lies within the
ABWR scope.

The system will have the capability to process the
types and volumes of wastes expected during
normal plant operation, including anticipated
operational occurrences, in accordance with
ODC 60. Provisions for handling wastes meet the
requirements of 10 CFR Parts 20. Specifically, the
staff has determined that the offgases (resulting
from incineration of combustible wastes) that will
be exhausted through ceramic filters and a HEPA
filter to a monitored vent will have minimal effect
on compliance with 10 CFR 20.1302 relating to
concentrations of radionuclides in gaseous or
airborne effluents in unrestricted areas for sites with
a x/Q equal to or less than 9.8 x 10"* sec/m . As
stated in Section 11.3.2(3) of this report, the staff

(3)

The system for monitoring radiation levels and
leakage complies with ODC 63 and 64. Radiation
monitors at the end of a drum conveyor will
monitor the radiation resulting from mixture in the
drums and surface contamination of the drums.
Devices such as position switches, weight elements,
and level sensors will be u&sd to prevent spillage
while filling, pouring (solidification of evaporator
concentrates), and overfilling the drums. Additionally, safety interlocks provided for the solidification
process system will ensure that solidification will be
performed only under certain conditions (identified
in SSAR Section 11.4.2.2.5). In addition, the
effluents resulting from the system inputs to the
liquid radwaste and gaseous radwaste management
systems are monitored by the respective monitors
for these systems (together with other effluents
from these systems).

(4)

SSAR Sections 11.4.1.2 and 11.4.2.1 and OE's
submittals dated June 7 and 29, 1990, and June 2,
1993, state that the quality group classification,
seismic design, and o&er design features (such as
heat tracing concentrate piping and tanks, and
flushing connections for all components and piping
that contain slurries) meet the guidelines of
RO 1.143 and BTP BTSB 11-3, Position B.V.

(5)

The staff finds that the proposed dewatering method
for spent resin and filter sludges, namely, treatment
by a thin-film dryer or by a vendor-supplied mobile
dewatering system, is acceptable. However, as
stated in Section 11.4.1 of this report, the staff will
review the details demonstrating compliance of the
dewatering process and solidification process with
applicable positions of BTP ETSB 11-3 and 10 CFR
61.56, on a plant-specific basis for each COL
application.

(6)

Since radioactive material packaging is within the
scope of the COL applicant, OE has included COL
License Information in SSAR Section 11.4.3.1,
Item (5) which states that the COL applicant will
demonstrate the compliance of all radioactive waste
shipping packages with 10 CFR Part 71
requirements for packaging such wastes. The staff

3
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finds this acceptable and will review compliance
with 10 CFR Part 71 on a plant-specific basis for
each COL application.
(7)

As part of Open Item 76 in the DSBR
(SECY-91-235), the staff stated that OE should
identify the specific fire protection features
available in the applicable area to prevent any
undue fire hazard resulting from incineration. By
amended °SAR Section 11.4.3.1, OE provided
COL License Information in SSAR Section 11.4.3.1, Item 1 which addresses the issue
raised in this part of Open Item 76. As discussed
in Section 11.4.1 of this report, the staff finds this
COL License Information acceptable. Therefore,
part of Open Item 76 is resolved.

(8)

In the DSER (SECY-91-235), the staff stated that
SSAR Section 11.4.2.3.5
(last paragraph),
Table 11.4-2, and the response to Question 430.171
were inconsistent and confusing. For example, the
section suited that Table 11.4-2 represents the
shipped volume of solid wastes and that
Table 11.4-3 gives the corresponding curie content;
however, the two tables could not be correlated
since Table 11.4-2 gave the shipped volume only
for the solidified concentrates (not the total volume
of all solid wastes) and Table 11.4-3 gave curie
content for the s£ent resin and filter sludges.
Therefore, the staff requested GE to correct this
section and Table 11.4-2 (Open Item 76). OE
provided the requested information in Table 11.4-3.
This information provides the volumes of various
kinds of solid wastes expected to be shipped
annually and their corresponding total curie content.
Therefore, this part of Open Item 76, in the DSER
(SECY-91-235), is resolved.
Therefore, this
, resolved both parts of Open Item 76.

On the basis of these findings, the staff concludes that the
solid radwaste management system design for the ABWR
meets the acceptance criteria of SRP Section 11.4 and
complies with 10 CFR 61.56 and is, therefore, acceptable.

11.5 Process and Effluent Radiological
Monitoring and Sampling Systems
11.5.1 System Description and Review Discussion
The process and effluent radiological monitoring systems
are designed to provide information about radioactivity
levels in systems throughout the plant, indicate radioactive
leakage between systems, monitor equipment performance,

and monitor and control radioactivity levels in plant
discharges to the environs.
On the basis of GE's telefax dated May 26, 1993, its
submittal dated June 23, 1993, and SSAR
Section 11.5.2.2.4, the staff finds that all airborne radioactive releases from the plant to the environment except the
offgases from the u;;:«r-,i«tor to the environment will be
exhausted through the plant vent. The major sources that
will be combined and routed to the plant vent are the
offgas exhaust, the radwaste building exhaust, the RB
(secondary containment) exhaust, the service building
controlled area exhaust, and the turbine building exhaust,
which includes the gland seal system and the mechanical
vacuum pump exhausts. A radiation-monitoring system
(RMS) will monitor the plant vent discharge for gross
radiation level and collect halogen and particulate samples.
The offgases from the incinerator will be monitored and
released to the environs via the incinerator exhaust stack.
Besides the main plant vent 'gaseous effluent monitor and
samplers, as indicated in ABWR SSAR Table 11.5-1,
radiation monitors will be provided for monitoring the
offgas post-treatment exhaust, TOSS exhaust, RB
(secondary containment) exhaust, radwaste building vent
exhaust, and turbine building exhaust. These monitors will
be used to identify sources of airborne activity before
mixing in the main plant vent. Gaseous process stream
monitoring will include the offgas pretreatment RM, the
carbon bed vault RM, and the control rod drive maintenance area exhaust RM.
The liquid effluent and process RMS include the liquid
radwaste effluent and the RB closed cooling water system
RMS.
The RMs, which will monitor the discharges from the
gaseous and liquid radwaste treatment systems (i.e., offgas
posttreatment effluent and processed liquid radwaste
effluent), are designed to alarm and provide a signal *~
automatically close the waste discharge valve of the
affected treatment system before exceeding the normal
operation limits. The radiation monitor for the incinerator
offgas discharge is also designed to alarm and initiate
automatic termination of the exhaust to the environs before
the radiation level in the exhaust exceeds the technical
specification (TS) limit. The DFSER stated that the
normal operation limits will be specified in the ABWR
Radiological Effluent Technical Specifications (RETS) and,
therefore, identified it as TS Item 11.5.1-1. However,
GL 89-01 allows the RETS to be relocated in the Offsite
Dose Calculation Manual (ODCM) which is plant specific.
Since the requirement for the ODCM will be included in
Section 5.0 (Administrative Controls) of the plant specific
TSs to be provided by the COL applicant, TS
Item 11.5.1-1 is resolved. Before being discharged from
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the radwaste treatment systems, liquid in the tanks will be
sampled and analyzed. Release snd dilution rates will be
specified on the basis of the results of these analyses.
In addition to the gaseous snd liquid effluent and
processing RMS, there are systems required to initiate
appropriate protective action in esse of postulated
accidents. These systems include the main stesmlin*
RMS, the fuel area (of the reactor building) ventilation
exhaust RMS, the control building HVAC RMS, the SOTS
RMS (the exhaust from this system goes to the plant
stack), and the containment space-refueling mode RMS.
The ABWR design includes provisions for grab sampling
and analysis of liquid sources (e.g., reactor coolant crud
and filtrate, liquid radwaste system tanks, condensate
storage tank, reactor building cooling water (RCW)
system, reactor water cleanup system) snd both liquid and
gaseous effluent and process streams, including reactor
service water and the circulating water system decant line
for determination of gross radiation level and identity and
quantity of specific radionuclides in the applicable stream
or source. The stream or the source sampled, the
parameters analyzed, the analysis frequency, and the
sensitivity for analysis are listed in SSAR Tables 11.5-4
through 11.5-7.
The ABWR design includes accident monitoring
instrumentation for monitoring noble gases, iodines, and
particulate in gaseous or airborne effluent streams during
an aqcident. As stated in SSAR Sections l.A.2.15 and
Section 7.5, OE considers that such instrumentation
provided for the ABWR is generally in accordance with
RO 1.97, Revision 3, and that, therefore, it meets the
guidelines of NUREG-0737, Action Item U.F.I,
Attachments 1 and 2, which is incorporated into 10 CFR
50.34(f)(2)(xvii). See the detailed discussion of this item
in the following section.

11.5.2 Conclusion
The staff reviewed the amended SSAR Section 11.5 and
GE's submittals dated June 2, 1989, February 28, 1990,
December 19, 1991, and June 23, 1993, and GE's
telefaxes dated May 26 and September 24, 1993, with
regard to the process and effluent radiological monitoring
and sampling systems for the ABWR. The review
included piping and instrumentation diagrams (P&IDs) for
the liquid and gaseous radwaste systems; SSAR
Tables 11.5-1 through 11.5-7, which list the liquid and
gaseous process and effluent RMSs and summaries of
radiological analysis for liquid and gaseous process and
effluent stream samples; information provided in SSAR
Section 7.5.1.1 and Tables 7.5-1 and 7.5-2 (i.e., tables
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comparing ABWR design provisions for monitoring
radioactive gaseous effluents during an accident with
applicable RO 1.97 guidelines); snd descriptions of the
various building ventilation systems, the main condenser
evacuation system, and the TOSS in so far as they relate
to the radiation-monitoring provisions for these systems.
However, in Open Item 77 in the DSER (SECY-91-235),
the staff stated it could not review the location of the
monitoring points relative to the effluent release points in
the gaseous effluent streams because GE had not provided
the corresponding P&IDs. Subsequently, OE submitted
P&IDs that identify the location of monitoring points
relative to the effluent release points. Therefore, Open
Item 77 in the DSER (5ECY-91-235), is resolved.
As stated at the beginning of Chapter 11 of this report, the
staff will review specific compliance of the COL sampling
program and quality assurance (QA) for radiological
monitoring programs with ANSI N13.1 and RGs 1.21 and
4.15 on a plant-specific basis for each COL applicant.
During such a plant-specific review, the staff will evaluate
the plant-specific features and programs provided by the
COL applicant to address the issue discussed in IE Bulletin
80-10 of possible contamination of nonradioactive systems
and the resulting potential for unmonitored, uncontrolled
release to the environment. Therefore, the staffs review
of the sampling and analysis program for the ABWR
standard design is limited to the identification of the
streams required to be sampled, monitored and controlled.
The staff concludes that the design of the ABWR process
and effluent radiological monitoring and sampling systems
complies with the requirements (1) 10 CFR 20.1302
relating to radioactivity monitoring of effluents to
unrestricted areas, (2) of GDC 60 that radioactive waste
management systems be designed to control release of
radioactive materials to the environment, and (3) of
GDC 63 and 64 that radioactive waste management
systems be designed to monitor radiation levels, leakage
and releases to environment. The staffs conclusion is
based on the following findings:

(1)

11-16

The design includes provisions for monitoring the
radioactivity of effluents to unrestricted areas. The
exhausts from certain areas of the RB (serviced by
the safety related RB electrical equipment and
safety related RB diesel generator HVAC subsystems) and the turbine island (serviced by the
electrical building ventilation system) will be
directly released to the environs unmonitored. In
addition to the above areas, the staff stated in Open
Item 78 in the DSER (SECY-91-235) that the
exhausts from the battery rooms and lube oil area
in the turbine island and the reactor internal pump
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(RIP) control panel room in the reactor building
were unmonitored. However, the SSAR currently
shows the lube oil exhaust being monitored at the
plant vent and does not show a battery room in the
turbine island (Figures 9.4-2a and 2b). The SSAR
also shows the RB RIP ASD HVAC system (RIP
control panel room HVAC system renamed) as a
closed cooling HVAC system with no outside air
supply to the room or exhaust from the room to the
environs (Figure 9.4-5). Further, by telefax dated
June 9, 1992, CE proposed to revise Section 11.5.2.2.4 to state that the exhausts from the
areas serviced by the HVAC systems mentioned
above are not monitored since the subject areas do
not contain any radioactive systems and that the
only releases to the environment by these systems
would first have to be brought into the areas by
their own HVAC system's supply fans. On the
basis of the above telefax design information, the
DFSER stated that lack of radiation monitoring of
certain exhausts identified above is acceptable since
GDC 64 does not require radiation monitoring of
' plant exhausts to the environs that do not have
potential to be radioactive. Therefore, in the
DFSER, the staff re-classified this part of DSER
(SECY 91-235) Open Item 78 as DFSER Confirmatory Item 11.5.2-1 and required G,E to incorporate the telefax design information in the applicable
SSAR section. By submittal dated June 23, 1993,
GE incorporated the subject information as a footnote to SSAR Section 11.5.2.2.4 after revising the
subject information to include also the exhaust from
the service building clean area since the exhaust
from this area also qualifies for non-monitoring as
explained above. In the above submittal, GE also
stated that the exhaust from the area served by the
control building essential electrical HVAC system
will not be monitored prior to discharge to the
environs though it contains (RCW) system
components. This is because, the RCW, which is
considered as a clean water system, is monitored to
alarm at any radiation level in the system above
background from potential leakage sources. Such
contamination will require dumping the cooling
water to radwaste treatment and replacing it with
clean water. Therefore, the system will remain
clean.
Furthermore, at the system operating
temperature below 35 °C (95 °F), airborne
evolution of radioactivity from the cooling water
system will be negligible. The staff has reviewed
the above GE's justification for not monitoring this
exhaust prior to its release to the environs and finds
the justification, acceptable. GE has also included
this information in the final certified SSAR.
Therefore, Confirmatory Item 11.5.2-1 is resolved.

The staff further stated as part of Open Item 78 in
the DSER (SECY-91-235) that GE had not provided
sufficient information in its submittal dated
April 26, 1991, to clarify that the service building
ventilation system exhaust will be routed through
the plant vent where radiation monitoring occurs.
By amended SSAR Section 11.5.2.2.4, GE clarified
that the service building controlled area ventilation
system exhaust will be routed through the plant
vent, where radiation monitoring occurs. This is
acceptable.
Therefore, this part of DSER
(SECY-91-235) Open Item 78 is resolved.

(2)
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The design includes provisions for monitoring
process streams (e.g., offgas post-treatment
exhaust, secondary containment exhaust, RCW
system) and provisions for initiating appropriate
action in case of postulated accidents. Automatic
control features include termination of liquid
effluent release, incinerator offgas release, and the
offgas system release as appropriate, when the
preset radiation level for the applicable stream is
exceeded. The automatic control features also
include securing the normal secondary containment
ventilation system and initiation of the SGTS under
certain conditions identified in the SSAR. Also,
since GE indicated a single monitor for the gland
seal exhaust and mechanical vacuum pump exhaust,
and totally clean steam will not normally be
supplied for sealing the TGSS, the staff required in
the DSER (SECY-91-235) that plant procedures
include manual switchover to the auxiliary (backup
clean) steam source whenever the monitor indicates
that the exhaust stream concentration exceeds a
preset level. As discussed in Section 10.4.3 of this
report, GE has committed to provide a COL action
item stating that the COL applicant will provide the
necessary procedures for switchover to the auxiliary
steam system when monitored radiation level in the
TGSS exhaust exceeds an acceptable preset level.
The staff identified the development of the
procedures as DFSER COL Action Item 11.5.2-1.
By amended SSAR Section 10.4.10, GE identified
COL License Information in Section 10.4.10 for the
TGSS effluents. The subject information among
other requirements, spells out the requirement for
switchover mentioned above. The staff agrees with
GE's approach for providing sealing steam to the
TGSS. GE has also included this action item in the
final certified SSAR.
As part of Open Item 78 in the DSER (SECY-91-235),
the staff questioned whether the secondary containment
ventilation exhaust monitor will be sensitive enough to
detect high-radiation level in the primary containment
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purge exhaust. In response to the above concern, GE
has revised Section 11.5.2.1.2 to state that the detectors in the secondary containment ventilation exhaust
will be sensitive enough to detect high-radiation levels
during primary containment purge to alert the operator
and to initiate appropriate measures. This part of Open
Item 78 is resolved.
(3)

(4)

As stated earlier in this section, the design includes
provisions for sampling and analysis of radioiodines, particulates, and tritium in the process and
effluent streams (for tritium, only in the effluent
stream). However, as part of Open Item 78 in the
DSER (SECY-91-235), the staff noted that SSAR
Table 11.5-5 did not include grab sampling and
analysis provisions for the gland seal process
stream. SSAR Table 11.5-7 also did not include
sampling and analysis provisions for the plant stack
exhaust. In response to the above concern, GE
added the sampling and analysis provisions for the
gland steam condenser and plant stack exhausts
(SSAR Table 11.5-7). Therefore, this part of Open
Item 78 is resolved.
SSAR Tables 7.5-1 and 7.5-2 provide design and
qualification criteria for accident-monitoring
instrumentation and the concentration ranges
covered by the instrumentation. The staff finds that
the design complies with RG 1.97 with regard to
ranges and design and qualification criteria.
However, as part of Open Item 78 in the DSER
(SECY-91-235), the staff stated that neither these
tables nor SSAR Section 11.5 contained sufficient
information and that the following information was
to be provided:

•

assurance of capability to obtain readings at
least every 15 minutes during and following an
accident

•

description of procedures or calculation^
methods to be used for converting instrument
readings to release rates per unit time, based on
exhaust air flow and considering radionuclide
spectrum distribution as a function of time after
shutdown

•

description of the sampling system design,
including the sampling medium to demonstrate
how the design meets the requirements identified in Clarification 2 of NUREG-0737,
page II.F. 1-7

•

description of the sampling technique to be used
under accident conditions to demonstrate how
the technique meets the requirements identified
in Clarification 3 of NUREG-0737,
pages II.F. 1-7 and II.F. 1-8

•

description of the sampling technique to ensure
the system capability to collect and analyze or
measure representative samples of radioactive
iodines and particulate in plant gaseous effluents
during and following an accident as identified in
Table II.F. 1-2 of NUREG-0737, page II.F. 1-9

•

type of instrumentation to be used, including the
calibration frequency and technique

•

monitoring locations (or points of sampling),
including description of methods used to ensure
representative measurements and background
correction (the P&IDs for building ventilation
system'? were not provided to determine
monitoring locations relative to the applicable
release points for the gaseous effluent streams)

In response to the above request for information, GE
provided COL License Information 11.5.6.1 through
11.5.6.5. The COL license information calls for the COL
applicant to provide an operation and maintenance manual
that describes or demonstrates (as appropriate) the
following: calculation of radiation release rates from
radiation measurements, sampling system design and its
compliance with the shielding requirements identified in
Clarification 2 of Attachment 2 to TMI Item II.F.l of
NUREG-0737, sampling technique and its compliance with
the requirements identified in Clarification 3 of Attachment 2 to TMI Item II.F.l of NUREG-0737, collection
technique for extracting representative samples of
radioiodines and particulates and calibration frequencies
and techniques for the radiation sensors. The staff
concludes that this part of Open Item 78 is resolved.

•

location of instrument readouts) and method of
recording, including description of the method
or procedure for transmitting or disseminating
the data

On the basis of these findings, the staff concludes that the
design of the ABWR process and effluent radiological
and sampling systems meets the acceptance criteria of SRP
Section 11.5 and is, therefore, acceptable.
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12 RADIATION PROTECTION
Standard safety analysis report (SSAR) Chapter 12
provides information on the radiation protection features
and estimated occupation exposure associated with the
advanced boiling water reactor (ABWR) design. The
radiation protection measures for the ABWR are intended
to ensure that internal and external occupational radiation
exposures to plant personnel, contractors, and the general
population, as a result of plant operations, including
shutdown periods and anticipated operational occurrences
(AOOs), will be within applicable limits of regulatory
criteria and will be as low as is reasonably achievable
(ALARA). The staff reviewed the SSAR for completeness
against the guidelines of Regulatory Guide (RG) 1.70
(Rev. 3), "Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants," and against the criteria
of Sections 12.1 through 12.5 of NURBG-0800, the
standard review plan (SRP).
The staff reviewed GE's SSAR and supplemental
information to determine if the ABWR design is sufficient
to permit plant operations while maintaining radiation
doses to personnel within the limits of 10 CFR Part 20,
and if the designfeaturesare consistent with the guidelines
of RG 8.8 (Rev. 3) "Information Relevant to Ensuring that
Occupational Radiation Exposures at Nuclear Power
Stations will be As Low As Is Reasonably Achievable."
On May 21, 1991, the Commission issued a revision of
10 CFR Part 20 that changed the system of radiation dose
limitation. The previous occupational dose limit for
whole-body radiation exposure was 12.5 mSv (1.25 rem)
per quarter year with a provision to extend it to 30 mSv
(3 rem) per year. The new limit is 50 mSv (5 rem) per
year with a provision to extend it to 100 mSv (10 rem) per
quarter year. The previous 10 CFR Part 20 limits for
doses from licensed radioactive material inside the body
(deposited through injection, absorption, ingestion, or
inhalation) were separate from the dose limits for exposure
to licensed sources outside the body. The new Part 20
limits the sum of the external whole-body dose (deep dose
equivalent) and the committed effective equivalent doses
resulting from radioactive material deposited inside the
body. In addition, the new Part 20 requires that this sum
(the total effective dose equivalent) be maintained ALARA
for each individual. These changes to the regulation do
not affect the acceptance criteria used by the staff to
review the ABWR design. The SRP acceptance criteria
provide assurance that the radiation doses resulting from
exposure to licensed radioactive sources outside the body
and inside the body can each be maintained well within the
limits of 10 CFR Part 20 and ALARA. The balancing of
internal and external exposure necessary to ensure that
their sum is ALARA is an operational concern that will be
reviewed in conjunction with a combined license (COL)
application. The Part 20, as amended, contains a number
of new programmatic requirements that do not affect plant

design. Programmatic and operational radiation protection
concerns will be addressed by the COL applicant.
The staff finds that the radiation protection measures
incorporated in the ABWR design will provide reasonable
assurance that occupational doses can be maintained
ALARA and below the limits of 10 CFR Part 20 during all
plant operations.

12.1

Ensuring That Occupational Radiation
Doses Are As Low As Is Reasonably
Achievable

The staff reviewed the ABWR design to ensure mat GE
had either committed to following the criteria of the
RGs and staff positions referenced in SRP Section 12.1 or
provided acceptable alternatives.
12.1.1 Policy Considerations
SSAR Section 12.1.1 describes GE's policy to ensure that
ALARA considerations are factored into each stage of the
ABWR design process. GE committed to ensure that the
ABWR will be designed and constructed in a manner
consistent with RG 8.8 (Rev. 3). The ALARA policy was
applied through detailed engineering reviews and design
modifications to ensure that the resulting plant design can
maintain radiation exposures ALARA. This policy is
consistent with the guidelines of RG 8.8 and is acceptable.
The policy considerations regarding plant operations
contained in RG 8.8 (Rev. 3), RG 1.8 (Rev. 2)
"Qualification and Training of Personnel for
Nuclear Power Plants," and RG 8.10 (Rev. 1), "Operating
Philosophy for Maintaining Occupational Radiation
Exposures As Low As Is Reasonably Achievable," are
outside the scope of this review of the ABWR design. The
COL applicant referencing the ABWR design will address
these operational policy considerations to ensure that radiation doses are ALARA. This was identified as draft final
safety evaluation (DFSER) COL Action Item 12.1.1-1. In
Amendment 23 to the SSAR, GE revised Section 12.1.1 to
clarify the policy considerations that will be addressed by
the COL applicant. This is acceptable to the staff.
12.1.2 Design Considerations
The ABWR design aims to minimize the costs, both in
terms of maintenance time and radiation exposure,
associated with plant operation. The ABWR design
employs features that will (1) eliminate the need for certain
maintenance, (2) facilitate the required maintenance, and
(3) minimize the sources of radiation exposure in the plant.

12-1
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The ABWR design includes several design features
consistent with the guidelines in RG 8.8 (Rev. 3). The
plant layout has shielded rooms or cubicles for components
that are the source of high radiation levels. Components
in redundant systems are located in separate shielded
rooms or cubicles so that radiation levels associated with
an operating train of equipment will not significantly
contribute to the radiological hazards associated with
performing maintenance on the redundant train. The
design of shielded rooms or cubicles have labyrinth access
ways to reduce scattered radiation in adjacent areas.
Removable shielded walls or hatches will be provided if
space limitations in a room or cubicle prevent an adequate
laydown area for maintenance of equipment. Appropriate
use of remote operators and instrumentation will minimize
the need to enter shielded rooms or cubicles. The remote
back-flushing capability for plantfiltersand demineralizers
will use gravity drains and piping that slope toward the
backwash tank to minimize traps that would become
radiation hot spots. Grafoil valve stem packing will reduce
leakage of contaminated water from reactor systems and
will minimize the need to repack the stems of these valves.
These design features are consistent with the guidance in
RG 8.8 (Rev. 3).
In addition to these design features, operational experience
with previous boiling water reactor (BWR) designs has
been factored into the ABWR design in several areas.
Many unique ABWR features, designed to eliminate
difficulties encountered in operating current BWRs, should
also reduce occupational radiation exposure. An example
is the elimination of reactor coolant recirculation piping
inside primary containment. Several BWRs have experienced significant stress corrosion cracking, requiring
replacement of this piping at the cost of thousands of
person-rem radiation doses. Eliminating the coolant
recirculation piping from the ABWR reactor not only
eliminates the radiation exposure associated with
recirculation pipe inspection and replacement but should
also reduce the source of radiation in the drywell, thus
reducing exposure to personnel performing other
maintenance activities in the primary containment.
Other examples of design features that will reduce
radiation exposure include the control rod drive (CRD)
mechanism, layout of the lower drywell, and safety relief
valve (SRV) design and layout. Current BWRs have
external restraints on CRDs to prevent a rod ejection in the
event of a CRD housing failure, which have to be cleared
out of the way during CRD maintenance. The internal
CRD restraint feature in the ABWR design will allow
easier CRD removal and reduce radiation exposure
associated with CRD maintenance. The arrangement of
the lower drywell will also reduce radiation exposures
during CRD maintenance by allowing easy access to the
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lower reactor vessel head for CRD and reactor internal
pump (RIP) removal. A transport system is also provided
to remove CRDs and RIPs from the drywell so that
maintenance can be performed in a lower radiation area.
Direct-action SRVs that require less maintenance than
current pilot-operated valves are provided in the ABWR
design. These SRVs are placed around the outside of the
reactor vessel and have a dedicated hoist to facilitate
maintenance.
In the draft safety evaluation report (DSER)
(SECY-91-355), the staff identified two areas where the
current BWR operating experience was not adequately
accounted for in the ABWR design. These areas are the
dose rates in the upper drywell during the transfer of
irradiated spent fuel assemblies (SFA) (Open Item 112)
and exposures resulting from a complete withdrawal of the
traversing incore probe (TIP) (Open Item 106).
In a March 26, 1992, SSAR markup, GE provided
additional information concerning the radiation protection
design features of the ABWR TIP system in response to
Open Item 106. These features include a shielded room
for the TIP drive units and a separate shielded room for
the parked TIP. Additional shielding is provided for the
parked TIP and its drive cable to allow personnel to enter
this room when the TIP is out of the reactor. The TIP
drive units also have an electro-mechanical switch that will
cut power to their drive spooler to prevent the activated
portions of the TIP from being completely withdrawn into
the drive housings. These features are designed such that
radiation exposures resulting from TIP operations, and
related abnormal AOOs, can be maintained ALARA. This
was identified as DFSER Confirmatory Item 12.1.2-1. GE
has also included this information in Amendment 20 of the
SSAR and the staff finds it to be acceptable.
The potential for creating extremely high dose rates in the
upper drywell during spent fuel handling operations and
the potential for high dose rates around unshielded portions
of the TIP conduit are discussed in Section 12.3.2 of this
report.
12.1.3 Operational Considerations
Operational considerations regarding the implementation of
a radiation protection program are outside the scope of this
design certification review.
The COL applicant
referencing the ABWR design will address these
operational considerations to the level of detail provided in
RG 1.70 (Rev. 3). This was identified as DFSER COL
Action Item 12.1.3-1. In Amendment 23, GE revised Section 12.1.3 of the SSAR to identify these operational
considerations as an area to be addressed by the COL
applicant. The staff finds it to be acceptable.
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12.1.4 COL License Information
Section 12.1.4 of the DSER (SECY-91-355) identified
three issues concerning compliance with RGs 8.10 (Rev. 1)
and 1.8 (Rev. 2), and procedures for keeping occupational
exposures ALARA, as outside the scope of this review.
This was identified as DFSER COL Action Item 12.1.4-1.
In Amendment 20 to the SSAR, OE revised Section 12.1.4
to properly characterize these issues. The staff finds it to
be acceptable.
In Open Item Fl.9-1, the staff identified the need for OE
to include a COL action item related to the use of
appropriate materials in the ABWR design which would
reduce the potential for personnel exposures. GE provided
a submittal dated February 7, 1994, which included a
markup of SSAR Section 12.3.7.4, that added a COL
action item stating that the applicant, following the design
commitments included in SSAR Section 12.3.1.1.2, is
responsible for material selection to ensure that radiation
exposures are ALARA. The staff found this commitment
for a COL action item to be acceptable.

12.2 Radiation Sources
The staff has audited the contained source terms and
airborne radioactive material source terms in Section 12.2
and Chapter 11 of the ABWR SSAR for completeness
against the guidelines in RG 1.70, (Rev. 3), and against
the criteria set forth in Section 12.2 of SRP. The
contained source terms are used as the basis for designing
radiation protection features (including radiation shielding)
and for personnel dose assessment. Airborne radioactive
source terms are used in the design of ventilation systems
and personnel dose assessment. The staff reviewed the
source terms in the SSAR to ensure that GE had either
committed to following the criteria of RGs and staff
positions contained in SRP Section 12.2 or provided
acceptable alternatives. In addition, the staff selectively
compared source terms for specific systems against those
used for plants of similar design. The staff finds that
source term descriptions in the SSAR are not adequate to
meet the criteria of RG 1.70 (Rev. 3) and NUREG-O800.
At the current stage of the ABWR design, GE does not
have the specifications for the as-built systems or the asprocured hardware that would be available for a completed
plant. Therefore, GE cannot describe the radioactive
system components, which will be significant in-plant
radiation sources, to the level of detail specified in
RG 1.70 and the SRP. Although these details, such as
radioactivity content, source geometry, equipment leakage,
and plant location, are needed for the staff to verify the
adequacy of the radiation shielding, ventilation and
airborne radioactivity monitoring systems, the staff has

determined that providing this information goes beyond the
design requirements specified in 10 CFR Part 52. As an
alternative, GB has provided a set of design acceptance
criteria (DAC) that, if met, will verify the adequacy of the
ABWR shielding design, plant ventilation design, and the
design of the airborne radioactivity monitoring systems.
Compliance with these DAC, as with other inspections,
tests, analyses, and acceptance criteria (ITAAC), would be
verified during plant construction prior to loading fuel into
the reactor. The DAC in Table 3.2.a of the ABWR
certified design material (CDM) specify the methods and
assumptions for verifying the shielding design, including
those for estimating the source terms to be used in the
shielding analysis. Similarly, the DAC in Table 3.2.b of
the CDM specify the acceptance methods for determining
the airborne radioactivity concentrations used to verify the
adequacy of the ventilation and airborne monitoring system
designs. This alternative is acceptable to the staff.
12.2.1 Contained Sources and Airborne Radioactive
Material Sources
GE describes radioactive sources in the ABWR design is
contained in SSAR Chapters 11 and 12. Section 11.1
provides information on the radioactive source terms in
reactor water and steam. Section 12.2 provides descriptions of plant components that will become significant
sources of radiation during plant operations, including
shutdown, and sources of airborne radioactive material.
During power operations, the greatest potential for
personnel radiation dose is inside the primary containment
drywell from nitrogen-16, noble gases, reactor neutrons,
and prompt gammas. The steam and condensate systems
outside the drywell are also significant sources of radiation
because nitrogen-16 is generated during power operations.
In other areas outside of the drywell, and inside the
drywell after shutdown, the primary sources of personnel
radiation exposure are the fission products in the coolant
from fuel cladding defects and the activation products
transported to and deposited in plant systems and components. Tables 12.1-7 through 12.2-30 in the SSAR list the
radioactivity (or source terms) for typical components.
These source terms are based on the assumed component
geometry and locations listed in Table 12.2-5.
The estimates of concentrations of fission and activation
products in the ABWR systems containing reactor water
are based on American National Standards
Institute/American Nuclear Society (ANSI/ANS)-18.1
"Radioactive Source Term for Normal Operation of
LWRs" (1984), adjusted using the assumptions in
RG 1.112 (Rev. 0), "Calculation of Releases of
Radioactive Materials in Gaseous and Liquid Effluents
from Light-Water-Cooled Power Reactors." Allowances
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are included for the buildup of activation products resulting
from corrosion and wear on the basis of operating experience of reactors of similar design. Neutron and prompt
gamma source terms are based on reactor core physics
calculations. The source terms used to determine in-plant
post-accident radiation levels meet the provisions in
RG 1.3, "Assumptions used for Evaluating the Potential
Radiological Consequences of a Loss of Coolant Accident
for Boiling Water Reactors, as further discussed in
Item II.B.2 of NUREG-0737, "Clarification of the TMI
Action Plan Requirements."
11

In Open Item 107 in the DSER (SECY-91 355), the staff
identified several deficiencies in GE's description of the
contained radioactive source terms for the ABWR:
sources inside the drywell and in the turbine building were
omitted, sources in vital areas after an accident were not
described, and source characterization was insufficient.
GE amended SSAR Section 12.3.5 to indicate that the
post-accident sources of concern in plant vital areas are
limited to gamma radiation shine from the reactor building
and the radioactive material in the post-accident coolant
and effluent monitoring systems. GE also amended the
tables of source terms in Section 12.2 to include sources
inside the drywell and turbine building.
SSAR
Tables 12.2-7 through 12.2-30 provided nominal source
strengths on the basis of expected system configuration and
approximate component geometry. As discussed in Section 12.2 of this report, the actual source terms used in
confirmatory shielding calculations will be determined as
required by the DAC in Table 3.2.a of the CDM. The
staff considers this item resolved.
Almost all of the airborne radioactivity within the plant
results from equipment leakage. As discussed below, the
leakage of contaminated fluids from system components
cannot be quantified at this stage in the ABWR design.
GE has proposed DAC in Table 3.2.b of the CDM to
ensure that the airborne source terms in each room and
operating area of the plant are calculated prior to fuel load.
The lack of airborne source term description in the SSAR
was also identified as Open Item 107 in the DSER
(SECY-91-355). On the basis of the following discussion
of DAC, the staff considers this item resolved.
12.2.2 Certified Design Material
As discussed in Section 12.2 of this report, the SSAR does
not provide system layouts within rooms or cubicles or
information about the type and size of components in these
systems. Without this as-built or as-procured information,
source term parameters needed to calculate radiation
shielding for these systems cannot be provided as specified
in the SRP. Similarly, since leakage characteristics of this
unidentified equipment are not known, the concentrations
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of airborne radioactive material in equipment rooms or
cubicles cannot be provided. As an alternative, GE
provided DAC that require the COL applicant to determine
source term parameters that will be verified during plant
construction. DAC are discussed in Section 12.3.5 of this
report. DAC describing the bases for the source term are
consistent with the SRP acceptance criteria. Compliance
with these DAC, supplemented by the information in
SSAR Sections 12.2 and 12.3, is acceptable to adequately
address the requirement to identify the kinds and quantities
of radioactive materials expected to be produced by plant
operation in 10 CFR 50.34(b)(3) and will ensure that the
appropriate source terms (as supplemented by the guidance
of RG 1.112 (Rev. 0 ) , NUREG-0737,
and
ANSI/ANS 18.1) are used to demonstrate that the ABWR
design meets the relevant requirements in 10 CFR Part 20
concerning the limitation of radiation does to personnel;
10 CFR 50.34(0 *&d GDC 19 with respect to operator
access to plant areas during and following a reactor
accident; and GDC 61 regarding adequate shielding,
containment and confinement of fuel storage and handling,
radioactive waste, and other systems which may contain
radioactivity. The adequacy and acceptability of the
ABWR design descriptions and ITAAC (including DAC)
are evaluated in Section 14.3 of this report.
12.2.3 COL License Information
In the DFSER, the staff stated that two items were mischaracterized as interface items by the applicant: (1) the
compliance with 10 CFR Parts 20 and 50 in Section 12.2.2.3 and (2) the determination of gamma shine
from the turbine building in Section 12.2.1.3 of the SSAR.
These SSAR sections referenced Section 12.2.3, which
identified the issues as design interfaces. This was DFSER
Confirmatory Item 12.2.3-1. In an SSAR markup of
Chapter 12 dated April 16, 1993, GE deleted the
discussion of interfaces in Sections 12.2.1.3, 12.2.2, and
12.2.3. Sec lion 12.2.3 has been revised to identify the
issues regarding compliance with 10 CFR Parts 20 and 50
as COL license information.
As indicated in
Section 12.2.2.4 of the SSAR, gamma shine from the
turbine building is addressed in the DAC listed in
Table 3.7 (see Section 12.3.5.1 of this report). GE has
included this information in the SSAR. This change is
acceptable. Therefore, this confirmatory item is resolved.

12.3

Radiation Protection Design

The staff has audited the facility design features in the
SSAR, including the shielding, the ventilation, and the
radiation and airborne radioactivity monitoring instrumentation for completeness against the guidelines in
RG 1.70 (Rev. 3) and against the criteria set forth in SRP
Section 12.3. The staff reviewed these design features to
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ensure that GE had either committed to following the
criteria of RGs and staff positions referenced in SRP Section 12.3 or provided acceptable alternatives.
The staff concludes that GE has demonstrated that the
ABWR design can meet the relevant requirements of
10 CFR Parts 20 and 50 and GDC 19 and 61 in all areas
of the plant, as set forth below.
12.3.1 Facility Design Features
Several features in the ABWR design will help ALARA
radiation doses associated with tasks such as maintenance,
refueling, radioactive material handling, in-service
inspection, decommissioning, and accident recovery (see
Section 12.1.2 of this report). These features will
facilitate access to work areas, reduce or allow the
reduction of radioactive source intensity, reduce the
occupancy requirements in high radiation fields, and
provide for portable shielding, and remote-operation and
instrumentation of radioactive systems. These ABWR
features are consistent with the guidance of RG 8.8
(Rev. 3) and the SRP and are acceptable.
GE*s drawings of the plant layout indicate six radiation
zones which are the basis for occupancy and access
restrictions for various areas within the plant during
normal operations and accident conditions. Maximum
design dose rates are established for each zone and are
used as the basis for shielding each zone. This method of
plant zoning is consistent with the guidance in RG 1.70
(Rev. 3) and the SRP and is acceptable.
In Open Items 108 through 110 in the DSER
(SECY-91-355), the staff identified several deficiencies in
SSAR Chapter 12 Figures 12.3-1 through 12.3-73, which
depict plant radiation zones (during normal operations,
normal shutdown, and accident conditions) and area radiation monitor locations. This was identified as DFSER
Confirmatory Item 12.3.1-1. Amendments 21 and 22 to
the SSAR provided more legible figures for the reactor,
control, and radwaste buildings and resolved the
discrepancies noted in the figures of the turbine building.
These updated figures also indicate the normal controlled
and uncontrolled access routes to the plant as well as the
access and egress routes to and from plant vital areas
under accident conditions. In response to a staff question,
GE acknowledged the radiation zone designation above the
spent fuel pool (from greater than 1.0 mSv/hr
(100 mrem/hr)) was an error. GE revised the radiation
zone designation for this area to less than 0.05 mSv/hr
(5 mrem/hr). This dose rate for the area above the spent
fuel pool is consistent with industry experience and,
therefore, is acceptable to the staff. GE has also included

this information in the SSAR and the staff finds it to be
acceptable.
The buildup of activation products from corrosion and
wear is a major contributor to occupational radiation doses.
As discussed in Section 12.1.4 of this report, the COL
applicant is responsible for material selection to ensure that
radiation exposures are ALARA. Design features provided
in the SSAR to minimize exposure sources include a
reduction of cobalt-bearing components used in reactor
systems (activated cobalt is a major contributor to plant
radiation levels) and pre-fllming (establishing a corrosion
resistant layer on internal surfaces) of reactor systems
before plant operation to minimize activated material
deposition on system interior surfaces. Main condenser
tubes and tube sheets will be made of titanium alloys to
minimize the introduction of foreign material (which
become activated and/or promote corrosion) into the
reactor system as a result of condenser tube leakage.
Other features, such as the use of seamless piping,
straight-through valve design wherever possible,
butt-welded piping connections, and back-flushing connections on instrument lines, will minimize buildup of
radioactivity in plant piping systems.

In Open Item HI in the DSER (SECY-91-355) concerned
the provision in the ABWR design to facilitate chemical
decontamination of heat exchangers in systems that carry
radioactive water.
The staff identified DFSER
Confirmatory Item 12.3.1-2 on the basis of an April 9,
1992, draft SSAR amendment.
Subsequently,
Amendment 20 to the SSAR stated that the reactor water
cleanup (CUW) non-regenerative and regenerative heat
exchangers have separate decontamination connections.
Heat exchangers in the residual heat removal (RHR)
system and the heat exchangers for RIP cooling have
fittings that will allow flushing with clean water. GE's
corrosion product control features are consistent with the
guidance in RG 8.8 (Rev. 3) and the SRP and are acceptable. The staff finds it to be acceptable. This item is
resolved.

The ABWR is designed so that operation will not require
alternate high- radiation area controls (pursuant to 10 CFR
20.203(c)(5)), as used in current operating BWRs. All
high radiation areas (with greater than 1.0 mSv/hr
(100 mrem/hr)) can be locked to control unauthorized
access. No credit is taken for the relief provided in Section 12.6 of the BWR standard technical specifications
(i.e., area locked at 10.0 mSv/hr (1,000 mrem/hr)). This
design position meets the requirements of 10 CFR Part 20
and is acceptable.
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12.3.2 Shielding
Radiation shielding will protect personnel against radiation
exposure inside and outside the plant during normal
operation, including AOOs, and during reactor accidents.
All radioactive sources will be shielded on the basis of the
access and exposure level requirements of the designed
radiation zoning. Concrete used for radiation shielding
meets the design guidance provided in RG 1.69, "Concrete
Radiation Shields for Nuclear Power Plants" (Rev. 0). OE
performed shielding calculations with the QAD-F, OCO,
and DOT.4 computer codes. These are commonly
accepted shielding calculational codes referenced in the
SRP and are acceptable.
GE has not provided the thickness of specific radiation
shields, contrary to the guidance of RG 1.70 (Rev. 3) and
the acceptance criteria of the SRP. GE's position is that,
because the system layouts and the physical dimensions of
the as-procured radioactive system components are not
known, the shielding requirements for these systems cannot
be provided at this stage of the ABWR design. Therefore,
the staff cannot conduct confirmatory calculations of
shielding effectiveness. As an alternative method, GE has
provided DAC to verify the adequacy of the ABWR
shielding design. The staffs review of these DAC is
discussed in Section 12.3.S.1 below. This alternative is
acceptable, and the staff considers this item resolved.
The adequacy of the shielding in the upper drywell was
identified as an Open Item 112 in the DSER
(SECY-91-355). The biological shield surrounding the
reactor vessel did not cover a significant portion of the top
of the reactor vessel. A fuel handling mishap resulting in
dropping an SFA across the reactor flange would result in
extremely high dose rates in the upper drywell with this
design. In addition to the radiological hazard presented by
this AOO, it appears that raising an SFA in proximity of
the vessel wall could result in significant radiation dose
rates in the upper drywell. Amendment 21 revised the
SSAR to reflect a design change to the shielding in the
upper drywell, raising the biological shield to within
4 inches of the upper drywell ceiling. This design change
would provide sufficient shielding during the normal
withdrawal of SFAs from the reactor. However, a
dropped SFA resting across the reactor flange would still
produce significant radiation streaming into the upper
drywell. Personnel in the upper drywell during this AOO
could receive lethal radiation doses before they could
escape. This was DFSER Confirmatory Item 12.3.2-1. In
response to the staffs concerns, GE revised the design
change to add a shielding ledge to the opening in the upper
drywell ceiling. This ledge significantly reduces the
radiation streaming into the upper drywell from a SFA
resting on the reactor vessel flange. According to the
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staffs analysis, this shield design would reduce the dose
rates in the upper drywell to less than 5 Sv/hr (500 rem)
during a worse-case fuel-drop AOO. Therefore, the staff
concludes that there is reasonable assurance that
individuals could escape the upper drywell without
receiving life-threatening radiation doses. Amendment 23,
which revised the SSAR to reflect this final design, is
acceptable to the staff. This item is resolved.
The shielding of the TIP system was identified as Open
Item 106 in the DSER (SECY-91-355). As discussed in
Section 12.1.2 of this report, the TIP drive and the TIP
storage are located in separate shielded rooms. However,
the conduit that guides the TIP from the reactor to its
storage is virtually unshielded. This conduit shares the
primary containment penetration with the lower drywell
personnel access. Personnel at the lower drywell access
hatch or in the access tunnel would be exposed to the
unshielded activated TIP and the drive cable as they are
retracted from the reactor core. DFSER Confirmatory
Item 12.3.2-2 was identified on the basis of a March 26,
1992, draft SSAR amendment. Amendment 21 revised the
description of the radiation design features associated with
the TIP system. This amendment notes that the lower
drywell access is located in a separate shielded room that
can be locked to prevent access to these areas while the
TIP is being withdrawn from the core. In addition,
flashing alarms at the door to this room and at the lower
drywell access hatch will warn personnel when power is
applied to the TIP drives. Also, the TIP system will
operate so that the TIP will be withdrawn in the high-speed
mode, minimizing the transit time of the activated
components through the unshielded portions of the system.
These features ensure that the personnel radiation
exposures resulting from the operation of the TIP system
can be maintained ALARA and are acceptable. The staff
finds it to be acceptable.

12.3.3

Ventilation

The ABWR ventilation systems are designed to protect
personnel and equipment from extreme environmental
conditions and to ensure that plant personnel are not
inadvertently exposed to airborne contaminants exceeding
the concentration limits given in 10 CFR Part 20. Design
features intended to maintain personnel exposures ALARA
include the following:

•
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Airflow between areas potentially having airborne
contamination will always be from the area of lower
potential contamination to the area of higher potential
contamination.
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•

Negative or positive pressure will be used in areas to
prevent exfiltration or infiltration of possible airborne
contamination, respectively.

•

The control room ventilation has dual fresh air intakes
designed so that at least one intake will be tree of
contamination following a loss-of-coolant accident.

These design features are in accordance with the guidelines
of RO 8.8 (Rev. 3) and are acceptable. However, as
noted in Section 12.2 of this report, the expected leakage
of radioactive fluids from plant systems cannot be
determined at this stage of the ABWR design. Without
this source term, OE is not able to provide the
concentrations of airborne contamination in cubicles,
rooms, and corridors as specified in the SRP. Therefore,
the staff cannot verify that the plant ventilation system
design meets the criteria in the SRP. This was identified
as Open Item 113 in the DSER (SECY-91-355). As an
alternative, GE provided DAC that require the COL
applicant to calculate the expected concentrations of
airborne radionuclides as specified in the SRP, to verify
that adequate ventilation is provided. The staff identified
DFSER Confirmatory Item 12.3.3-1 on the basis of a
May 1, 1992, draft SSAR amendment. Section 12.3.5.2
of this report contains the staffs evaluation of these DAC.
Amendment 21 added Appendix 12A to the SSAR which
describes the calculational methods and assumptions that
will be used to satisfy the DAC in Table 3.2.b of the
CDM. These calculational methods and assumptions are
consistent with provisions of the SRP and are acceptable.
The staff finds it to be acceptable. This item is resolved.
12.3.4 Area Radiation and Airborne Radioactive
Monitoring Instrumentation
Open Item 114 in the DSER (SECY-91-355), questioned
the description of the ABWR area radiation monitoring
system. GE revised the SSAR with the following
information.
The area radiation monitoring system
consists of 25 gamma sensitive detectors and their
associated digital monitors. The detectors are in key
locations of the plant and will have operating ranges (sensitivity) commensurate with the expected radiation levels in
the areas. Monitored radiation levels will be recorded and
indication will be provided in the control room. These
area monitors will be powered from the non-IE vital
120-Vac bus. The monitors will have local audible alarms
with adjustable settings (both up-scale and down-scale) to
warn personnel of abnormal conditions such as higherthan-normal radiation levels or detector failure. Highrange radiation accident monitors that meet the criteria of
RG 1.97, "Instrumentation for Light-jWater-Cooled
Nuclear Power Plants to Assess Plant and Environs
Conditions During and Following an Accident" (Rev. 3),

are provided in the RHR equipment area. In addition, to
assess the magnitude of the release of radioactive material
from the core during an accident, four high-range gamma
sensitive ion chambers in the containment will be able to
measure up to 0.72 c/Kg per second (10 R/hr). The staff
concludes that the area radiation monitoring system meets
the applicable criteria in RG 8.8 (Rev. 3), RG 1.97
(Rev. 3), and the provisions in Item II.F. 1.3 of
NUREG-0737 that are required by 10 CFR
50.34(f)(2)(xvii)(D) and is acceptable. The COL applicant
will address the operational considerations, such as monitor
alarm set points, listed in RG 1.70 (Rev. 3) Section 12.3.4. This was DFSER COL Action Item 12.3.4-1.
GE has included this information in a markup of SSAR
Section 12.3.4 dated April 16,1993. GE has also included
this action item in the SSAR and the staff finds it to be
acceptable.
7

The staff noted in the DSER (SECY-91-355) that criticality
accident monitors were not provided in the ABWR design
to meet the requirements of 10 CFR 70.24 as provided in
the SRP. In response to the siaff s request, GE amended
the SSAR to state that these monitors are unnecessary
because the ABWR is designed to ensure subcritical
conditions during fuel handling and storage. Several
licensees of operating BWRs with similar design features
and fuel handling procedures have received a license
condition exempting them from this 10 CFR 70.24
requirement. The requirements of 10 CFR Part 70 are
outside the scope of this review. The COL applicant will
provide information showing that their plant meets the
requirements of 10 CFR 70.24 or request an exemption.
This was DFSER COL Action Item 12.3.4-2. GE has
included this action item in a markup of SSAR
Section 12.3.4 dated April 16,1993. GE has also included
this action item in the SSAR and the staff finds it to be
acceptable.
Monitoring of airborne radioactive materials in nuclear
power plants typically is provided by fixed continuous air
monitors. These monitors sample the ventilation air
exhausted from plant areas having the highest potential for
radioactivity release. Movable continuous air monitors are
positioned in plant areas that have a potential for airborne
radioactivity release during certain operating modes (i.e.,
an area where a radioactive system is opened during
maintenance) to supplement the fixed monitors. GE has
not described the airborne monitoring for the ABWR
design. As discussed in Section 12.3.3 of this report, the
expected concentrations of airborne radionuclides cannot be
determined at the current level of the ABWR design detail.
As an alternative, GE has provided DAC that would
require the COL applicant to verify that airborne monitors
provided in the final ABWR design meet the criteria of the
SRP.
The staffs review of these DAC is in
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Section 12.3.5 below. The COL applicant will address the
operational considerations, such as the procedures for
operation and calibration of the monitors as well as the
placement of the movable monitors, in the COL application. This was DFSER COL Action Item 12.3.4-3. OB
has included this information in a markup of SSAR Section 12.3.4 dated April 16, 1993. OE has also included
this action item in the SSAR and the staff finds it to be
acceptable.
12.3.S Certified Design Material
The staff initially identified three areas where the level of
design detail in the SSAR did not allow the staff to
conclude that the ABWR design meets the acceptance
criteria in Chapter 12 of the SRP. These areas are the
adequacy of the plant radiation shielding, the adequacy of
the plant ventilation system, and the adequacy of the plant
airborne radionuclide monitoring system.
As an
alternative, OE provided DAC requiring the COL applicant
to perform shielding analysis and airborne radionuclide
concentration calculations that will be verified by the
ITAAC during plant construction to verify that the final
ABWR design is acceptable. Details of the staffs review
of these DAC follow.
12.3.5.1 Plant Shielding DAC
Chapter 12 of the SSAR contains layout drawings of the
plant that indicate the designed maximum radiation level
(or zone) for each room, equipment cubicle, and operating
space during normal power operations, shutdown
operations and accident conditions. As discussed in
Section 12.2 above, the piping layout and component
selection have not been set for the ABWR systems;
therefore, parameters such as source strength and geometry
needed to verify the adequacy of the radiation shields
around these systems are not available. In addition,
nitrogen-16 gammas from the plant can significantly
contribute to offsite dose rates. The adequacy of the plant
shielding needed to comply with the radiation dose limits
for individual members of the public in 10 CFR Part 20
cannot be verified since the turbine design and site-specific
parameters such as distance to the site boundary are
unknown.
OE has submitted DAC for plant shielding in Table 3.2.a
of the CDM. These DAC require the COL applicant to
verify the adequacy of (1) the shielding around rooms and
spaces during normal operations and shutdown conditions,
(2) the shielding and temporary shield space provided
between plant systems during maintenance activities,
(3) the shielding provided around vital plant areas during
accident conditions (Three Mile Island (TMI) Action Plan
Item II.B.2 (10 CFR 50.34((f)(2)(vii)), and (4) the plant
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shielding needed to limit public dose. The staffs review
indicates that the analysis assumptions, methods, and
acceptance criteria in these DAC are consistent with the
criteria in the SRP. Therefore, the staff concludes that
compliance with these DAC, as supplemented by the
information in SSAR Sections 12.3.2, is acceptable to
adequately address the relevant requirements in 10 CFR
50.34(b)(3) and 10 CFR Part 20 concerning the limitation
of radiation exposures to personnel, including the
requirement to maintain doses ALARA as supplemented by
the guidance in RO 8.8 (Rev. 3); 10 CFR 50.34(0 •nd
ODC 19 with respect to operator access to plant areas
during and following a reactor accident as supplemented by
the guidance in Item II.B.2 of NUREG-0737; and ODC 61
regarding adequate shielding of fuel storage and handling,
radioactive waste, and other systems which may contain
radioactivity. OE provided a revised set of design descriptions and ITAAC (including DAC). The adequacy and
acceptability of the ABWR Tier 1 material and ITAAC
(including DAC) are evaluated in Section 14.3 of this
report.
12.3.5.2 Ventilation and Airborne Monitoring DAC
The level of detail in the current ABWR design is not
sufficient to provide the expected airborne concentrations
in rooms and operating areas within the plant as specified
in RO 1.70 (Rev. 3). Therefore, OE has not provided a
description of the airborne monitoring system consistent
with the criteria in the SRP.
OE has submitted DAC for ventilation and airborne
monitoring in Table 3.2.b of the CDM. These DAC
requires the COL applicant to calculate the expected
concentrations of airborne radioactivity in each equipment
cubicle, corridor, and operating area that require personnel
access. These DAC also require an analysis by the COL
applicant to identify those areas of the plant that require
continuous monitoring of airborne radioactive materials.
The staff 8 review indicates that the assumptions and
acceptance criteria in these DAC are consistent with the
criteria in the SRP. Therefore, the staff concludes that
compliance with these DAC, as supplemented by the
information in SSAR Sections 12.3.3 and 12.3.4 and
Appendix 12A, will meet the relevant requirements in
10 CFR 50.34(b)(3) and 10 CFR Part 20 concerning the
limitation of radiation exposures to personnel from
airborne radioactive material, including the requirement to
maintain doses ALARA as supplemented by the guidance
in RO 8.8 (Rev. 3); ODC 61 regarding adequate shielding
of fuel storage and handling, radioactive waste, and other
systems which may contain radioactivity; and the
requirements in 10 CFR Part 20, 10 CFR 50.34(0 and
ODC 64 related to in-piant monitoring of airborne
radioactive materials during routine operating conditions.
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specific functions against the experience of operating
BWRs. Details of the review follow.

The adequacy and acceptability of the ABWR Tier 1
material and ITAAC (including DAC) are evaluated in
Section 14.3 of this report.

OE provided an assessment of the radiation dose that
would be received by operating a plant of the ABWR
design. Estimated person-rem doses for major work
within areas of the plant during maintenance and refueling
periods and for power operations are given in SSAR
Table 12.4-1 and result in an estimated total annual dose
of 0.989 person-sievert (98.9 person-rem).

12.3.8.3 Radiation Design Features
In the DSBR (SECY-91-355), the staff identified a number
of radiation design features to be addressed in the ABWR
Tier 1 design description and ITAAC. This was identified
as DFSER Open Item 12.3.5.3-1. OB provided a revised
set of design descriptions and ITAAC (including DAC).
The adequacy and acceptability of the ABWR Tier 1
material and ITAAC (including DAC) are evaluated in
Section 14.3 of this report.
On the basis of this
evaluation, this item is resolved.
12.3.6

10 CFR 50.34(f): TMI-Related Items

SSAR Section 12.3 addresses two items from the TMI
Action Plan (NUREG-0660), II.F.1.3 (10 CFR
50.34(f)(2Xxvii)(D), and II.B.2 (10 CFR 50.34(f)(2)(vii)).
Item II.F.1.3 requires that high-range radiation accident
monitors be provided in the containment. Item II.F.1.3
specifies that high-range dose monitors be capable of
detecting dose rates up to 10 rads per hour.
NUREG-0737 modified this position to specify that gamma
sensitive monitors be capable of reading up to 10' R per
hour. As discussed in Section 12.3.4 of this report, the
ABWR design has four monitors (two in the drywell and
two in the suppression chamber) that meet the provisions
of Item II.F.1.3. Item II.B.2 specifies that radiation
shielding be provided so that operators can access vital
equipment in the plant during an accident without receiving
excessive radiation dose. As discussed in Section 12.3.5.1
of this report, the DAC in Table 3.2.a of the CDM require
the COL applicant to demonstrate compliance with
Item II.B.2, as part of the analysis to verify the adequacy
of the plant's radiation shielding.
s

The COL applicant will be responsible for demonstrating
compliance with II.B.2 because the final hardware and
system design specifications need as inputs to shielding
calculations are not available now.

12.4

Dose Assessment

The staff has audited the dose assessment in Section 12.4
of the SSAR for completeness against the guidelines in
RG 1.70 (Rev. 3) and against the criteria set forth in SRP
Section 12.3.II.5. This review consisted of ensuring that
GE had either committed to following the criteria of
RGs and staff positions in Section 12.3 of the SRP or
provided acceptable alternatives. In addition, the staff
selectively compared the dose assessment made by GE for

In Open Item 115 in the DSER (SECY-91-355), the staff
identified several deficiencies in GE's dose assessment,
including mathematical errors, inconsistencies between text
and tables, a lack of bases for assumptions, and a level of
detail that was not consistent with the guidance in
RO 8.19, "Occupational Radiation Dose Assessment in
Light-Water Reactor Power Plants-Design Stage Man-Rem
Estimates" (Rev. 1). OE amended the SSAR to correct the
math errors and inconsistencies noted and to give the bases
for the assumptions and values used in the assessment.

In GE's dose assessment, the stay times and frequencies
for each task are based on a detailed task analysis of
maintenance activities in a BWR with a similar
containment design (MARK III containment). Average
dose rates are based on past experiences for similar tasks.
These values were then adjusted to account for ABWR
design features to obtain the expected doses. The
cumulative annual dose of 0.989 person-sievert
(98.9 person-rem) for personnel operating an ABWR plant
is consistent with the Electric Power Research Institute
design guideline of 1.0 person-sievert (100 person-rem) per
year and compares favorably with the average current
BWR experience (which is more than twice the ABWR
projected dose). Although not in the format specified in
RG 8.19, this detailed dose assessment meets the intent of
RG 8.19 and is acceptable. The staff considers this item
resolved.

12.5

Organization

The organization required to implement an effective health
physics program and ensure that radiation exposures are
within the limits of 10 CFR Part 20 and are ALARA is
outside the scope of this review. The COL applicant
seeking an operating license by referencing the ABWR
certified design will address this concern to the level of
detail discussed in RG 1.70 (Rev. 3). This was DFSER
COL Action Item 12.5-1. GE has included this information in a markup of SSAR Section 12.5.3.1 dated April 16,
1993. GE has also included this action item in the SSAR
and the staff finds it to be acceptable.
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12.S.1

10 CFK 50.54(0: TMMUIated Item*

The regulation in 10 CPU 50.34(f)(2Xxxvii) require! inplant radiation and airborne radioactivity monitoring in
accordance with Item III.D.3.3 of the TMI Action Plan.
Item III.D.3.3 requirea that operating reactora be capable
of accurately meaauring radio-iodine concentration! in
plant areae under accident condition!. The NUREO-0737
clarification of Item III.D.3.3 specifies that this capability
use portable instrument! and include! requirement! for
training and procedures for the use of these instruments.

NUREG-1503

These programmatic requirements are outside the scope of
thia review and have been identified as items to be
addressed by the COL applicant. This was identified as
DFSBR COL Action Item 12.5.1-1. Appendix AtoSSAR
Chapter 1. Section 1A.3.3, aa revised by Amendment 23,
identifies poet-accident radio-iodine monitoring aa an issue
to be addressed by the COL applicant. OB also haa
included this information in a markup of SSAR
Section 12.5.3.2 dated April 16, 1993. OB haa included
thia action item in the SSAR and the staff finds it to be
acceptable.
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13 CONDUCT OF OPERATIONS
13.1 Organizational Structure of Applicants
The staff completed its review of Standard Safety Analysis
Report (SSAR) Section 13.1, "Organizational Structure of
Applicants," and finds this section to be adequate. The
staff agrees that the information related to the combined
license (COL) applicant's organisational structure is
outside the scope of the advanced boiling water reactor
(ABWR) standard plant design. This information will be
the responsibility of the COL applicant referencing the
ABWR design at the COL phase described in 10 CFR
52.79(b).

13.2 Training
The staffs review of SSAR Section 13.2 was based on the
current regulatory requirements in 10 CFR 52.47,10 CFR
50.34(g), and 10 CFR 50.34(f) and the guidance in SRP
Section 13, NURBG-0700, and NURBO-0933. The staff
developed additional review criteria to provide a basis for
the review of aspects of the ABWR human factors
engineering (HFE) program that were not fully addressed
by the previously mentioned documents. These criteria are
contained in the staffs "HFE Program Review Model
(PRM) and Acceptance Criteria for ABWfy* which was
forwarded to the Commission in SECY-92-299 dated
August 27, 1992, and is attached as Appendix J of this
report. The HFE PRM considered aspects of training as
it pertained to the verification and validation (V&V) of the
main control room and remote shutdown system designs.
OE has not included training development in the scope of
the ABWR design certification application and has stated
that development of training will be the responsibility of
the COL applicant. However, information on the incorporation of operating experience (Three Mile Island (TMI)
I.C.5) and preoperational and low power testing (TMI
I.O.I) into training programs is provided by OE to the
COL applicant in SSAR Section 13.2.
Although training is not considered to be part of the
information required for certification of the ABWR design,
the staff identified the following issues related to training
during its review of SSAR Chapter 18, "Human Factors
Engineering:" training materials, the use of a simulator
for training, and the incorporation of operational
experience into training programs. Each of these items is
discussed below.

PSERIwe 19 ^Training Materials
In the DSER the staff stated that it "expects OE to develop
and submit for certification a detailed program description
for developing the training material as part of the design
certification for the ABWR." Following issuance of the

DSER, the staff determined that training materials were
already a part of the established licensing review process
under 10 CFR Part 50 for the COL applicant and,
therefore, did not need to be addressed in the ABWR
design certification review under 10 CFR Part 52. The
staff agrees that the submittal of training materials is
beyond the scope of the ABWR design certification and
finds OE's approach to be acceptable; therefore, this item
is resolved.

TMI ActiontornI.A,4i2
10 CFR 50.34(f)(2)(i) corresponds to TMI Action
Item I.A.4.2, "Long Term Simulator Training Upgrade,"
with regard to simulator capabilities. OE states that
"simulator facilities for use in performing operator training
are outside the scope of the standard plant design
certification." This is acceptable because training will be
addressed by the COL applicant. This was draft final
safety evaluation report (DFSER) COL Action
Item 18.7.2.2-1. OE has included the COL action item,
that the operator training program meets 10 CFR Part 50,
as Item 18.8.8 in SSAR Section 18.8, and the staff finds
this approach to be acceptable.
TMI Action Item I.C.5
The staff reviewed TMI Action Item I.C.5, "Feedback of
Operating Experience," on the incorporation of operational
experience into the training and procedure development
programs. The staff determined that development of
detailed procedures and training materials is beyond the
scope of the ABWR design certification and is the
responsibility of the COL applicant. GE has included the
training and procedure development process as a COL
license information item in SSAR Sections 13.2 and 13.5,
and the staff finds this approach to be acceptable.

TMI Artfan Item !,<?»!
The staff reviewed TMI Action Item I.O.I, "Training
Requirements for Preoperational and Low-Power Testing."
The staff determined that I.G.I is beyond the scope of
ABWR certification and is the responsibility of the COL
applicant. GE has included the training requirements for
preoperational and low power testing activities as a COL
license information item in SSAR Section 13.2.3.2, and the
staff finds this approach to be acceptable.
The staff also notes that V&V of training materials will be
examined further during the V&V of the ABWR main
control room and remote shutdown system as described in
Appendix 18E of the SSAR. Therefore, the issue of
training is resolved for the ABWR design certification.
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13.3 Emergency Planning
In Section 13.3 of the SSAR, GE states that emergency
planning is not within the scope of the ABWR design and
that the COL applicant will provide emergency plans in
accordance with 10 CFR 50.33(g) and 52.72(d). The staff
agrees that the requirement to provide the emergency plans
is the responsibility of the COL applicant referencing the
ABWR design and will depend significantly on both plant
and site-specific characteristics. This was identified as
DFSER COL Action Item 13.3-1. OE included this action
item in Amendment 31 of the SSAR. The staff finds it to
be acceptable.
Nevertheless, OE also acknowledges that there are design
features, facilities, functions, and equipment necessary for
emergency planning that must be considered in the design
basis of a standard plant. These are addressed in SSAR
Table 13.3-1, "ABWR Design Considerations for
Emergency Planning Requirements," which specifies a
technical support center (TSC) that complies with all of the
TSC design requirements and is located in the service
building adjacent to the control room. (The TSC is shown
in SSAR Figure 1.2-19, "Control and Service Building,
Arrangement Plan at Elevation 7900 mm.") OE further
states that the TSC will contain the necessary facilities and
equipment called for in Section 2 of NUREO-0696
("Functional Criteria for Emergency Response Facilities,"
U.S. NRC, February 1981).
The staff performed its review in accordance with the
requirements of 10 CFR 50.47(b), Appendix E to 10 CFR
Part 50, and 10 CFR 50.34(f)(2)(xxv), which requires an
onsite TSC, an onsite operational support center (OSC),
and a nearsite emergency operations facility (EOF). The
staffs review also considered the guidance provided in
NUREG-0654 and NUREG-0696. It is the stafTs position
that the facilities and equipment for the ABWR standard
plant TSC should be compatible with the control room and
meet the applicable criteria of NUREG-0696. In this
regard, the staff noted in the DFSER that whereas GE
specified a TSC to support 20 people, NUREG-0696
specifies the following:
The TSC working space shall be sized for a
minimum of 25 persons, including 20 persons
designated by the licensee and five NRC personnel.
This minimum size shall be increased if the
maximum staffing level specified by the licensee's
emergency plan exceeds 20 persons.
Therefore, the staff stated in the DFSER that the TSC for
the ABWR standard plant should be sized for 25 persons
and be compatible with the control room in order to meet
the criteria of NUREG-0696. This was DFSER Open
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Item 13.3-1. GE revised Table 13.3-1 in Amendment 25
to the SSAR to indicate that the TSC will be of sufficient
size to support 25 people. The staff finds it to be
acceptable. This item is resolved.
The ABWR standard plant design also includes
considerations for decontamination of onsite individuals in
the service building adjacent to the main change rooms as
shown in Figure 1.2-20 of the SSAR. The staff finds these
design considerations for an onsite decontamination facility
acceptable for meeting the requirements of 10 CFR
Part 50, Appendix E, Section IV.E.3.
GE considers other facilities that support emergency
planning to be outside the scope of the ABWR standard
plant design scope. These include an offsite EOF for the
management of overall licensee emergency response,
including coordination with Federal, State and local
officials. The staff agrees that the EOF is not within the
scope of the ABWR standard plant design, but must be
addressed by the COL applicant referencing the ABWR
standard plant design. This was identified as DFSER COL
Action Item 13.3-2. GE included this action item in
Amendment 31 of the SSAR. The staff finds it to be
acceptable.
GE originally considered an onsite OSC (assembly area)
separate from the control room and TSC where licensee
operations support personnel report in an emergency to be
outside the scope of the ABWR standard plant design.
However, the staff noted in the DFSER that an OSC
should be provided as part of the ABWR standard plant
design. This was DFSER Open Item 13.3-2. GE revised
Table 13.3-1 in Amendment 25 to the SSAR to state that
the ABWR standard plant will comply with all of the OSC
design requirements, and that the lunch room adjacent to
the TSC in the service building will be identified as the
OSC. The staff finds it to be acceptable. This item is
resolved.

Certified Pesjgn Material
The requirements for the TSC and OSC were not covered
in the Tier 1 design descriptions or inspections, tests,
analyses, and acceptance criteria (ITAAC). This was
DFSER Open Item 13.3-3. GE has provided a revised set
of design descriptions and ITAAC. The adequacy and
acceptability of the ABWR design descriptions and ITAAC
are evaluated in Section 14.3 of this report. On the basis
of this evaluation, this item is resolved.
10 CFR 50.34(fl;TMI-Related Items
SSAR Section 13.3 addresses TMI Action Plan
(NUREG-0660)Item III.A.1.2(10 CFR50.34(f)(2)(xxv)).
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This item requires the COL applicant to upgrade its
emergency support facilities by establishing a TSC, OSC,
and a near site EOF for command and control, support,
and coordination of onsite and offsite functions during
reactor accident situations. As discussed in Section 13.3
of this report, the ABWR design provides for a TSC and
an OSC. The near-site EOF is considered by the staff not
to be within the scope of ABWR standard plant design and
will be addressed by the COL applicant referencing the
ABWR standard plant design (DFSER COL Action
Item 13.3-2). OE has included this action item in the
SSAR. The staff finds it to be acceptable.

(1)

General Criterion 5 of Element 7 of the HFE PRM
states: "All procedures shall be verified and
validated. A review shall be conducted to assure
procedures are correct and can be performed. Final
validation of operating procedures shall be
performed in a simulation of the integrated system
as part of V&V activities described in Element 8."
Although GE has not included a requirement for
final validation of operating procedures, in its
design scope, as a COL action item, GE has stated
that procedures will be available for the humansystem interface (HSI) V&V activities (as specified
in SSAR Section 13.5.3.3, - Item e). These
activities are described further in SSAR
Appendix 18E and SSAR Table 18E-4. The details
of GE's V&V process are provided in SSAR
Table 18E-4 and require that final procedures be
included by the COL applicant in the V&V
activities for both the main control room and the
remote shutdown system. On the basis of SSAR
Section 13.5.3.3 and the inclusion of procedures in
SSAR Table 18E-4, the staff finds specification of
this criterion in the SSAR as a COL action item to
be acceptable.

13.4 Review and Audit
The staff determined that the review and audit information
is outside the scope of the ABWR standard plant design.
The COL applicant will provide the necessary information
on reviews and audits for plant operation. It will be
reviewed in detail during the COL stage. OE has included
this action item in the SSAR and the staff finds it to be
acceptable.

13.5 Plant Procedures
The staffs review was based on the current regulatory
requirements established in 10 CFR S2.47, 10 CFR
50.34(g), and 10 CFR 50.34(f) and the guidance contained
in SRP Section 13,NUREG-0700andNUREG-O933. The
staff developed additional review criteria to provide a basis
for the review of aspects of the ABWR HFF. program that
were not fully addressed by the previously mentioned
documents. These criteria are contained in the staffs HFE
PRM, which is attached as Appendix J of this report. The
HFE PRM considered aspects of plant procedures as they
pertained to the V&V of the main control room and remote
shutdown system designs.

(2)

General Criterion 6 of Element 7 of the HFE PRM
General Criterion 6 of Element 7 of the HFE PRM
states:
"An analysis shall be conducted to
determine the impact of providing computer-based
procedures and to specify where such an approach
would improve procedure utilization and reduce
operating crew errors related to procedure use."
This activity is not part of GE's design scope. GE
states that an analysis of computer-based procedures
will be conducted as part of the task analysis to be
conducted by the COL applicant and evaluated
further as part of the HSI. The description of the
HSI requirements is contained in Table 3.1 of the
ABWR certified design material. Because the
computerization of procedures is an aspect of the
HSI design implementation, the incorporation of the
analyses as part of HSI Element 4 is acceptable.
Therefore, the staff finds the specification of COL
completion of this criterion to be acceptable.

GE has not included procedure development in the scope
of its ABWR design certification application and has
identified procedure development as a COL responsibility
in SSAR Section 13.5. GE's description of this COL
license information item is consistent with the staffs HFE
PRM - Element 7, procedures, developed to support the
review of the ABWR HFE effort. The HFE PRM is
described in Appendix J of this report.
Although plant procedures are not considered to be part of
the information required for certification of the ABWR
design, the staff identified several issues related to
procedure development during the review of SSAR
Chapter 18, "Human Factors Engineering."
Items
regarding procedure development as well as differences
between Element 7 of the HFE PRM and SSAR Section
13.5 are discussed below.

General Criterion 5 of Element 7 of the HFE PRM

Although plant procedures are not considered to be part of
the information required for design certification of the
ABWR, the staff identified the following issues related to
procedures during its review of GE's HFE program:
procedure development (DSER — SECY-91-320 —
Issue 18.21), guidelines for updating procedures (HF-4.4),
short-term accident procedures review (TMI Action
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Item I.C.I), incorporation of operating experience (TMI
Action Item I.C.S) and a long-term plan for upgrading
procedures (TMI Action Item I.C.9). Each of these items
is addressed below.

13.6

PSER (SECY-91-32Q)

SSAR Section 13.6 states that preliminary planning is not
required because the security plan will be the responsibility
of COL applicants who reference the ABWR standard
plant design. The staff finds this approach to be
acceptable. Since the COL application will include a
physical security plan, safeguards contingency plan, and a
guard qualification and training plan, a preliminary
planning submittal is not necessary for the design
certification.

Issue

18,21;

Ettfisdua

Development
In the DSER, the staff stated that system-level operating
procedures would be developed concurrent with the
development of the ABWR systems design. The&a
procedures and the associated task analyses on which the
HSI requirements are based are not included in the design
certification; thus, they could not be evaluated.
The staff determined that development of detailed
procedures and associated training materials is beyond the
scope of the ABWR design certification and is the
responsibility of the COL applicant. This was DFSER
Confirmatory Item 18.9.2.2.7-1. OE has included the
COL license information in the SSAR Section 13.5 which
adequately addresses procedure development for the certification of the ABWR design. The staff finds GE's
approach to be acceptable.
Therefore, Confirmatory
Item 18.9.2.2.7-1 is resolved.

VSI/CSI Item HF-4,4 mt TMI Artion Items i c q , lQ,$
and I,C,9
f

The staff reviewed Item HF-4.4, "Guidelines for
Upgrading Other Procedures," TMI Action Item I.C.I,
"Short-Term Accident and Procedures Review," TMI
Action Item I.C.S, "Feedback of Operating Experience,"
and TMI Action Item I.C.9, "Long Term Plan for
Upgrading Procedures."
It was determined that
development of detailed procedures is beyond the scope of
the ABWR certification and is the responsibility of the
COL applicant. GE has included the procedure development process as a COL license information item in SSAR
Section 13.S.3. SSAR Section 13.5.3.1 states that the
methods and criteria for the development, V&V,
implementation, maintenance and revision of procedures
will include consideration of TMI Action Items L C I ,
I.C.S, and I.C.9. The staff finds GE's approach to be
acceptable. The staff interprets this process to include the
analysis of HF-4.4.
The staff also notes that V&V of plant procedures will be
examined further during the V&V of the ABWR control
room and remote shutdown system as described in GE's
certified design material, Table 3.1, "Human Factors
Engineering," and in Appendix 18E of the SSAR.
Therefore, GE's proposed treatment of plant procedures is
acceptable for the purposes of ABWR design certification.

NUREG-1503

Physical Security

13.6.1 Preliminary Planning

13.6.2 Security Plan
The SSAR states that the development of the security plan
is beyond the scope of the ABWR standard plant design.
The staff finds this approach to be acceptable. In addition
to the action items listed in Section 13.6.3 of the SSAR,
the COL applicant will provide site-specific security,
contingency, and guard training plans in accordance with
10 CFR 50.34 and 10 CFR Part 73. This was identified
as DFSER COL Action Item 13.6.2-1.
By SSAR
Amendment 25, GE identified in Section 13.6.3.8 that the
COL applicant will provide site-specific security,
contingency, and guard training plans. The staff finds it
to be acceptable.

The staff requires that at least 60 days before loading fuel,
the COL applicant will confirm that the security systems
and programs described in its physical security plan,
safeguards contingency plan, and guard qualification and
training plan have achieved operational status and are
available for NRC inspection. Operational status means
that the security systems and programs are functioning in
entirety as they would when the reactor is operating and
will remain so. The COL applicant's determination that
operational status has been achieved must be based on tests
conducted under realistic operating conditions of sufficient
duration to demonstrate (1) that the equipment is properly
operating and capable of long-term, reliable operation;
(2) that procedures have been developed, approved, and
implemented; and (3) that personnel responsible for
security operations and maintenance have been
appropriately trained and have demonstrated their
capability of performing their assigned duties and
responsibilities. This was identified as DFSER COL
Action Item 13.6.2-2. GE has included this action item
described above in the SSAR and the staff finds it to be
acceptable.
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13.6.3 Control of Access to Areas Containing Vital
Equipment
Section 13.6.3 of the SSAR identifies a number of
interlaces between the ABWR standard plant design and
the remainder of the plant that must be addressed by COL
applicants who reference the ABWR standard plant design.
The staff reviewed the interfaces and determined that these
were not interfaces as described in 10 CFR 52.47 but were
actions to be accomplished as part of the COL application.
The staff found them to be acceptable as COL action items
subject to the addition of the requirement that the applicant
provide plant-specific security, contingency, and guard
training plans in accordance with 10 CFR 50.34 and
10 CFR Part 73. This was identified as DFSER COL
Action Item 13.6.3-1. OE has included this action item as
described above in the SSAR and the staff finds it to be
acceptable.
13.6.3.1 Introduction
Section 13.6.3.1 of the SSAR states that SSAR
Section 13.6.3 deals with the control of access to areas
containing vital equipment.
13.6.3.2 Design Bases
Section 13.6.3.2 of the SSAR states that security functions
described in Section 13.6.3 are incorporated into the
overall ABWR design so that the plant is in compliance
with the requirements of 10 CFR Part 73.
The Electric Power Research Institute (EPRI) Advanced
Light Water Reactor (ALWR) Utility Requirements
Document (Volume II, Revision 1, Chapter 11, Section 8.4.1) specifically requires the protected area lighting
to be powered from an uninterruptible power source. In
its response to a request for additional information (RAI)
Q910.18, OE identified a site security load on the
non-Class IE vital (uninterruptible) load list (SSAR
Table 20B-1), but the staff considered the description of
this interconnection to be insufficiently defined. In
response to staff comments, OE added SSAR
Section 19B.3.12, which clarified the connection between
the security system uninterruptible power requirements (to
be later so determined by the plant-specific security system
designer as to meet required security system performance)
and the non-Class IE vital power supply capacity. SSAR
Section 19B.3.12 requires that the site security system be
powered from a non-Class IE vital (uninterruptible) ac
power source. The protected area boundary lighting
subsystem is the only exception. At the discretion of the
COL applicant, the protected area boundary lighting
subsystem may be powered from a non-Class IE vital

(uninterruptible) ac power source or from an interruptible
power source provided adequate compensatory measures
are established by the site's physical security implementation plan. The staff considers this resolution
acceptable and thta portion of DFSER Open Item 1.1-1 is
resolved.
In NRC Information Notice 83-83, the staff suggested that
new plant designs that make extensive use of solid-state
devices in instrument and control circuits may experience
reactor system malfunctions and spurious actuation as a
result of portable communication devices in their vicinity.
In RAI Questions (Q)910.10 and Q910.17, the staff asked
that radio-frequency interference design criteria be established to ensure that security personnel within the reactor
and control building could maintain radio communication
without adversely affecting plant operation. OS's response
to Q910.17 u r :«nced discussions of system tolerance to
electromagnetic interference. The staff finds that the plant
security systems criteria in SSAR Section 9.5.13.11 and
the amendment to SSAR Appendix 7A, in response to a
concern raised in DSER Section 7.1.3.3, adequately
resolve staffs concern.
13.6.3.? Vital Areas
Section 13.6.3.3 of the SSAR itemizes by location the
plant equipment to be considered vital equipment pursuant
to 10 CFR 73.2 and the vital areas containing that
equipment. SSAR Figures 13.6-1 through 13.6-14 outline
the vital areas.
In RAIs Q910.9, Q910.ll, and Q910.20, the staff
questioned the completeness of the ust of vital equipment
in SSAR Section 13.6.3.3. GE clarified this list on
February 22,1991, after discussions with staff. The staff
is satisfied that the list of vital equipment includes all
active and passive plant equipment essential to safe
shutdown of the reactor, including necessary support
systems, the reactor vessel and the remainder of the
reactor coolant system pressure boundary within the
primary containment, the suppression pool, spent fuel in
the fuel pool, and any associated piping, equipment, and
controls whose failure could result in an offsite release in
excess of 10 CFR Part 100 limits. The staff finds this to
be compatible with NRC Review Guideline 17
(January 23, 1978, memorandum from R. Clark to
safeguards licensing staff). Prior to issuance of a COL,
the staffs review of the designation of equipment as vital
in plant-specific applications will focus on plant support
equipment outside the scope of the certified ABWR design.
In addition, 10 CFR 73.55(e) requires that the central
alarm station be considered a vital area and secondary
power supply system for alarm annunciator equipment and
that non-portable communications equipment be located in
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vital areas. The secondary alarm station also is typically
on site and treated as a vital area. Vital area classification
of the central and secondary alarm stations was identified
as DFSER COL Action Item 13.6.3.3-1. In SSAR
Amendment 25, GE stated in Section 13.6.3.8 that the
COL applicant will provide site-specific security,
contingency, and guard training plans. Specifically, as
stated in Section 13.6.3.10, the COL applicant will provide
the classification of the control and secondary alarm
stations. Vital area classification will be addressed at the
time of the plant-specific security plan review. The staff
finds it to be acceptable.
The staff expects that at least 60 days before loading fuel,
a licensee will have confirmed that no portion of as-built
vital systems is located outside of designated vital areas or
can be prevented from performing their safety functions
from outside the vital areas (e.g., by reach-rod valve
manipulation). This verification should include piping,
valves, and motor control centers that are required for
maintaining boundary integrity, for performing the safe
reactor shutdown cooling function, and for isolating safetyrelated equipment from non-safety-related equipment. This
was identified as DFSER COL Action Item 13.6.3.3-2. In
SSAR Amendment 25, GE specified in Section 13.6.3.11
that the COL applicant will confirm that locations of vital
systems and system operations meet the above
requirements. The staff finds it to be acceptable.
The plant-specific licensing review of the security and
contingency response plan also will include an evaluation
of whether the security response force's capability to
interdict the violent external assault postulated in 10 CFR
73.1(a)(l)(i) properly accounts for the minimum
penetration delay provided by the vital area barriers and
doors. This was identified as DFSER COL Action
Item 13.6.3.3-3. In SSAR Amendment 25, GE stated in
Section 13.6.3.12 that the COL applicant will provide an
evaluation of the interdiction capability of the security
response force. The security response force's capability to
interdict the violent external assault postulated in 10 CFR
73. l(a)(l)(i) will be addressed at the time of the plant-specific security plan review. The staff finds it to be
acceptable.
13.6.3.4 Methods of Access Control
SSAR Section 13.6.3.4 describes, in general terms, the
types of door controls that will be used to control access to
vital areas. In response to RAIs Q910.12, Q910.21, and
Q910.22, GE added statements to the SSAR that all doors
and hatches connecting vital to non-vital areas are to be
alarmed and emergency egress will not require keys or
card readers. The staff finds this approach to be
acceptable.
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13.6.3.5 Access Control and Security Measures
Through Exterior Doors to the Nuclear Island
SSAR Section 13.6.3.5 describes the specific security
measures at portals into the reactor and control buildings
from exterior areas and facilities of the remainder of the
plant. For the DSER (SECY-91-235), the staff stated the
types of door controls specified in SSAR Section 13.6.3.4
were generally acceptable, but insufficient detail was
provided to determine compatibility with RG5.12,
Revision 0. This description of access control methods
also did not address the positive control requirement of
10 CFR 73.55(d)(7)(i)(B) and the record-keeping
requirement of 10 CFR 73.70(d), which requires logging
individuals' times of entry to and exit from each vital area.
This was identified as DSER (SECY-91-235) Open Item 36
and DFSER COL Action Item 13.6.3.5-1. In SSAR
Amendment 25, GE stated in Section 13.6.3.13 that the
COL applicant will demonstrate that door controls are
compatible with RG 5.12, the positive control requirement
of 10 CFR 73.55(d)(7)(i)(B) and the record-keeping
requirement of 10 CFR 73.70(d). This issue will be
considered during review of the plant-specific security
plan. The staff finds it to be acceptable.
In RAI Q910.19, the staff asked why the parameters for
environmental conditions in SSAR Appendix 31 should not
apply to the design and qualification of security access
control components.
TMI Action Item II.B.2
(NUREG-0737) identifies areas for which environmental
qualification of equipment necessary to ensure
post-accident access may need to be considered. Although
the "security center" is not safety related, it is included in
NUREG-0737 because access to it may be necessary to
give access to the rest of the plant. In NRC Information
Notice 86-106, Supplement 2, the staff discussed an event
at the Surry Power Station in which condensed steam
saturated a security card reader and caused a short circuit
in the card reader system for the entire plant. As a result,
key cards would not open doors controlled by the security
system. In the same event, a security communications
system radio repeater was temporarily degraded because a
thick layer of ice had formed on it from actuation of a
carbon dioxide discharge nozzle. In response to RAI
Q 910.19, GE stated that (1) this equipment is not safety
related and is not required to operate under accident
conditions, (2) the card reader design is required to
preclude the possibility of failure of one card reader
affecting the operation of any other card reader, (3) card
reader doors are required to have a key-operated override,
and (4) emergency exits are required to be designed so that
personnel can exit without using keys or card readers.
The staff considers this response to be consistent with
currently accepted industry practice and is, therefore,
acceptable.
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Furthermore, SSAR Chapter 19, Appendix 19B.3.10,
requires a COL applicant to evaluate the effects of the
security system on required operator actions during ail
emergency modes of operation. The staffs position is that
this analysis should include consideration of an emergency
requiring evacuation of the control room in the control
building to the remote shutdown panel in the reactor
building. This was identified as DSER (SECY-91-235)
Open Item 37 and DFSER COL Action Item 13.6.3.5-2.
In SSAR Amendment 25, OE stated in Section 13.6.3.8
that the COL applicant will provide site-specific security,
contingency, and guard training plans. Evaluation of
compliance with the vital equipment prompt access
requirements of 10 CFR 73.55(dX7X») will be resolved
during review of the plant-specific security plan. The staff
finds it to be acceptable.
13.6.3.6 Bullet-Resistant Walls and Doors, Security
Grills, and Screens
SSAR Section 13.6.3.6 discusses bullet-resistant walls and
doors and security grills and screens incorporated into the
building design, with the stated intent of minimizing
forcible access to the control room. In its responses to
RAIsQ910.13, Q910.23, and Q910.24, GE did not
resolve staff uncertainty as to the adequacy of barriers in
all man-sized openings in physical barriers that separate
other vital from non-vital areas. Also, the staff position on
the effectiveness of the ventilation system barriers
described in SSAR Section 13.6.3.6 remained as described
in RAI Q910.13; that is, consideration may need to be
given to how accessible, isolated, and hidden from view
these barriers will be, as well as whether they can be
penetrated with hand tools available on site. While SSAR
Section 13.6.3.6 only addresses the main control room
heating, ventilation, and air conditioning (HVAC) ducting
and exterior air exhaust systems, SSAR Chapter 19,
Appendix 19B.2.4(13) was changed to include the EPRI
ALWR requirements on utility port openings
(e.g., HVAC, cooling, and piping) through all vital or
protected area boundaries, in accordance with EPRI

Evolutionary Requirements Document, Chapter 9, Section 5.2.5.1, Revision 0. Specifically, the SSAR states
that the ABWR design will minimize the use of utility port
openings through all vital or protected area boundaries and
will provide security access control of these utility ports.
GE's change in Appendix 19B.2.4, which clarifies that the
ABWR design will comply with the above ALWR requirements, satisfactorily resolved this issue.
Certified Design Material
The staff expects that at least 60 days before loading fuel,
the COL applicant referencing the ABWR design will have
confirmed that the as-built bullet-resistant feature of walls
and doors and the penetration-resistant feature of barriers
in HVAC ducting and exhausts, committed to in SSAR
Section 13.6.3.6, have been installed in all locations
required by the commitment. This inspection requirement
should be included in appropriate building ITAAC and was
identified as DFSER Open Item 13.6.3.6-1. In its
submittal dated May 30,1992, GE stated that the issue was
not a Tier 1 ITAAC issue. Additional review by the staff
agreed with GE that the issue did not meet the criteria to
be a Tier 1 ITAAC requirement. This issue is discussed
in detail in Section 14.3.2.5. Therefore, this item is
resolved.
13.6.3.7 Compatibility With the Remainder of the
Plant
SSAR Section 13.6.3.7 states that access control for the
remainder of plant buildings, including the turbine building
side of the main steam tunnel, must be compatible with the
site-specific physical security program which will be the
responsibility of the COL applicant who references the
ABWR standard plant design. The staff agrees and notes
that an acceptable security barrier to bar unauthorized
access from the turbine building into the steam tunnel must
also permit venting of steam into the turbine building in
accordance with SSAR Section 9A.3.2 of Appendix A to
Chapter 9.
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14 INITIAL TEST PROGRAM
14.1 Preliminary Safety Analysis Reports
Information

design certification application. These areas of review are
listed below:

Section 14.1 of the standard safety analysis report (SSAR)
is specified ia Regulatory Guide (RG) 1.70 and the
standard review plan (SRP). However, the preliminary
safety analysis report information specified by RG 1.70 is
only required for facilities licensed under 10 CFR Part SO,
and is not required for a design certification under 10 CFR
Part 52. This is because under Part 52, the staff gives its
final design approval (FDA) for the design, rather than its
preliminary design approval as done under Part 50. Thus,
the design information in the SSAR is final rather than
preliminary, and therefore, no information is required to
be in this section of the ABWR SSAR.

•

Summary of the Test Program and Objectives

•

Organization and Staffing

•

Test Procedures

•

Conduct of Test Program

•

Review, Evaluation, and Approval of Test Results

•

Test Records

•

Conformance of Test Program With Regulatory Guides

•

Utilization of Reactor Operating and Testing
Experience in the Development of Test Program

•

Trial Use of Plant Operating and Emergency
Procedures

•

Initial Fuel Loading and Initial Criticality

•

Test Program Schedule

•

Individual Test Descriptions

•

Combined License (COL) Information - ITP

The staff provided its preliminary evaluation of GE*s draft
certified design material in Section 14.1 of the DFSER.
Subsequently, as requested by the staff, GE provided
SSAR information discussing the certified design material
in a new Section 14.3 of the SSAR. The staffs review of
the certified design information is summarized in
Section 14.3 of this report, which conforms with SSAR
Section 14.3.
This section is not applicable to the ABWR application.
The DFSER included a discussion of piping design in this
section. This discussion has been moved to Section 3.12
of this report.

14.2 Initial Plant Test Programs
fofrPdwtioB

Chapter 14, Section 14.2, of the ABWR SSAR, "Specific
Information to be Included in Final Safety Analysis
Reports," describes the plant initial test program (ITP) for
the ABWR. The GE ABWR ITP consists of a series of
tests categorized as construction, preoperational, or initial
startup tests. The construction acceptance tests determine
installation and functionality of equipment. Preoperational
tests are those tests normally conducted prior to fuel
loading to demonstrate the capability of plant systems to
meet performance requirements. Initial startup tests begin
with fuel loading and demonstrate the capability of the
integrated plant to meet performance requirements. This
report documents the staffs evaluation of the GE ABWR
ITP.
The staff performed the review of the plant ITPs in accordance with Section 14.2, of NUREG-0800, the SRP, and
RG 1.68 (Rev. 2), "Initial Test Program for Water Cooled
Nuclear Power Plants." The staff reviewed thirteen areas
relating to initial plant test programs, described in Chapter 14 of the SSAR, and submitted by GE as part of its

The acceptance criteria used by the staff for this review
were contained in SRP Section 14.2, Subsection II.

BwHgrowrt
A meeting was held with GE, on May 7, 1991, in order to
discuss a list of questions, comments, and errata
information generated by the staffs initial review of the
SSAR and GE's potential responses to these items.
Subsequently, a draft SSAR amendment was submitted by
GE via a letter dated May 20, 1991, from R.C. Mitchell
(GE) to C.L. Miller (NRC), in response to these items.
The DSER (SECY-91-355), dated November 5, 1991,
consisting of acceptable and open items, was subsequently
forwarded to GE for its use in further revising the SSAR.
In October 1991, GE formally submitted SSAR
Chapter 14, Amendment 20. GE subsequently submitted
a response to the DSER open items via letter dated March
11, 1992, from R.C. Mitchell (GE) to R.C. Pierson
(NRC) and additional SSAR markups were subsequently
provided to the staff. These changes were incorporated in
SSAR Amendments 21, 22, and 23.
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Evaluation

14.2.1.1 Construction Test Objectives

The staff reviewed the GE ABWR FTP in accordance with
SRP Section 14.2. This evaluation includes information in
staff requests for additional information (RAIs) following
its earlier review, GE's letter of May 20, 1991, in
response to the staffs RAIs and the staffs findings regarding each response.
The staff also evaluated GE's
responses to DSER open items as contained in its letter of
March 11, 1992. This evaluation also includes all other
information supplied to the staff as docketed markups to
the SSAR, as well as changes contained in subsequent
SSAR amendments. This evaluation for the ABWR
included open items, confirmatory items, and resolution of
those sections of the SSAR that the staff initially found to
need modification or additional information.

SSAR Section 14.2.1.1 states that construction tests will be
performed to demonstrate that components and systems are
correctly installed and operational. These tests will
include, but will not be limited to; flushing and cleaning,
hydrostatic testing, initial calibration of instrumentation,
checks of electrical wiring and equipment, valve testing,
and initial energization and operation of equipment and
systems. Completion of this phase will ensure that systems
are ready for preoperational testing.

Based on the review of the GE ABWR ITP description in
SSAR Chapter 14 and the responses to the RAIs and the
DSER open items, DFSER open items and confirmatory
items, the staff concludes that the U P was generally
comprehensive and covered all areas of staff concern. The
staff also conducted an in-depth review of system-specific
testing requirements within each test abstract. The staff
concludes that GE provided a sufficient level of detail to
adequately describe system-specific test prerequisites and
acceptance criteria.
The staff also reviewed cross
references to acceptance criteria information in other parts
of the SSAR and finds them acceptable.

14.2.1.2 Preoperational Test Objectives
SSAR Section 14.2.1.2 states that preoperational tests will
be conducted before fuel loading to verify that plant
systems are capable of operating in a safe and efficient
manner compatible with the system design bases. The
general objectives of the preoperational test phase will be
to:
•

ensure that design specification and test acceptance
criteria are met

•

provide documentation of the performance and safety
of equipment and systems

•

provide baseline test and operating data tn equipment
and systems for future reference

•

run-in new equipment for a sufficient period so that
any design, manufacturing, or installation defec s can
be detected and corrected

•

ensure that plant systems operate together on an
integrated basis to the extent possible

•

give maximum opportunity to the permanent plant
operating staff to obtain practical experience in the
operation and maintenance of equipment and systems

14.2.1 Summary of Test Program and Objectives
As stated in SSAR Section 14.2.1, the objectives of the
ITP will be to
•

ensure that construction is completed and acceptable

•

demonstrate the capability of structures, components,
and systems to meet performance requirements

•

effect fuel loading in a safe manner

•

•

demonstrate, where practical, that the plant is capable
of withstanding anticipated transients and postulated
accidents

help demonstrate safe and efficient system operating
and surveillance testing procedures to the extent
possible

•

demonstrate that safety systems and equipment are
operated to allow fuel loading and entry to the startup
phase

•

•

evaluate and demonstrate, to the extent possible, that
plant operating procedures provide assurance that the
operating group is knowledgeable about the plant and
procedures and fully prepared to operate the facility in
a safe manner
bring the plant to rated capacity and sustained power
operation
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14.2.1.3 Startup Test Objectives
SSAR Section 14.2.1.3 states that after the preoperational
test phase has been completed, the startup phase will begin
with fuel loading and extend to commercial operation. The
tests conducted during the startup phase consist of major
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and minor plant transients, steady-state teste, and process
control system teste. These teste will be directed toward
demonstrating correct performance of the nuclear boiler
and the various plant systems while at power and the
validation of analytical models used in the design.
The general objectives of the startup phase will be to:
•

achieve an orderly and safe initial core loading

•

accomplish all testing and measurements necessary to
ensure that the approach to initial criticality and
subsequent power ascension is safe and orderly

•

conduct low-power physics teste sufficient to ensure
that test acceptance criteria have been met

•

conduct initial heatup and hot functional testing so that
hot integrated operation of all systems is shown to meet
test acceptance criteria

•

conduct an orderly and safe power ascension program,
with requisite physics and systems testing, to ensure
that integrated plant operation at power meets test
acceptance criteria

startup group will be responsible for planning, executing,
and documenting all startup and testing activities that occur
between the completion of the construction phase and
commencement of commercial operation of the plant.
Upon completion of the startup program, the startup group
will be dissolved and the normal plant staff will assume
complete responsibility for the plant. The normal plant
staff will be included in as many aspects of the test
programs as is practicable, considering their normal duties
in the operation and maintenance of the plant.
14.2.2.3 General Electric Company
SSAR Section 14.2.2.3 states that GE will be the supplier
of the boiling water reactor (BWR) nuclear steam supply
system and is responsible for generic and specific BWR
designs. During the construction and testing phases of the
plant cycle, GE personnel will be on site to offer consultation and technical direction with regard to GE-supplied
systems and equipment.
14.2.2.4 Others

•

demonstrate, to the extent possible, the adequacy of
various component, system, and plant procedures

SSAR Section 14.2.2.4 states that other concerned parties
outside the plant staff organization—such as the architectengineer, the constructor, the turbine-generator supplier,
and vendors of other equipment—will be involved in the
testing program to various degrees.

•

conduct a successful warranty demonstration

14.2.2.5 Interrelationships and Interfaces

14.2.1.4 Conclusion
The staff finds that the objectives for theilTP meet the
acceptance criteria in SRP Section 14.2 and are acceptable.
14.2.2

Organization and Staffing

14.2.2.1 Normal PUult Staff
SSAR Section 14.2.2.1 states that the normal plant staff
responsibilities, authorities, and qualifications are given in
SSAR Chapter 13. DFSER Confirmatory Item 14.2.2.1-1
addressed an issue that plant organizational staff was
outside the scope of the ABWR SSAR. GE added
information in Amendment 30 of SSAR Section 14.2.2.1
to state that plant organizational staff will be provided by
the COL applicant. The staff finds this acceptable. This
resolved DFSER Confirmatory Item 14.2.2.1-1.

SSAR Section 14.2.2.5 states that the effective
coordination between the various site organizations
involved in the test program will be achieved through the
startup coordinating group (SCG) that will be composed of
representatives of the plant owner/operator, GE, and
others. The duties of the SCG will be to review and
approve project testing schedules and to effect timely
changes to construction or testing in order to facilitate
execution of the preoperational and initial startup test
programs.
14.2.2.6 Conclusion
The staff finds that the organization and staffing plan meet
the acceptance criteria in SRP Section 14.2 and are
acceptable. As discussed in Section 14.2.2.1, the normal
plant staff aspects will be evaluated during the COL
review.

14.2.2.2 Startup Group

14.2.3 Test Procedures

SSAR Section 14.2.2.2 states that the startup group will be
an ad hoc organization created to ensure that the ITF is
conducted in an efficient, safe, and timely manner. The

SSAR Section 14.2.3 states that testing during all phases
of the ITP will be conducted using detailed, step-by-step
written procedures to control the conduct of each test.
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Such test procedures will specify testing prerequisites,
describe desired initial conditions, include appropriate
methods to direct and control test performance (including
the sequencing of testing), specify acceptance criteria by
which the test will be evaluated, and provide for or specify
the format by which data or observations will be recorded.
The procedures will be developed, reviewed, and
controlled by personnel with appropriate technical
backgrounds and experience in accordance with the startup
administrative manual. This will include participation of
principal design organizations in the establishment of test
performance requirements and acceptance criteria. OE
will provide the COL applicant with scoping documents
(i.e., preoperational and startup test specifications)
containing testing objectives and acceptance criteria
applicable to its scope of design responsibility. Such
documents also will include, as appropriate, delineation of
specific plant operational conditions at which tests will be
conducted, testing methodologies to be used, specific data
to be collected, and acceptable data reduction techniques as
well as any reconciliation methods needed to account for
test conditions, methods, or results if testing is performed
at conditions other than representative design operating
conditions. Available information on operating and testing
experiences of operating power reactors will be factored
into test procedures as appropriate.
The staff finds that the content, development, and review
of test procedures meet the criteria in SRP Section 14.2,
and are acceptable. However, a COL applicant will need
to provide the following for staff review:
f

•

The scoping document (i.e., preoperational and startup
test specifications) containing testing objectives and
acceptance criteria applicable to its scope of design
responsibility.
This was DFSER COL Action
Item 14.2.3-1.

•

The scoping document that delineate and any other
documents which delineate plant operational conditions
at which tests are to be conducted, testing
methodologies to be> utilized, specific data to be
collected, and acceptable data reduction techniques to
be reviewed by the staff at the time of combined
operating license. This was DFSER COL Action
Item 14.2.3-2.

•

The scoping document that delineate any reconciliation
methods needed to account for test conditions, methods
or results if testing is performed at conditions other
than representative design operating conditions. This
was DFSER COL Action Item 14.2.3-3.

•

The approved preoperational test procedures
approximately 60 days before their intended use and
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startup test procedures approximately 60 days before
fuel loading.
This was DFSER COL Action
Item 14.2.3-4.
OE incorporated the above COL action items in SSAR
Sections 14.2.3 and 14.2.13. This is acceptable.
14.2.4 Conduct of Test Program
SSAR Section 14.2.4 states that the ITP will be conducted
by the startup group in accordance with the startup
administrative manual. This manual will contain the
administrative procedures and requirements that govern the
activities of the startup group and their interfaces with
other organizations. The startup administrative manual
will receive the same level of review and approval as do
other plant administrative procedures. It will define the
specific format and content of preoperational and startup
test procedures as well as the review and approval process
for both initial procedures and subsequent revisions or
changes. The startup manual also will specify the process
for review and approval of test results and for resolution
of failures to meet acceptance criteria and of other
operational problems or design deficiencies. It will
describe the various phases of the ITP and establish the
requirements for progressing from one phase to the next as
well as those for moving beyond selected hold points or
milestones within a given phase. It will also describe the
controls in place that will ensure the as-tested status of
each system is known and track modifications, including
retest requirements, deemed necessary for systems
undergoing or already having completed specified testing.
Additionally, the startup manual will delineate the
qualifications and responsibilities of the different positions
within the startup group.
Staff Evaluation of DSER Items
In the DSER, the staff determined that GE should specify
whose approval must be obtained before increasing power
to the next higher test plateau. (This was incorrectly
identified as an interface requirement in Section 14.2.5
of the DSER). GE indicated that such specifics will be a
function of the plant owner/operator's unique
organizational structure and detailed plant administrative
procedures and thus left to the COL applicant. GE revised
SSAR Section 14.2.13 to reflect that the COL applicant
should specify whose approval is needed to proceed to the
next testing plateau. This is acceptable.
The staff finds that the conduct of the test program meets
the acceptance criteria in SRP Section 14.2 and is
acceptable. However, a COL applicant will need to
provide a startup administrative manual (procedures) and
any other documents that delineate the conduct of the test
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program to be reviewed by the staff at the time of the
COL application.
This was DFSER COL Action
Item 14.2.4-1. OE included the above action item in
SSAR Section 14.2.13 and the staff finds this acceptable.

usefulness in documenting initial plant performance
characteristics. As discussed in SER Section 14.2.4, the
startup administrative manual is identified as a COL action
item.

14.2.5 Review, Evaluation, and Approval of Test
Results

The staff finds that the test records compilation,
maintenance, and retention program meets the acceptance
criteria in SRP Section 14.2, and is acceptable.

SSAR Section 14.2.5 states that individual test results will
be evaluated and reviewed by cognizant members of the
startup group. Test exceptions or acceptance criteria
discrepancies will be communicated to the affected and
responsible organizations who will help resolve the issues
by suggesting corrective actions, design modifications, and
retests. OE and others outside the plant staff organization,
as appropriate, will have the opportunity to review the
results for conformance to predictions and exceptions.
Test results, including final resolutions, then will be
reviewed and approved by designated startup group
supervisory personnel.

Staff Evriwttipn of PSte Items
In the DSER, the staff determined that OE should specify
whose approval must be obtained before increasing power
to the next higher test plateau. OE indicated that such
specifics will be a function of the plant owner/openUor's
unique organizational structure and detailed plant
administrative procedures and are thus will be defined by
the COL applicant. OE revised SSAR Section 14.2.13 to
reflect that the COL applicant should specify whose
approval is needed to proceed to the next testing plateau.
This is acceptable.
The staff finds that the process for review, evaluation, and
approval of test results meets the acceptance criteria
described in SRP Section 14.2 and is acceptable.
However, a COL applicant will need to provide a startup
administrative manual (procedures) and any other
documents that delineate the review, evaluation, and
approval of test results for staff review. This was DFSER
COL Action Item 14.2.5-1. GE included the above COL
action item in SSAR Section 14.2.13 and the staff finds
this acceptable.
14.2.6 Test Records
SSAR Section 14.2.6 states that the ITP results will be
compiled and maintained according to the startup manual,
plant administrative procedures, and applicable regulatory
requirements. Test records that demonstrate the adequacy
of safety-related components, systems, and structures will
be retained for the life of the plant. Retention periods for
other test records will be based on consideration of their

14.2.7 Conformance of
Regulatory Guides

Test

Program

With

SSAR Section 14.2.7 lists the NRC ROs that will be used
in the development of the ITP and states that the applicable
tests will comply with these guides. The applicable
revisions to these ROs are listed in SSAR Table 1.8-20.
In the DSER, the staff determined that OE needed to add
additional RO references to Table 1.8-20 and SSAR
Section 14.2.7. This was DSER Open Item 6.C. The
DFSER tracked this issue as DFSER Confirmatory
Item 14.2.7-1.
In its letter of May 20, 1991, OE agreed to amend the
SSAR to include RGs 1.9S, "Protection of Nuclear Power
Plant Control Room Operators Against an Accidental
Chlorine Release," Revision 1, and 1.139, "Guidance for
Residual Heat Removal," Revision 0, and to document the
applicable revision number of each RO listed in SSAR Section 14.2.7 or to amend the section to reference
Table 1.8-20 for the applicable revision numbers of the
listed guide. GE made these changes in Amendment 18 of
the SSAR. GE further agreed to correct the reference to
RG 1.68.3, "Preoperational Testing of Instrument and
Control Air," Revision 0, contained in SSAR Table 1.8-20
or Section 14.2.7, as appropriate, to Revision 0, issue date
of April 1982. GE stated this change in its response on
March 11, 1992. The staff determined that GE made the
required changes in Amendment 21 of the SSAR. The
staff finds this acceptable. This resolved the above
portions of DFSER Confirmatory Item 14.2.7-1.
The staffs review identified that SSAR Section 14.2.7 lists
RG 1.140 as applicable to the ABWR, however, SSAR
Table 1.8-20 indicates RG 1.140 is not applicable to the
ABWR.
SSAR Section 14.2.12.1.34(3)0) includes
RG 1.140 guidance as acceptance criteria for visual
inspection and airflow distribution, testing for penetration
of dioctyl phthalate and bypass leakage testing for highefficiency particulate air (HEPA) and charcoal absorber
sections where installed. The staff found that the
utilization of RG 1.140 guidance for normal ventilation
exhaust system air filtration and absorber units was not
clear. GE was asked to make the appropriate clarifications
to Table 1.8-20, Section 14.2.7, and individual test
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abstracts, as appropriate, to clearly and consistently
describe the degree of conformance to RO 1.140, any
exceptions taken, and to identify any aspects of RO 1.140
that are not applicable to the ABWR.
OB responded by deleting the reference to RO 1.140 in
SSAR Amendment 30 from the list of acceptance criteria
in SSAR Section 14.2.12.1.34 and from the list of ROs in
SSAR Section 14.2.7 to make those sections consistent
with Table 1.8-20.
OB added RO 1.52 to
Section 14.2.12.1.34 and Section 14.2.7 in SSAR
Amendment 30 to address testing of engineered safety
feature (ESF) heating, ventilation, and air conditioning
(HV AC) systems that require in place testing of HEPA and
carbon adsorber filters. The staff finds this acceptable.
This resolved DFSER Confirmatory Item 14.2.7-1.
14.2.8 Utilization of Reactor Operating and Testing
Experience in the Development of Test
Program
SSAR Section 14.2.8 states that since every reactor/plant
in a GE BWR product line is an evolutionary development
of the previous plant in the product line it is evident that
the ABWR plants will benefit from the experience acquired
with the successful and safe startup of more than
30 previous BWR plants. The operational experience and
knowledge gained from these plants and other reactor types
have been factored into the design and test specifications
of OE-supplied systems and equipment that will be
demonstrated during the preoperational and startup test
programs. Additionally, reactor operating and testing
experience of similar nuclear power plants obtained from
NRC licensee event reports and through other industry
sources will be used to the extent practicable in developing
and carrying out the FTP.
Hie staff finds that the use of reactor operating and testing
experience in the development of the test program meets
the acceptance criteria in SRP Section 14.2, and is acceptable.

14.2.9 Trial Use of Plant Operating and Emergency
Procedures
SSAR Section 14.2.9 states that, to the extent practicable,
throughout the preoperational and initial startup test
program, operating, emergency, and abnormal procedures
will be incorporated, where applicable, in the performance
of tests. The use of these procedures is intended to
•

prove the adequacy of the specific procedure or
illustrate changes that may be required
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•

provide training of plant personnel in the use of these
procedures

•

increase the level of knowledge of plant personnel on
the systems being tested

OB further indicated, that to meet the above goals, test
procedures will actually reference or extract steps from
operating, emergency, or abnormal procedures.
The staff finds that the method of incorporating operating,
emergency, or abnormal procedures into the test program
meets the acceptance criteria in SRP Section 14.2, and is
acceptable.
However, as discussed in SSAR Section 14.2.3, a COL applicant will need to provide the
approved preoperational test procedures 60 days before
their intended use and the startup test procedures approximately 60 days before fuel loading.
14.2.10 Initial Fuel Loading and Initial Criticality
SSAR Section 14.2.10 states that the fuel loading and
initial criticality will be conducted in a very controlled
manner in accordance with specific written procedures as
part of the startup test phase. The NRC approves fuel
loading after it has verified that prerequisite testing has
been satisfactorily completed or after the COL applicant
provides appropriate justification to proceed with fuel
loading and complete the preoperational testing after fuel
loading.
The intent of the testing program is to complete all
preoperational tests and approve the results before
commencement of fuel loading. However, there may be
unforeseen circumstances that arise that would prevent this
from occurring, but that would not necessarily justify the
delay of fuel loading.
In the DFSER, the staff determined that SSAR
Section 14.2.10 should address the completion of
preoperational testing (including the review and approval
of test results required before fuel loading). If portions of
any preoperational tests are intended to be conducted, or
their results approved, after fuel loading, GE should
(1) list each test, (2) state which portions of each test will
be delayed until after fuel loading, (3) provide technical
justification for delaying these portions, and (4) state when
each test will be completed and the results approved.
OE revised SSAR Section 14.2.10 in Amendment 18 to
require that the above stated conditions be appropriately
documented should the COL applicant decide to request
permission from the NRC to proceed with fuel loading
under such circumstances. In the DFSER, the staff found
that the methods of controlling pre-fuel load checks, initial
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fuel loading, precritical testing and initial criticality
outlined in Section 14.2.10 met the acceptance criteria in
SRP Section 14.2, and were acceptable. However, a
referencing applicant will need to provide a startup
administrative manual (procedures) and any other documents that delineate the methods of controlling pre-fuel
load checks, initial fuel loading, precritical testing and
initial criticality. These are to be reviewed by the staff
before issuing a COL. This was DFSER COL Action
Item 14.2.10.4-1. OE included this COL action item in
SSAR Sections 14.2.10 and 14.2.13. The staff finds this
acceptable.
14.2.10.1

Pre-Fud Load Checks

SSAR Section 14.2.10.1 states that once the plant has been
declared ready to load fuel, there are a number of specific
checks that must be made before proceeding. These
include a final review of the preoperational test results and
the status of any design changes, work packages, and/or
retests that were initiated as a result of exceptions noted
during this phase. Also, the technical specifications (TS)
surveillance program requirements, as described in the
ABWR TS Chapter 16, will be instituted at this time to
assure the operability of systems required for fuel loading.
Just Wore the initiation of fuel loading, the proper vessel
water level and chemistry will be verified and the
calibration and response of the nuclear instruments will be
checked. This was DFSER TS Item 14.2.10.1-1.
The staff reviewed GE submittals dated March 31 and
April 16, 1993, which contained GE's response to resolve
TS Item 14.2.10.1-1.
SSAR Section 14.2.12.2.3(2),
prerequisites (c) and (d) will require neutron detectors
instrument channels to be properly calibrated and operable
prior to fuel loading. A cross-reference to a response
dated March 31, 1993, of TS LCO 3.3.1.3, Surveillance
Requirements (SR) for startup range nuclear monitor
instrumentation, excluded calibration of neutron detectors.
The staff determined that calibration of neutron detector
instrumentation is required before fuel loading.
The ABWR Standardized Technical Specification (STS)
bases section for SR 3.3.2.1.6 states "the neutron detectors
are excluded from channel calibration because they cannot
readily be adjusted. The detectors are fission chambers
that are designed to have relatively constant sensitivity over
the range, and with an accuracy specified for a fixed useful
life." The staff determined that the startup test program
prerequisite requirements verify calibration of the neutron
detectors instrumentation channels before fuel loading and
before startup. Neutron sources would be used to verify
proper calibration and instrument response of the detectors.
The ABWR STS do not require the detectors to be
calibrated during startup, therefore, the staff determined

that the cross reference to the STS in SSAR
Section 14.2.12.2-3 should be deleted. The staff verified
that the cross reference to the STS was deleted from
acceptance criteria 14.2.12.2-3(2)(c) and (d) in SSAR
Amendment 31. The acceptability of the ABWR TS is
discussed in Chapter 16 of this report. This resolved
DFSBRTS Item 14.2.10.1-1.
14.2.10.2

Initial Fud Loading

SSAR Section 14.2.10.2 states that fuel loading will
require the movement of the full core complement of
assemblies from the fuel pool to the core, with each
assembly being identified by number before being placed
in the correct coordinate position.
The procedure
controlling this movement will specify that partial core
shutdown margin and subcritical checks be made at
predetermined intervals throughout the loading, thus
ensuring safe loading increments as described in test
abstract 14.2.12.2.3, Fuel Loading. In-vessel neutron
monitors will provide continuous indication of the core flux
level as each assembly is added. A complete check will be
made of the fully loaded core to ascertain that all
assemblies are properly installed, correctly oriented, and
occupying their designated positions.
14.2.10.3

Pre-Criticality Testing

The control rods shall be verified functional and scram
tested with the fuel in place. The post-fuel-load flow test
of the reactor internals vibration assessment program, if
applicable, shall be conducted at this time. Additionally,
a final verification shall be made that the required TS
surveillances have been performed.
14.2.10.4

Initial Criticality

SSAR Section 14.2.10.4 states that during initial criticality,
the full core shutdown margin shall be verified for the
fully loaded core as described in startup test abstract
14.2.12.2.4,
"Full Core Shutdown Margin
Demonstration." SSAR Section 14.2.10.4 also states that
initial criticality shall be achieved in an orderly, controlled
fashion following specific detailed procedures in an
approved rod withdrawal sequence. Core neutron flux
shall be continuously monitored during the approach to
criticality and periodically compared to predictions to allow
early detection and evaluation of potential anomalies.
14.2.11 Test Program Schedule
SSAR Section 14.2.11 states that the schedule, relative to
the initial fuel load date, for conducting each major phase
of the ITP will be provided by the COL applicant. This
includes the time table for generation, review, and
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approval of procedurea aa well aa the actual totting and
analysis of reaulta. Aa a minimum, at leaat 9 moatha
before the fuel loading date ihould be allowed for
conducting the preoperational phaae and at least 3 moatha
ihould be allowed for conducting the startup and power
aecenaion testing that commence! with fuel loading. To
allow for NRC review, test procedure preparation for
power ascension will be scheduled so that approved
procedurea are available approximately 60 dayi prior to
fuel load. Although there will be considerable flexibility
available in the sequencing of testing within a given phase,
testing should be performed aa lyeteme are turned over
from construction. However, the interdependency of
aystema should also be considered so that common support
systems, such aa electrical power distribution, service and
instrument air, and the various makeup water and cooling
water aystema, will be tested aa early aa possible.
Sequencing of testing during the startup phase will depend
primarily on specified power and flow conditions and intersystem prerequisites. To the extent practicable, the
schedule should establish that, before exceeding 25-percent
power, the test requirements will be met for those plant
structures, systems, and components (SSCs) that are relied
on to prevent, limit, or mitigate the consequences of postulated accidents. Additionally, testing will be sequenced so
that the safety of the plant ia never totally dependent on
untested systems, components, or features.

Staff Evaluation of DSER Item
In the DSER, the staff determined that SSAR
Section 14.2.11 should be modified to include the
following:
•

A figure that illustrates the power-flow operating map

•

A table that lists the startup tests and states at which
test condition(s) each test is to be conducted

The staff stated in DSER Open Items 116 and 117 that
SSAR Figure 4.4-1 did not provide sufficient detail
regarding test condition identification to determine that
each startup test will be conducted at appropriate
power-flow conditions in accordance with RO 1.68, "Initial
Test Programs for Water Cooled Nuclear Power Plant"
(Rev. 2), Appendix A.5, "Power Ascension Tests." In
addition, the SSAR did not contain a table of startup tests.

GE subsequently submitted a power-to-flow operating map,
SSAR Figure 14.2-1, that provides an appropriate
indication of teat conditions and OE provided a table of
startup tests, SSAR Table 14.2-1, "Startup Test Matrix."
This was acceptable subject to incorporation into a future
SSAR revision and staff review. This resolved DSER
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Open Items 116 and 117, and became DFSER Confirmatory Item 14.2.11-1. The staff finds that the power-toflow map and the table of startup tests that were
incorporated into Amendment 23 of the SSAR meet the
acceptance criteria of SRP Section 14.2, and are
acceptable.
This resolved DFSER Confirmatory
Item 14.2.11-1.
OB indicated that SSAR Section 14.2.11 would be revised
to include the following additional information on the test
program schedule. Power ascension testing will be
conducted in essentially three phases: (1) initial fuel
loading and open vessel testing, (2) testing during nuclear
heat up to rated temperature and pressure, and (3) power
operation testing from 5-percent to 100-percent rated
power. Further, power operation testing will be divided
into three sequential testing plateaus aa shown on SSAR
Figure 14.2-1. The testing plateaus consist of low-power
testing at less than 25-percent power, mid-power testing up
to 75-percent power between approximately the 50-percent
and 75-percent rod lines, and high-power testing along the
100-percent rod line up to rated power. Thus, there will
be a total of five different testing plateaus designated aa
shown on SSAR Figure 14.2-1. Table 14.2-1 indicates in
which testing plateaus the various power ascension testa
will be performed. Although the order of testing within a
given plateau will be somewhat flexible, the normal
recommended sequence of tests will be; (1) core performance analysis, (2) steady state tests, (3) control system
tuning, (4) system transient tests, and (5) major plant
transients (including trips). Also, for s given testing
plateau, testing at lower power levels generally should be
performed before that at higher power levels. The detailed
testing schedule will be generated by the COL applicant
and will be made available to the NRC before actual
implementation. The schedule then will be maintained to
reflect actual progress and subsequent revised projections.
The information above was acceptable subject to
incorporation into a future SSAR revision. This was
DFSER Confirmatory Item 14.2.11-2.
OE revised the test program schedule in SSAR
Section 14.2.11 and Table 14.2-1 in SSAR Amendments
23 and 33. The staff finds the changes acceptable. This
resolved DFSER Confirmatory Item 14.2.11-2.
Additionally, a COL applicant will need to provide a
startup administrative manual (procedures) and any other
documents that delineate the test program schedule for staff
review. OE identified this as a COL action item in a
response dated April 6, 1993. This information was
incorporated into SSAR Amendment 31. This was DFSER
COL Action Item 14.2.11-1. OE included this COL action
item in SSAR Section 14.2.3, and the staff finds this
acceptable.
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14,2.12

Individual Teat Descriptions

14.2.12.1

Preoperational Teat Procedures

SSAR Section 14.2.12.1 states that the general descriptions
relate the objectives of each preoperational test. During
the final construction phase, it may be necessary to modify
the preoperational test methods as operating and
preoperational test procedures are developed.
Consequently, methods in the descriptions are general, not
specific.
Specific testing to be performed and the applicable
acceptance criteria for each preoperational test will be
documented in detailed test procedures to be made
available to the NRC approximately 60 days before their
intended use. Preoperational testing will be in accordance
with the detailed ayatom specifications and associated
equipment specifications for equipment in those systems
(provided as part of scoping documents to be supplied by
OB and others as described in SSAR Subsection 14.2.3).
The tests will demonstrate that the installed equipment and
systems will perform within the limits of these specifications. To allow for verification that the detailed test
procedures are developed in accordance with established
methods and appropriate acceptance criteria, the plant and
system preoperational test specifications will also be made
available to the NRC.

the plant, component systems, and associated equipment.
If a criterion of this nature is not satisfied, the plant will
be placed in a suitable hold condition until resolution is
obtained. Tests compatible with this hold condition may
be continued. Following resolution, applicable tests or
portions of these tests may be repeated to verify that the
requirements of the criterion are ultimately satisfied.
Other criteria may be associated with expectations relating
to the performance of systems. If this type of criterion is
not satisfied, operating and testing plans would not
necessarily be altered. However, investigations of the
measurements and of the analytical techniques used w the
predictions would be started. Specific actions for dealing
with criteria failures and other testing exceptions or
anomalies will be described in the startup administrative
manual.
The specifics of the startup tests relating to test
methodology, plant prerequisites, initial conditions,
acceptance criteria, and analysis techniques will come from
the appropriate design and engineering organizations of the
COL applicant in the form of plant, system, and
component performance and testing specifications. The
COL applicant shall provide test documents for the Office
of Nuclear Reactor Regulation review as discussed in
SSAR Section 14.2.3.
14.2.12.3

Staff Evaluation of DSER Items

The preoperational tests anticipated for the ABWR
standard plant design are listed and described in the SSAR
Subsection 14.2.12.1. The staff finds that the scope of
preoperational
tests described in
SSAR
Subsection 14.2.12.1 meets the acceptance criteria of SRP
Section 14.2, and is acceptable. Testing of systems out of
the scope of the SSAR are discussed in SSAR Section 14.2.13 along with other COL information related to
thelTP.

In the DSER, the staff determined that testing of systems
outside the scope of the ABWR standard plant design
should be included or referenced in SSAR Section 14.2.12.
(This was not tracked as a separate open item.)

14.2.12.2

In the DSER, the staff determined that SSAR
Section 14.2.12 test abstracts should be modified to
address the following concerns:

General Discussion of Startup Tests

SSAR Section 14.2.12.2 discusses those tests proposed and
expected to comprise the startup test phase. For each test
a general description is provided for test purpose, test
prerequisites, test description, and test acceptance criteria,
where applicable. Because changes will occur as the test
program is developed and implemented, the descriptions
remain general in scope. However, an attempt is made in
describing a test to identify those operating and safetyoriented characteristics of the plant design that are being
explored and evaluated.

OE revised Section 14.2.12.1 in SSAR Amendment 18 to
state that testing of systems outside the scope of the
ABWR standard plant design are discussed in SSAR
Section 14.2.13. The staff finds this acceptable.

(1)

Several preoperational and startup test prerequisites
include the requirement that interfacing support
systems will be available.
The staff asked GE to identify which support
systems will be required
for each test and to
specify which individuals or groups will be authorized to make this determination. (This was
incorrectly identified as an interface requirement.)

Where applicable, the relevant acceptance criteria for the
test are discussed. Some of the criteria relate to the value
of process variables assigned in the design or anulysis of

GE stated that the interfacing support system
requirements will be specified in the detailed test
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procedures (and operating and maintenance
procedures, if appropriate) that are required by
RO 1.68 to be made available to NRC personnel at
least 60 days before the intended use of
preoperational tests procedures and 60 days before
fuel loading for startup test procedures. Additionally, the startup administrative manual will delineate
how such determinations of operability and availability will be authorized. Thus, these details are
the responsibility of the COL applicant. This was
DFSER COL Action Item 14.2.12.3-1.
OB
included this action item in Section 14.2.13, and the
staff finds this acceptable.

In the DFSER, the staff verified that OB
incorporated the word change from "should" to
either "will" or "shall" into most test abstracts.
This was acceptable subject to incorporation into a
future SSAR revision. This resolved DSER Open
Item 119, and was tracked in the DFSER as
DFSBR Confirmatory Item 14.2.12.3-1. The above
word change was incorporated into the applicable
test abstracts in SSAR Amendment 23. The staff
finds this acceptable.
This resolved DFSER
Confirmatory Item 14.2.12.3-1.
(3)

In the DSER, the staff determined that the level of
detail in the test abstracts was insufficient to
determine conformance with RO 1.68, Position
C.2. This was DSER Open Item 118. The
i n d i v i d u a l test abstracts in SSAR
Sections 14.2.12.1.1, 14.2.12.1.4, 14.2.12.1.7,
14.2.1.11,
14.2.12.1.12,
14.2.12.1.13,
14.2.12.1.18,
14.2.12.1-21,
14.2.12.1.22,
14.2.12.1.43,
14.2.12.1.44,
14.2.12.1.45.1,
14.2.12.1.45.2, 14.2.12.1.45.3, 14.2.12.1.45.4,
14.2.12.1.53,
14.2.12.1.59,
14.2.12.1.67,
14.2.12.1.68, and 14.2.12.1.69 did not specify
basic systems required to be available, interface
systems, or criteria required as prerequisite or
initial conditions for the preoperational tests.
Specific prerequisites should be addressed in these
individual test abstracts. This was tracked in the
DFSER as Open Item 14.2.12.3-1.

The staff completed its review of GE's February
12,1993, submittal, which addresses DFSER Open
Item 14.2.12.3-1. The staff determkvd that the
level of detail for specific preoperational test
prerequisites was sufficient with the exception of
two individual test abstracts.
OE provided
revisions to the prerequisite sections of
preoperational test abstracts 14.2.12.1.4 and
14.2.12.1.44 in responses dated May 13 and 21,
1993. The staff finds both of these revisions
acceptable. The revisions were incorporated into
SSAR Amendment 30. This resolved DFSER Open
Item 14.2.12.3-1.
(2)

The use of the word "should" in most, if not all test
abstracts, is not a commitment by the COL
applicant to perform certain tasks. It should,
therefore, be reevaluated and revised accordingly
(i.e., "will," "must"). This was DSER Open
Item 119.
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Several preoperational and startup test abstracts
included imprecise acceptance criteria (e.g.,
"applicable intervals," "applicable design
specifications," "specified amounts," "specified
tolerances," "perform as specified," and "function
properly"). This was DSER Open Item 120.
In the DFSER, the staff determined that OE should
address in the individual test abstracts the bases for
determining acceptable system and component
performance. Acceptable criteria includes specific
references to RGs, TS, assumptions used in the
safety analysis, other ABWR SSAR sections, and
applicable codes and standards.
OE indicated that SSAR Chapter 14 was written
primarily to document the appropriate testing
commitments contained in RO 1.68. In its May 20,
1991, submittal, GE indicated that precise
acceptance criteria would be provided as part of the
inspections, tests, analyses, and acceptance criteria
(ITAAC) effort. However, OE did not provide this
information in either the ITAAC or in SSAR
Chapter 14. This was tracked in the DFSER as
DFSER Open Item 14.2.12.3-2.
The staff reviewed the individual test abstracts
submitted on February 12 and May 13, 1993, to
assess the adequacy of the test abstract coverage of
system-specific test requirements. Clarifications
and additional cross- reference information for
roughly half of the preoperational tests were
determined necessary. The staff requested GE to
supplement the SSAR with this additional
information in order to determine that these tests
adequately address system-specific test
requirements.
OE submitted Amendment 30, Revision 0, dated
June 7, 1993, to the staff which provided crossreference acceptance criteria information for all but
two of the preoperational test abstracts. The two
tests were the integrated emergency core cooling
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systems (ECCS) loss of oflfeite power (LOOP)/loat
of coolant accident (LOCA) preoperational test and
the extraction steam system preoperational test. OE
provided the necessary cross references for these
test abstracts in Revision 1 of SSAR Amendment 30.
The staff found all of the crossreferences acceptable. Additional information on
system-specific testing requirements were also
provided for all test abstracts. The staff finds this
information acceptable. This resolved DFSER
Open Item 14.2.12.3-2.

If a level 2 criteria requirement is not satisfied then
an engineering evaluation must be completed to
verify that overall system performance is
acceptable.
The staff reviewed a submittal by GE on April 16,
1993, of SSAR Section 14.2.12.2 which identified
the distinction between startup test level 1 and level
2 acceptance criteria. The distinction between
levels 1 and 2 acceptance criteria is found to be
acceptable. This information was incorporated into
SSAR Amendment 30.

SSAR Section 14.2.12.2 states that failure to satisfy
some acceptance criteria (e.g., those related to
values of process variables important to plant
design) will result in the plant being placed in a
suitable hold position until resolution is obtained,
while failure to satisfy other acceptance criteria
(e.g., expectations relating to system performance)
may only result in the need for further data
analysis. This was DSER Open Item 121.

The staffs review of individual startup test
abstracts, submitted by GE on June 7, 1993,
identified that more precise acceptance criteria has
been provided and the criteria is acceptable. The
staff also determined that the system-specific test
requirements are adequately addressed.
GE
incorporated the individual startup test abstract
acceptance criteria information, the startup test
levels 1 and 2 acceptance criteria, and the systemspecific startup test requirements into SSAR
Amendment 30. The staff finds the startup testing
abstracts as described in SSAR Amendment 30
acceptable.
This resolved DFSER Open
Item 14.2.12.3-3.

In the DFSER, the staff determined that the
distinction between these types of acceptance
criteria was unclear, and that GE should clearly
address the various types of acceptance criteria and
the resultant actions for each type if unsatisfactory
test results were obtained.
SSAR Section 14.2.12.2, as modified by GE,
stated: "Specific actions for dealing with criteria
failures and other testing exceptions or anomalies
will be described in the startup administrative
manual." This response to the staffs open item
was not acceptable. Of 35 individual startup test
abstracts in SSAR Section 14.2.12.2, 33 did not
specify the required actions or precautions for
dealing with criteria failures and other testing
exceptions or anomalies. GE did not adequately
modify Section 14.2.12.2 or the individual test
abstracts to address the subject acceptance criteria
or actions.
This was DFSER Open
Item 14.2.12.3-3.

(5)

Hie staff requested GE provide a general distinction
between startup test level 1 and level 2 acceptance
criteria, and to specify individual startup test
abstract acceptance criteria as level 1 or level 2.
Level 1 criteria relates to the value of the process
variables assigned in the design or analysis of the
plant, component systems, or associated equipment.
If a level 1 criteria is not satisfied, the plant will be
placed in a hold condition until resolution is
obtained. A level 2 criterion is associated with
expectations relating to the performance of systems.

14-11

GE should identify startup tests listed in SSAR
Section 14.2.12.2 that
are not essential to the
demonstration of conformance with design
requirements for SSCs and design features that
•

will be used for safe shutdown and cooldown of
the reactor under normal plant conditions and
for maintaining the reactor in a safe condition
for an extended shutdown period

•

will be used for safe shutdown and cooldown of
the reactor under transient (infrequent or
moderately frequent events) conditions and
postulated accident conditions and for
maintaining the reactor in a safe condition for
an extended shutdown period following such
conditions

•

will be used for establishing conformance with
safety limits or limiting conditions for operation
that will be included in the facility TS

•

are classified as engineered safety features
(ESFs) or will be, used to support or ensure the
operations of ESFs within design limits
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•

are assumed to function or for which credit is
taken in the accident analysis for the facility, as
described in the SSAR

•

will be used to process, store, control, or limit
the release of radioactive materials

Each item is evaluated separately below. This evaluation
resolved DSER Open Item 123.
Staff Evaluation of DSER Items

GE stated that the test abstracts contained in SSAR
Section 14.2.12.2 are intended to meet the
requirements of RG 1.68, updated and/or modified
as necessary to reflect the actual ABWR design. In
the DSER it was stated that a required screening
will be performed by GE to identify and document
any testing that is currently specified for systems
that are not essential for demonstrating conformance
with the aforementioned criteria. This was DSER
Open Item 122.
GE revised SSAR Section 14.2.13 (in draft) to state
that criteria contained in the RG 1.68, Position C. 1,
will be used to determine if any testing is currently
specified for systems that are not essential for
demonstrating conformance with the aforementioned
criteria. The staff found this item acceptable
subject to incorporation into a future SSAR
revision. This resolved DSER Open Item 122 and
was tracked in the DFSER as DFSER Confirmatory
Item 14.2.12.3-2.
The testing described in Section 14.2.12.2 includes
testing of a limited number of ABWR SSCs, and
design features that do not maet the referenced
RG 1.68 criteria.
The staff subsequently
determined that it was premature to develop a
specific list of tests that do not meet the criteria in
RG 1.68, Position C.l. The staff has not yet
defined the applicable COL license conditions
related to such tests (i.e., timely notification to the
NRC for major test changes that affect systems that
meet the criteria in RG 1.68, Position C.l). This
aspect will be further reviewed for a COL applicant
as part of the COL action items listed in SSAR Section 14.2.13. Therefore, GE did not include this
information in the SSAR. The staff finds this
acceptable. This resolved DFSER Confirmatory
Item 14.2.12.3-2.
14.2.12.4

Conformance of the
RG 1.68, Revision 2

ABWR

•

\.m.(2Md\ Supports and restraints for discharge pining
of safety re)|ef vajves (SRVs)

GE stated in its response of May 20, 1991, that a
statement had been added to SSAR Section 14.2.12.1.1
indicating that testing of SRV discharge piping supports
and restraints is specifically covered by that testing
described in SSAR Section 14.2.12.1.51.
GE incorporated into SSAR Section 14.2.12.1.51 crossreferences to SSAR Sections 3.9.2.1 and 5.4.14.4. The
references were acceptable subject to incorporation into a
future SSAR revision. This was DFSER Confirmatory
Item 14.2.12.4-1.
The staff reviewed these cross-references in SSAR
Amendment 23, Chapters 3 and 5, respectively and finds
them to be acceptable. This resolved DFSER Confirmatory Item 14.2.12.4-1.
•

l.st.(4) Pressure boundary integrity tests

GE stated in its response of May 20, 1991, that integrity
tests of the reactor coolant pressure boundary are specified
in SSAR Section 5.2.4.6.2.
The staff verified this and the staff also determined that a
cross-reference to Section 5.2.4.6.2 was incorporated into
Subsection 14.2.12.1.1 in SSAR Amendment 18. The
staff evaluated this reference in Chapter 5 of this report,
and finds this acceptable.

with
•

In the DSER, the staffs review of the preoperational and
startup test phase descriptions disclosed that the operability
of several of the systems and components listed in
RG 1.68 may not be adequately demonstrated by the tests
described in the SSAR. This was DSER Open Item 123.
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The staff determined that GE should either expand the test
descriptions to address the following items, insert
cross-references in SSAR Section 14.2.12 if complete test
descriptions for the following items are provided elsewhere
in the SSAR, or modify SSAR Section 14.2.7 or
Table 1.8-20 of the SSAR, as appropriate, to provide
technical justification for any exception to RG 1.68. It
was stated in the DSER that the following items should be
reflected in a subsequent amendment to the SSAR. (Note:
Each item is numbered in accordance with RG 1.68.)

l.c Protection of facility for anticipated transients
without a scram (ATWS^

GE stated in its response of May 20, 1991, that ATWS
protection functions will be tested as part of the respective
systems that perform such functions (i.e., standby liquid
control system, rod control and information system
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(RCIS), fine motion control rod system, recirculation flow
control system). For the purpose of more explicitly
demonstrating compliance with RG 1.68, GE revised the
appropriate parts of SSAR Section 14.2.12.1 (in SSAR
Amendment 18) as shown below to more specifically
indicate where ATWS-related testing requirements are
being fulfilled, particularly those related to the alternate
rod insertion function.
-

14.2.12.1.3(3)(a) - Recirculation Flow Control
14.2.12.1.6(3)(b) - CRD (Control Rod Drive) System
14.2.12.1.7(3)(b)-RCIS

failure would be detected first by the main steamline
radiation monitors and then by the offgas pre-treatment
radiation monitors. In addition, the normal reactor water
sampling system will allow for identification of trends
indicative of possible fuel failure.
Testing of the
applicable features of the associated systems, as described
in SSAR Sections 14.2.12.1.13 and 14.2.12.1.23, will
ensure proper operation of the failed fuel detection
function.
GE revised Section 14.2.12.2.1 in SSAR Amendment 18
to include specific reference to proper operation of failed
fuel detection functions. The staff finds this acceptable.

The staff finds this acceptable.
•
•

l.h.(41 Demonstration that containment hydrogen
monitoring is functional without the operation of the

hydrogen recomfrinw
GE stated in its response of May 20, 1991, that in the
ABWR design, containment hydrogen monitoring is
accomplished separately from the hydrogen recombiners.
Therefore, the specific test described in RG 1.68 is not
applicable. Proper functioning of containment hydrogen
monitors is verified by the testing described in SSAR
Section 14.2.12.1.26. The staff finds this acceptable.
0

£tht(?) Demonstration that wntoinmfflt recirculation
firns can operate in accordance with design
requirementsrtthe containment design pert accident
CCSSSUCfi

GE stated in its response of May 20,1991, that the ABWR
design does not use containment recirculation fans during
normal operation or accident conditions. Therefore, the
specific test described in RG 1.68 is not applicable. The
staff finds this acceptable.
•

l . i . m Containment design over pressure structural
tests (and vacuum tests)

GE stated in its response of May 20, 1991, that
containment structural integrity testing requirements are
specified in SSAR Section 3.8.1.7.1.
GE also
incorporated into Section 14.2.12.1.40.2 in SSAR
Amendment 18 a cross-reference to Section 3.8.1.7.1.
This issue was evaluated, in SER Chapter 3. The staff
finds this acceptable.
•

l.i.(12) Failed fuel detection system

GE stated in its response of May 20,1991, that the ABWR
design failed fuel detection function will bel performed by
the leak detection and isolation system and the process
radiation monitoring system. In particular, gross fuel

l.i.(15) Automatic dispatcher control systems

GE stated in its response of May 20, 1991, that automatic
load following will be performed by the automatic power
regulator for which testing is described in SSAR
Section 14.2.12.1.17.
This system will have the
capability, if enabled, to accept external demand signals
(e.g., from the load dispatcher). If the COL applicant
decides to seek approval for using this capability,
designation of the appropriate testing will be included in
that application.
GE revised SSAR Section 14.2.13 to include automatic
dispatcher control systems as a responsibility of the COL
applicant. This is acceptable. This was also DFSER COL
Action Item 14.2.12.4-1. GE incorporated this action item
in SSAR Section 14.2.13, and the staff fmds this
acceptable.
•

1 .k.(2) Personnel monitors and radiation survey instruments

GE stated in its response of May 20, 1991, that traditional
preoperational testing of personnel monitors and radiation
survey instruments is not appropriate in the ABWR design
because these instruments will be subject to very specific
calibration programs. It is the responsibility of the plant
operator to verify and maintain the proper calibration and
operation of such devices. Therefore, GE revised the
SSAR to indicate that any required testing of personnel
monitors and radiation survey instruments would be a COL
responsibility. Section 14.2.13 in SSAR Amendment 18
was modified to include this as a COL License Information. This is acceptable. This was also DFSER COL
Action Item 14.2.12.4-2. GE incorporated this action item
into SSAR Section 14.2.13, and the staff finds this
acceptable.
•

l.n.(14Mft
Control room habitabilitv systems.
Demonstrate proper operation of smoke and toxic
chemical detection systems and ventilation shutdown
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devices, including leak tightness of ducts and flow

rate. proper direction of air flow, and proper control
9fgpffcefrmpertnrw
GE revised the test description in SSAR
Section 14.2.12.1.34 (Amendment 18) to indicate that the
control room habitability function is to be included in the
testing specified for the dedicated HVAC system of the
main control room. Additionally, GE added a specific
requirement to demonstrate the system capability to detect
smoke and/or toxic chemicals and to remove and/or
prevent in-leakage of smoke or chemicals. The staff finds
this acceptable.
•

2.c Final functional testing of the reactor protection
system to demonstrate proper trip points, logic, and
operafrjlfry of strain brewers fuifl valves, Pempnftrate
the operabilitv of manual scram functions

GE stated in its response of May 20, 1991, that final
functional testing will have been completed as part of the
preoperational testing described in SSAR
Section 14.2.12.1.14. Additionally, these tests are part of
the plant TS surveillance program that will be required to
be instituted before fuel loading, as specified in SSAR
Section 14.2.10.1.
GE revised Section 14.1.12.2.3 in SSAR Amendment 18
to specifically require that the final functional testing
required by RG 1.68, Position 2.c, be completed as prerequisites to fuel loading. This is acceptable. This was also
tracked as DFSER TS Item 14.2.12.4-1.
The staff found that GE's response to TS Item 14.2.12.4-1
dated April 16, 1993, stated:
"Final functional
surveillance testing will demonstrate operability of scram
breakers and valves prior to fuel loading. Such demonstrations will be assured as part of the TS program
(LCO 3.3.1.1 and 3.3.1.2) which must be instituted prior
to entry into mode 5." The staff found GE's response
acceptable; however, GE had not submitted a response to
the ABWR STS LCO 3.3.1.1 and LCO 3.3.1.2, which
incorporates surveillance testing of scram breakers and
valves to demonstrate their operability before fuel loading.
The staff concluded that STS SR 3.3.1.2.1 or STS Bases
Section 3.3.1.2 should be revised to include testing the
operability of scram breakers, scram solenoid valves, and
backup scram solenoid valves. The staff revised the bases
portion of the STS to include a description of scram valves
and backup scram valves that are tested under STS
SR 3.3.1.2. The description does not include testing of
scram breakers since these breakers do not exist in the
ABWR design. The description for testing the solenoid
valves is in the final revision to STS Bases Section B
3.3.1.2 which was issued to GE on August 30,1993. The
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acceptability of the ABWR technical specifications is
discussed in Chapter 16 of this report. This resolved
DFSER TS Item 14.2.12.4-1.
•

2.d Final reactor coolant system leak rate test to verify
that system leak rates are within specified limits

GE stated in its response of May 20, 1991, that final
reactor coolant leak rate testing will have been completed
as part of the preoperational testing described in SSAR
Section 14.2.12.1.1, which references the required reactor
coolant leak rate tests specified in SSAR Section 5.2.4.6.1.

GE revised Section 14.2.12.2.3 in SSAR Amendment 18
to specifically require that the leak rate tests required by
RG 1.68, Position 2.d, be completed as prerequisites to
fuel loading. This is acceptable.
•

4.k
Steam driven plant auxiliaries and power
conversipn, equipment

The staff verified that Section 14.2.12.2 was revised in
draft to add SSAR Section 14.2.12.2.39 to address testing
of steam and power conversion systems. This was
acceptable subject to incorporation into a future SSAR
revision.
This was DFSER
Confirmatory
Item 14.2.12.4-2.
The staff verified that Section 14.2.12.2.39 was revised to
address testing of steam and power conversion systems in
SSAR Amendment 23. The staff finds the revisions
acceptable.
This resolved DFSER Confirmatory
Item 14.2.12.4-2.
•

4.1 Branch steamline valves and bypass valves used for
protective isolation functions at rated temperature and
pressure conditions

GE stated in its response of May 20, 1991, that the only
branch steamline valves used for ABWR protective
isolation functions will be those on the reactor core
isolation cooling (RCIC) steamline and the common
drainline from the main steamlines.

GE revised the description of the RCIC system testing in
Section 14.2.12.2.22 in SSAR Amendment 18 to include
specific testing of the RCIC steamline isolation valves and
revised Section 14.2.12.2.26 in the same amendment to
include specific testing of the main steamline branch drain
line isolation valves in addition to the main steam isolation
valve (MSIV) testing already specified. The staff finds
this acceptable.
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•

S.j Plant performance is as expected for rod runback
and partial scram

GE stated in its response of May 20,1991, that the ABWR
design has no partial scram function. Rod runback will be
accomplished by Che select control rod run-in (SCRRI)
function.
GE revised Section 14.2.12.2.5 in SSAR
Amendment 18 to ensure that appropriate testing will be
performed to demonstrate proper functioning of SCRRI
logic and hardware. GE also revised Section 14.2.12.2.30
to ensure that proper plant response is demonstrated during
an event that will result in initiation of SCRRI. The staff
finds this acceptable.
•

?tfl Reactor copjapt system loose parte monitoring
system

•

GE added Section 14.2.12.2.36 in SSAR Amendment 23
to address loose parts monitoring system baseline data
collection.
The staff finds Section 14.2.12.2.36
acceptable.
This resolved DFSER Confirmatory
Item 14.2.12.4-3.
•

5.o Reactor coolant leak detection systems

GE stated in its response of May 20, 1991, that testing of
reactor coolant leak detection systems will be completed
during the preoperational stage. The staff finds this
acceptable.
•

S.q Proper operation of failed fuel detection systems

System components available

GE agreed to add SSAR Section 14.2.12.2.37 to address
concrete penetration temperature surveys. This was
acceptable subject to incorporation into a future SSAR
revision.
This was DFSER
Confirmatory
Item 14.2.12.4-4.
GE added Section 14.2.12.2.37 to address concrete penetration temperature surveys in SSAR Amendment 23. The
staff finds Section 14.2.12.2.37 acceptable. This resolved
DFSER Confirmatory Item 14.2.12.4-4.
5.x Auxiliary systems required to support operation of
engineered safety features

GE stated in its response of May 20, 1991, that the
auxiliary systems required to support operation of ESFs
include the cooling water and HVAC systems for which
testing is described in SSAR Sections 14.2.12.2.23 and
14.2.12.2.24, respectively.
1

GE revised Sections 14.2.12.2.23 and 14.2.12.2.24 in
SSAR Amendment 18 to ensure that the testing performed
and results obtained will ultimately demonstrate the
adequacy of a particular auxiliary system's performance
under limiting accident conditions. The staff finds this
acceptable.
•

S.z Demonstration that process and effluent radiation
monitoring systems aje responding correctly fry
performing independent laboratory or other analyses

GE stated in its response of May 20,1991, that this testing
is part of that described in SSAR Section 14.2.12.2.1(3).

GE stated in its response of May 20, 1991, that the failed
fuel detection function is performed by the process
radiation monitoring system, the testing] of which is
described in SSAR Section 14.2.12.2.1.
GE revised Section 14.2.12.2.1 in SSAR Amendment 18
to require the appropriate demonstration of the related
failed fuel detection function. (Also see Item l.j.(12)
above.) The staff finds this acceptable.
•

Demonstration that concrete temperatures

surrounding tot penetrations do not w w d design
limits with the minimum design capability of cooling

•
GE added Section 14.2.12.2.36 to address loose parts
monitoring system baseline data collection. This was
acceptable subject to incorporation into a future SSAR
revision.
This was DFSER
Confirmatory
Item 14.2.12.4-3.

S.w

S.u Branch steamline isolation valve operabilitv and
response times

GE revised Sections 14.2.12.2.22 and 14.2.12.2.26 in
SSAR Amendment 18 to address branch steamline isolation
valve operability and response times. The staff finds this
acceptable.

GE revised Section 14.2.12.2.1(3) in SSAR
Amendment 18 to specifically address, RG 1.68, Position
S.z. The staff finds this acceptable.
* 1&£
Demonstration that gaseous and liquid
radioactive waste processing, storage, and release
systeras operate jn accordance with design
GE agreed to add Section 14.2.12.2.38 to address
radioactive waste system testing. This was acceptable
subject to incorporation into a future SSAR revision. This
was DFSER Confirmatory Item 14.2.12.4-5.
GE added Section 14.2.12.2.38 to address radioactive
waste system testing in SSAR Amendment 23. The staff
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finds Section 14.2.12.2.38 acceptable.
DFSER Confirmatory Item 14.2.12.4-5.
•

This resolved

5.g.g Demonstration of design features to prevent or
mitigate anticipated transients without scram TATWS)

GE stated in its response of May 20, 1991, that ATWS
design features will consist primarily of dedicated logic
and some hardware, which will be thoroughly checked as
part of the preoperational test program. Most hardware
design features perform ATWS-related functions in their
normal mode only when initiated by dedicated ATWS
logic. Therefore, the functioning of these features has
already been adequately verified during the preoperational
testing. Thus, no dedicated testing of ATWS-related
features will be planned during the power ascension test
phase.
GE incorporated in SSAR Amendment 18 specific ATWSrelated testing requirements into individual test abstracts
(see Item l.c above). The staff finds this acceptable.
•

reference to IA.2.4 of Appendix A to SSAR Chapter 1,
and GE revised IA.2.4 to discuss the requirements of
Action Item I.G. 1 Appendix E applicable to the ITP. The
staff found this item acceptable subject to incorporation
into a future SSAR revision. This resolved DSER Open
Item 124, and was tracked in the DFSER as DFSER
Confirmatory Item 14.2.12.5-1.
GE revised the above test abstracts in SSAR
Amendment 23. The staff finds the changes acceptable.
This resolved DFSER Confirmatory Item 14.2.12.5-1.
14.2.12.6

Conformance With Other Regulatory
Guides

Staff Evaluation of DSER Items
In the DSER, the staff determined that GE should address
the concerns of RG 1.56, "Maintenance of Water Purity in
Boiling Water Reactor," (Rev. 0), in SSAR
Sections 14.2.12.1.19, 14.2.12.1.54, and 14.2.12.2.21.
This was DSER Open Item 125.

S.h.h Demonstration that the dynamic response of the

plant totoadsuing* fpr th?facility,induing step mi
ramp chances, is in accordance with design
GE stated in its response of May 20,1991, that this testing
is intended to be a part of that described in SSAR Section 14.2.12.2.16.
GE revised Section 14.2.12,2.16 in SSAR Amendment 18
to demonstrate the dynamic response of the plant to load
swings for the facility, including step and ramp changes,
is in accordance with design. The staff finds this acceptable,
i
14.2.12.5

Three Mile Island (TMI) Items

Staff Evaluation of DSER Items
Appendix A to SSAR states that testing described in
Chapter 14 is consistent with the BWR Owner's Group
response to Action Item I.G.I of NUREG-0737 as
documented in a letter dated February 4, 1981, from D.B.
Waters to D.G. Eisenhut. The staff determined that the
test abstracts in SSAR Section 14.2.12 that describe testing
outlined in Appendix E of this letter should be identified or
modified accordingly. This was DSER Open Item 124.
GE stated in its response of May 20, 1991, that testing
outlined in Appendix E of the referenced document would
be specified in the applicable test abstracts.
GE revised test abstracts
14.2.12.1.1(3)(a),
14.2.12.1.9(3)(j), and 14.2.12.1.44(3)(a) to include a
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GE stated in its response of May 20, 1991, that RG 1.56
deals mainly with design related issues, specifically the
equipment and instrumentation needed to ensure proper
BWR reactor water chemistry.
SSAR
Sections 14.2.12.1.19, 14.2.12.1.54, and 14.2.12.2.21
describe preoperational and power ascension testing that is
adequate to demonstrate that acceptable reactor water
chemistry will be maintained by the reactor water clean up
system and the condensate filter/demineralizer system.
Subsection 14.2.12.1.22 describes the preoperational
testing intended to demonstrate the proper functioning of
the instrumentation required by RG 1.56. Likewise, SSAR
Section 14.2.12.2.1 indicates that a proper reactor water
chemistry monitoring program will be in place.
GE agreed to revise SSAR Sections 14.2.12.1.22 and
14.2.12.2.1 to more specifically address functioning of
conductivity meters, which are a major focus of RG 1.56.
In the DFSER, the staff found this item acceptable subject
to incorporation into a future SSAR revision. This
resolved DSER Open Item 125, and the issue was tracked
in the DFSER as DFSER Confirmatory Item 14.2.12.6-1.
GE made the above revisions to Sections 14.2.12.1.22 and
14.2.12.2.1 in SSAR Amendment 23. The staff finds the
revisions acceptable. This resolved DFSER Confirmatory
Item 14.2.12.6-1.
In the DSER, the staff determined that
Section 14.2.12.2.14, "FeedwaterControl," shouldaddress
the following items in accordance with RG 1.68,
"Preoperational and Initial Startup Testing of Feed water
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and Condensate Systems for Boiling Water Reactor Power
Plants," Revision 1:
!

(1)

Modify the test description for demonstration of the
required functionality of the feedwater system at
low reactor power (less than or equal to 15-percent
reactor power) (RG 1.68. Position l.C.2.a). This
was DSER Open Item 126.

In the DSER, the staff determined that, for SSAR
Section 14.2.12.1.27, GE should address the following
items in accordance with RG 1.68:
(1)

GE revised Section 14.2.12.1.27(3)(f) in SSAR
Amendment 18 to include testing of the total air
demand at normal steady state-conditions,
including leakage from the system, in accordance
with the design as specified in Position 3.C.5. The
staff finds this acceptable. This resolved DSER
Open Item 127.

GE stated in its response of May 20,1991, that this
testing is already specified in the current
description, and supplemented by information to be
included in a test matrix.
The staff verified that GE's proposed test matrix, to
be included in the SSAR, identified feedwater
system performance and feedwater control system
adjustment/confirmation tests to be performed at the
nuclear heat-up and low-power testing plateaus. In
the DFSER, the staff found this acceptable subject
to incorporation into a future SSAR revision. This
resolved DSER Open Item 126, and this issue
became DFSER Confirmatory Item 14.2.12.6-2.

(2)

GE added the test matrix in SSAR Amendment 23.
The test matrix contained feedwater system performance and feedwater control system adjustment/
confirmation tests which are performed at the
nuclear heat-up and low-power tesWg plateaus.
The staff finds this to be acceptable. This resolved
DFSER Confirmatory Item 14.2.12.6-2.
(2)

Modify or clarify the test acceptance criteria to
provide assurance that vibration levels for system
components and piping are within predetermined
limits (RG 1.68, Position 1C.2.Q; piping movement
during heat up and steady state and transient
operation are within predetermined limits (RG 1.68,
Position l.C.2.g); and adequate margins exist
between system variables and set points of instruments monitoring these variables to prevent
spurious actuation or loss of system pumps and
motor-operated valves (RG 1.68, Position 1 .C.2.h).
This was DSER Open Item 127.

Determine that the total air demand at normal
steady-state conditions, including leakage from the
system, is in accordance with design (RG 1.68,
Position 3.C.5). This was DSER Open Item 127.

Demonstrate that the plant equipment designated by
design to be supplied by the instrument and control
air system is not being supplied by other
compressed air supplies (such as service air (SA))
that may have less restrictive air quality
requirements (RG 1.68, Position 3.C.9). This was
DSER Open Item 128.
For Position 3.C.9, GE stated in its response of
May 20, 1991, that the SA system acts as a backup
to instrument air upstream of the instrument air
filters. Furthermore, although totally separate
(except for the manual backup cross-tie), the design
of the two systems is essentially identical. Thus,
the air supplied to the inlet of the instrument air
filters is of the same quality, whether it is sourced
from the instrument or SA system; therefore, the
outlet air will be of the same quality. Because the
design precludes occurrence of the conditions
hypothesized, no specific test demonstration is
needed beyond the construction verification and
preoperational testing already planned. The staff
finds this acceptable. This resolved DSER Open
Item 128.

(3)

GE stated in its response of May 20, 1991, that the
testing called for by Positions C.2.f and C.2.g is
included in the test abstracts of SSAR Sections 14.2.12.1.51, 14.2.12.1.53(3)(b) and (k),
14.2.12.2.10,14.2.12.2.11, and 14.2.12.2.18. GE
further stated that it revised Section 14.2.12.2.18 in
SSAR Amendment 18 to more specifically address
Position C.2.h. In the DFSER, the staff verified
the above, and found it acceptable. This resolved
DSER Open Item 127.
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Demonstrate that functional testing of instrument
and control air systems important to safety is
performed to ensure that credible failures resulting
in an increase in the supply system pressure will
not cause loss of operability (RG 1.68, Position
3.C.11). This was DSER Open Item 129.
For P o s i t i o n
3 . C . 1 1 , GE
revised
Section 14.2.12.1.27 in SSAR Amendment 18 to
include testing that will demonstrate continued
operability of supplied loads in response to credible
failures that result in an increase in the supply
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system pressure.
The staff finds this item
acceptable. This resolved DSER Open Item 129.

GE stated in its response of May 20,1991, that the
applicable demonstrations were intended to be a
part of the testing described in SSAR Section 14.2.12.1.8(3)0).

In the DSER, the staff determined that GE should address
the control room habitability concerns of RG 1.95 in SSAR
Section 14.2.12.1.34. This was DSER Open Item 130.

Further, GE agreed to revise SSAR Section 14.2.12.1.8 (1) to specifically address testing of features
designed to ensure isolation of low-pressure
portions of the RHR system from the reactor
coolant system (RCS) at high pressure. In the
DFSER, the staff found this item acceptable subject
to incorporation into a future SSAR revision. This
was DFSER Confirmatory Item 14.2.12.6-3.

GE revised Section 14.2.12.1.34 in SSAR Amendment 18
to indicate that the control room habitability function will
be included in the testing specified for the dedicated
HVAC system of the main control room. GE also added
a specific requirement to demonstrate the system capability
to detect smoke and/or toxic chemicals and to remove
and/br prevent in-leakage of such. (Also see RG 1.68,
Position l.n.(14)(0. in Section 14.2.12.4 of this report.)
The staff finds this acceptable. This resolved DSER Open
Item 130.
In the DSER the staff determined that GE should address,
in SSAR Section 14.2.12.1.34, HVAC Systems
Preoperational Tests, or other appropriate preoperational
tests, the concerns for in-place testing of HEPA and
charcoal filters of Position C.5, In-Place Testing Criteria,
of RG 1.140. This was DSER Open Item 131.

GE revised SSAR Section 14.2.12.1.8 (1) in SSAR
Amendment 23 to include testing of features
designed to ensure isolation of the low pressure
portions of the RHR system at high pressures. The
staff finds this acceptable. This resolved DFSER
Confirmatory Item 14.2.12.6-3.
(2)

GE stated that the design of the RHR system will
include the relief capacity required by Position C.3
in accordance with the applicable ASME Code. GE
indicated that no specific additional preoperational
test was needed because verification of the proper
setting of relief valves was a vendor bench test
required per the same ASME Code.

GE revised Section 14.2.12.1.34 in SSAR Amendment 18
to include testing requirements specified by RG 1.140 and
by the industry standards referenced therein. The staff
finds this acceptable.
GE later determined that Position C.5, of RG 1.140 only
discussed testing criteria for HEPA and carbon absorber
filters in HVAC systems. The HVAC systems described
in Section 14.2.12.1.34 do not contain HEPA or carbon
absorber filters, therefore, Position C.5 of RG 1.140 does
not apply. RG 1.52 addresses testing of HEPA and carbon
absorber filters in ESF systems. GE added RG 1.52 and
removed RG 1.140 in Sections 14.2.12.1.34 and
14.2.12.1.36 of» markup dated June 7, 1993, to address
testing of ESF HVAC systems (i.e., control room
habitability HVAC system and the standby gas treatment
system (SGTS)) that require in place testing of HEPA and
carbon adsorber filters. This information was incorporated
into Amendment 30 of the SSAR. The staff finds this
acceptable. This resolved DSER Open Item 131.
Finally, the staff determined in the DSER that GE should
address the following items in accordance with RG 1.139
in SSAR Section 14.2.12.1.8.
(1)

Residual heat removal (RHR) system isolation
(RG 1.139, Position C.2). This was DSER Open
Item 132.
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RHR system pressure relief (RG 1, Position
139.C.3). This was DSER Open Item 133.

Section 14.2.12.1.8 was revised to allow for
verification of proper set points of system relief
valves per ASME code requirements (including
those intended to meet the requirements of
RG 1.139 using the results of vendor tests and the
appropriate documentation of such).
In the
DFSER, the staff found this item was acceptable
subject to incorporation into a future SSAR
revision.
This was DFSER Confirmatory
Item 14.2.12.6-4.
GE added system pressure relief valve verification
tests per ASME code and RG 1.139 requirements
into Section 14.2.12.1.8 (3) in SSAR
Amendment 23. The staff finds the above tests
acceptable. This resolved DFSER Confirmatory
Item 14.2.12.6-4.
14.2.12.7

Certified Design Material

The staff reviewed the GE certified design material and
determined that the ITPs were not included in the Tier 1
or ITAAC material. The staff expected that this Tier 1
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material would be at a high level limited to a commitment
to an ITP and a description of the program and the major
program documents (i.e., a site-specific startup administrative manual, test specifications, and test procedures).
This was DFSER Open Item 14.2.12.7-1.

thirteen areas relating to initial plant test programs,
described in Chapter 14 of the SSAR, and submitted by
GE as part of its design certification application. These
areas of review included:
summary of the test program and objectives

OE provided the Tier 1 ITP information. An evaluation of
the ITP information is contained in Section 14.3.3.5 of this
report. The staff has found the description acceptable.
This resolved DFSER Open Item 14.1.12.7-1.

organization and staffing
test procedures

14.2.13 COL License
Program

Information

- Initial Test
conduct of test program

The preceding discussion of preoperational and startup
tests were limited to those systems and components within
the scope of, or directly related to, the ABWR standard
plant. Other testing, with respect to utility specific aspects
of the plant will be necessary to satisfy certain ABWR
requirements. Testing of such systems and components
should be adequate to demonstrate conformance to such
requirements as defined throughout the specific chapters of
the SSAR. Below are systems that may require such
testing
(1)
(2)
(3)
(4)

review, evaluation, and approval of test results
test records
conformance of test program with regulatory guides
utilization of reactor operating and testing experience
in the development of test program

electrical switchyard and equipment
the site security plan
personnel monitors and radiation survey instruments
the automatic dispatcher control system (if
applicable)

•

trial use of plant operating and emergency procedures

•

initial fuel loading and initial criticality

•

test program schedule

Also to be supplied by the applicant referencing the ABWR
design is the startup administrative manual described in
Section 14.2.4, which will describe, among other things,
what specific permissions are required for the approval of
test results and the permission to proceed to the next
testing plateau.

•

individual test descriptions

•

combined license (COL) information - ITP

The staff received a GE response dated May 7, 1993,
containing a new section (i.e., Section 14.2.13, COL
License Information). Section 14.2.13 lists all the COL
Action Items (i.e., DFSER COL Action Items 14.2.3-1
through 14.2.12.4-2) that were identified in the DFSER.
The staff found that the new section lists all COL license
information that will be provided by the COL applicant.
The COL Action Items list was subsequently incorporated
into the SSAR.
The staff finds the COL license
information provided in Section 14.2.13 acceptable.

Conclusion
The staff performed the review of the plant ITPs in
accordance with Section 14.2, of NUREG-0800, the SRP,
and RG 1.68 (Rev. 2), "Initial Test Programs for Water
Cooled Nuclear Power Plants." The staff reviewed

The acceptance criteria used by the staff for this review
were contained in SRP Section 14.2, Subsection II.

Based on the review of the GE ABWR ITP description in
SSAR Chapter 14 and the responses to the RAIs and the
DSER open items, DFSER open items and confirmatory
items, the staff concluded that the ITP was generally
comprehensive and covered all areas of staff concern. The
staff also conducted an in-depth review of system-specific
testing requirements within each test abstract. The staff
concluded that GE provided a sufficient level of detail to
adequately describe system-specific test prerequisites and
acceptance criteria for design certification. The staff also
reviewed cross-references to acceptance criteria information in other parts of the SSAR and found them acceptable.
An additional review of COL action items and interfacing
systems will be performed at the time a COL applicant
referencing the ABWR design submits an application for
a license under 10 CFR Part 52.
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14.3 Certified Design Material
Introduction
The objective of this section of the report is to provide the
basis for the staff a approval of the certified design
material (CDM) for the ABWR design. This section of the
report is baaed on the staffs review of the OE document
titled "ABWR Certified Design Malarial" and standard
safety analysis report (SSAR) Section 14.3, "Certified
Design Material." The requirement to submit this
information as part of an application for design
certification ia contained in 10 CFR S2.47.
The OE document titled "ABWR Certified Design
Material" contains the information that will be certified by
the rule that approves the ABWR design. The CDM
consists of an introductory section, design descriptions and
corresponding inspections, tests, analyses, and acceptance
criteria (TTAAC) for the systems of the design, design
material applicable to multiple systems of the design,
interface requirements, and site parameters for the ABWR
design. This information ia also referred to as Tier 1
information. The ABWR SSAR Section 14.3, "Certified
Design Material," provides the bases and methods that
were used to develop the information for each of these
CDM items for the ABWR. This report documents the
staff a review of the ABWR CDM, as supported by the
design information contained in the ABWR SSAR.
The information in the CDM and SSAR Section 14.3 is
derived from the detailed information contained in the
SSAR. Further, the purpose of the ITAAC, which are
part of the CDM, ia to verify that a facility that references
the design certification has been built and will operate in
accordance with the design certification and the applicable
regulations. Consequently, there is no design information
presented in the CDM or SSAR Section 14.3 that is not
also contained in the various sections of the SSAR.
Therefore, the staff did not base its safety evaluations for
the design on the information in the CDM.
Basis for Approval of the CDM
The ABWR was the lead design for the initial development
of CDM for design certification. Although the staff was
able to make its safety determinations for the design based
on its review of the information in the SSAR, this was the
first time design material had been developed for
certification. Therefore, there was no precedent for OE to
follow to develop information for the CDM. Furthermore,
the staff had no regulatory guidance on which to base its
review. Recognizing this, the staff sought and received
Commission guidance on several key issues associated with
the design certification reviews in the staff requirements
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memorandum (SRM) dated February IS, 1991, relating to
SBCY-90-377, "Requirements for Design Certification
Under 10 CFR Part 52." These issues included the
development of regulatory guidance, the role of ITAAC,
the level of design detail needed for design certification,
issue finality, the two-tiered approach to the design certification rule structure, and flexibility in design change
process. In its review, the staff evaluated the CDM in the
context of Part 52 requirements and the Commission
guidance contained in that SRM.
As the lead design, OE submitted the CDM to the staff for
review in stages, so that lessons learned at each stage
could be incorporated into later submittals. The staff
reviewed the materia] in an iterative manner and provided
comments on the CDM to OE at each stage. The staff
informed the Commission of the development of the CDM
in multiple SECY papers issued in 1991 and 1992 (SBCYa
91-178, 91-210, 92-053, 92-196, 92-214, 92-287 and
287A, 92-299, and 92-327). These papers are listed aa
references in Appendix B of this report.
In SSAR Section 14.3, OE provided the process it used in
the development of the CDM, based on the design
presented in the appropriate sections of the SSAR. OE
provided CDM based on the structures and systems of the
ABWR design rather than based on the format of the
ABWR SSAR. In addition, GE adopted a graded approach
to the level of design detail for the information in the
CDM, based on the safety significance of particular
structures, systems, and components (SSCs). OE applied
various selection criteria to the information in the SSAR to
determine the level of design information for a given
structure or system in the CDM. The results of this
process were illustrated with cross-references from the
SSAR information to the CDM for important parameters
that were selected for treatment in the CDM. Although
many issues and analyses could have been crossreferenced, the listings in Section 14.3 were developed
only for selected integrated plant safety analyses for the
ABWR design. OE provided additional cross-references
of key insights and assumptions from probabilistic risk
analyses (PRA) and analyses for severe accidents which
are contained in SSAR Chapter 19. OE provided more
detailed cross-references to the CDM for these analyses in
a letter dated March 31, 1994.

The staff also utilized a graded approach to the level of
detail in its review of the CDM based on the safety
significance of the SSCs. Thus, consistent with the
guidance of Part 52 and the SRM related to SECY-90-377,
the staff recognized that although many aspects of the
design were important to safety, the level of design detail
in the CDM and verification of the key design features and
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performance characteristics should be commensurate with
the significance of the safety functions to be performed.
The intent of the CDM is to ensure that the key
characteristics and performance requirements of safetysignificant SSCs are implemented in an as-built facility
referencing the certified design. Although all these aspects
of the design are described in the CDM, not all can be
verified by the ITAAC because Part 52 requires that the
ITAAC be satisfied prior to fuel loading. The initial test
program (ITP) serves to verify the remaining aspects of the
design after fuel load, but prior to operation. Examples of
these requirements are the post-fuel load startup and power
ascension test program verification of fuel, control rod,
and core characteristics, as well as system and integrated
plant operating characteristics. The treatment of these
issues will be similar to their treatment at facilities licensed
under 10 CFR Part 50, in that verification of the satisfactory completion of these requirements will be a condition of
the license.
The staff recognized that other programs also ensure the
continued safe operation of a facility after fuel load. For
example, the continued operability of a facility after the
ITAAC are satisfied is ensured through the technical
specifications (TS), as well as various programs such as
the maintenance program, quality assurance program, and
the in-service inspection and testing program. The
operator ensures the facility is operated as designed,
through the use of appropriate plant operating and
emergency procedures. Additionally, a utility referencing
the design is required by 10 CFR Part 50, Appendix B, to
have a quality assurance (QA) program that ensures these
SSCs are appropriately designed, procured, and perform
satisfactorily in service.
The above considerations provided an overall framework
for GE's development of the CDM and the staffs review.
The staff utilized multiple sources of information to
determine the safety significance of SSCs in the CDM.
These sources included the SRP, applicable rules and
regulations, general design criteria (GDC), regulatory
guides (RGs), unresolved safety issues (USIs) and generic
safety issues (OSIs), NRC generic correspondence,
operating experience, NRC inspection programs, facility
testing programs, PRA, and insights from ABWR safety
and severe accident analyses. For selected portions of the
review, the staff also utilized the regulatory guidance from
the Commission related to SECY-90-016, "Evolutionary
Light Water Reactor Certification Issues and Their
Relationship to Current Regulatory Requirements," as
modified by the Commission guidance related to
SECY-93-087, "Policy, Technical, and Licensing Issues
Pertaining to Evolutionary and Advanced Light-Water
Reactor Designs."

Nonetheless, because this was the first time CDM had
been developed for a design, because there was no
precedent for OE to follow and no detailed review guidance for the staff to base its review on, and because of the
iterative nature of the FFAAC development process,
considerable judgement was inherent in the approval of the
final material for the CDM.
Background
Part 52 of Title 10 of the Code of Federal Regulations was
issued April 18, 1989. The concept in Part 52 of
certifying a design and specifying the required ITAAC in
a rule prior to construction of a facility had not been
attempted before. Consequently, OE and the Nuclear
Management and Resources Council (NUMARC) held
extensive discussions with the staff in 1990 and 1991 on
the CDM, especially the form and content of the ITAAC.
After several senior management meetings in mid-1991,
the OE ABWR emerged as the lead plant in the
development of the first CDM for a standardized design.
The development of the CDM was an iterative process.
As the lead design, OE submitted the CDM to the staff for
review in stages, so that lessons learned at each stage
could be incorporated into later submittals. The staff
reviewed the material as it was submitted and provided
comments on the CDM to OE at each stage. Senior
management meetings between OE and the staff were held
at intervals of approximately six to eight weeks to resolve
difficult policy and technical issues associated with the
development and review of the material.
OE submitted the first stage of the CDM, consisting of a
set of nine "pilot" ITAAC, in a submittal dated September
20, 1991. The staff provided comments on this submittal
in a letter of October 23, 1991, and after several meetings
with the staff to discuss the comments, general agreement
was reached on the pilot ITAAC in January 1992.
OE submitted the second stage of the CDM, consisting of
approximately one-half the ITAAC, in a submittal titled
"Tier 1 Design Certification Material for the OE ABWR
Design • Stage 2 Submittal," dated March 31, 1992. The
staff provided preliminary comments to OE on the Stage
2 submittal in a letter dated May 7, 1992, as well as
during several senior management meetings.
OE submitted the third stage of the CDM, consisting of the
remainder of the Tier 1 material, in its submittal titled
"Tier 1 Design Certification Material for the OE ABWR,"
dated June 1, 1992, aa supplemented by a letter dated
June 17, 1992. The staff provided detailed comments on
the CDM in a letter to GE dated August 12, 1992,
including the comments of an NRC review group
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comprised of senior managers from several headquarters
and regional offices of the NRC.
In September 1992, a group comprised of representatives
from various vendors, utilities, and industry groups
provided industry comments on the CDM to OB. OB
revised the CDM to incorporate the comments provided by
both the NRC and this review group in late 1992. Subsequently, a team of NRC reviewers met with OB in
January, February, and March 1993, to review the revised
rTAAC.
GB submitted the next stage of the CDM, consisting of a
revised, complete CDM that incorporated all previous
lessons learned and review comments, in incremental
submittals in April, May, and June of 1993. In May 1993,
the staff formed several task groups to perform a multidisciplinary review of the CDM. The task groups provided
extensive comments on the submittals to OB in a letter
dated July 9,1993. The task groups met with OB on July
27 through 29, 1993, to discuss the comments, and the
disposition of all of the comments were documented in a
meeting summary dated August 10, 1993.
OE submitted the next stsge of the CDM, consisting of a
revised, complete CDM that incorporated the comments
from the staffs task group review, in a submittal titled
"ABWR Certified Design Material," dated August 31,
1993.
OE supplemented this material with CDM
Revision 1 in September 1993, and with CDM Revision 2
in December 1993. Changes to the detailed CDM
supporting information in the SSAR were contained in
various amendments to the SSAR, up to and including
Amendment 33.
The staff had identified multiple inconsistencies between
the SSAR, the Tier 1 design descriptions, and the related
ITAAC during the reviews. Consequently, the staff
formed an independent review group to ensure consistency
of the CDM and the SJAR in November 1993. The
independent review group completed its review in
February 1994, and its comments were provided to OE
after review by the staff. OE provided satisfactory
resolutions to all the comments in CDM Revision 3 and
SSAR Amendment 34. In addition to resolving the
comments of the independent review group, CDM
Revision 3 also included resolutions to comments by the
ACRS and the staff. Subsequent revisions to the CDM
prior to the start of the administrative review of the
ABWR design were minor in nature.

including bounding parameters for siting of the standard
design, design descriptions and corresponding ITAAC, and
interface requirements for the design. The CDM is the
portion of the design information that is certified by the
rule certitying the design, and will be incorporated into the
rule as the Tier 1 part of the design control document
(DCD). The DCD is the master document that contains
the information that must be conformed with by an
applicant who references the rule. The format for this
material is listed below, and is discussed in more detail in
the following sections of this report.
(1)

Introduction - Definitions of terms used in the
CDM, and a listing of general provisions that are
applicable to all CDM entries.

(2)

SYfton Pttiftt PWCTJPtioM affiHEAAg - System
design descriptions and ITAAC are provided for:
(a) structures and systems that are folly within the
scope of the ABWR design certification, and (b) the
in-scope portions of those systems that are only
partially within the scope of the ABWR design
certification. The system design descriptions are
accompanied by the appropriate ITAAC.

(3)

Additional Certified Pttign Materia] - Design
descriptions and their related ITAAC for design and
construction activities that are applicable to more
than one system of the design. This additional
material was provided because in selected areaa of
the design, OE did not provide sufficient design
detail in the SSAR. OE did not provide complete
design information in these areas because they were
either areas of rapidly changing technology where
OE believed it was unwise to prematurely freeze
the design, or because the information was dependent on as-built or as-procured information. For
these areas, OE provided the design related
processes in the CDM and in the SSAR, with
appropriate codes and standards, that a COL
applicant or licensee would follow to complete the
design.

(4)

Interfere Requirements - Requirements that must be
met by the site-specific portions of a facility that
are not within the scope of the certified design.
This section also identifies the scope of the design
to be certified. Interface requirements are defined
for: (a) aystems that are entirely outaide the scope
of the design, and (b) the out-of-scope portions of
those systems that are only partially within the
scope of the ABWR design.

(5)

Site Parametera - Bounding parameters of the
design to be used in the selection of a suitable site

Format 9f the CDM
OE developed a format for the design certification
information to meet the requirements of 10 CFR S2.47,

NUREG-1503

14-22

Initial Test Program
for a facility referencing the ABWR certified
design. The design was evaluated in terms of these
parameters. A suitable site must be demonstrated
to be within the bounding parameters and characteristics, and a facility must be constructed at the site
in accordance with their use in the approved design.
If a site cannot meet them, an exemption must be
requested and the facility must be reevaluated in
terms of these parameters for the actual selected
site.
14.3.1

Introduction to CDM

14.3.1.1

Definitions

This section of the CDM provides terms used in the CDM
that could be subject to various interpretations. The intent
of the terms used in the CDM was to be consistent and as
closely aligned as possible with the terminology in the
SSAR, in common industry use, industry codes and standards, and NRC rules, regulations, and guidance. Thus,
should questions on terminology arise, these references
would aid in understanding the intent of the information in
the CDM.
14.3.1.2

(1)

Verifications of the quality of pressure boundary
welds for ASME Code Class 1, 2, and 3
components and systems described in the design
descriptions and figures.
Detailed supporting
information for verification of welding requirements
in accordance with ASME Code requirements is
contained in SSAR Chapter 3.

(2)

Verifications of the dynamic qualification (e.g.,
seismic, LOCA, and safety relief valve discharge
loads) of seismic Category I mechanical and
electrical equipment (including connected
instrumentation and controls) described in the
design descriptions and figures.
Detailed
supporting information for dynamic qualification
requirements, including qualification records, is
contained in SSAR Chapter 3.

(3)

Verifications of the environmental qualification of
Class IE electrical equipment described in the
design descriptions and figures. Detailed supporting information for environmental qualification
requirements is contained in SSAR Chapter 3.

(4)

Verifications of the design qualification of motoroperated valves (MOVs) described in the design
descriptions and figures.
Detailed supporting
information for design qualification of MOVs is
contained in SSAR Chapter 3.

General Provisions

This section of the CDM provides general provisions that
are applicable to the design descriptions, figures, and the
ITAAC.
14.3.1.2.1

other inspections to be conducted to satisfy this ITAAC
include, and are limited to, verification of the following:

Verifications for Basic Configuration for
Structures and Systems

This section of the CDM includes provisions related to the
verification of the ITAAC for basic configuration for
systems and structures of the design. This ITAAC is
contained in the buildings and many of the systems
described in Section 2 of the CDM. The verification
consists of an inspection of the system functional
arrangement in its final as-built condition at the plant site,
and includes the elements of the design descriptions and
the system figures in the CDM.
This functional
arrangement inspection verifies, using as-built system
drawings, design documentation, and in-situ plant
walkdowns, that the as-built facility is in conformance with
the certified design and applicable regulations.
Several other aspects of the design were considered to have
significance to the performance of safety functions of SSCs
of a facility. The basis for selecting these aspects included
its importance to safety as well as its past experience with
construction and operating problems. Thus, specific
inspections for these aspects are part of the basic
configuration ITAAC for systems and structures. The

14.3.1.2.2

Treatment of Individual Items

A licensee is not prohibited from utilizing an item not
described in the CDM. However, the as-built facility must
be consistent with the rule approving the design, including
both tiers of information. The change processes for the
certified design are described in the design certification
rule for the ABWR.
The term "operate" as utilized in the CDM is intended to
refer to the actuation and running of equipment. This is
not meant to include the term "operable" in the context of
the ongoing reliability and availability of equipment. In
developing the ITAAC, the staff recognized that other
programs ensure the continued safe operation of a facility
after fuel load. For example, the continued opersbility of
a facility after the ITAAC are satisfied is ensured through
the Technical Specifications, Startup and Power Ascension
Test Programs, as well as various programs such as the
maintenance program, quality assurance program, and the
in-service inspection and in-service testing program. Also,
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the operator ensures the facility is operated as designed,
through the use of appropriate plant operating and
emergency procedures.
The term "exists," when used in the Acceptance Criteria,
means that the item is present and meets the design
description. Detailed supporting information on what must
be present to conclude that an item "exists" and meets the
design description is contained in the appropriate sections
of the SSAR.
14.3.1.2.3

Implementation of ITAAC

OE developed a three column format for the ITAAC. The
design commitments in the first column are derived from
the design information in the design descriptions. The
inspections, tests, and analyses in the middle column
provide the intended means of verifying the design
commitment. The acceptance criteria in the third column
provide the criteria used to determine whether the design
commitment is met.
The licensee is required by 10 CFR Part 52 to perform the
required inspections, tests, and analyses for the design, and
certify to the NRC that the acceptance criteria have been
met. A licensee may utilize the efforts of subordinate
vendors, contractors, or consultants.
However, the
licensee referencing the certified design retains
responsibility for ensuring that the ITAAC are met.
Additionally, the ITAAC can be satisfied using other
programs, such as the pre-operational testing portion of the
FTP required by CDM Section 3.5, or the QA program
required by 10 CFR Part SO, Appendix B.
The ITAAC may be satisfied at any time prior to fuel load,
including prior to issuance of a combined license.
However, the primary intent of the ITAAC is to verify that
the as-built plant on the final site has been constructed and
will perform in accordance with the design certification
and applicable regulations.
14.3.1.2.4

Discussion
Operations

of

Matters

Related

to

Descriptions in the CDM may refer to matters of
operation, such as normal valve or breaker alignment
during normal operational modes. These descriptions are
not intended to require operators to take any particular
action. The operational matters referred to in the CDM
are governed by existing programs to ensure the ongoing
safe operation of a facility, such as plant operating and
emergency procedures.
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14.3.1.2.5

Interpretation of Figures

The design descriptions include the figures in the CDM,
where the figures are provided. They are intended to
depict the functional arrangement of the significant SSCs
of the ABWR design. An as-built facility referencing the
certified design must be consistent with the performance
characteristics and functions described in the design
descriptions and figures. Any changes to the detailed
information in the SSAR must be in accordance with the
"50.59-like" change process in the design certification rule
for the ABWR, which allows the COL applicant or
licensee to make design changes, provided the changes do
not impact the information in the CDM.

14.3.1.2.6

Rated Reactor Core Thermal Power

The rated reactor core thermal power for the ABWR is
3926 MW(th).
14.3.1.3 Conclusions
As discussed above, the staff reviewed the definitions and
general provisions that are contained in CDM Section 1.0,
and the supporting material contained in SSAR Section
14.3.1, in accordance with the requirements in Part 52 and
the guidance in SRMs related to design certification
applications provided by the Commission. Based on this,
the staff concludes that the definitions and general
provisions in the CDM ate appropriate to support the
design descriptions and ITAAC, and are acceptable.

14.3.2 Certified Design Material for Structures and
Systems
OE developed design descriptions and ITAAC for the
structures and systems of the ABWR design, and these are
contained in CDM Section 2.0. General provisions that
apply to most of the structures and systems are contained
in CDM Section 1.2. Additional CDM material for design
issues that apply to many of these structures and systems
are contained in CDM Section 3.0. Interface requirements
for these systems are provided in the system design
descriptions for the in-scope portions of the systems. The
interface requirements for the out-of-scope portions of the
systems of the design are contained in CDM Section 4.0.
OE provided an entry in the CDM for every system of the
design to define the full scope of the design.
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14.3.2.1 Design Descriptions
The design descriptions address the most safety-significant
aspects of each of the systems of the design, and were
derived from the detailed design information contained in
the SSAR. The design descriptions include the figures
associated with the systems. GE's selection criteria and
methodology for the system design descriptions are
specified in SSAR Section 14.3.2.1. In its review of the
material, the staff followed the general guidance for the
reviews specified in the SRM related to SECY-90-377, as
discussed previously in the introduction to Section 14.3 of
this report.
The Tier 1 design descriptions will serve as commitments
for the lifetime of a facility. Once completion of ITAAC
and the supporting design information demonstrate that the
facility has been properly constructed, it then becomes the
function of existing programs such as the technical
specifications, the in-service inspection and in-service
testing program, the quality assurance program, and the
maintenance program, to demonstrate that the facility
continues to operate in accordance with the certified design
and the license.
Nevertheless, the Tier 1 design
descriptions will remain in effect throughout the plant life
to assure that the plant does not deviate from the certified
design. In general, a COL applicant or licensee may
change the information in the SSAR in accordance with the
"50.59-like" change process described in the rule certifying
the design, provided that the change does not impact the
information in the design descriptions.
GE provided the selection criteria for information in the
design descriptions in Section 14.3.2.1. Essentially, GE
put the top-level design features and performance standards
that were most significant to safety in the design
descriptions. The criteria GE utilized in determining the
safety significance of SSCs in the design descriptions
included the NRC's regulations, whether or not the
information pertained to safety-related SSCs, the
importance in the SRP, the relative importance based on
PRA or severe accident analysis, operating experience, or
the technical specifications. GE also included other SSCs
based on their importance to safety. Non-safety aspects of
SSCs were generally not discussed in the design
descriptions. Thus, although a Tier 1 entry was provided
for every system that is either fully or partially within the
scope of the ABWR design certification, the amount of
information provided in CDM Section 2.0 for a given
system, if any, was bas^d on the safety significance of the
system.
GE provided additional certified design material applicable
to the systems of the design in CDM Section 3.0. The
design descriptions in CDM Section 3.0 describe the scope

and applicability of the additional certified design material
to the systems of the design in CDM Section 2.0.
Amplifying information on CDM Section 3.0 is provided
in SSAR Section 14.3.3, and the staffs review of CDM
Section 3.0 is contained in Section 14.3.3 of this report.
The CDM utilizes a system-based structure which is
different than the structure of the SSAR. Consequently,
developing the CDM design description entries for any one
system was based on a review of the multiple SSAR
chapters having technical information related to that
system.
GE illustrated this approach in SSAR
Section 14.3.2.1, showing how the many design aspects of
any single system in the CDM were derived from multiple
chapters of the SSAR.
The staff was particularly interested in ensuring that the
assumptions and insights from key safety and integrated
plant safety analyses in the SSAR, where plant
performance was dependent on contributions from multiple
systems of the design, were adequately considered in the
CDM. Addressing these assumptions and insights in the
CDM ensures that the integrity of the fundamental analyses
for the design are preserved in an as-built facility referencing the certified design. These analyses included flooding
analyses, overpressure protection, containment analyses,
core cooling analyses, fire protection, transient analyses,
and radiological analyses.
GE provided information regarding these analyses in the
SSAR, and documented the important design information
and parameters from the various chapters of the SSAR that
are addressed in the CDM in Tables 14.3-1 through
14.3 10. GE provided more detailed cross-references to
the CDM for these analyses in a letter dated March 31,
1994. GE also provided cross-references in SSAR Chapter
19 showing how key insights and assumptions from PRA
and severe accident analyses are addressed in the CDM.
A COL applicant or licensee proposing to change design
information in the SSAR that pertained to these analyses
via the "50.59-like" change process can use these crossreferences when considering whether the proposed change
impacts the treatment of these parameters in the CDM.
T

14.3.2.2 ITAAC
The purpose of the ITAAC is to verify that an as-built
facility conforms to the approved plant design and
applicable regulations. When coupled in a COL with the
ITAAC for site-specific portions of the design, they
constitute the verification activities for a facility that must
be successfully met prior to fuel load. If the licensee
demonstrates that the ITAAC are met and the staff agrees
that they are successfully met, then the licensee will be
permitted to load fuel.
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The scope of the ITAAC is consistent with the SSCs that
are in the design descriptions. In general, each system has
one or more ITAAC that verify the information in the
design descriptions. This is not true in all cases. Reasons
for not requiring an ITAAC verification for a Tier 1
design commitment include: (1) the information is only
included for context, (2) fulfillment of other ITAAC are
sufficient to show verification of the design commitment,
(3) a single ITAAC can verify more than one design
commitment, or (4) verification of the item can only occur
after fuel loading. For the last item, the staff reviewed the
power ascension testing program described in SSAR Chapter 14 to ensure that all important design features and
commitments that could not be verified prior to fuel load
were addressed where appropriate.
The staff reviewed the system ITAAC to ensure that the
verifications were consistent with the safety significance of
the key design characteristics and performance
requirements of the SSC verified by that ITAAC. The
certified design descriptions for an SSC contain the
significant functions and bases for that SSC. Therefore,
the ITAAC have been reviewed to ensure they are necessary and sufficient to provide the NRC with reasonable
assurance that the facility should be authorized to load
fuel. As a result, the ITAAC verify the significant design
features from the design descriptions and the applicable
requirements that are necessary and sufficient to authorize
fuel loading and subsequent operation.
The staff and industry reached agreement on a threecolumn format for ITAAC, as discussed below.
Column 1 - flesjgn Commitment
This column contains the text for the specific design
commitment that was extracted from the design
descriptions discussed above. Any differences in text were
minimized, unless intentional. Differences in text were
generally intended to better conform the commitments in
the design description with the ITAAC format.
Column 2 - Inspections. Tests, and Analyses
This column contains the specific method to be used by the
licensee to demonstrate that the design commitment in
Column 1 has been met. The method is either by
inspection, test, or analysis or some combination of
inspections, tests, or analyses.
The SSAR contains detailed supporting information for the
CDM about various inspections, tests, and analyses that
can, and should be, used to verify the Tier 1 design
information and satisfy the acceptance criteria.
If
questions on interpretation should arise, the material in the
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SSAR provides the background material and context for
the CDM. The SSAR contains information reviewed by
the staff which was the basis for the staffs safety
determination for the design. Therefore, the information
in the SSAR provides an acceptable means of satisfying an
ITAAC.
Inspections are defined in CDM Section 1.1, and include
visual and physical observations, walkdowns or record
reviews.
The inspections required for the "Basic
Configuration Walkdown" ITAAC invoke the general
provisions contained in CDM Section 1.2 for as-built
structures and systems.
Tests are defined in CDM Section 1.1, and mean the
actuation, operation, or establishment of specified
conditions to evaluate the performance or integrity of the
as-built SSCs. This includes functional and hydrostatic
tests for the systems. The term "as-built" is intended to
mean testing in the final as-installed condition at a facility.
The term "type tests" is used in this column to mean
manufacturer's tests or other tests that are not necessarily
intended to be in the final as-installed condition. The
results of pre-operational tests can be used to satisfy an
ITAAC. In its review, the staff did not rely on the preoperational tests described in SSAR Section 14.2 or
RG 1.68 to substitute for ITAAC. Where testing is
specified, appropriate conditions for the test should be
established in accordance with the ITP described in CDM
Section 3.5, SSAR Section 14.2 and RG 1.68. Conversion
of the test results from the test conditions to the design
conditions may be required to satisfy the ITAAC.
During its review, the staff emphasized in-situ testing,
where possible, of the as-built facility as the preferred
means to satisfy the ITAAC. Also, the staff recognized
that the results and documentation from facility programs
such as the quality assurance program or the ITP may be
used to satisfy an ITAAC.
Analyses are defined in CDM Section 1.1, and may refer
to detailed supporting information in the SSAR, simple
calculations, or comparisons with operating experience or
design of similar SSCs. For example, detailed analysis
methods of seismic and environmental qualification
supporting CDM Section 1.2 are contained in SSAR
Chapter 3, and detailed piping design information supporting CDM Section 3.3, are also contained in SSAR
Chapter 3.
Column 3 - Acceptance Criteria
This column contains the specific acceptance criteria for
the inspections, tests, or analyses described in Column 2
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which, if met, demonstrate that the design commitment in
Column 1 has been met.

BfigifelSI* notices of the successful completion of the
inspections, tests, and analyses.

In general, the acceptance criteria were developed to be
objective and unambiguous. In some cases, the acceptance
criteria were more general because the detailed supporting
information in the SSAR did not lend itself to concise
verification. For example, the acceptance criteria for the
design integrity of piping and structures is that a report
"exists" that concludes the design commitments are met.
In these cases, the SSAR provides the detailed supporting
information on multiple inteidependent parameters that
must be provided in order to demonstrate that a
satisfactory report exists.

14.3.2.3 Staff Review Approach

Numeric performance values for SSCs were specified as
ITAAC acceptance criteria when the design commitment so
lent itself, or when failure to meet the stated acceptance
criterion would clearly indicate a failure to properly
implement the design. The staff did not require that
numeric performance values be specified in the design
description unless there was a specific reason to include
them (e.g., important to be maintained for the life of the
facility).
ITAAC Implementation
The ITAAC may be satisfied at any time prior to fuel load,
including prior to issuance of a combined license.
However, the primary intent of the ITAAC is to verify that
the as-built facility on the final site has been constructed
and will operate according to the design certification and
applicable regulations.

The implementation of a construction verification program,
including ITAAC, and other licensee programs, is the
responsibility of the licensee. The successful completion
of the ITAAC in the combined license will constitute the
basis for the NRC's determination to allow fuel loading for
the facility.
The licensee will periodically certify to the NRC that the
inspections, tests, and analyses have been performed, and
that the acceptance criteria have been met. These
notifications should document the basis for the successful
completion of the ITAAC. In accordance with 10 CFR
52.99, the staff will assure that the required inspections,
tests, and analyses have been performed and that the
prescribed acceptance criteria have been met.
At
appropriate intervals, the NRC will publish in the Federal

OE developed the CDM based on the systems of the design
rather than on the format of the SSAR and SRP. In order
to ensure that the safety-significant design information in
the SSAR was adequately reflected in the CDM, the staff
adopted a multidisciplinary review approach, rather than
the more traditional review approach based on the
individual chapters of the SSAR. The staff formed several
task groups comprised of various disciplines to ensure that
the CDM would provide reasonable assurance that a
facility would be built and operated in accordance with the
design certification and applicable regulations.
The task groups were composed of various representatives
from the technical branches of the staff, depending on the
primary area of review by the task group. The task groups
were formed based on the following discipline areas: plant
systems, reactor systems, electrical, human factors,
radiation protection, structural, and instrumentation and
controls.
The task groups had primary review responsibilities for
systems that were predominantly in their discipline area,
and secondary review responsibilities for systems in other
discipline areas where appropriate based on the safety
significance of the issues.
Thus, the groups had
overlapping system review responsibilities.
All
information in the CDM was reviewed by one or more
task groups. For example, the reactor core isolation
cooling system was reviewed primarily by the Reactor
Systems Task Group, and that task group received
technical input and comments from the Instrumentation and
Controls Task Group. Specialists were designated to
provide input to the task groups for selected design issues.
Examples of these issues included severe accident issues,
testing issues and the FTP, treatment of alarms, displays,
and controls, insights from PRA, and functionality of
MOVs.
The task groups with primary review responsibility for
systems maintained overall responsibility for the reviews
of those systems. Overall continuity and consistency of the
reviews was maintained through frequent meetings with all
task groups and with the projects branch of the staff.
Significant policy and technical issues, or issues of concern
to multiple task groups, were identified for discussion at
periodic senior management meetings between the staff and
GE.
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The staff developed preliminary draft guidance for use in
the reviews of the CDM, and incorporated lessons learned
during the course of the reviews into the draft guidance.
The draft guidance contained checklists for use in the
reviews. The applicability of the issues identified in the
checklists to the systems was based on the safety
significance of the specific SSCs. The draft guidance also
contained standard ITAAC entries that were used to verify
selected issues in the appropriate systems of the design.
Examples of these standard ITAAC entries are those for
the basic configuration of systems, verification of control
room and remote shutdown features, and electrical
independence. The issues in the checklist and the use of
the standard ITAAC entries are discussed in the following
sections of this report.
The task groups utilized multiple sources of information to
determine the safety-significance of SSCs in the CDM.
These sources included the SRP, applicable rules and
regulations, GDCs, ROs, USIs and GSIs, NRC generic
correspondence, operating experience, NRC inspection
programs, facility testing programs, PRA, and insights
from ABWR safety and severe accident analyses.
For selected portions of the review, the staff also utilized
the regulatory guidance from the Commission related to
SECY-90-016, "Evolutionary Light Water Reactor
Certification Issues and Their Relationship to Current
Regulatory Requirements," as modified by ttye Commission
guidance related to SECY-93-087, "Policy, Technical, and
Licensing Issues Pertaining to Evolutionary and Advanced
Light-Water Reactor Designs." These issues included staff
positions that deviated from or were not embodied in
current regulations applicable to the ABWR design. The
staffs positions and design-specific requirements aire
addressed where appropriate in this section of this report,
and in the ABWR design certification rule as "applicable
regulations."
The staff determined that selected material in the SSAR
that supports the CDM, if considered for a change by an
applicant or licensee that references the certified ABWR
design, would constitute an unreviewed safety question,
and therefore, would require NRC review and approval
prior to implementation of the change. The material
supporting the CDM is discussed where appropriate in this
section, in the applicable chapters of this report, and in the
ABWR design certification rule.
The task groups utilized a graded approach to the level of
detail in its review of the CDM based on the safetysignificance of the SSCs. Thus, consistent with the
guidance of Part 52 and the SRM related to SECY-90-377,
the staff recognized that although many aspects of the
design were important to safety, the level of design detail
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in the CDM and verification of the key features and
performance characteristics should be commensurate with
the significance of the safety functions to be performed.
In addition, the SSAR was reviewed to ensure that the
information was consistent with the design description and
that the information supporting the Tier 1 material was
comprehensive and technically adequate.
Thus, the
individual task groups reviewed the CDM based on the
safety significance of the material, as discussed in the
following paragraphs.
14.3.2.3.1

Plant Systems Task Group Review

The Plant Systems Task Group had primary review
responsibility for most of the fluid systems in CDM
Section 2.0 that were not part of the core reactor systems.
The scope of the plant systems review included new and
spent fuel handling systems, power generation systems, air
systems, cooling water systems, radioactive waste systems
and heating, ventilation and air conditioning systems. The
group also reviewed selected interface requirements within
those systems. The group reviewed issues which affect
multiple SSCs such as equipment qualification and
protection from fires, floods and tornado missiles, and had
secondary review responsibilities for most of the fluid
systems and the structures of the design.
The task group primarily utilized the SRP in its review of
the CDM to determine the safety significance of SSCs.
Other sources included applicable rules and regulations,
GDCs, RGs, USIs and GSIs, NRC generic correspondence, PRA, insights from ABWR safety and severe
accident analyses, and operating experience. The task
group also used the draft review guidance for the design
control document as an aid in its review of the systems.
For selected portions of the review, the staff also utilized
the regulatory guidance from the Commission related to
SECY-90-016, "Evolutionary Light Water Reactor
Certification Issues and Their Relationship to Current
Regulatory Requirements," as modified by the Commission
guidance related to SECY-93-087, "Policy, Technical, and
Licensing Issues Pertaining to Evolutionary and Advanced
Light-Water Reactor Designs." The task group reviewed
the Tier 1 submittals (including the design description,
figures, and ITAAC) of the design using the guidelines
provided in the draft review guidance for the CDM as an
aid for establishing consistency and completeness.
The task group reviewed the CDM for treatment of design
information proportional to the safety significance of the
SSC for that system. Many items were judged to be
important to safety, and were thus included in the CDM.
The following issues were identified to ensure
comprehensive and consistent treatment in the CDM based
on the safety significance of the system being reviewed:

14-28

initial Test Program
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)

specified in the site parameters, flood doors were shown
on the building figures, and elevations where shown on the
buildings to verify that the approximate physical location
of components and relative elevations of buildings
minimised the effects of flooding. As-built reconciliation
reports for fires and floods to ensure consistency with the
SSAR analyses are required by the fire protection system
ITAAC and selected building ITAAC, respectively.

System purpose and functions
Location of system
Key design features of the system
Seismic and ASME code classifications
System operation in various modes
Controls, alarms, and displays
Logic
Interlocks
Class IE electrical power sources and divisions
Equipment to be qualified for harsh environments
Interface requirements
Numeric performance values
Accuracy and quality of figures

Additionally, standard ITAAC entries were utilized to
verify selected issues, where appropriate. Examples of
these included basic configuration, physical separation, and
divisional power supplies. In particular, the general
provision for environmental qualification aspects of SSCs
invoked by the basic configuration ITAAC was reviewed
to ensure appropriate treatment in the CDM.
Environmental qualification (EQ) of isafe-shutdown
equipment is verified as part of the basic configuration
ITAAC for safety-related systems. EQ treatment in the
ITAAC is discussed in the General Provisions section of
the CDM.
Verification includes type tests or a
combination of type tests and analyses of Class IE
electrical equipment identified in the Design Description or
accompanying figures to show that the equipment can
withstand the conditions associated with a design basis
accident without loss of safety function for the time that
the function is needed.
The task group reviewed integrated plant safety analyses
such as fires, floods and missile protection to ensure they
were adequately addressed in the CDM. The insights
from these analyses that were addressed in the CDM are
contained in SSAR Section 14.3. The issues of floods,
fires, missiles, pipe failures, and environmental protection
are verified by the ITAAC on a system-specific basis,
rath'; than generically.
Divisional separation (both
physical and electrical) is the primary means of ensuring
protection of safety-related equipment from these events.
Verification of divisional separation is performed as part
of both individual system ITAACs and building ITAACs.
Physical and electrical separation is verified in each safetyrelated system ITAAC and divisional barriers are verified
in the reactor and control building ITAACs.
The design features in the CDM were selected to ensure
that the integrity of the analyses would be preserved in an
as-built facility. For example, 3-hour fire boundaries and
divisional separation were shown in the building figures.
Also, flooding features such as structure elevations were

Other specific issues that were addressed include heat
removal capabilities for design-basis accidents and tornado
and missile protection. Heat removal capabilities were
verified through heat removal requirements for core
cooling system heat exchangers and interface requirements
for site-specific systems. Tornado and missile protection
was provided by inlet and outlet dampers in ventilation
systems, and through the structural design of buildings.
The staff was evaluating ACRS comments regarding the
need for verification of fires and flooding analyses in the
ITAAC for buildings when the advance SER was issued.
This was Open Item F14.3.2.3.1-1.
GE provided
satisfactory resolutions to the ACRS comments in CDM
Revision 3 and SSAR Amendment 34. The CDM
contained provisions for reconciliation analyses to be
conducted for the ABWR design for fires and floods, to
ensure that the as-built facility is consistent with the
assumptions and analyses for these issues in the design
certification. The staff finds this acceptable. This
resolved Open Item F14.3.2.3.1-1.
The task group received inputs from other task groups
such as the structural, electrical and I&C task groups. The
task group also reviewed the ITAAC for consistency with
the initial test program described in SSAR Chapter 14. In
addition, specialists provided key insights and assumptions
from PRA and severe accident analyses, as well as inputs
for issues such as treatment of alarms, displays and
controls, and functionality of MOVs. A cross-reference
from the SSAR to the CDM providing these key insights
and assumptions is contained in SSAR Section 19.8.
The issue of containment isolation is addressed by a
combination of the system ITAACs and the Leak Detection
and Isolation System ITAA£. The containment isolation
valves are shown on the system figures. The verification
of the design qualification of the motor operated
containment isolation valves will be verified by the basic
configuration check in the system ITAAC as discussed in
the general provisions discussion. In addition, in-situ tests
are required for containment isolation MOV and check
valves in each system ITAAC. The Leak Detection and
Isolation System ITAAC verifies that the containment
isolation valves close on receipt of an isolation signal.
Actual closure of the containment isolation valves is
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checked using the manual isolation switches in the main
control room (MCR). A separate ITAAC entry verifies
that a containment isolation signal is generated for each the
process variables that will cause a containment isolation.
This precludes multiple cycling of the containment isolation
valves during the testing.
The staff decided during the review of the ITAAC that the
MCR ITAAC would verify only the minimum inventory as
derived from the Emergency Procedure Guidelines, the
requirements of RO 1.97, and probabilistic risk assessment
insights. Other controls, indications and alarms are
identified in the system ITAAC and verified to exist in the
MCR. The ability of these controls, indications, and
alarms to function will be checked during operation of the
system for the functional tests required by the system
ITAAC.
The operation of the system during the
completion of the functional tests required in the system
ITAAC will be conducted from the MCR. Therefore, it
was decided that the verification that the system can be
operated from the MCR need not be a separate ITAAC.
The staff also decided that since the operation of the
equipment from the control room demonstrates the control
function, continuity checks between the remote shutdown
panel (RSP) and the equipment demonstrates that the
control signal will be received by the component and
provides adequate assurance that the equipment can be
operated from the RSP. Additionally, the Initial Test
Program will adequately cover the technical verifications
of the ability to operate plant equipment from the RSP.
14.3.2.3.2

Reactor Systems Task Group Review

The reactor systems task group had primary review
responsibility for the , reactor systems and core cooling
systems in CDM Section 2.0. The group had secondary
review responsibilities for those systems that could affect
the operation of the reactor and core cooling systems.
The task group primarily utilized the SRP in its review of
the CDM to determine the safety significance of SSCs.
Other sources included applicable rules and regulations,
ODCs, ROs, USIs and OSIs, NRC generic correspondence, PRA, insights from ABWR safety and severe
accident analyses, and Operating experience. The task
group also used guidelines provided in the draft review
guidance for the design control document as an aid for
establishing consistency and completeness in its review of
the systems. For selected portions of the review, the staff
also utilized the regulatory guidance from the Commission
related to SECY-90-0i6, "Evolutionary Light Water
Reactor Certification Issues and Their Relationship to
Current Regulatory Requirements," as modified by the
Commission guidance related to SECY-93-087, "Policy,
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Technical, and Licensing Issues Pertaining to Evolutionary
and Advanced light-Water Reactor Designs."
The task group reviewed the CDM systems in a similar
manner as the plant systems task group because the reactor
and core cooling systems were primarily fluid systems.
Thus, the group examined the systems for comprehensive
and consistent treatment of the issues listed in
Section 14.3.2.3.1 of this report, based on the safety
significance of the respective systems being reviewed. The
task group found that many of the systems in this area of
review were classified as safety related, and thus many of
the characteristics and features of these systems were
judged to have safety significance. This is reflected in a
higher level of detail in the CDM for these systems.
The task group reviewed the CDM to verify that plant
safety analyses, such as for core cooling, transients,
overpressure protection, and anticipated transient without
scram (ATWS), were adequately addressed. The task
group used the tables contained in SSAR Section 14.3 to
assess that the important input parameters used in the
transient and accident analyses were verified by the
ITAAC. The task group also interacted with specialists in
PRA and severe accident analyses to ensure important
insights and design features from these analyses were
incorporated into the CDM. For the severe accident
analyses in particular, the basis for the staffs review was
the Commission guidance related to SECYs 90-016 and
93-087. For both PRA and severe accident analyses,
although large uncertainties and unknowns may have been
associated with the event phenomena, design features
important for severe accident prevention and mitigation
resulting from these analyses were selected for treatment
in the CDM. The supporting information regarding the
detailed design and analyses remained in the SSAR. For
many of the design features, it was impractical to test their
functionality. Consequently, the existence of the feature
on a figure, subject to a basic configuration walkdown,
was considered sufficient CDM treatment.
The staff determined that the detailed supporting
information in the SSAR for the nuclear fuel, fuel channel,
and control rod CDM, if considered for a change by a
COL applicant or licensee that references the certified
ABWR design, would constitute an unreviewed safety
question. Thus, the staff has concluded that the fuel cycle
and control rod design criteria in SSAR Sections 4B and
4C, the first cycle fuel, control rod and core design and
the methods used to analyze these components may not be
changed without prior NRC review and approval. The
specific fuel, control rod, and core designs presented in
SSAR Chapter 4 will constitute, based on staff review and
approval, an approved design that may be used for the
COL first cycle core loading, without further NRC staff
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review. If any other core design is requested for the first
cycle, the COL applicant or licensee will he required to
submit for staff review thai specific fuel, control rod, and
core design analyses as described in SSAR Chapters 6 and
15.

10CFR 50.49 requires that certain electrical
equipment be qualified for accident (referred to as
harsh) environments.
10 CFR 50.63 requires that a nuclear power plant
be able to withstand and recover from a station
blackout event.

No FFAAC are required for the CDM information in these
areas because of the requirement for prior NRC review
and approval of any proposed changes to the approved
design. Post fuel load testing programs i (e.g., startup
testing and power ascension testing) verify that the actual
core performs in accordance with the analyzed core design.

IEEE 308 "IEEE Standard Criteria for Class IE
power Systems for Nuclear Power Generating
Stations," in conjunction with other related IEEE
standards, establish specific design criteria for
nuclear power plant electrical systems and
equipment.

Examples of the issues that the task group examined for
treatment in Tier 1 included net positive suction head for
key pumps (standard ITAAC entry specified in the
applicable systems), and intersystem LOCA (the design
pressure of the piping of the systems that interface with the
reactor coolant pressure boundary is specified in the design
descriptions of the applicable systems). The task group
also reviewed the ITAAC for consistency with the initial
test program described in SSAR Chapter 14.

The staffs review of the ABWR standard plant was
conducted to ensure, in part, that the certified design
contains top level design, fabrication, testing, and
performance requirements for SSCs important to safety.
Design descriptions and ITAAC were established to verify
that these top level (Tier 1) requirements (or design
commitments) are met when the plant is built.

14.3.2.3.3

Claw IE Etotriflri Systems

Electrical Task Group Review

The electrical task group had primary review responsibility
for the station electrical systems in CDM Section 2.12.
The scope of the ABWR electrical design includes the
entire Class IE portion of the electrical system as well as
a major portion of the non-Class IE electrical system. It
also includes portions of the plant lighting system. The
group also reviewed selected interface requirements. The
group had secondary review responsibilities for some
systems using Class IE power.
In establishing the top level requirements for the electrical
design, the staff used the Code of Federal Regulations
including the GDC of Appendix A and Parts 50.49,
"Environmental Qualification,'' and 50.63, "Station
Blackout," as its main bases. In addition, IEEE nuclear
standards were used, as appropriate, to further establish
top level requirements.
The staff also considered
significant lessons learned from operating experience
problems and insights gained from the PRA for the
ABWR.
GDC 17, in part, requires that an onsite and an
offsite electric power system be provided to permit
functioning of structures, systems and components
important to safety. It further requires that the
onsite electric power system have independence and
redundancy and the electric power supplied by the
offsite system be supplied by two physically
independent circuits.

The ABWR Class IE electrical systems include: (1) the
Class IE electrical power distribution system, (2) the
emergency diesel generators, (3) the Class IE direct
current power supply, and (4) the Class IE vital ac and
Class IE instrument and control power supplies. Using
the above regulations, IEEE standards, operating
experience, and PRA as its bases, GE established top-level
design commitments for the Class IE electrical systems of
the ABWR to be included in the design descriptions and
verified by ITAAC.
The top-level design commitments for the Class IE
electrical systems include design aspects related to:
(1)
(2)
(3)
(4)
(5)

Equipment qualification for seismic and harsh
environment
Redundancy and independence
Capacity and capability
Electrical protection features
Displays/controls/alarms

Equipment Qualification
To ensure that the seismic design requirements of GDC 2
and the environmental qualification requirements of
10 CFR 50.49 have been adequately addressed, "basis
configuration" ITAAC were established for applicable
systems to verify these design aspects of electrical
equipment important to safety.
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The deaign description identifies that Class IE equipment
is seismic Category 1 and equipment located in a harsh
environment is qualified. A "basic configuration" ITAAC
was developed to include these areas.
Redundancy and Independence
To ensure that the Class IE electric systems meet the
single failure requirements of ODC 17 (and other GDC),
ITAAC were established to verify the redundancy and
independence of the Class IE portion of the electrical
design.
For the electrical systems, ITAAC verified the Class IE
divisional assignments and independence of electric power
by both inspections and tests. The independence is
established by both electrical isolation and physical separation. Identification of the Class IE divisional equipment
is included to aid in demonstrating the separation. (The
detailed requirements are specified in the SSAR. For
example, separation distances and identification are
outlined in the SSAR.) These attributes are verified all the
way to the electrically powered loads by a combination of
the electrical system ITAAC and the ITAAC of the
individual fluid, I&C, and HVAC systems which also
cover the electrical independence and divisional power
supply requirements.
Capacity and Capability
To ensure that the electrical systems have the capacity and
capability to supply the safety-related electrical loads,
ITAAC were established to verify the adequate sizing of
the electrical system equipment and its ability to respond
(e.g., automatically in the times needed to support the
accident analyses) to postulated events. This includes the
Class IE portion and the non-Class IE portion to the
extent that it is involved in supporting the Class IE
system.

ITAAC are included to analyze the as-built electrical
power system for its response to a LOCA, loss of voltage,
combinations of LOCA and loss of voltage, and degraded
voltage. In addition, tests are included to demonstrate the
actuation of the electrical equipment in response to
postulated events.
Electrical Protection Features
To ensure that the electrical power system is protected
against potential electrical faults, ITAAC were established
to verify the adequacy of the electrical circuit protection
included in the design. Operating experience and NRC
Electrical Distribution System Functional Inspections
(EDSFIs) have indicated some problems with the short
circuit rating of some electrical equipment and breaker and
protective device coordination.
ITAAC are included to analyze the as-built electrical
system equipment for its ability to withstand and clear
electrical faults. ITAAC are also included to analyze the
protection feature coordination to verify its ability to limit
the loss of equipment due to postulated faults.
Displays, Alarms and Controls
To help ensure that the electrical power system is available
when required, ITAAC are included to verify the existence
of monitoring and controls for the electrical equipment.
The minimum set of displays, alarms, and controls is
based on the emergency procedure guidelines. In some
cases, additional displays, alarms, and controls are
specified based on special considerations in the design
and/or operating experience.
ITAAC are included to inspect for the ability to retrieve
the information (displays and alarms), and to control the
electrical power system in the main control room and/or at
locations provided for remote shutdown.
Qther Eltttrifld Equipment Important ft Safety

ITAAC are included to analyze the as-built electrical
system and installed equipment (diesel generators,
transformers, switchgear, batteries, etc.) to verify its
ability to power the loads. In addition, the ITAAC also
includes tests to demonstrate the operation of the
equipment.

In addition to the Class IE systems addressed above, other
aspects of the electrical design were deemed to be
important to safety and the top-level design commitments
were included in the CDM.
Offsite Power

To ensure that the Class IE portions of the electrical
power system have the capability to respond to postulated
even* including LOCA, loss of normal preferred power,
and degraded voltage conditions, ITAAC were established
to verify the initiation of the Class IE equipment necessary
to mitigate the event.
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To ensure that the requirements of ODC 17 for the
adequacy and independence of the preferred offsite power
sources within the ABWR scope were met, ITAAC were
developed to verify the capacity and capability of the
offsite sources to feed the Class IE divisions, and the
independence of those sources.
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ITAAC are included to inspect the direct connection of the
offsite sourcea to the Class IE divisions and to inspect for
the independence/separation of the offsite sources.
Lightning protection and grounding features are inspected
as part of the configuration ITAAC.
In addition, the design description includes "interface"
requirements for the portions of the offsite power outside
of the ABWR scope, however no ITAAC are included for
the interfaces. The interfaces define the requirements that
the offsite portion of the design (that is out-of-scope) must
meet to support and not degrade the in-scope design.
Containment Electrical Penetrations
To ensure the containment electrical penetrations (both
those containing Class IE circuits and those containing
Non Class IE circuits) do not fail due to electrical faults
and potentially breach the containment, ITAAC were
developed to verify that all electrical containment
penetrations are protected against postulated currents
greater than their continuous current rating.
ITAAC are included to inspect and analyze the electrical
penetrations and their protection.

14.3.2.3.4

Human Factors Task Group Review

The Human Factors task group had primary review
responsibility for the main control panel, remote ahutdown
panel, and local control panels, described in CDM
Section 2.0. The group also reviewed CDM Section 3.1,
"Human Factors Engineering." CDM Section 3.1 is
discussed further in Section 14.3.3.1 of this report. The
task group provided input to other task groups on the
minimum inventory of alarms, controls, and indications for
the control room and the RSS.
The baaia for the task group's review in this area was a
human factors engineering (HFE) program review model
(PRM) developed by the staff. The staffs certification
review in the control room design area was based on a
design and implementation process plan. The staff
informed the Commission of the development of the D AC
in this area in SECY-92-299, "Development of Design
Acceptance Criteria (DAC) for the Advanced Boiling
Water Reactor (ABWR) in the Areas of Instrumentation
and Controls (I&Q and Control Room Design," dated
August 27, 1992. In addition, the task group utilized the
SRP in its review of the CDM. Other sources included
applicable rules and regulations, RGs, USIs and GSIs, and
operating experience.

Combustion Turbine Generator
To ensure the availability of the combustion turbine
generator (CTG) as an alternate AC source for station
blackout events, ITAAC were developed to verify its
inclusion in the design and its independence from other AC
sources. In addition, the PRA has indicated that the CTG
is relatively important from a risk perspective.
ITAAC are included to inspect and test the CTG and its
auxiliaries.
Lighting
To ensure that portions of the plant lighting remain
available during power failures, ITAAC were developed to
verify the continuity of power sources for the lighting
systems.
ITAAC are included to inspect and test the lighting and its
power sources.
Electrical Power For Non-Safetv Plant Systems
To ensure that electrical power is provided to support the
non-safety plant systems, Design Descriptions cover
portions of the non-Class IE electrical systems. A basic
configuration ITAAC verifies the functional arrangement
and the Tier 1 design commitments for these areas.

The staff developed the HFE PRM, contained in
Appendix J of this report, to serve as a technical basis for
the review of the design process and DAC proposed by GE
for certification of the ABWR control room and remote
shutdown station design. The HFE PRM is (1) based upon
currently accepted HFE practices, (2) well-defined, and
(3) validated through experience with the development of
complex, high-reliability systems in other industrial and
military applications. The review model identifies the
important HFE elements in a system development, design,
and evaluation process that are necessary and sufficient
requisites to successful integration of human factors in
complex systems. The review model also identifies aspects
of each HFE element that are key to a safety review, and
describes acceptance criteria by which the HFE elements
can be evaluated. The HFE PRM has eight program
elements, each of which contain both general and more
specific acceptance criteria.
Part 52 requires applicants for design certification to meet
the TMI requirements in 10 CFR 50.34(f)(2)(iii) for
providing a control room design that reflects state-of-theart human factors principles. GE did not develop a final
control room and RSS design before design certification
because this is an area of rapidly changing technology.
Instead, GE provided the processes and acceptance criteria
in CDM Section 3.1 and the detailed supporting
information in SSAR Chapter 18 by which the details of
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the design in this area would be developed, designed, and
evaluated. In lieu of having a completed control room
design for review, the staff concluded thai it could make
its safety determination if GE submitted for certification an
acceptable process for the design of the control room. In
addition, GE must have submitted a description of a
minimum inventory of displays, controls, and alarms
necessary to accomplish the emergency procedure
guidelines (EPGs) and critical operator actions identified
through GE's PRA analysis.
The processes and design acceptance criteria in CDM
Section 3.1, "Human Factors Engineering," apply to the
human factors design of the control room and the RSS
systems of the ABWR design. The detailed supporting
information for the human factors aspects of the ABWR
control room and RSS design are provided in SSAR Chapter 18, "Human Factors," and together with the associated
DAC in CDM Section 3.1, are evaluated in Chapter 18 of
this report. GE provided amplifying information regarding
the processes and CDM selection criteria in this area in
SSAR Section 14.3.3.1. The implementation of the
process and the design is the responsibility of the COL
applicant or licensee.
The staff requested that the minimum inventory of
displays, controls, and alarms be developed through a task
analysis of the operator actions necessary to carry out the
EPGs and PRA critical actions. The staffs evaluation of
the resulting minimum inventory encompassed a multidisciplinary effort consisting of human factors, I&C, PRA,
and plant, reactor, and electrical system engineering. The
criteria used to determine acceptability of the inventory
included assuring that: (1) the scope of these items in the
EPGs and PRA effort were adequately considered, (2) the
task analysis was detailed and comprehensive,
(3) RG 1.97, category I variables for accident monitoring
were included, and (4) important system displays and
controls described in the Tier 1 system design descriptions
necessary for transient mitigation were included.
The minimum inventory list for the control room was
included in the CDM Section 2.7.1, "Main Control Room
Panels." The controls and indicators required on systems
to remotely shutdown the reactor are contained in CDM
Section 2.2.6, "Remote Shutdown System." The items
required for operation of the RSS are shown with an "R"
on the figures for the individual systems. Detailed
supporting information is contained in Chapter 7 of the
SSAR. The individual systems that contained the sensors
for the displays, controls, and alarms were reviewed to
ensure that standard ITAAC entries were used to verify
their function. The design processes and acceptance
criteria specified in the DAC for I&C equipment contained
in CDM Section 3.4, particularly the verification and
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validation aspects of the I&C DAC, will verify proper
operation of the I&C aspecta of the equipment. Similarly,
the design processes and DAC for HFE contained in CDM
Section 3.1, particularly the verification and validation
aspecta of the HFE DAC, will verify proper design of the
equipment for human factors aspecta.
14.3.2.3.5

Radiation Protection Task Group Review

The Radiation Protection Task Group had primary review
responsibility for the area radiation monitoring system,
containment atmospheric monitoring system, and
emergency response facilities in CDM Section 2.0; the
additional material in CDM Section 3.2, "Radiation
Protection," applicable to multiple systems of the design;
and selected site parameters. CDM Section 3.2 is
discussed further in Section 14.3.3.2 of this report. The
group had secondary review responsibility for all other
ITAACs which addressed the plant radiation protection
design or systems relied upon in the design-basis accidents
(DBAs) dose assessment.
These ITAACs included
buildings, ventilation and filtration systems, primary
containment, drywell bypass, post-accident sampling
system, and site parameters (atmospheric dispersion).
The task group primarily utilized the SRP in its review of
the CDM to determine the safety significance of SSCs.
Other sources included applicable rules and regulations,
GDCs, RGs, USIs and GSIs, NRC generic correspondence, and operating experience. The task group also used
the draft review guidance for the design control document
as an aid for consistency in its review of the systems.
The task group relied heavily on the material in CDM
Section 3.2 during its review of the design. The design
processes and acceptance criteria in this section were
developed because GE did not provide sufficient
information to stipulate the source terms needed to verify
the design of the shielding, ventilation, and airborne
radioactivity monitoring systems. Therefore, GE extracted
the most important acceptance criteria for these design
features from Chapter 12 of the SRP and put them into the
DAC in CDM Section 3.2. A COL applicant or licensee
must meet these criteria in the design of the plant, and the
staff can audit the facility's design documentation to ensure
that the criteria are met. The DAC are general criteria
which apply to the design of shielding and ventilation
systems throughout the plant. Therefore, there are no
references to the DAC in the ITAACs for the buildings
and systems.
The group reviewed the ITAAC for the area radiation
monitoring system to ensure that the system provides
information on radiation dose rates in the plant during
normal operation and accidents and provides alarms to
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warn plant personnel of changes in those dote rates. The
group reviewed the ITAAC for the containment
atmospheric monitoring system to ensure that the system
provides information on radiation dose rates and gas
concentrations during accidents and provides alarms to
warn plant personnel of high levels of these parameters.
The group reviewed the ITAAC for emergency response
facilities to ensure that adequate facilities are provided for
the technical support center (TSC) and operational support
center including space, data retrieval and communications
equipment, and a ventilation system to provide radiation
protection.
The group reviewed several ITAAC for which the group
had secondary review responsibility. The review of these
ITAAC was focused on verifying design features and
assumptions upon which the radiological dose consequence
assessment of the design basis accidents (DBAs) in this
SER is based. The following discussion provides examples
of some of the important design features and assumptions
that are addressed in the CDM. The maximum MSIV
closure time and maximum MSIV leakage rates will be
verified by the ITAAC for the nuclear boiler system. The
maximum primary containment leakage rate will be
verified by the ITAAC for the primary containment
system. The minimum radioiodine removal efficiency of
the charcoal adsorbers in the standby gas treatment system
(SGTS) filter trains and the maximum time for the SOTS
to draw a specified negative pressure in the secondary
containment will be verified by the ITAAC for the SOTS.
The minimum radioiodine removal efficiency of the
charcoal adsorbers in the control room and TSC ventilation
system Miter trains will be verified by fte ITAAC for the
HVAC systems. Capability of the main steam system to
maintain structural integrity in an safe-shutdown
earthquake (SSE) will be verified by the ITAAC for the
turbine main steam system. Capability of the off-gas
system to withstand an internal hydrogen explosion will be
verified by the ITAAC for the off-gas system. In addition,
the meteorological dispersion values assumed in the
accident analyses were identified as bounding parameters
for a site in CDM Table 5.0, ABWR Site Parameters.
Also, the radiological analysis table in SSAR Section 14.3
was used to ensure that GE had addressed in the CDM the
most important, though not necessarily all, of the key
parameters in the accident dose analyses.
14.3.2.3.6

Structural Task Group Review

The Structural Task Group had primary review
responsibility for building structures, chemical engineering
systems, site parameters, piping DAC, reactor pressure
vessel (RPV) system, and the legend for figures. The
piping DAC contained in CDM Section 3.3 is discussed in
Section 14.3.3.3 of this report. The task group had

secondary review responsibilities for other systems as they
related to MOVs, check valves, hydrostatic tests, and
seismic and safety classification of systems, and for other
structural aspects of systems. The task group was,
composed of reviewers with experience in structural,
mechanical, materials, and chemical engineering. In
addition, the task group was augmented by a specialist in
MOVs, check valves, and pumps, a specialist in seismic
and safety classification, and a specialist in chemical
engineering.
The task group primarily utilized rules and regulations to
review the top level commitments in the CDM. Other
sources included ROs, SRP guidelines, and PRA insights
from ABWR safety and severe accident analyses and
operating experience. For selected portions of the review,
the staff also adhered to policy discussions by the
Commission in the SRM related to SECY-90-016,
"Evolutionary light Water Reactor Certification Issues and
Their Relationship to Current Regulatory Requirements,"
as modified by the Commission guidance in the SRM
related to SECY-93-087, "Policy, Technical, and Licensing
Issues Pertaining to Evolutionary and Advanced LightWater Reactor Designs." In addition, the task group
reviewed the Tier 1 submittals (including the design
description, figures, and ITAAC) of the design using the
guidelines provided in the draft review guidance for the
CDM as an aid for establishing consistency and
completeness.
The task group reviewed the design description for those
assigned systems to ensure that the certified design was
consistent with the NRC regulations and policy decisions
as discussed in SECY-93-087. The task group reviewed
the Tier 1 material to assess whether a conclusion could be
reached that the ITAAC were necessary and sufficient to
provide reasonable assurance that the facility has been
constructed and will be operated in conformity with the
license, the provisions of the Atomic Energy Act, and the
Commission's rules and regulations.
The task group reviewed the design descriptions, figures,
ITAAC, and the SSAR for consistency. The task group
reviewed the CDM for all the systems to ensure
consistency with the seismic and safety classification
described in Section 3.2 of the SSAR. The task group
ensured that the seismic classification of the system as
described in the design description and the ASME Code
Class boundaries of the system as depicted on the figures
was consistent with SSAR Section 3.2.
The task group reviewed the ITAAC for consistency with
the preoperational tests specified in Chapter 14 of the
SSAR. The task group reviewed the tests identified in the
ITAAC tables to determine whether those tests have been
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appropriately included in SSAR Chapter 14 and also
whether the preoperational teats have been adequately
incorporated into ITAAC. The task group also reviewed
tests in Chapter 14 of the SSAR or in the ITAAC that
would require an analysis to convert preoperational test
conditions to accident conditions to ensure th*i the
methodology for performing the analysis was specified
adequately. In addition, the task group reviewed all
systems ITAAC to ensure that selected issues were
adequately and consistently treated in the CDM through the
use of the standard ITAAC entries for basic configuration,
hydrostatic teat, MOVs, and check valves.
The task group used the following general approach in
reviewing the design descriptions, figures, and ITAAC and
for establishing what information should reside in each
tier. The certified design (design description) should
contain top level design, fabrication, testing, and
performance requirements for SSCs important to safety.
ITAAC are established, in part, to verify that these
top-level (Tier 1) design, fabrication, testing and
performance requirements are met when the plant is built.
Although the establishment of what specific information
was to be included in the design description was essentially
a matter of judgement, the draft review guidance provided
some guidance for consistency in certain areas regarding
what information should be in which tier as well as
whether an inspection, test or analysis was required to be
performed. The draft review guidance also provided a
basis for the staffs judgement in selecting which tier the
information should reside and why an ITAAC was deemed
necessary. These areas include component welding,
equipment seismic qualification, pumps, valves, and piping
systems. The basis for selecting these areas included its
importance to safety as well as its past experience with
construction and operating problems.

basis fluid conditions. However, performance tests are not
practical for verifying certain component design
requirements such as its seismic design or safety classification. Therefore, ITAAC have been developed to verify
certain areas where performance tests are not practical.
These areas include seismic design qualification and
fabrication (i.e., welding) of components. The ITAAC for
seismic design qualification and fabrication of components
are

on a generic basis in the general provisions
for verifying the basic configurations of systems rather
than on an individual component basis.
The Tier 1 treatment of the design qualification and
fabrication of components was reviewed to ensure that the
issues were verified by ITAAC as discussed below:
(1)

Fabrication of Components
A basic configuration check (system) is required in
each individual system ITAAC. The configuration
check includes an inspection of the welding quality
for all ASME Code Class 1, 2, and 3 piping
systems. A hydrotest is also required in each
system ITAAC for ASME Code Class 1, 2, and
3 piping systems to verify that, in the process of
fabricating uV overall piping system, the welding
and bolting .-equireroents for ensuring the pressure
integrity have been met. The methods to be used
by the COL applicant or licensee to verify the
acceptability of the welds are discussed in the
SSAR in the sections applicable to the specific
component or structure.

(2)

Design descriptions and ITAAC were developed and
grouped by systems and building structures. These Tier 1
requirements for systems and building structures are
typically verified by inspections, tests, and analyses specified in the system ITAAC. For example, system-specific
performance tests are typically conducted to demonstrate
that the system can perform its intended function. For
building structures, the structural capability is typically
verified by performing an analysis to reconcile the as-built
data with the structural design bases for each safety-related
building.
For components, the verification of design, fabrication,
testing, and performance requirements are partially
addressed in conjunction with the specific system ITAAC.
For example, a test is typically performed to verify the
ability of a motor-operated valve to close under design-
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Design Qualification of Components
(a)

Safety Classification - The safety
classification of SSCs are described in each
system's design description. The functional
drawings identify the boundaries of the
ASME Code classification that are
applicable to the safety class. The piping
DAC includes a verification of the design
report to ensure that the appropriate code
design requirements for the system's safety
class have been implemented.

(b)

Mechanical and Electrical Equipment
(including I&C) - A basic configuration
check (system) is required in each individual
system ITAAC. The configuration check
includes an inspection of the as-built
equipment (including anchorages) and a
review of the qualification records to verify
that the equipment in its as-built condition is
seismically qualified. The material in SSAR

Initial Test Program
Section 3.10.1 provides detailed supporting
information for the CDM regarding the
methods to be used by the COL applicant or
licensee for the dynamic qualification of
equipment. This material, if considered for
a change by an applicant or licensee that
references the certified ABWR design,
would constitute an unreviewed safety
question, and therefore, would require NRC
review and approval prior to implementation
of the change. This material supporting the
CDM is discussed further in Section 3.10 of
this report.
Valves - The verification of the design
qualification of valves is performed in
conjunction with the basic configuration
check for mechanical equipment as discussed
above. Specifically, for MOVs, a special
inspection is required as a part of the basic
configuration check to verify the records of
vendor tests that demonstrate the ability of
MOVs to function under design conditions.
In addition, in-situ tests are required for
MOVs and check valves in each system
ITAAC. These tests will be performed
during the initial test program. The material
in SSAR Section 3.9.6.2.2 provides detailed
supporting information for the CDM
regarding the methods to be used by the
COL applicant or licensee for the design,
qualification, and testing of MOVs to
demonstrate their design basis capability.
This material, if considered fo; a change by
an applicant or licensee thai references the
certified ABWR design, would constitute an
unreviewed safety question, and therefore,
would require NRC review and approval
prior to implementation of the change. This
material supporting the CDM is discussed
further in Section 3.9.6 of this report.

if considered for a change by an applicant or
licensee that references the certified ABWR
design, would constitute an unreviewed
safety question, and therefore, would require
NRC review and approval prior to
implementation of the change. This material
supporting the CDM ia discussed further in
Section 3.12 of this report.

RtYiffw of the ABWR Structural Design Integrity
The scope of structural design covers the major structural
systems in the ABWR plant including the RPV, ASME
Code Class 1,2, and 3 piping systems, and major building
structures (primary containment, reactor building, control
building, turbine building, service building, and radwaste
building). The RPV, piping systems, and primary
containment are included because they provide the defensein-depth principle for nuclear plants. The major building
structures house those systems and components that are
important to safety.
In establishing the top level requirements for structural
design, the staff used the General Design Criteria (ODC)
of 10CFR Part SO, Appendix A, as its basis. The
primary general design criteria pertaining to the major
structural system design are ODC 1, "Quality Standards
and Records," ODC 2, "Design Bases for the Protection
Against Natural Phenomena," QDC 4, "Environmental and
Dynamic Effects Design Basis," ODC 14, "Reactor
Coolant Pressure Boundary," ODC 16, "Containment
Design," and ODC SO, "Containment Design Basis."

Piping - The verification of the overall
piping design including the effects of highenergy line breaks and the application of
leak-before-break (as applicable) is
performed in conjunction with the piping
DAC.
The as-built piping system is
required to be reconciled with the design
commitments.
The material in SSAR
Section 3.12 provides detailed supporting
information for the CDM regarding the
analysis methods and design criteria to be
used by the COL applicant or licensee to
complete the piping design. This material,
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ODC 1 requires, in part, the need for structures,
systems and components important to safety to be
designed, fabricated, erected, and tested to quality
standards commensurate with the importance of the
safety functions to be performed.
ODC 2 requires, in part, the need to design
structures, systems, and components important to
safety to withstand the effects of natural phenomena
such as earthquakes, tornados, hurricanes, and
floods without loss of capability to perform their
safety functions, including the appropriate
combinations of the effects of normal and accident
conditions with the effects of the natural
phenomena.
ODC 4 requires, in part, the need to protect
structures, systems, and components important to
safety from dynamic effects including the effects of
missiles, pipe whipping, and discharging fluids that
may result from equipment failures and from events
and conditions outside the nuclear power unit.
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GDC 14 requires, in part, the need for the reactor
coolant pressure boundary to be designed,
fabricated, erected, and tested so as to have an
extremely low probability of abnormal leakage, of
rapidly propagating failure, and of gross rupture.

Code, Section HI are required by ITAAC. For the
prteMry containment, a structural integrity test is required
by ITAAC to be performed on the pressure boundary
components of the primary containment in accordance with
the ASMB Boiler and Pressure Vessel Code, Section III.
Because the requirements of GDC 14, 16, and 50 do not
apply to the reactor, control, turbine, service, and
radwaste buildings, ITAAC were not required to verify the
pressure integrity for these other buildings.

GDC 16 requires, in part, the need for the reactor
containment to provide an essentially leak-tight
barrier against uncontrolled release of radioactivity
to the environment.
GDC SO requires, in part, the need for the reactor
containment structure including access openings and
penetrations to be designed so that the containment
structure and its internal compartments can
accommodate, without exceeding the design leakage
rate and with sufficient margin, the calculated
pressure and temperature conditions resulting from
any loss-of-coolant accident.

Nftflfflil Inftmll
To ensure that the applicable requirements of GDC 2 have
been adequately addressed, ITAAC were established to
verify that the normal and accident loads have been
appropriately combined with the effects of natural
phenomena.

Using the above GDC as its basis, the staff established the
following top- level attributes to be verified by ITAAC:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

pressure boundary integrity (GDC 14, 16 and 50)
normal loads (GDC 2)
seismic loads (GDC 2)
suppression pool hydrodynamic loads (GDC 4)
flood, wind, and tornado (GDC 2)
rain and snow (GDC 2)
pipe rupture (GDC 4)
codes and standards (GDC 1)

In addition, to ensure that the final as-built plant conforms
to the certified design, GB provided ITAAC to reconcile
the as-built plant with the structural design basis. A
summary of the top-level structural design requirements for
the major structural systems that are verified by the
structures and systems in CDM Section 2.0 and the piping
design information in CDM Section 3.3 is provided below.
Pressure Boundary Integrity
To ensure that the applicable requirements ofGDC 14,16,
and 50 have been adequately addressed, ITAAC were
established to verify the pressure boundary integrity of the
RPV, piping, and primary containment for the ABWR.
GDC 16 and 50 apply to the primary containment and
GDC 14 applies to the RPV and the reactor coolant
pressure boundary piping systems. The pressure integrity
for these major structural systems are needed to ensure the
defense-in-depth principle.
For the RPV and piping, hydrostatic tests performed in
conjunction with the ASMS Boiler and Pressure Vessel
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For piping systems, ITAAC require an analysis to
reconcile the as-built piping design with the design-basis
loads (which include the appropriate combination of
normal and accident loads). For the RPV, the fabrication
is performed primarily in the vendor's shop where
adherence to design drawings is tightly controlled.
Therefore, ITAAC for the as-built reconciliation of normal
loada with accident loads for the RPV were deemed to be
inappropriate. Instead, ITAAC verify that the ASME
Code-required reports exist to document that the RPV has
been designed, fabricated, inspected, and tested to Code
requirements to ensure adequate safety margin.
Similarly, for safety-related buildings, ITA AC require an
analysis for reconciling the as-built plant with the structural
design basis loads (which include the combination of
normal and accident loads with the effects of natural
phenomena). The analysis results are to be documented in
a structural analysis report, the scope and contents of
which are described in the SSAR. The staff determined
that the design of certain structures did not require
verification by ITAAC, based on their safety significance.
In particular, these ITAAC apply only to safety-related
structures and are not applicable to the service and turbine
buildings.

To ensure that the applicable requirements of GDC 2 have
been adequately addressed, ITAAC were established to
verify that the safety-related systems and structures have
been designed to seismic loadings. Component qualification for seismic loads is addressed by ITAAC that were
established for verifying the basic configuration of
systems.
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As discussed above for normal loads on piping systems and
the RPV, ITAAC require an analysis to reconcile the asbuilt piping design with the design basis loads (which
include seismic loads). For the RPV, ITAAC for the asbuilt reconciliation of seismic loads foi the RPV were
deemed to be inappropriate as previously discussed.
Instead, ITAAC verify that the ASME Code-required
reports exist for the RPV ensuring that the RPV has been
designed, fabricated, inspected, and tested to ASME Code
requirements.

addressed by ITAAC established for verifying the basic
configuration of systems.

For safety-related buildings, ITAAC require an analysis
for reconciling the as-built plant with the structural designbasis loads (which include seismic loads). The analysis
results are to be documented in a structural analysis report,
as discussed above. These ITAAC apply only to safetyrelated structures and are not applicable to the service and
turbine buildings. However, because the leakage path for
fission products includes components within the turbine
building, the turbine building is required to withstand the
effects of a safe-shutdown earthquake. Therefore, ITAAC
were established to verify that, under seismic loads, the
collapse of the turbine building will not impair the safetyrelated functions of any structures or equipment located
adjacent to or within the turbine building.

For the reactor building and primary containment including
the internal structures, ITAAC require an analysis for
reconciling the building as-built configuration with the
structural design basis loads (which include suppression
pool hydrodynamic loads). The as-built analysis results
are to be documented in a structural analysis report as
discussed above.
The effects of suppression pool
hydrodynamic loads do not extend beyond the reactor
building, and, thus, ITAAC are not required to verify
these loadings for the other AfiWR building structures.

For non-seismic Category I SSCs, the need for ITAAC to
verify that their failure will not impair the ability of nearby safety-related SSCs to perform their safety-related
functions was assessed. Because the design detail and asbuilt and as-procured information for many non-safetyrelated systems (e.g., field-run piping and balance-of-plant
systems) are not required for design certification and the
spatial relationship between such systems and seismic
Category I SSCs cannot be established until after the asbuilt design information is available, the non-seismic to
seismic (II/I) interaction cannot be evaluated until the plant
has been constructed. Accordingly, the design criteria for
ensuring acceptable II/I interactions and a commitment for
the COL applicant to describe the process for completion
of the design of balance-of-plant and non-safety related
systems to minimize II/I interactions and proposed
procedures for an inspection of the as-built plant for
II/I interactions have been specified as a COL action item
in the SSAR.

As discussed above for seismic loads on piping systems
and the RPV, ITAAC require an analysis to reconcile the
as-built piping design with the design- basis loads (which
include suppression pool hydrodynamic loads). For the
RPV, ITAAC verify that the ASME Code-required reports
exist to ensure that the RPV has been designed, fabricated,
inspected, and tested to ASME Code requirements.

ITAAC also require the verification of the horizontal vent
system, water volume, and the safety-relief valve discharge
line quencher arrangement to ensure adequacy of the
suppression pool hydrodynamic loads used for design.
Flood. Wind. Tornado. Rain, and Snow
To ensure that the applicable requirements of GDC 2 have
been adequately addressed, ITAAC were established to
verify that the safety-related systems and structures have
been designed to withstand the effects of natural phenomena other than those associated with seismic loadings.
The effects include those associated with flood, wind,
tornado, rain, and snow.

Suppression Pool Hyqicifyrwffljc LPft4s

These loadings do not apply to the RPV, the ASME Code
Class 1, 2, and 3 piping systems and components, nor the
primary containment because they are all housed within the
safety-related buildings. For safety-related buildings,
ITAAC require an analysis for reconciling the as-built
plant with the structural design basis loads (which include
the flood, wind, tornado, rain, and snow loads). Based on
their safety significance, these ITAAC apply only to
safety-related structures and are not applicable to the
service and turbine buildings.

To ensure that the applicable requirements of GDC 4 have
been adequately addressed, ITAAC were established to
verify that the safety-related systems and structures have
been designed to suppression pool hydrodynamic loadings,
which include safety relief valve discharge and loss-ofcoolant accident (LOCA) loadings.
Component
qualification for suppression pool hydrodynamic loads is

For flooding, ITAAC also require inspections to verify that
water-tight doors exist, penetrations (except for water-tight
doors) in the divisional walls are at least 2.5 m above the
floor, and safety-related electrical, instrumentation, and
control equipment are located at least 20 cm above the
floor surface. In addition, for safety-related buildings,
ITAAC require that external walls below flood level are
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equal to or greater than 0.6 m to protect against water
seepage, and penetrations in the external walls below flood
level are provided with flood protection features.
Pipe Break
To ensure that the applicable requirements of GDC 4 have
been adequately addressed, ITAAC were established to
verify that the safety-related SSCs have been designed to
the dynamic effects of pipe breaks. Component qualification for the dynamic effects of pipe breaks is addressed
by ITAAC established for verifying the basic configuration
of systems.
For the RPV, ITAAC that verify the basic configuration of
the RPV system require an inspection of the critical
locations that establish the bounding loads in the LOCA
analyses for the RPV to ensure that the as-built areas not
exceed the postulated break areas assumed in the LOCA
analyses.
In addition, ITAAC have been established to verify by
inspections of as-built, high-energy pipe break mitigation
features and of the pipe break analysis report that safetyrelated SSCs be protected against the dynamic and
environmental effects associated with postulated
high-energy pipe breaks. ITAAC to verify pipe break
loads are not required for the turbine, service, and
radwaste buildings either because they are not safetyrelated structures or there are no high-energy lines located
within the structure.
Codes md StaiMforfls
To ensure that the applicable requirements of GDC 1 have
been adequately addressed, ITAAC were established to
verify that appropriate codes and standards were used in
the design and construction of safety-related systems and
components. In general, the staff considered those codes
and standards endorsed by the regulations under 10 CFR
50.55a in determining which codes and standards were
appropriate for Tier 1 verification. The ASME Boiler and
Pressure Vessel Code, Section III for Code Class 1,2, and
3 systems and components was established as the code for
the design and construction of ABWR piping systems and
the RPV. For safety-related building designs, the staff
based its safety findings on audits of ABWR design
calculations which relied on specific codes and standards.
These codes and standards are contained in SS AR Sections3.8.1, 3.8.2, 3.8.3, 3.8.4, and 3.8.5, and were identified
in Section 3.8 of this report as material that, if considered
for a change by an applicant or licensee that references the
certified ABWR design, would constitute an unreviewed
safety question, and therefore, would require NRC review
and approval prior to implementation of the change.
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Inspections will be conducted as a part of ITAAC to verify
that ASME Code-required documents exist that
demonstrate that the RPV, piping systems and containment
pressure boundaries have been designed and constructed to
their appropriate Code requirements. For other ASME
Code components and equipment, the verification of Code
compliance will be performed in conjunction with the
quality assurance programs and by the authorized
inspection agency as required by the ASME Boiler and
Pressure Vessel Code.
As-built Reconciliation
To ensure that the final as-built plant structures are built in
accordance with the certified design as required by 10 CFR
Part 52, structural analyses will be performed which
reconcile the as-built configuration of the plant structures
with the structural design bases of the certified design.
The structural analyses will be documented in structural
analysis reports. Structural analysis reports will be
verified in conjunction with ITAAC for the primary
containment and the reactor, control, radwaste, and turbine
buildings. The detailed supporting information on what is
required for an acceptable analysis report is contained in
SSAR Chapter 3.
Similarly for piping systems, an as-built analysis will be
performed using the as-designed and as-built information.
ITAAC will verify the existence of acceptable final as-built
piping stress reports that conclude the as-built piping
systems are adequately designed.
For the RPV, the key dimensions of the RPV system will
be verified in conjunction with the basic configuration
check of the system. The key dimensions of the RPV
system and the acceptable variations of the key dimensions
are provided in the certified design description.
For component qualification, tests, analyses, or a
combination of tests and analyses will be performed for
seismic Category I mechanical and electrical equipment
(including connected instrumentation and controls) to
demonstrate that the as-built equipment and associated
anchorages are qualified to withstand design basis dynamic
loads without loss of safety function. These test and
analyses will be performed as a part of ITAAC to verify
the basic configuration of the system in which the
equipment is located.
14.3.2.3.7

Instrumentation and Controls (I&C) Task
Group Review

The I&C Task Group's primary review responsibilities
included a review of the CDM for I&C systems involving
core protection and control, other miscellaneous I&C
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systems, the additional I&C material in CDM Section 3.4
applicable to multiple systems of the design, and selected
interface requirements. The material in CDM Section 3.4
is discussed further in Section 14.3.3.4 of this report. The
group's secondary review responsibilities included ESF
systems, reactivity control systems, and other systems
using I&C equipment.
The figures in CDM Section 3.4 depict both safety-related
and non-safety-related systems of the design. The block
concept was used for developing the system control
interface diagrams that were needed for depicting the
configuration of the I&C system architecture. The I&C
design described in the SSAR was to the level of control
functional blocks, and therefore, the configuration in the
CDM was to the same level.
The CDM entries were reviewed to confirm that the
safety-related I&C system met the protection systems
requirements of 10 CFR 50.55a(h), as well as the quality
standards and records requirements of GDC 1, the
protection against natural phenomenon requirements of
GDC 2, the environmental and dynamic effects
requirements of GDC 4, the instrumentation and control
requirements of GDC 13, the control room requirements
of GDC 19, the protection system design requirements of
GDC 20, the protection system reliability and testability
requirements of GDC 21, the protection system
independence requirements of GDC 22, the protection
system failure modes requirements of GDC 23, the
protection system requirements for reactivity control
malfunctions of GDC 25, and the protection against
anticipated operational occurrences requirements of GDC
29. To meet the criteria of 10 CFR 50.55a(h), "Criteria
for Protection Systems for Nuclear Generating Stations,"
and IEEE Standard 279-1971, the ITAAC entries were
reviewed considering the following design issues:
(1)

General functional requirements for the system

(2)

Single failure criterion
t

(3)

Quality of components and modules (hardware and
software)

(4)

Equipment qualification

(5)

Channel integrity and channel independence

(6)

Classification of equipment

(7)

Isolation devices

(8)

Single random failure

(9)

System inputs

(10)

Capability for sensor checks, tests and calibration

(11)

Channel bypasses, operating bypasses, indication of
bypasses, and access to means for bypassing

(12)

Completion of protective action once initiated

(13)

Manual initiation

(14)

Information read-out

(15)

Identification

Standard ITAAC entries for several attributes of the I&C
system were developed and used for basic configuration,
divisionalized power supply, electrical isolation and
physical separation (independence), and control room and
remote shutdown system configuration. For those systems
reviewed that were not safety-related systems, appropriate
criteria from the SRP applicable to those systems were
used.
For the microprocessor and digital control technology
aspects of the I&C system design of the ABWR, GE did
not provide complete design information in the SSAR.
This was because the technology in this area is rapidly
evolving and it is, therefore, important that the certified
design description and ITAAC not "lock in" a design
which could be obsolete at the time of construction. The
process to complete the design, with appropriate
acceptance criteria, is specified in CDM Section 3.4, with
detailed supporting information in SSAR Chapter 7. The
issues discussed in that material include the SSLC system,
hardware and software development, electromagnetic
compatibility, instrument setpoint methodology,
environmental qualification of I&C equipment, and I&C
system diversity and defense-in-depth considerations.
Since the additional CDM information in CDM Section 3.0
apply to both safety- and non-safety-related I&C systems,
the staff relied heavily on the information contained in
those references in its reviews of the I&C systems.

The CDM Section 3.0 and SSAR contain criteria which
describe the method to develop plans and procedures that
will guide the design process throughout the lifecycle
stages. The ITAAC provides the acceptance criteria for
verifying the design through the stages while the SSAR
adds the set of guidelines and standards that will provide
more detailed criteria for the development of the design.
The CDM has been written to incorporate the most important and general aspects (top-level requirements) from the
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standards. The set of standards and criteria in the SSAR
encompass the guidance for generating the plans that will
be used in the computer software and hardware design
process for the computer design throughout the lifecycle.
The certified design description and design development
process continue for the lifetime of the plant. Any safetyrelated software that is changed or added after plant startup
is required to either be developed using the certified design
development process described in the computer CDM, or
the licensee must submit a design process (together with
the design bases) description that will produce software of
the same or higher quality than the original certified design
process, consistent with the CDM. The licensee will be
required to use the approved software change procedure
(SCP) based upon the certified design development process
for the operation stage of the lifecycle.
14.3.2.4 Approval of the CDM for S
Systems

and

The staff performed a multidisciplinary review, utilizing
several task groups, of the SSCs of the ABWR, in
accordance with 10 CFR Part 52 and the guidance
provided in SRMs related to design certification
applications provided by, the Commission. This review
included information contained in multiple CDM and
SSAR submittals to the staff, as discussed in the
background portion of Section 14.3 of this report.
Based on the task group reviews, the staff concludes that
the top-level design features and performance
characteristics of the SSCs important to safety in the
ABWR are appropriately described in the design
descriptions of the CDM, and are acceptable.
Further, these top-level design features and performance
characteristics can be adequately verified by the ITAAC
provided by GE. Therefore, the staff concludes that the
ITAAC in the CDM are necessary and sufficient to
provide reasonable assurance that if the inspections, tests,
and analyses are performed and the acceptance criteria
met, the SSCs important to safety in a facility that
references the design have been constructed and will
operate in accordance with the design certification and
applicable regulations.

The DFSER contained preliminary comments on the
second stage submittal of the CDM, titled "Tier 1 Design
Certification Material for the GE ABWR Design - Stage 2
Submittal," dated March 31, 1992. These preliminary
comments were documented in many sections of the
DFSER based on their relationship to the detailed design
information in various SSAR sections. The preliminary
comments provided in the DFSER were intended to discuss
the philosophy of development of the Tier 1 design
certification material, to establish early staff positions on
the material, and to provide an indication of the status of
development of the material.
GE provided resolutions to all of the staffs comments in
various revisions to the Tier 1 CDM, and provided revised
supporting design information in various SSAR
amendments, as discussed in the background part of
Section 14.3 of this report. In these submittals, GE
addressed all of the comments of the staff, the ACRS, and
an independent review group. Based on the revised
material in the CDM and SSAR submittals, the CDM
development process, criteria, and methodology described
in SSAR Section 14.3, and the review process discussed in
this section of this report, the staff concluded that these
issues were adequately addressed where appropriate in the
CDM. This resolved DFSER Open Item 14.1.2-1.
The following is a list of issues identified in the DFSER
that specifically cited the Tier 1 material, and that were
resolved as discussed above. This list of issues considered
for treatment in the CDM is not all-inclusive, nor were all
issues listed necessarily incorporated into the final CDM.
The staff considered many issues for treatment in the
CDM, using general approach and criteria discussed in this
section of this report. Other specific issues considered for
treatment in the CDM may also be discussed where
applicable in other sections of this report.

ITAAC Open Items In DFSER
Item Number

Description of Item

2.6-1

Additional Site Parameters from Tier 1

3.2.1-3

ITAAC-plant specific walkdown

14.3.2.5 DFSER Issues

3.4.1-2

ITAAC-flood protection

Section 2.0, "Tier 1 Material for ABWR Systems," of the
"Tier 1 Design Certification Material for the GE ABWR,"
was under staff review at the time the DFSER was issued.
Z\& staff stated that the final evaluation would be provided
in the FSER. This was DFSER Open Item 14.1.2-1.

3.5.1.1-1

ITAAC-protect SSCs from
internally-generated missiles

3.5.1.2-2

ITAAC-protection of safety-related
(SR) equipment from missiles

NUREG-1503

14-42

Initial Test Program
ITAAC Open, ferns in PFSER

1TAAC Oiien Items In DFSER

Item Nwmtar

P«cripti9n9flftm

Item Nmntar

Pw9ripti90 9fltom

3.5.1.4-1

ITAAC-missiles generated from natural
events

5.4.7-1

ITAAC-residual heat removal

3.5.2-1

ITAAC-protect S/R SSCs from failure
of non-S/R SSCs

6.2.1.7-1

ITAAC-containment design

6.2.3.1-1

ITAAC-runctional of secondary

3.5.2-2

ITAAC-protect SSCs from
externally-generated missiles

3.6.1-1

ITAAC-protection of safety equipment
from DBA

6.2.4-1

FTAAC-standby gas treatment system

6.2.4.1-4

ITAAC-containment isolation system

3.8.6-1

ITAAC-generic building design

6.2.6-9

rTAAC-containment leak testing

concerns (11 items)

6.3.6-1

ITAAC-high pressure core flooder

3.8.6-2

ITAAC-iSW design concerns (2 items)

6.4-1

ITAAC-control room habitability

3.8.6-3

ITAAC-containment design concerns (4
items)
ITAAC-containment structures design
concerns (2 items)

6.4-2

ITAAC-control room environmental
design
ITAAC/DAC-instrument setpoints,
safety system logic and control, EQ,
computer development

3.8.6-4
3.8.6-5

containment

7.1.3.3-1

ITAAC-reactor vessel pedestal design
concerns (3 items)

7.1.4-1

3.8.6-6

ITAAC-reactor building design
concerns (6 items)

ITAAC/DAC-neutron monitoring
systems

7.2.2.3-1

3.8.6-7

ITAAC-control building design
concerns (4 items)

ITAAC-timeout predetermined safe
states

7.2.8-1

3.8.6-8

ITAAC-radwaste building design
concerns (2 items)

ITAAC-safety hazards, sneak circuit,
timing analyses

7.4.1-1

ITAAC-systems required for safe

3.8.6-9

ITAAC-yard structures-stack systems

shutdown

design concerns (3 items)

7.4.2-1

ITAAC-use of remote shutdown panel

3.9.6.4-1

ITAAC-generic MOV sizing

7.6.1-1

ITAAC-interlock systems

3.11.3-1

ITAAC-equipment qualification (EQ)
radiation concern
ITAAC-LPMS consistent with

7.7.1-1

ITAAC-key features of the control

RG 1.133

8.2.1.4-1

ITAAC-interfaces

4.6-1

ITAAC-control rod drive system

8.2.2.1-1

5.2.2-1

ITAAC-safety relief valve and fuel

5.2.5-1

ITAAC-reactor coolant system leakage
detection

8.2.2.1-2
8.2.2.2-1

ITAAC-physical separation (circuits
and transformers)
ITAAC-circuit separation
ITAAC-physical separation (power,
instrumentation, etc.)

5.4.1-1

ITAAC-recirculation flow control

5.4.6-1

ITAAC-reactor core isolation cooling

4.4-2

system

,

8.2.2.3-1

ITAAC-electrical independence

8.2.2.4-1

ITAAC-testing of the offsite power
system
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Description. Qfitem

VmnvtiQU Qfltem

8.2.2.6-1

ITAAC-capacity and capability of the
offsite power system

8.3.2.6-1

ITAAC-separation of cables inside
cabinets/panels

8.2.2.7-1

ITAAC-electrical grounding

8.3.2.7-1

ITAAC-separation of cables
approaching/exiting cabinets

8.2.3.1-1

FTAAC-independence between offsite
circuits and Class IE

8.3.2.8-1

ITAAC-independence/physical
separation of equipment

8.2.3.2-1

ITAAC-independence during parallel
operations

8.3.2.9-1

8.2.3.3-1

ITAAC-ID power, instrumentation,
control equipment

ITAAC-LOCA during parallel
operations

8.3.2.9-3

8.2.3.3-2

ITAAC-LOOP during parallel
operations

ITAAC-ID neutron monitoring, scram
solenoid

8.3.3.1-1

FTAAC-protection of electrical
penetrations

ITAAC-diesel generator (DG)
protective relaying when DG is
operating

8.3.3.2-1

ITAAC-design and qualification of
electrical equipment

8.2.3.3-4

ITAAC-synchronizing interlocks

8.3.3.3-1

8.2.3.4-1

ITAAC-independence during ops/fail of
non-safety load

ITAAC-seismic qualification of light
bulbs

8.3.3.4-1

ITAAC-submergence

8.2.3.4-2

FTAAC-configuration offsite connection

8.3.3.5-2

ITAAC-protection of redundant Class
IE (environment)

8.2.3.4-3

ITAAC-separation of offsite and onsite
Class IE

8.3.3.6-1

ITAAC-associate circuits

8.3-1

ITAAC-onsite Class IE design

8.3.3.7-1

ITAAC-diesel generator protective
relaying bypass

8.3.1.2-1

ITAAC-safe shutdown with one
division

8.3.3.8-1

ITAAC-thermal overload

8.3.2.1-1

ITAAC-conduits to open tray
separation

8.3.3.10-1

ITAAC-protective relay

8.3.2.2-1

ITAAC-separation of neutron
monitoring raceways

8.3.3.11-1

ITAAC-fault interrupting capacity

8.3.2.3-1

ITAAC-separation of dc emergency
lighting raceways

8.3.3.12-1

ITAAC-control of design parameters
for MOV

8.3.2.4-1

ITAAC-separation between Class IE
penetrations

8.3.3.13-1

ITAAC-separation of raceways

8.3.3.14-1

ITAAC-electrical protection for scram
and MSIV

8.3.2.4-2

ITAAC-separation between Class IE &
non-Class IE

8.3.3.15-1

ITAAC-safety buses grounding

8.3.2.4-3

ITAAC-separation of non-Class IE
from Class IE

8.3.3.16-1

ITAAC-control of access to Class IE
equipment

ITAAC-separation/protection of cables
outside cabinets and panels

8.3.4-1

ITAAC-electrical independence

8.3.2.5-1

8.3.4.1-1

ITAAC-interconnections

•
8.2.3.3-3

NUREG-1503

14-44

Initial Test Program
ITAAC Open Items In DFSER

ITAAC Opw Item In PFSER

Item Nuntag

PwcriPtioflofltem

Item NUIBbCT

Description of Item

8.3.4.2-1

ITAAC-CVCF power supplies

9.2.5-1

rTAAC-ultimate heat sink

8.3.4.4-1

ITAAC-isolation between safety and
non-safety buses

9.2.8-1

n AAC-makeup water system
(preparation)

8.3.S-1

ITAAC-lighting system under design

9.2.9-1

ITAAC-makeup water condensate
system

basis accident
8.3.S-2

ITAAC-lighting requirements

9.2.10-2

ITAAC-makeup water (purified) system

8.3.6.1-1

ITAAC-control of the electrical design

9.2.11-2

process

9.2.12-1

ITAAC-reactor building cooling water
system
ITAAC-heating, ventilation, and air
conditioning (HVAC) normal cooling
water

9.2.13-1

ITAAC-HVAC emergency cooling

8.3.7-2

ITAAC-testing surveillance

8.3.8.1-1

ITAAC-non-safety dc power system

8.3.8.2-1

ITAAC-capacity of the Class IE 125v
dc battery supply
ITAAC-class IE ac standby power
system
ITAAC-constant voltage/constant

8.3.8.4-1
8.3.8.5-1

frequency (CVCF) capacity
8.3.8.6-1

ITAAC-battery charger

8.3.8.7-1

ITAAC-distribution system

8.3.9.1-1

ITAAC-station blackout (SBO)

water system
9.2.14-1

ITAAC-turbine building cooling system

9.2.15-2

ITAAC-reactor service water system

9.2.16-2
9.3.1-3

ITAAC-turbine service water system
rTAAC-compressed air systems

9.3.2.2-3

FTAAC-post accident sampling system
(PASS)

9.3.S-1

ITAAC-standby liquid control system
(SLCS)

9.3.8-1

ITAAC-radioactive drain transfer

compliance
8.3.9.2-1

ITAAC-SBO copii ? capability

8.3.9.3-1

ITAAC/DAC

9.1.1-1

ITAAC-change new fuel storage
interface to ITAAC
ITAAC-change spent fuel storage
interface to ITAAC
ITAAC-review fuel storage facility
ITAAC and Tl

9.1.2-1
9.1.2-2

system
9.3.9-1

ITAAC-hydrogen water chemistry

9.3.10-1

ITAAC-oxygen injection

9.3.11-1

ITAAC-zinc injection system

9.4-1

ITAAC-HV AC systems

9.5.1.3-1

ITAAC-fire protection system

9.5.4.1-2

ITAAC-DG and auxiliary system, fuel
oil storage and transfer

9.1.3-2

ITAAC-fuel pool cooling and cleanup
system

9.1.4-1

ITAAC-light load handling system

9.1.5-1

ITAAC-reactor building crane
capability under safe shutdown
earthquake

9.5.5-1

ITAAC-put interfaces into ITAAC

10.2.1-1

ITAAC-turbine generator

9.2.4-2

ITAAC-sanitary and potable water
system

10.2.2-1

ITAAC-turbine disk test data
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ITAAC Open ItemsfaPFSER

ITAAC Open Items In DPSER

ItemNvmtar

DwCTJptipn ofltem

Item Nvimter

Urariptioa ofltem

10.2.2-2

ITAAC-design bases for turbine design
overspeed

14.1.3.3.5.2-1

ITAAC-60 year life cycle factor of 1.5

14.1.3.3.5.7-1

10.3.1-1

rTAAC-main steam (7 items)

ITAAC-environmental effects in fatigue
design, CI. 1

10.4.1-1

fTAAC-main condenser

14.1.3.3.5.7-2

10.4.2-1

rTAAC-main condenser evacuation
system (7 items)

ITAAC-method of including
environmental effects of fatigue

14.1.3.3.5.8-1

10.4.3-1

ITAAC-turbine gland seal system

ITAAC-environmental effect in fatigue
design, CI. 2

(7 items)
10.4.4-1

ITAAC-turbine bypass (7 items)

10.4.5-1

ITAAC-circulating water system
(10 items)

10.4.7-1

ITAAC-condenser/feedwater (7 items)

11.0-1

ITAAC-radwaste sysiem

12.3.5.3-1

ITAAC and Tier 1 radiation design
submittal
ITAAC and Tier 1 for technical
support center and operations support
center
ITAAC-verify HVAC bulletproof
features

13.3-3
13.6.3.6-1
14.1.1.5.2-1

ITAAC-roadmap of key analyses

14.1.1.5.3-1

rTAAC-certain systems may not nave
ITAAC

14.1.2-1

ITAAC-staff evaluation of system
ITAAC

14.1.3.1-1

ITAAC-staff evaluation of generic
ITAAC

14.1.3.3.3.6-1

ITAAC-stnictural design of small bore
piping

14.1.3.3.3.9-1

ITAAC-buried piping design

14.1.3.3.4.1-1

ITAAC-confirmatory analysis on
computer model adequacy

14.1.3.3.5.10-1 ITAAC-methodology to address
thermal striping
14.1.3.3.5.13-1 ITAAC-inertial and seismic motion
effects
14.1.3.3.5.17-1 ITAAC-modal damping for composite
structures
14.1.3.3.5.18-1 ITAAC-minimum temperature for
thermal analyses
14.1.3.3.6-1

ITAAC-pipe support criteria (8 items)

14.1.3.3.7-1

ITAAC-high energy line break criteria

14.1.3.3.9.1-1

ITAAC-fatigue cumulative usage factor
of 1.0

14.1.3.3.9.13-1 ITAAC-Tier 1 piping design
description
14.1.3.8-1

ITAAC-reliability assurance program

14.1.3.9-1

ITAAC-welding

14.1.4-1

ITAAC-interface requirements

14.1.5-1

ITAAC-site parameters

14.2.12.7-1

ITAAC-design certification material
initial test program

18.9.1-1

ITAAC-design description

19.1.2.2.2-2

ITAAC-fire barriers/separation

19.1.2.2.2-3

ITAAC-interface design for fires

14.1.3.3.4.3-1

ITAAC-piping benchmark program

19.1.2.4.2-1

ITAAC-PRA for internal, external
events

14.1.3.3.4.4-1

ITAAC-smaU bore piping decoupling
criteria

19.1.5.2-3

ITAAC-interfacing piping
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ITAAC Open Item»faPFSBR
Item Nwnfrer

Description of Item

19.1.5.4-3

ITAAC-reliability of interfacing
systems

19.1.5.6.3-1

ITAAC-human reliability analyses

The following issues were incorrectly classified in the
DFSER as ITAAC COL Action Items, but were also
resolved based on the revised CDM material, supporting
SSAR information, the discussion in SSAR Section 14.3,
and the discussion in this section of this report.

ITAAC COL Action Item

ITAAC Confirmatory Items
19.1.6.3.2-3

ITAAC-scismic capacity of equipment

19.1.6.4-4

ITAAC-fire barrier installation, smoke

Item Nmntor

Description of Action Item

9.5.7-1

ITAAC-DG lube oil system design
criteria

9.5.8-1

ITAAC-DG combustion air system flow
capacity

mitigation

14.3.3 Additional Certified Design Material

19.1.6.4-5

ITAAC-fire for COL design

5.2.4-1

ITAAC-add discussion of PSE and 89
code
ITAAC-verify maximum transmission
distance

This section of the ABWR CDM provides additional
certified design material for design and construction
activities that are applicable to more than one system.
There are five entries in this CDM section, and these are
discussed in the appropriate paragraphs that follow. The
first four entries describe design related processes and
associated DAC for the ABWR, and the fifth entry
describes the ITP for a facility referencing the certified
design. The design description for each entry describes its
scope and applicability to the ABWR design. Amplifying
information on CDM Section 3.0 is contained in SSAR
Section 14.3.3. The material in this section of the CDM
applies to the individual systems of the ABWR design
contained in CDM Section 2.0, and the staffs review of
the material in CDM Section 2.0 is contained in
Section 14.3.2 of this report. The staff s safety evaluation
for each design area where the DAC are used is contained
in the section of this report applicable to the area.

7.2.2.1-1
7.2.2.1-2

ITAAC-include accuracy in setpoint
methods

7.2.2.S-2

ITAAC-Tier 1-eliminate test jumpers
and lifted leads

7.2.3-1

ITAAC-verify bypasses are annunciated

7.2.8-1

ITAAC-Tier 1-software metrics to
track error rate

7.2.8-4

ITAAC-equipment to be tested for low
range EMI

7.7.1.5-1

ITAAC-reactor protection system trip
ID in computer

7.10.2-1

ITAAC-follow EPRI for operating
experience

8.2.3.4-1

ITAAC-independence safety vs
non-safety systems

12.2.3-1

ITAAC/DAC include former interfaces

14.1.3.3.3.8-2

rrAAC-verification of seismic/nonseismic interactions

18.9.2.2.8-4

ITAAC-tests and analyses in CDM
Table 3.6

Design Acceptance Criteria (PAC)
Design and engineering information for some areas of the
design was not provided by GE at a level of detail
customarily reviewed by the staff in making a final safety
determination. GE provided less detailed information in
these areas because GE believed they were either areas of
rapidly changing technology and it would have been
detrimental to freeze the details of the design many years
before an actual plant was ready to be constructed, or
because GE believed they were areas for which GE did not
have sufficient as-built or as-procured information to
complete the final design. Areas of rapidly changing technology included control room and RSS design (human
factors) and advanced instrumentation and controls. Areas
dependent on as-built or as-procured information included
piping design and radiation shielding, ventilation, and
airborne monitoring design.. The staff provided its views
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on the DAC to Ht» Commission in SECY-92-053, "Use of
Design Acceptance Criteria During 10 CFR Part 52 Design
Certification Reviews," dated February 19, 1992.
The design information and appropriate design
methodologies, codes, and standards provided in the
SSAR, together with the design descriptions and DAC, are
sufficiently detailed to provide an adequate basis for the
staff to make a final safety determination regarding the
design, subject only to satisfactory design implementation
and verification of the DAC by the COL applicant or
licensee. The DAC are a set of prescribed limits,
parameters, procedures, and attributes upon which the
NRC relies, in a limited number of technical areas, in
making a final safety determination in support of the
ABWR design certification. The acceptance criteria for
the DAC are objective; that is, they are inspectable,
testable, or subject to analysis using pre-approved
methods, and must be verified as a part of the ITAAC
performed to demonstrate that the as-built facility conforms
to the certified design. Thus, the acceptance criteria for
DAC are specified together with the related ITAAC in the
Tier 1 material, and both are part of the design certification. The DAC and the ITAAC, when met, ensure that
the completed design and as-constructed plant conforms to
the design certification. The material in the SSAR for
each of the DAC areas includes, as appropriate, sample
calculations or other supporting information to illustrate
methods that are acceptable to the staff for meeting Tier 1
DAC commitments.
The structure of each area where DAC are used is the
same as for the other areas of the design that are verified
by ITAAC. The structure consists of three parts: the
Tier 1 design description, the corresponding DAC, and the
Tier 2 supporting information in the SSAR for the DAC.
The staff has based its safety findings for the areas where
DAC are used on the Tier 2 information specified in the
SSAR, including applicable design methodologies, codes
and standards, contingent on verification that the design
has been properly implemented according to the Tier 1
design descriptions and the corresponding DAC.
For the two areas of rapidly changing technology, control
room and RSS design (human factors) and instrumentation
and controls design, the design descriptions and DAC
delineate the process and requirements that a COL
applicant or licensee must implement to develop the design
information required in each area. Acceptance criteria are
specified in the CDM for the development process at
various stages of detailed design and subsequent
construction and testing. The COL applicant or licensee
is required to develop the procedures and test programs
necessary to demonstrate that the DAC requirements are
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met at each stage. Similar to ITAAC, the COL applicant
or licensee will certify to the NRC that the design through
that stage is in compliance with the certified design. The
NRC will review and inspect the work to confirm that the
COL applicant or licensee has adequately implemented the
commitments of the DAC at these stages. The process is
referred to as a phased DAC because it consists of a set of
sequential steps or stages that require successful
completion. A COL applicant or licensee is not required
to certify that each phase is completed sequentially.
However, if the staff determines that a DAC wan not
successfully met, the design process may be required to be
repeated to meet the DAC, possibly requiring a change to
the as-built system design.
14.3.3.1 Human Factors Engineering DAC
The human factors aspects of the ABWR control room and
remote shutdown system (RSS) design are provided in
SSAR Chapter 18, "Human Factors," and together with the
associated DAC in CDM Section 3.1, "Human Factors
Engineering," are evaluated in Chapter 18 of this report.
GE did not develop a final control room and RSS design
before design certification because this is an area of
rapidly changing technology. Instead, GE provided the
processes and acceptance criteria by which die details of
the design in this area would be developed, designed, and
evaluated. GE provided amplifying information regarding
the processes in this area in SSAR Section 14.3.3.1. The
material in CDM Section 3.1 applies to the human factors
design of the control room and the RSS. The implementation of the process and the design is the responsibility of
the COL applicant or licensee.
Complete detailed human-system interface (HSI) design
information was not available for staff review. The basis
for the staffs review in this area was a HFE Program
Review Model (PRM) developed by the staff. The staff's
certification review in the control room design area was
based on a design and implementation process plan. The
staff informed the Commission of the development of the
DAC in this area in SECY-92-299, "Development of
Design Acceptance Criteria (DAC) for the Advanced
Boiling Water Reactor (ABWR) in the Areas of
Instrumentation and Controls (I&C) and Control Room
Design," dated August 27, 1992.
The staff developed the HFE PRM, contained in
Appendix J of this report, to serve as a technical basis for
the review of the design process and DAC proposed by GE
for certification of the ABWR control room and remote
shutdown station design. The HFE PRM is (1) based upon
currently accepted HFE practices, (2) well-defined, and
(3) validated through experience with the development of
complex, high-reliability systems in other industrial and
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military applications. The review model identifies the
important HFE elements in a system development, design,
and evaluation process that are necessary and sufficient
requisites to successful integration of human factors in
complex systems. The review model also identifies aspects
of each HFE element that are key to a safety review, and
describes acceptance criteria by which the HFE elements
can be evaluated. The HFE PRM has eight program
elements, each of which contain both general and more
specific acceptance criteria.
The CDM describes the process to develop the HSI design
information for the control room and RSS based on human
factors systems analyses and human factors principles.
The design effort will be directed by a multi-disciplinary
HFE design team comprised of personnel with expertise in
HFE and other technical areas relevant to the HSI design,
evaluation and operations. The HSI design team shall
develop a program plan to establish methods for
implementing the HSI design through a process of human
factors system analyses as discussed in CDM Figure 3.1,
"Human-System Interface Design Implementation
Process." The details of implementation of each stage of
the development process are described in CDM
Section 3.1, together with the related acceptance criteria.
Detailed supporting information is contained primarily in
SSAR Chapter 18, Appendix 18E.

proposed changes to SSAR Section 18E constitutes an
unreviewed safety question and, therefore, must be
submitted to the NRC for review and approval prior to
implementation.

CvPClUSiQM
On the basis of the above, the staff concludes that the toplevel design processes, features and performance
characteristics of the human factors aspects of SSCs
important to safety in the ABWR are appropriately
described in the design descriptions of the CDM, and are
acceptable.
Further, these top-level design processes, features and
performance characteristics can be adequately verified by
the DAC provided by GE. Therefore, the staff concludes
that the DAC in the CDM are necessary and sufficient to
provide reasonable assurance that if the inspections, tests,
and analyses are performed and the acceptance criteria
met, the human factors aspects of SSCs important to safety
in a facility that references the design have been designed,
constructed and will operate in accordance with the design
certification and applicable regulations.
14.3.3.2 Radiation Protection DAC

The staff conducted a complete and tho' ough review of the
ABWR CDM to ensure that the general criteria of the
eight program elements in the HFE PRM were
appropriately addressed in the Tier 1 CDM. The Tier 2
SSAR material contains more detailed guidelines and applicable guidance documents. The staff also conducted a
review of the SSAR material to ensure that the specific
acceptance criteria in the HFE PRM were appropriately
addressed. The staff reviewed the CDM and SSAR
Section 14.3.3.1 in accordance with the requirements in
Part 52 and the guidance provided in SRMs related to
design certification applications provided by the
Commission. This review included information contained
in multiple submittals to the staff as listed in the
background part of Section 14.3 of this report.
The material in SSAR Chapter 18 provides design
information and defines design processes that are
acceptable for use in meeting the acceptance criteria in the
CDM. However, the SSAR information may be changed
by a COL applicant or licensee referencing the certified
design in accordance with a "50.59-like" process. The
staffs evaluation of the ABWR design for the control
room is based on the design processes and acceptance
criteria material in the DAC and the SSAR, especially
those defined in SSAR Section 18E. Consequently, the
staff indicated in Section 18 of this report that any

The radiation protection aspects of the ABWR design are
provided in SSAR Chapter 12, "Radiation Protection," and
together with the associated DAC in CDM Section 3.2,
"Radiation Protection," are evaluated in Chapter 12 of this
report. GE did not provide the complete design information in this design area before design certification
because the radiation shielding design and the calculated
concentrations of airborne radioactive material were dependent upon as-built and as-procured information of plant
systems and components. Therefore, GE was not able to
describe the ABWR radiation source terms (i.e., the
quantity and concentration of radioactive materials
contained in, or leaking from plant systems) in sufficient
detail to allow the staff to verify the adequacy of the
shielding design, ventilation system designs, or the design
and placement of the airborne radioactivity monitors.
Instead, GE provided the processes and acceptance criteria
by which the details of the design in this area would be
developed, designed, and evaluated.
GE provided
amplifying information regarding the processes in this area
in SSAR Section 14.3.3.2.
This material in CDM
Section 3.2 applies to the radiological shielding and
ventilation design of the reactor building, turbine building,
control building, service building, and radwaste building.
The implementation of the process and the design is the
responsibility of the COL applicant or licensee.

14-49

NUREG-1503

Initial Test Program
The acceptance criteria in the DAC are taken from the
acceptance criteria in the applicable section of Chapter 12
of the SRP. The analysis methods and source term
assumptions specified in the DAC are consistent with
approved methods and assumptions listed in the SRP. The
SRP is the basis for the staffs safety review of the ABWR
design. Therefore, demonstrating that the final design
meets these DAC with the methods and assumptions
specified in Tier 1 ensures that the as-built ABWR design
meets the applicable acceptance criteria of the SRP and the
associated regulations and staff technical positions. The
staff informed the Commission of the development of the
DAC in this area in SECY-92-196, "Development of
Design Acceptance Criteria (DAC) for the Advanced
Boiling Water Reactor (ABWR)," dated May 28, 1992.
The DAC in the Tier 1 information address the verification
of the plant radiation shielding design and the plant airborne concentrations of radioactive materials (e.g., the
ventilation system and airborne monitoring system
designs). The DAC require the COL applicant to calculate
radiation levels and airborne radioactivity levels within the
plant rooms and areas to verify the adequacy of these
design features during plant construction (concurrently with
the verification of the ITAAC). The plant rooms and areas
to which the DAC apply are given in the figures in CDM
Section 3.2. Detailed supporting information is contained
in SSAR Chapter 12.
The criteria in CDM Table 3.2a, Items 1 and 2, ensure
that the radiation shielding design (either that provided for
by the plant structures, or design permanent or temporary
shielding) is adequate to ensure that the maximum radiation
levels in plant areas are commensurate with the area's
access requirements so radiation exposures to plant
personnel can be maintained as low as reasonably
achievable (ALARA) during normal plant operations and
maintenance. Item 4 in Table 3.2a ensures that adequate
shielding is provided for those areas of the plant that may
require occupancy to permit an operator to aid in the
mitigation of or the recovery from an accident. Item 4 of
Table 3.2a ensures that the contribution to the radiation
dose from gamma shine (particularly from the turbine
building) to a member of the public (off site) will be a
small fraction of the EPA dose limit in 40 CFR Part 190.

The criteria in CDM Table 3.2b, Item 1, ensures that the
plant provides adequate containment and ventilation flow
rates to control the concentrations of airborne radioactivity
to levels commensurate with the access requirements of
areas in the plant. Item 2 in Table 3.2b ensures that once
the concentrations of airborne radioactivity are determined
per Item 1 above, the required airborne monitors are
provided in the appropriate locations in the plant.
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The staff conducted a complete and thorough review of the
OE ABWR CDM material to ensure that the SRP
guidelines for radiation protection design were
appropriately addressed in both the Tier 1 CDM and the
SSAR. The staffs evaluation included the analysis
methods, design procedures, acceptance criteria, and
related ITAAC that are to be used for the completion and
verification of the ABWR radiation protection design. The
SSAR information contains more detailed guidelines and
applicable documents. The staff reviewed the CDM and
SSAR Section 14.3.3.2 in accordance with the
requirements in Part 52 and the guidance provided in
SRMs related to design certification applications provided
by the Commission.

Contiugjong
On the basis of the above, the staff concludes that the toplevel design processes, features and performance
characteristics of the radiation protection aspects of SSCs
important to safety in the ABWR are appropriately
described in the design descriptions of the CDM, and are
acceptable.
Further, these top-level design processes, features and
performance characteristics can be adequately verified by
the DAC provided by GE. Therefore, the staff concludes
that the DAC in the CDM are necessary and sufficient to
provide reasonable assurance that if the inspections, tests,
and analyses are performed and the acceptance criteria
met, the radiation protection aspects of SSCs important to
safety in a facility that references the design have been
designed, constructed and will operate in accordance with
the design certification and applicable regulations.

14.3.3.3 Piping Design DAC
The piping design aspects of the ABWR design are
provided in SSAR Chapter 3, "Structures, Components,
Equipment, and Systems," and together with the associated
DAC in CDM Section 3.3, "Piping Design," are evaluated
in Section 3.12 of this report. GE did not provide the
complete design information in this design area before
design certification because the piping design was dependent upon as-built and as-procured information. Instead,
GE provided the processes and acceptance criteria by
which the details of the design in this area would be
developed, designed, and evaluated.
GE provided
amplifying information regarding the processes in this area
in SSAR Section 14.3.3.3.
The material in CDM
Section 3.3 applies to ABWR piping systems classified as
nuclear safety-related, and to non-nuclear safety systems as
specified in the Tier 1 material for the individual systems
in CDM Section 2.0. The implementation of the process
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and the design is the responsibility of the COL applicant or
licensee.
The staff used the SRP guidelines to evaluate the piping
design information in the ABWR CDM and SSAR and
performed a detailed audit of the piping design criteria,
including sample calculations. The staff evaluated the
adequacy of the structural integrity and functional
capability of safety-related piping systems. The review
was not limited to the American Society of Mechanical
Engineers (ASME) Boiler and Pressure Vessel Code
Class 1, 2, and 3 piping and supports, but included buried
piping, instrumentation lines, the interaction of non-seismic
Category I piping with seismic Category I piping, and any
safety-related piping designed to industry standards other
than the ASME Code. The staffs evaluation included the
analysis methods, design procedures, acceptance criteria,
and related ITAAC that are to be used for the completion
and verification of the ABWR piping design. The staffs
evaluation included both CDM and SSAR information
regarding the applicable' codes and standards, analysis
methods to be used for completing the piping design,
modeling techniques, pipe stress analyses criteria, pipe
support design criteria, high-energy line break criteria, and
leak-before-break (LBB) approach applicable to the
ABWR. The staff informed the Commission of the
development of the DAC in this area in SECY-92-196,
"Development of Design Acceptance Criteria (DAC) for
the Advanced Boiling Water Reactor (ABWR)," dated May
28, i992.
The material in CDM Section 3.3 provides the design
process to develop the piping for the nuclear safety-related
(seismic Category I) systems of the ABWR design. Piping
systems that must remain functional during and following
an SSE are designated as seismic Category I and are
further classified as ASME Code Class 1, 2, or 3. The
piping systems and their components are designed and
constructed in accordance with the ASME Code
requirements identified in the individual systems of the
ABWR design. The CDM ensures that the piping systems
will be designed to perform their safety-related functions
under all postulated combinations of normal operating
conditions, system operating transients, postulated pipe
breaks, and seismic events, The material in the CDM
section also addresses the consequential effects of pipe
ruptures such as jet impingement, potential missile generation, and pressure and temperature effects.
GE specified three ITAAC in the CDM to ensure the
design process for piping systems was as described in the
design description. The first ITAAC specified in the CDM
requires that an ASME Code certified stress report exists
to ensure that the ASME Code Class 1, 2, or 3 piping
systems are designed to retain their pressure integrity and

functional capability under internal design and operating
pressures and design basis loads. The specific contents
and requirements of the certified stress report are
contained in the ASME Code. As used in this report, an
ASME Code certified stress report is the design document
required by ASME Code, Section III, Subarticle
NCA-3550. A certified piping stress report provides
assurance that requirements of the ASME Code, Section III
for design, fabrication, installation, examination, and
testing have been met and that the design complies with the
design specifications.

The second ITAAC requires that a pipe break analysis
report exists that documents that SSCs that are required to
be functional during and following an SSE have adequate
high-energy pipe break mitigation features, or
alternatively, that a leak-before-break report exists for
those sections of piping systems qualified for leak-beforebreak design. As discussed in the design description, the
pipe break analysis report specifies the criteria used to
postulate pipe breaks and the analytical methods used to
perform pipe breaks and confirms the adequacy of the
results of the pipe break analyses. This verification
provides assurance that the high-energy line break analyses
have been completed and meet the following certified
design commitments. For postulated pipe breaks, the Pipe
Break Analysis Report shall confirm that: (1) piping
stresses in the containment penetration area shall be within
their allowable stress limits, (2) pipe whip restraints and
jet shield designs shall be capable of mitigating pipe break
loads, (3) loads on safety-related SSCs shall be within their
design load limits, and (4) SSCs are protected or are
qualified to withstand the environmental effects of
postulated failures. The Pipe Break Analysis Report shall
conclude that, for each postulated piping failure, the
reactor can be shut down safely and maintained in a safe,
cold shutdown condition without offsite power. Detailed
information that supports this ITAAC is contained in SSAR
Chapter 3.

The third ITAAC requires that an as-built piping stress
report exists that documents the results of an as-built
reconciliation analysis confirming that the final piping
system has been built in accordance with the ASME Code
certified stress report. The report provides an overall
verification that the as-constructed piping system is
consistent with the certified design commitments.
Although similar to the first ITAAC, mis verification also
provides assurance that modification of any document used
for construction from the corresponding document used for
design analysis has been reconciled with the certified stress
report discussed above. This documentation may become
part of the certified stress report.
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As discussed in die advance SER, GE stated that it
intended to provide, in a future SSAR amendment,
amplifying information in the SSAR to support the piping
DAC. This was Confirmatory Item F14.3.3.3.1-1. OB
provided this amplifying information in Amendment 34.
The staff finds this acceptable.
This resolved
Confirmatory Item F14.3.3.3-1.
The staff conducted a complete and thorough review of the
OB ABWR CDM material to ensure that the SRP
guidelines for piping design were appropriately addressed
in both the Tier 1 CD& and the SSAR. The staff's
evaluation included the analysis methods, design
procedures, acceptance criteria, and related ITAAC that
are to be used for the completion and verification of the
ABWR piping design. The Tier 2 SSAR material contains
more detailed guidelines and applicable documents. The
staff reviewed the CDM and SSAR Section 14.3.3.3 in
accordance with the requirements in Part 52 and the
guidance provided in SRMs related to design certification
applications provided by the Commission. This review
included information contained in multiple submittals to the
staff as listed in the introductory part of Section 14.3 of
this report.
Selected material in SSAR Chapter 3 provides design
information and defines design processes that are
acceptable for use in meeting the piping DAC in the CDM.
However, the SSAR information may be changed by a
COL applicant or licensee referencing the certified design
in accordance with a "50.59-like" process. The staffs
evaluation of the ABWR design for piping systems is based
on the design processes and acceptance criteria material in
the DAC and the SSAR. Consequently, the staff indicated
in Section 3.12 of this report that any proposed changes to
selected aspects of these piping design processes described
in the appropriate SSAR sections constitutes an unreviewed
safety question and, therefore, must be submitted to the
NRC for review and approval prior to implementation.

CotrclwsjoM
On the basis of the above, the staff concludes that the toplevel design processes, features and performance
characteristics of the piping design aspects of SSCs
important to safety in the ABWR are appropriately
described in the design descriptions of the CDM, and are
acceptable.
Further, these top-level design processes, features and
performance characteristics can be adequately verified by
the DAC provided by GE. Therefore, the staff concludes
that the DAC in the CDM are necessary and sufficient to
provide reasonable assurance that if the inspections, tests,
and analyses are performed and the acceptance criteria
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met, the piping design aspects of SSCs important to safety
in a facility that references the design have been designed,
constructed and will operate in accordance with the design
certification and applicable regulations.
14.3.3.4 Instrumentation and Controls (I&C) DAC
and Other I&C ITAAC
The I&C aspects of the ABWR design are provided in
SSAR Chapter 7, "Instrumentation and Control Systems,"
and together with the associated DAC and other multisystem I&C related ITAAC in CDM Section 3.4,
"Instrumentation and Control," are evaluated in Chapter 7
of this report. OB did not develop a final design for I&C
before design certification because this is an area of
rapidly changing technology. Instead, OB provided the
processes and acceptance criteria by which the details of
the design in this area would be developed, designed, and
evaluated. GB provided amplifying information regarding
the processes in this area in SSAR Section 14.3.3.4. The
material in CDM Section 3.4 applies to the design of both
safety related and non-safety related l&C systems of the
ABWR. These I&C systems are described in CDM
Section 2.0, and the staffs review of these systems is
described in Section 14.3.2 of this report.
The
implementation of the process and the design is the
responsibility of the COL applicant or licensee.
The staff used the SRP guidelines to review the I&C
design information in the ABWR CDM and SSAR to
confirm that both the safety-related and non-safety-related
I&C systems met the appropriate acceptance criteria of the
SRP. The staff also used the Commission guidance
contained in a SRM of July IS, 1993, related to
SECY-93-087, "Policy, Technical, and Licensing Issues
Pertaining to Evolutionary and Advanced Light Water
Reactor (ALWR) Designs," dated April 2,1993. The staff
informed the Commission of the development of the DAC
in this area in SECY-92-299, "Development of Design
Acceptance Criteria (DAC) for the Advanced Boiling
Water Reactor (ABWR) in the Areas of Instrumentation
and Controls (I&C) and Control Room Design," dated
August 27, 1992.
CDM Section 3.4 has multiple entries addressing three key
issues associated with the I&C design. These issues
include the design of the SSLC system, the development
and qualification processes for I&C systems, and design
features that provide diverse backup as protection against
common-mode failures in the SSLC. These issues and
their relationships to other systems of the design are
illustrated in the figures in CDM Section 3.4, which
contain a block diagram showing the SSLC logic and
control, a depiction of the integrated hardware and
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software development process for I&C systems, and a
diagram showing the interfaces of the SSLC system with
other I&C systems in the design. Detailed supporting
information for the CDM is contained in SSAR Chapter 7.
CDM Section 3.4A, "Safety System Logic and Control,"
contains material for the SSLC. The SSLC integrates the
automatic decision-making and trip logic functions, and
manual initiation functions associated with the safety
actions of the safety-related systems. Safety-related trip
logic and monitoring of plant protection system resides in
SSLC equipment.
SSLC equipment comprises
microprocessor-based, software-controlled signal
processors that perform signal conditioning, setposnt
comparison, trip logic, system initiation and reset, selftest, calibration, and bypass functions.
The signal
processors associated with a particular safety-related
system are an integral part of that system and do not
belong to SSLC.
CDM Section 3.4B, "I&C Development and Qualification
Processes," contains the DAC for the I&C area of the
design. The DAC are contained in four subsections that
describe (1) design processes and acceptance criteria to be
used for safety-related systems using programmable
microprocessor-based control equipment, (2) a program to
assess and mitigate the effects of electromagnetic
interference on I&C equipment, (3) a program to establish
setpoint for safety-related instrument channels, and (4) a
program to qualify safety-related I&C equipment for inservice environmental conditions.
The subsection of CDM Section 3.4B titled, "Hardware
and Software Development Process," describes hardware
and software development processes to be used in the
design, testing, and installation of I&C equipment. The
following discussion addresses the considerations made in
reviewing the entries for this subsection of the CDM.
The primary function of this development process is to
implement the functional instrumentation and control
requirements described in the CDM and the SSAR for the
systems which comprise the ABWR. The decomposition
of ihe functional system (SSLC, RPS, ARI, etc.)
requirements to specific computer hardware and software
components to perform the various tasks is accomplished
using the structured design process described below.
The CDM includes the description of the design process to
be followed for hardware and software development,
design commitments, the inspections, tests, and analysis to
be performed to verify that the design is consistent with
the commitments, and the appropriate acceptance criteria
against which the design will be judged. This ITAAC
describes attributes of the process to be used to develop the

software as well as attributes of the final software product.
The ITAAC for software and hardware describes the
following design stages within the design process:

(1)
(2)
(3)
(4)
(5)
(6)
(7)

Planning
Design definition
Software design
Software coding
Integration
Validation
Change control

The CDM and SSAR contain criteria which describe the
method to develop plans and procedures that will guide the
design process throughout the lifecycle stages. The
ITAAC provides the acceptance criteria for verifying the
design through the stages listed above, while the SSAR
adds the set of guidelines and standards that will provide
more detailed criteria for the development of the design.
The CDM has been written to incorporate the most
important and general aspects (top-level requirements)
from the standards. The set of standards and criteria in
the SSAR encompass the guidance for generating the plans
that will be used in the computer software and hardware
design process for the computer design throughout the
lifecycle. These plans are described below.

The software QA (SQA) plan describes the softwarespecific activities that are to be performed and controlled
in addition to the approved QA plan (in accordance with
10 CFR Part 50, Appendix B, "Quality Assurance Criteria
for Nuclear Power Plants and Fuel Reprocessing Plants")
for the total ABWR design. The SQA plan establishes the
criteria under which the other software development plans
will be generated. The software management plan (SMP)
establishes the organization and authority structure for the
design, the procedures to be used, and the
interrelationships between major activities. The software
configuration management plan (CMP) provides the means
to identify software products, control and implement
changes, and record and report change implementation
status. The software development plan (SDP) describes a
development process, tools documentation, and products
developed according to the software lifecycle. The
verification and validation plan (V&VP) describes the
method to ensure that the requirements of each phase or
stage of the design process (lifecycle) are fully and
accurately implemented into the next phase. The software
safety plan (SSP) describes the safety and hazards analyses
that will be performed. The software operation and
maintenance plan (SOMP) includes the procedures required
to ensure that the software will be operated correctly and
that the quality of the software is maintained. GE has
combined these plans into a software management plan, a
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configuration management plan, and a verification and
validation plan.
The ITAAC activities completed by the COL applicant will
be inspected by the NRC to verify conformance with the
requirements at several stages during the digital control
system design process or stage of the lifecycle. The documents which demonstrate satisfactory implementation of
the ITAAC will be available for inspection during the NRC
audit at the completion of each of the above stages. The
stages or phases described by OE are shown in
Figure 3.4d.
The NRC audit and the COL applicant
conformance review points are shown in Figure 7.1-2 of
the ABWR FSER. These stages correspond with the
phases described by GE in the CDM. The actual stages,
including the conformance review and audit points, will be
determined for each of the software products to be
developed when design implementation is scheduled to
begin.
At each stage, the design development must be verified by
the COL applicant to be in accordance with the certified
design process and the detailed design developed (through
that stage) to be in conformance with the certified design.
Upon completion of ITAAC activities for each stage, the
COL applicant will certify to the NRC that the stage has
been completed and the design and construction completed
up through that stage is in compliance with the certified
design. Although not required, the COL applicant should
satisfactorily complete ITAAC activities at each stage prior
to proceeding to the next stage of the design development
process. Failure to successfully complete the ITAAC at a
stage, as determined by the conformance review or the
NRC audit, may require repeating an earlier stage ITAAC
or changing the system design. The NRC staff will
identify any open issues which require resolution for each
stage of the ITAAC. Significant open issues which are not
resolved could result in the NRC staff concluding that the
ITAAC had not been satisfactorily completed.
The subsection of Section 3.4B titled "Electromagnetic
Compatibility" describes the process to ensure that I&C
equipment is able to function properly when subjected to
an electromagnetic environment. An electromagnetic
compatibility (EMC) compliance plan to confirm the level
of immunity to electrical noise is included in the design,
installation, and testing of I&C equipment. The plan is
structured on the basis that EMC of I&C equipment is
verified by factory testing and site testing of both
individual components and interconnected systems to meet
electromagnetic compatibility requirements.
The subsection of Section 3.4B titled "Instrument Setpoint
Methodology" describes the process to ensure that setpoints
for initiation of safety-related functions are determined,
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documented, installed, and maintained. The process (the
instrument setpoint methodology) establishes a program for
specifying requirements for documenting the bases for
selection of trip sstpoints, accounting for instrument
inaccuracies, response testing, and replacement of
instrumentation.
The subsection of Section 3.4B titled "Equipment
Qualification" describes the process to ensure (hat
qualification of safety-related I&C equipment is able to
complete its safety-related function under the
environmental conditions that exist up to and including the
time the equipment has finished performing that function.
An equipment qualification program is established that
ensures qualification specifications consider conditions that
exist during normal, abnormal, and design-basis accident
events in terms of their cumulative effect on equipment
performance for the period up to the end of equipment life.
CDM Section 3.4C, "Diversity and Defense-In-Depth
Considerations," addresses the concern that software
design faults or other initiating events common to
redundant, multidivisional logic channels of I&C protection
systems could disable significant portions of the plant's
safety functions at the moment when these functions are
needed to mitigate an accident, and addresses the diverse
backup features that are provided for the primary
automatic logic. Diversity is provided in the form of hardwired backup for reactor trip, diverse display of important
process parameters, defense-in-depth arrangement of
equipment, and other equipment diversity.
The staff conducted a complete and thorough review of the
GE ABWR CDM material to ensure that the SRP
guidelines and Commission guidance for I&C design were
appropriately addressed in both the CDM and the SSAR.
The staffs evaluation included the analysis methods,
design procedures, acceptance criteria, and related ITAAC
that are to be used for the completion and verification of
the ABWR I&C design. The SSAR material contains
more detailed guidelines and applicable guidance
documents. The staff reviewed the CDM and SSAR
Section 14.3.3.4 in accordance with the requirements in
Part 52 and the guidance provided in SRMs related to
design certifics'ion applications provided by the
Commission. This review included information contained
in multiple submittals to the staff as listed in the
background part of Section 14.3 of this report.
Selected material in SSAR Section 7.2 provides detailed
design information and defines design processes that are
acceptable for use in meeting the I&C DAC in the CDM.
However, the SSAR information may be changed by a
COL applicant or licensee referencing the certified design
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in accordance with a "50.59-like" process. The staffs
evaluation of the ABWR design for I&C systems is based
on the design processes and acceptance criteria material! in
the DAC and the SSAR. Consequently, the staff indicated
in Section 7.2 of this report that any proposed changes to
the appropriate SSAR sections constitutes an unreviewed
safety question and, therefore, must be submitted to the
NRC for review and approval prior to implementation.

Contusions

considerations in ensuring that as-built facility is in
accordance with the design certification and applicable
regulations. Thus, the staff will have the confidence that
the ITP will be implemented effectively, so that the
appropriate testing methodologies, and associated programmatic controls for testing plant systems will be ensured.
A corresponding ITAAC for this design description is not
required for several reasons:
(1)

The Tier 1 certified design material consists of a
high level commitment to an ITP, and a description
of the program and major program documents that
constitute an acceptable ITP (i.e., a site-specific
startup administrative manual, test specifications,
and test procedures). The specific testing necessary
to verify design features and performance aspects of
the design is delineated in the system-specific
ITAAC.

(2)

The ITP covers a broader spectrum of time than the
ITAAC. While ITP pre-operational testing shall be
completed prior to fuel load, the ITP startup and
power ascension testing will be conducted after fuel
load. As the ITP involves testing post-fuel load, it
is not appropriate to define associated ITAAC
entries as Part 52 specifies that the ITAAC will be
completed prior to fuel load.

On the basis of the above, the staff concludes that the toplevel design processes, features and performance
characteristics of the I&C aspects of SSCs important to
safety in the ABWR are appropriately described in the
design descriptions of the CDM, and are acceptable.
Further, these top-level design processes, features and
performance characteristics can be adequately verified by
the DAC provided by GE. Therefore, the staff concludes
that the DAC in the CDM are necessary and sufficient to
provide reasonable assurance that if the inspections, tests,
and analyses are performed and the acceptance criteria
met, the I&C aspects of SSCs important to safety in a
facility that references the design have been designed, constructed and will operate in accordance with the design
certification and applicable regulations.
14.3.3.5 Initial Test Program (ITP)
This section of the CDM consists of a high level
commitment to in ITP and a description of the program
and major program documents (i.e., a site-specific startup
administrative mtnual, test specifications, and test procedures). The ABWR SSAR Chapter 14.2 contains a complete
description of the ITP, and the staffs evaluation of the ITP
is contained in Section 14.2 of this report.
The staff reviewed this CDM Section for consistency with
the guidelines contained in the SRP and RO 1.68, "Initial
Test Program for Water-Cooled Nuclear Power Plants."
RG 1.68 describes the general scope and depth of testing
that is acceptable to the staff for conduct of preoperational
and startup testing as part of the FTP.
The key facets of the ITP are described in the Tier 1 CDM
to ensure that subsequent changes in the conduct of the ITP
cannot be initiated unilaterally by the COL applicant. This
ITP is described in Tier 1 because of the essential role of
a test program in the verification that SSCs have been constructed and will perform satisfactorily in service. The
Tier 1 description requires that the ITP be performed
under suitably controlled conditions and processes. The
development of test procedures, conduct of the tests, and
safe execution of the test program, are important

In summary, the top-level ITP commitments in the CDM
ensure that suitable controls are imposed over the preoperational and start-up testing programs, which provide
reasonable assurance that the facility can be operated
without undue risk to the public. The staff concludes that
the ITP information in the CDM is acceptable.
14.3.4 Interface Requirements
The requirements for interfaces for a design are contained
in 10 CFR 52.47(a)(l)(vii-ix). An applicant for design
certification is required to provide (1) the interface
requirements to be met by those portions of the plant for
which the application does not seek certification,
(2) justification that compliance with the interface
requirements is verifiable through inspection, testing , or
analysis, and the method to be used for verification of
interface requirements, and (3) a representative conceptual
design for those portions of the plant for which the
application does not seek certification. The staff evaluated
these interface requirements and the ABWR design in the
appropriate sections of this report.
GE defined the interface between the systems of the design
and the site-specific systems to be at the walls of the
turbine building, reactor building, and control building, as
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depicted in Figure 1.2-1 of this report. This section of the
CDM specifies interface requirements for those portions of
the certified design that interface with site-specific portions
of the design, and specifies the systems that are completely
or partially out of scope of the certified design. The
interface requirements define the design attributes and
performance characteristics that must be met by the sitespecific, out-of-scope portion of the plant so that the sitespecific portion of the design is in conformance with the
certified design. The site-specific portions of the design
are those portions of the design that are dependent on
characteristics of the site, such as the design of the
ultimate heat sink.
The review of the appropriate inspections, tests, and
analyses to demonstrate compliance with the interface
requirements for the site-specific portion of the design is
accomplished in the review of an application and for a
combined license under Subpart C of 10 CFR Part 52.
GE provided information discussing the interface
requirements in the CDM and in SSAR Section 14.3.4.
GE provided acceptable interface requirements in CDM
Section 4.0, and in the appropriate systems in CDM Section 2.0. This information was based on the information
in the various sections of the SSAR, and is evaluated by
the staff in the appropriate sections of this report. In
CDM Section 4.0, GE stated that the development of
ITAAC for the interface requirements will be similar in
nature to the development of ITAAC in CDM Section 2.0.
The staff concludes that this is an acceptable justification
that compliance with the interfaces is verifiable through
ITAAC, and the process described in SSAR Section 14.3
provides an acceptable methodology for verification of the
interface requirements. GE provided acceptable representative conceptual designs in the SSAR that enabled the staff
to complete its review of the design, as discussed in the
appropriate sections of this report.
Therefore, based on the above discussion, the staff
concludes that the interface information provided by GE
meets the requirements contained in 10 CFR 52.47(a)
(l)(vii - ix), and is acceptable.

14.3.5 Site Parameters
The requirements for site parameters for a design are
contained in 10 CFR 52.47(a)(l)(iii). An applicant for
design certification is required to provide the site
parameters used in the design, and an analysis and
evaluation of the design in terms of these parameters. Tne
site parameters are specified in both the CDM Section 5.0
and Chapter 2 of the SSAR, and the analysis and
evaluation of the design is contained in the various sections
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of the SSAR. The staff evaluated these parameters and the
design in the appropriate sections of this report.
Site parameters are specified in this section of the CDM
for establishing the bounding parameters to be used in the
selection of a suitable site for a facility referencing the
ABWR certified design. Because they were used in
bounding evaluations of the certified design, they define
the requirements for the design that must be met by a site
to ensure that a facility built on the site remains in conformance with the design certification. The demonstration
that the site parameters are met at a given site is accomplished in conjunction with an application and issuance of
a combined license under Subpart C of 10 CFR Part 52.
GE provided information discussing the site parameters in
the CDM and in SSAR Section 14.3.5. GE provided
acceptable site parameters postulated for the certified
design in CDM Section 5.0 and in the appropriate sections
of the SSAR. The appropriate sections of the SSAR
information also provided an acceptable analysis and
evaluation of the design in terms of these parameters, and
the staff found the design acceptable in the related sections
of this report. Therefore, the staff concludes that the site
parameter information provided by GE meets the requirements of 10 CFR 52.47(a)(l)(iii), and is acceptable.
14.3.6 Summary
The staff reviewed the GE ABWR CDM and SSAR
Section 14.3 in accordance with the requirements in
Part 52 and the guidance provided in SRMs related to
design certification applications provided by the
Commission. This review included information contained
in multiple submittals to the staff, as listed in the background portion of Section 14.3 of this report.
Based on the staffs review of the material in the CDM,
and a review of the selection methodology and criteria for
the development of the CDM contained in SSAR
Section 14.3, the staff concludes that the top-level design
features and performance characteristics of the ABWR
SSCs important to safety are appropriately described in the
CDM, and are acceptable.
Further, these top-level commitments can be adequately
verified by the ITAAC and additional certified design
material provided by GE. Therefore, in the appropriate
parts of Section 14.3 of this report, the staff concludes that
the CDM are necessary and sufficient to provide reasonable assurance that, if the inspections, tests, and analyses
are performed, and the acceptance criteria met, a facility
referencing the certified design will be constructed and will
operate in conformity with the design certification and
applicable regulations.
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The staff also concludes in the appropriate parts of Section
14.3 of this report that the interface requirements and site
parameters provided by GE for the ABWR meet the
requirements for design certification applications in
10 CFR 52.47, and are acceptable.
14.3.7

DFSER Issues

14.3.7.1 Treatment of Non-Traditional
ITAAC

Items in

GE incorporated into the SS AR any insights into the design
that were obtained from non-traditional items such as PRA
and severe accident issue resolutions. Additionally, the
staff followed the Commission's guidance in its review of
the evolutionary designs for the resolution of non-traditional issues such as those discussed in SECY-90-016,
"Evolutionary Light Water Reactor Certification Issues and
Their Relationships to Current Regulatory Requirements,"
and SECY-93-087, "Policy, Technical, and Licensing
Issues Pertaining to Evolutionary and Advanced LightWater Reactor (ALWR) Designs." In 10 CFR S2.47, the
Commission specified that the ITAAC must provide
reasonable assurance that "a plant which references the
design is built and will operate in accordance with the
design certification." Therefore, by verifying key aspects
and features of the design, the ITAAC implicitly confirm
the implementation of these non-traditional items and the
safety findings contained in the safety evaluation report.
The staff requested GE to develop a cross-reference of key
aspects, analyses, and features of the design from the
SSAR to the CDM in order to document how these issues
had been incorporated into the CDM. Specifically, the
cross- references were to show how key aspects of the
accident analyses, PRA, and severe accident issue
resolutions were included in the CDM. This was DFSER
Open Item 14.1.1.5.2-1.
GE provided the cross-references in SSAR Amendment 33
and updated the cross-references in Amendment 34. In
those submittals, GE provided cross-references for key
safety and integrated plant analyses in SSAR Section 14.3,
and cross- references for PRA and severe accident analyses
in SSAR Section 19.8. GE also provided more detailed
cross-references for these analyses in a letter dated March
31, 1994.
The treatment of non-traditional items in the CDM for the
ABWR design is discussed further in Section 14.3.2 of this
report. Based on the discussion in Section 14.3.2, the staff
found the cross-references, and the treatment of nontraditional items in the CDM acceptable. This resolved
DFSER Open Item 14.1.1.5.2-1.

14.3.7.2 Relationship of the Design Description to the
ITAAC
GE proposed that certain systems could have Tier 1 design
descriptions, but may not require any corresponding
ITAAC to verify the design for those systems. Examples
of these systems were the fuel service equipment, the
internal pump maintenance facility, and the fuel cask
cleaning facility. The staff was reviewing this proposal at
the time the DFSER was issued. This was DFSER Open
Item 14.1.1.5.3-1.
GE adopted a graded approach to the level of detail in the
development of the CDM, based on the safety significance
of the ABWR structures, systems, and components. In
SSAR Section 14.3, GE provided the process it used in the
development of the CDM, based on the design presented
in the appropriate sections of the SSAR. GE applied
various selection criteria to the information in multiple
chapters of the SSAR to determine the level of design
information for a given system in the CDM.
GE provided its selection criteria and methodology for the
ITAAC in SSAR Section 14.3.2.2. In general, each
ABWR system with information in the design description
has one or more ITAAC, based on the its safety
significance. A single ITAAC may verify one or more
provisions in the design description. Other aspects of
systems may be satisfied by ITAAC contained in other
systems or other sections of the CDM. For example, the
piping design information in CDM Section 3.3 provides
acceptance criteria for seismic Category I and ASME Code
Class 1,2, and 3 components. Additionally, since Part 52
requires that the ITAAC be satisfied prior to fuel loading,
there are no ITAAC to verify any information dependent
on post-fuel load conditions (e.g., nuclear fuel, fuel
channels, and control rods). This information will be
verified by the FTP as part of start-up and power ascension
testing.
In Section 14.3 of this report, "Basis for Approval of the
CDM," the staff discussed its graded approach to the
review of the CDM based on the safety significance of the
SSCs. Thus, consistent with the guidance of Part 52 and
the SRM related to SECY-90-377, the staff recognized that
although many aspects of the design were important to
safety, the level of design detail in the CDM and verification of the key features and performance characteristics
should be commensurate with the importance of the safety
functions to be performed.
The relationship of design descriptions and ITAAC for the
ABWR design is discussed further in Section 14.3.2 of this
report. Based on the discussion in Section 14.3.2, the staff
found the treatment of design descriptions and ITAAC in
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the CDM acceptable.
Item 14.1.1.5.3-1.

This resolved DFSER Open

CDM acceptable.
Item 14.1.3.1-1.

This resolved DFSER Open

14.3.7.3 System Design Descriptions and ITAAC

14.3.7.5 Reliability Assurance Program

Section 2.0, "Tier 1 Material for ABWR Systems," of the
"Tier 1 Design Certification Material for the OE ABWR,"
was under staff review at the time the DFSER was issued.
The staff stated that the evaluation would be provided in
the FSER. This was DFSER Open Item 14.1.2-1.

Section 3.8, "Reliability Assurance Program," of the
"Tier 1 Design Certification Material for the GE ABWR,"
was under staff review at the time the DFSER was issued.
The staff stated that the evaluation would be provided in
the FSER. This was DFSER Open Item 14.1.3.8-1.

GE provided revised CDM information and supporting
information in various SSAR submittals to the staff as
discussed in the background part of this report. In these
submittals, GE addressed all of the comments of the staff,
the ACRS, and an independent review group. As
discussed in Section 14.3 of this report, "Basis for
Approval of the CDM," the staff reviewed the GE ABWR
CDM and selection, methodology and criteria for the
development of the CDM contained in SSAR Section 14.3
in accordance with the requirements in Part 52 and the
guidance provided in SRMs related to design certification
applications provided by the Commission.

When the DFSER was written the staffs position on a
reliability assurance program (RAP) was that a high-level
commitment to a RAP applicable to design certification
(D-RAP) was required. GE committed to provide the
required D-RAP commitments in the CDM in a letter
dated July 12, 1994. The staff finds GE's commitments to
D-RAP acceptable, subject to incorporation in the CDM.
DFSER Open Item 14.1.3.8-1 becomes Confirmatory Item
F14.3.7.5-1.

System design descriptions and ITAAC for the ABWR
design are discussed further in Section 14.3.2 of this
report. Based on the discussion in Section 14.3.2, the staff
found the treatment of system design descriptions and
ITAAC in the CDM acceptable. This resolved DFSER
Open Item 14.1.2-1.

Section 3.9, "Welding," of the "Tier 1 Design
Certification Material for the GE ABWR," was under staff
review at the time the DFSER was issued. The staff stated
that the evaluation would be provided in the FSER. This
was DFSER Open Item 14.1.3.9-1.

14.3.7.4 Equipment Qualification (EQ)
Section 3.1, "Equipment Qualification," of the "Tier 1
Design Certification Material for the GE ABWR," was
under staff review at the time the DFSER was issued, and
the staff stated that the evaluation would be provided in the
FSER. This was DFSER Open Item 14.1.3.1-1.
GE provided revised CDM information in a submittal
dated August 31, 1993, and supporting information in
Amendment 32. GE eliminated die proposed CDM
Section 3.1, and put the required equipment qualification
information in CDM Section 1.2, General Provisions. GE
provided supporting information on equipment qualification
in the SSAR. The equipment qualification of safetysignificant portions of the design will be verified as part of
the basic configuration walkdown of individual SSCs.
The basic configuration walkdown for equipment
qualification is discussed in greater detail in
Sections 14.3.1.2 and 14.3.2.3.1 of this report. Based on
the discussion in Sections 14.3.1.2, and 14.3.2.3.1 the
staff found the treatment of equipment qualification in the
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14.3.7.6 Welding

GE provided revised CDM information in a submittal
dated August 31, 1993, and supporting information in
Amendment 32. GE eliminated the proposed CDM
Section 3.9, and put the required welding information in
CDM Section 1.2, General Provisions. GE provided
supporting information on welding in the SSAR. The
welding aspects of safety-significant portions of the design
will be verified as part of the basic configuration
walkdown of individual SSCs.
The basic configuration walkdown for welding is discussed
in greater detail in Section 14.3.1.2 of this report. Based
on the discussion in Section 14.3.1.2, the staff found the
treatment of welding in the CDM acceptable. This
resolved DFSER Open Item 14.1.3.9-1.
14.3.7.7 Interface Requirements
Section 4.0, "Interface Tier 1 Material," of the "Tier 1
Design Certification Material for the GE ABWR," was
under staff review at the time the DFSER was issued. The
staff stated that the evaluation would be provided in the
FSER. This was DFSER Open Item 14.1.4-1.
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The staff provided comments on interfaces during a
meeting with GE on July 27, through 29, 1993. These
comments are documented in a meeting summary dated
August 10, 1993. OE provided information to resolve
these comments in revised Tier 1 material dated August
31, 1993, and provided supporting information in SSAR
Amendment 32. In those submittals, OE modified the
CDM Section 4.0 to provide consistent treatment of
interface requirements for systems, clarify the in-scope and
out-of-scope portions of the design* and modify the SSAR
listing of systems so that it was consistent with the CDM.
Interfaces are discussed further in Section 14.3.4 of this
report. Based on the discussion in Section 14.3.4, the staff
found the treatment of interface requirements in the CDM
acceptable. This resolved DFSER Open Item 14.1.4-1.
14.3.7.8 Site Parameters
Section 5.0, "Site Parameters," of the "Tier 1 Design
Certification Material for the GE ABWR," was under staff

review at the time the DFSER was issued. The staff stated
that the evaluation would be provided in the FSER. This
was DFSER Open Item 14.1.5-1.
The staff provided comments on site parameters in a letter
to GE dated July 9, 1993. These comments were
discussed during a meeting with GE on July 27 through
29, 1993, and were documented in a meeting summary
dated August 10, 1993. GE provided information to
resolve these comments in revised Tier 1 material dated
August 31, 1993, and provided supporting information in
SSAR Amendment 32. In those submittals, GE modified
the CDM Section 5.0 to provide consistent treatment of
site parameters with the site parameters and design basis
analyses contained in the SSAR.

Site parameters are discussed further in Section 14.3.5 of
this report. Based on the discussion in Section 14.3.5, the
staff found the treatment of site parameters in the CDM
acceptable. This resolved DFSER Open Item 14.1.5-1.
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15 TRANSIENT AND ACCIDENT ANALYSIS
The staff reviewed the transient and accident analysis for
the advanced boiling water reactor (ABWR) in accordance
with Standard Review Plan (SRP) Section IS.
Conformance with the acceptance criteria, except as noted
for each of the sections, formed the basis for deciding if
the design of the facility for each of the areas reviewed
was acceptable.
Three groups of design-basis events are evaluated in this
section: anticipated operational occurrences, anticipated
operational occurrences involving common-mode software
failure, and accidents. A conservative model of the
reactor is used for the analysis of events in each group and
all appropriate systems whose operations (or postulated
misoperations) would affect the event are included.
Anticipated operational occurrences (AOOs) are expected
to occur during the life of the plant and are analyzed to
ensure that they will not cause damage to either the fuel or
to the reactor coolant pressure boundary. AOOs involving
common-mode software failures have a lower probability
of occurrence and are discussed in Section 15.2 of this
report. Design-basis accidents (DBAs) are not expected to
occur but are postulated because their consequences would
include the potential for the release of significant amounts
of radioactive material. These postulated accidents are
analyzed to determine the extent of fuel damage expected
and to ensure that reactor coolant pressure boundary
damage, beyond that assumed initially to be the DBA, will
not occur and that the radiological dose is maintained
within 10 CFR Part 100 guidelines.
For loss-of-coolant accidents (LOCAs), the acceptance
criteria for the emergency core cooling system (ECCS)
specified in 10 CFR 50.46 are as follows:
•

The peak cladding temperature must remain below
1204 °C (2200 °F).

•

Maximum cladding oxidation must nowhere exceed
17 percent of the total cladding thickness before
oxidation.

•

The staff evaluation of GE Nuclear Energy (GE) LOCA
analysis is given in Sections 15.4.4 and 6.3 of this report.
To demonstrate the adequacy of the plant's engineered
safety features (ESFs), GE calculated the offsite
consequences that could result from the occurrence of each
of several DBAS and presented the results of these
computations in the standard safety analysis report (SSAR).

15.1 Anticipated Operational Occurrences
AOOs which include infrequent and moderate frequency
events are those transients expected to occur during normal
or planned modes of plant operation. The acceptance
criteria for these transients are based on GDC 10, 15, and
20. GDC 10 specifies that the reactor core and associated
control and instrumentation systems shall be designed with
appropriate margin to ensure that specified acceptable fueldesign limits are not exceeded during any condition of
normal operation, including the effects of AOOs. GDC 15
specifies that sufficient margin shall be included to ensure
that design conditions of the reactor coolant pressure
boundary are not exceeded during any condition of normal
operation, including AOOs. GDC 20 specifies that a
protection system be provided that automatically initiates
appropriate systems to ensure specified acceptable fuel
design limits are not exceeded during any condition of
normal operation including AOOs.
Acceptance criteria contained in Chapter 15 of the SRP for
AOOs are as follows:
•

Pressure in the reactor coolant and main steam systems
should be maintained below 110 percent of the design
values according to American Society of Mechanical
Engineers (ASME) Code, Section III, Article NB-7000.
For ABWR, which has a design pressure of 8722 kPa
(1250 psig), the pressure should not exceed 9584 kPa
(1375 psig) during any AOO.

•

Fuel-cladding integrity should be maintained by
ensuring that the reactor core is designed with
appropriate margin during any conditions of normal
operation, including the effects of AOOs. For BWRs,
the minimum value of the critical power ratio reached
during the transient should be such that 99.9 percent of
the fuel rods in the core would not be expected to
experience boiling transition during core-wide transients. This limiting value of the minimum critical
power ratio (MCPR), called the safety limit for the
ABWR, is 1.07.

•

An incident that occurs with moderate frequency should
not generate a more serious plant condition unless other
faults occur independently.
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Total hydrogen generation must not exceed 1 percent
of the hypothetical amount that would be generated if
all the metal in the cladding cylinders surrounding the
fuel, excluding the cladding surrounding the plenum
• volume, were to react.

•

The core must be maintained in a coolable geometry.

•

Calculated core temperatures after successful initial
operation of the ECCS must be maintained acceptably
low, and decay heat must be removed for the extended
period of time required by the long-lived radioactivity
remaining in the core.

Transient and Accident Analysis
•

An incident that occurs with moderate frequency in
combination with any single active component failure,
or operator error, should not result in loss of function
of any barrier other than the fuel cladding. A limited
number of fuel-rod-cladding perforations is acceptable.
(See the discussion of Three Mile Island (TMI)
Item n.K-3.44, NUREG-0737, in Chapter 20 of this
report.)

For ABWR transient analysis, OE used the ODYNA
computer code (proprietary) to simulate pressurization
events and the REDYA computer code (proprietary) for
other transient events.

in the same group. The performance of this recirculation
model has been qualified against plant startup data obtained
from European plants with similar RIPs. The events
simulated for qualification purposes included pump
coastdown during a trip of all pumps (data from two
plants), during a trip of one pump, and during momentary
voltage drop. OE compared the calculated results and
plant data to verify the adequacy of the codes. OE also
conducted model-to-model comparison and comparison
with other test data (e.g., Peach Bottom turbine trip test)
to ensure that the models perform correctly.

The ODYNA code (proprietary) is designed to simulate
selected transient conditions for the ABWR. Major
features of this code are one dimensional description of
kinetics and thermal-hydraulics of the core; reactor internal
pumps (RIPs); option for two- and eight-node steamline
model; and system models consisting of the core, bypass,
and upper plenum. The core thermal-hydraulics is
calculated using a five-equation formulation consisting of
mass and energy balances for the vapor and liquid phases
and momentum balance for the mixture. The code also
contains models for ECCS, boron injection, and detailed
control system for turbine control and pressure relief. The
code includes modifications to the upper plenum model to
allow for subcooled liquid.

The staff, with the technical assistance of Brookhaven
National Laboratory, audited ODYNA and REDYA during
January 1992 at OE offices in San Jose, California. The
staff audited three major areas: (1) formulation and
models, (2) quality assurance (QA) procedures, and
(3) verification and validation. The staff concluded that
the modifications to the ODYN and REDY codes for the
ABWR were adequately justified. It found the changes to
ODYN and REDY to be acceptable. However, there was
no documentation to verify that the coding changes to
implement new models were independently checked. As
stated in the DFSER, OE was to inform the staff, in
writing, to confirm that the implementation of the code
modifications had been independently verified as correct.
This was DFSER Confirmatory Item IS. 1-1. (Previously
DSER SECY-91-3SS Open Item 134.)

The REDYA code (proprietary) is designed to simulate
selected transient conditions for the ABWR. Major
features of this code are point kinetics description of the
core; lumped pressure calculation from a volume
consisting of the core, bypass, and upper plenum; and
multiple RIPs. Additionally, the code has models for
internal separators; options for two- and eight-node
steamline models; wide range of turbine control, pressure
relief, and rod motion; reactor protection system (RPS)
options; and boron injection models.

In the letter dated February 26, 1993, OE submitted the
necessary information describing its verification process.
The staff reviewed the documents governing GE QA
requirements, and found that the code modifications were
performed in accordance with the applicable design control
provisions contained within the OE QA program and the
OE design control procedures. Therefore, the staff has
concluded that OE properly controlled the coding changes
for ODYNA and REDYA. Thus, DFSER Confirmatory
Item 15.1-1 is resolved.

Both ODYNA and REDYA codes are similar to previous
models, ODYN (NEDO-24154) and REDY
(NEDO-10802), which the staff approved for transient
analysis of operating BWRs. The ODYNA and REDYA
versions have been revised to reflect the recirculation
model and ECCS unique for the ABWR. The REDYA
code also incorporated some model improvements already
included in the ODYN code (e.g., safety/relief valve
model and steamline model).

The staff concludes that the ODYNA and REDYA
computer codes are acceptable for design analysis of the
ABWR.

The recirculation model was the major modification in both
ODYNA and REDYA codes. This new recirculation
model consists of three groups of RIPs.
RIP
characteristics, initial conditions, and pump trip and
runback functions are assumed to be identical for all RIPs
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In conducting its analyses of anticipated transients, GE
used conservative assumptions with regard to initial power,
scram reactivity, reactivity coefficients, and power
profiles. It used conservative time delays to trip for each
scram signal in the analyses. GE analyzed the following
transients:
•
•
•
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decrease in core coolant temperature
increase in reactor pressure
decrease in reactor coolant system flow rate

Transient and Accident Analysis
identified as DSER (SECY-91-355) Open Item 135,
which was a significant deviation from the SRP.
OE recategorized this event as a moderate frequency event (an AOO) and applied the appropriate
acceptance criteria in the SSAR. The reanalysis of
the event shows that the AOO acceptance criteria
are met. This is acceptable and resolved DSER
SECY-91-355 Open Item 135.

reactivity and power distribution anomalies
increase in reactor coolant inventory
decrease in reactor coolant inventory
anticipated transient without scram (ATWS) (See
Section 15.5 of this report.)

Pecfflwe in Core Coolant Temperature
Transients analyzed in this group included loss of
feedwater heaters, feedwater control failure, runout
of one feedwater pump, feedwater controller failure
during maximum demand, opening of turbine control and bypass valves, pressure regulator failure in
the open direction, inadvertent opening of a
safety/relief valve, and inadvertent residual heat
removal (RHR) shutdown cooling operation.

(2)

Transients in this group included generator load
rejection and turbine trip with and without turbine
bypass, inadvertent main steam isolation valves
(MSIV) closure, loss of condenser vacuum, loss of
auxiliary power transformer, loss of all grid
connections, loss of all feedwater flow, and failure
of RHR shutdown cooling.

For transients categorized under Decrease in Core
Coolant Temperature, the most severe transient is
feedwater controller failure during maximum
demand (runout of two feedwater pumps). The
resultant minimum critical-power ratio (MCPR)
reached is 1.07, and the peak vessel pressure is
1262 kPa (168 psi) below the ASME Code limit.
For the loss of feedwater heating transient, OE
assumed a drop of 38 °C (68 °F) in feedwater
temperature, although a drop of 66 °C (119°F)
occurred at a domestic BWR following an electrical
component failure. In a letter dated January 10,
1992, OE stated that the drop of 66 °C (U9°F)
was a unique condition for that particular BWR
design. The feedwater temperature will not drop as
far in the ABWR design during this transient
because the ABWR is designed so that no single
failure of equipment can cause a temperature drop
of more than 38 °C (68°F). The staff agrees with
OE that the 66 °C (119 °F) drop was caused by a
plant-specific design feature not present in the
ABWR.
Therefore, the 38 °C (68 °F) drop
analyses is acceptable.

Increase in Reactor Pressure

The transient resulting in the highest system
pressure was a generator load rejection without
turbine bypass, which would result in a peak system
pressure of about 1138 kPa (151 psi) below the
allowable maximum pressure of 9584 kPa
(1375 psig). In the overpressure protection report,
the most limiting transient is an inadvertent MSIV
closure with failure of the position switch scram
(see Section 5.2.2 of this report). The reactor
pressure increase for the transient turbine trip
without bypass is bounded by the MSIV closure
transient and is acceptable.

(3)

Decrease in Reactor Coolant System flow Rate
Transients in this group included trip of three RIPs,
trip of all RIPs, runback of RIPs, and failure of the
recirculation flow control to decrease flow.
Traditionally, loss of all forced circulation has been
classified as a moderate frequency event and subject
to the associated acceptance criteria. The ABWR
will use motor-generator (MG) sets to power six of
the ten RIPs. On loss of offsite power, tb<$ inertia
of the MO provides a longer flow coastdown
period. Analysis of this event shows that AOO
acceptance criteria are met. However, the staff
asked OE to consider the possibility of failures of
other systems or components that could result in the
loss of forced circulation without the availability of
MG set coastdown. GE identified loss-of-flow transients both with and without offsite power available.
The case with offsite power available was found
more limiting because it did not result in an
immediate reactor scram.

Inadvertent opening of a safety relief valve will
cause a decrease in reactor coolant inventory and
result in a mild depressurization event that will
have only a slight effect on fuel thermal margins.
Changes in surface heat flux are calculated to be
negligible indicating an insignificant change in the
MCPR. Thus, the transient response is acceptable
and is bounded by the more severe feedwater
controller failure transient.
OE initially inappropriately categorized the
inadvertent RHR shutdown cooling operation event
as an accident rather than an AOO. This was
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(b)

The most severe transient in this group is the
simultaneous trip of all RIPs with offsite power
available which is discussed in Section 15.2 of this
report.

(4)

The rod withdrawal error transient can result from
either a procedural error by the operator so that a
gang of control rods is withdrawn continuously or
from a malfunction of the automated rod withdrawal control logic during automated operation in
which a gang of control rods is withdrawn
continuously.

Reactivity m4 Power Distribution. AnQnwliw
Transients in this group included rod withdrawal
error, abnormal startup of one RIP, fast runout of
RIPs, and control rod misoperations.

In the ABWR, the automated thermal limit monitor
(ATLM) and the multi-channel rod block monitor
(RBM) subsystem logic issues a rod block signal
used in the RCIS logic to enforce rod blocks. This
feature acts to prevent fuel damage by ensuring that
the MCPR and maximum average planar linear heat
generation rate (MAPLHGR) do not violate the fuel
thermal operating and safety limits. The operating
thermal limits rod block function will block rod
withdrawal when the operating thermal limit is
reached.

The startup of an idle RIP is categorized under
reactivity anomalies. This event is not a limiting
transient and neither primary pressure boundary nor
fuel damage criteria are exceeded.
(a)

Rod Withdrawal Error at Low Power

CE examined the design of the rod control system
to ascertain if a single failure can lead to the
uncontrolled withdrawal of a control rod during
refueling and during startup and low-power operation. During refueling operations, interlocks ensure
that all control rods are inserted while fuel is being
handled over the core. When no fuel is being
handled, a maximum of one rod may be withdrawn.
However, the control system is designed (see
Section 4.3.2 of this report) so that the core is
subcritical with the highest worth rod withdrawn.
Finally, a control rod cannot physically be removed
(from the top) without removing the four fuel
assemblies that surround the rod. Therefore, GE
has not provided an analysis of control rod removal
error during refueling. This is in accord with
approvals for current BWRs and is acceptable.

The rod block algorithms and set point are based on
online core information (e.g., core flow and local
power range monitor (LPRM) readings used to
calculate the fuel status relative to limits). In
response to staff questions and DSER
(SECY-91-135) Open Item 137, GE presented
(enclosures to its letter dated January 10, 1992,
"GE Response to Agenda Item 12 Discussed During
. . . . Meeting on November 20 and 21, 1991") a
description of the algorithms, their development and
bases, and examples of the functions (correlating
MCPR or MAPLHGR with LPRM set points) programmed into the microprocessor-based ATLM for
a given fuel and core design.
The functions for both MCPR and MAPLHGR are
developed statistically with a database developed by
analyzing control rod withdrawals for a wide range
of initial power and flow conditions for a core
design.
These cases are used to provide a
statistically derived bounding (95/95 probability and
confidence) function for the rod block set point.
The method is similar to the approach previously
approved for BWR/5 rod block set point analysis.
The functions will be updated for each fuel and
core design used in the ABWR. This resolved
DSER SECY-91-355 Open Item 137.

OE claims that the uncontrolled withdrawal of a rod
during reactor startup is prevented by the rod block
control system function of the rod control and
information system (RCIS). This system enforces
the banked position withdrawal sequence and
precludes rod withdrawals other than those
permitted in normal operation SRP Section 15.4.1
states that this transient need not be considered if
single failures cannot cause the sequence. The
single failure evaluation of the RCIS is given in
Chapter 7 of this report. However, in accordance
with staff requirements on current BWRs, OE also
analyzed the erroneous withdrawal of a high worth
control rod and found that the results fall well
within the MCPR and other fuel criteria limits.
This analysis is acceptable for the postulated event.
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Rod Withdrawal Error at Power

The RBM algorithms are simple relationships
between power (LPRM readings) and operating
limits (MCPR and MAPLHGR) and are reasonable
and acceptable. The statistical approach is similar
to previous staff-approved rod block methodology
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trip, the RIP trip and the turbine bypass in the
proposed ABWR TSs. This is acceptable and TS
Item 15.1-1 is resolved.

and is appropriate and conservative for use as
proposed for the ABWR.

(5)

Increase ja Reactor Cwlwtf Inventory

By letter dated August 23,1989, GE informed Gulf
States Utilities Company of a condition that could
be reportable under 10 CFR Part 21, applicable to
the River Bend Station. This condition involves a
slow closure of one main turbine control valve.
This low probability event, which was not previously considered, results from a turbine control
valve that GE assumes to close as a result of an
unspecified failure in the turbine control circuit or
in the servo-mechanism hardware. According
to GE, if the valve closes in less than 2.3 seconds,
a reactor scram will be initiated as a result of high
neutron flux and no safety limits will be exceeded.
However, if the valve closes in more than 2.3
seconds, the reactor scram will be initiated by high
reactor pressure. During this slow-closure case, the
MCPR safety limit may be exceeded if the
maximum combined flow limiter is set for less Hh»3
113 percent of rated steam flow. GE based the
consequences of this postulated event on its assessment of a generic BWR/6 analysis. This was
identified as DSER (SECY-91-355) Open Item 139.
The staff, however, requested that GE address the
event for ABWR applicability. In response, GE
performed an ABWR-specific analysis for the slow
closure of one turbine control valve with the
remaining three control valves remaining open. In
this case, the neutron flux increase will not reach
the high neutron flux scram set point. Since the
available turbine bypass capacity will be high
enough to bypass all steam flow not passing through
the remaining three turbine control valves, the
reactor power settles back to its steady state. (The
total steam flow through three control valves will
increase to about 85 percent, and the remaining
15 percent of flow will pass through the slowopening control valve and the bypass valves.)
During this transient, the peak fuel surface heat flux
will not exceed 104 percent of its initial value. The
MCPR remains above the safety limit and is acceptable.
Therefore, DSER Open Item 139 was
resolved.

GE analyzed inadvertent startup of the highpressure core flooder (HPCF) pump. (Feedwater
flow control failure to maximum demand is covered
in Category (1).)
The transient which could cause unplanned addition
to coolant inventory is the inadvertent actuation of
the HPCF system. The HPCF system actuation has
little effect because its flow is small compared to
the recirculation flow. Because the HPCF full flow
is a small contributor to total core flow, the
increase in total coolant inventory |s also small.
GE*s analysis shows that the consequences of this
small inventory increase has little effect on fuel
thermal margins and reactor system pressure. In
accordance with SRP Section 15.5.1, this is
acceptable.
(6)

Decrease in Reactor Coolant Inventory
The anticipated operational occurrence of the
inadvertent opening of a safety relief valve is
covered in Category (1) above.
GE indicated that non-safety-grade equipment is
credited for the high water level 8 trip, use of
turbine bypass valves, and recirculation pump trip
on load/turbine trip.
The staff questioned the appropriateness of GE
taking credit for equipment that is not safety grade
in the transient analysis as stated in DSER
(SECY-91-355) Open Item 138. GDC 1 through 4
require that components important to safety be
designed to be commensurate with the quality standards, and GDC 21 requires that the protection
system be designed for high functional reliability.
GE listed in a table the redundancy, isolation,
environmental, seismic, periodic testing, and QA
requirements for the equipment.
Even though the equipment discussed above will not
be categorized as safety grade, it is of high quality
and has sufficient redundancy to ensure its
operability. To ensure an acceptable level of
performance for the ABWR, GE committed to
identify the above equipment in the ABWR
technical specifications (TS) with regard to availability, set points and surveillance testing. This was
DFSER TS Item 15.1-1. GE included the level 8

15.2 Trip of All Reactor Internal Pumps and
Pressure Regulator Down-Scale Failure
For the postulated trip of all of the RIPs with offsite power
available, GE postulated a common-mode failure of the
adjustable speed drives. GE estimated that a fraction of
low bumup fuel rods will achieve boiling transition during
this event although test results indicate no fuel failures
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would occur. The staff classified this postulated event in
the special category of anticipated transients involving a
common-mode software failure and established a special
acceptance criterion for the radiological dose calculation.
The staff will not require that fuel failure be assumed in
dose calculations for fuel rods that are under approximately
600 °C (1111 °F) fo*r less than 60 seconds. This time and
temperature criterion is based on test data for fuel that has
achieved up to 20 gigawatts days per metric ton
(OWD/MtU) (18 GWD/t) buraup; thus, it may be applied
only to fuel with burnup of less than 20 GWD/MtU
(18 GWD/t). For fuel with greater buraup, the dose
calculations must assume fuel failure for all fuel rods that
achieve transition boiling. In the equilibrium cycle, the
higher buraup fuel accounts for about 45 percent of the
total fuel bundles. The power generated by these bundles
is usually 20 percent less than that of the hottest bundles,
and less than 0.2 percent of these rods are expected to
enter transition boiling. Because none of the hottest fuel
rods exceed the time and temperature failure criterion, the
radiological dose requirements limit of 10 percent of
10 CFR Part 100 are satisfied.

15.3 Accidents
GE analyzed RIP seizure and shaft break accidents. In the
unlikely eveJt of the pump motor shaft of 1 of the 10 RIPs
stops instantaneously, a very rapid decrease of pump flow
will result from the large hydraulic resistance introduced
by the stopped rotor or shaft and cause pump seizure or
shaft break. Consequently, core inlet flow and core
cooling capability decreases. However, GE's analysis
shows that with only 1 out of 10 RIPs seized, the core
flow decrease is small ( < 10 percent), so the event is
mild. The RIP seizure and shaft break do not result in any
fuel failure. This satisfies the dose limit criteria of
10 CFR Part 100 and is acceptable.
GE's analyses of the mislocated fuel bundle accident,
misoriented fuel bundle accident, rod ejection accident, and
control rod drop accident are discussed below.

(1)

Three errors must occur for this event to take
place: (a) a bundle must be misloaded into a wrong
location in the core; (b) the bundle, which was
supposed to be loaded where the mislocation
occurred, also is put in an incorrect location or
discharged; and (c) the misplaced bundles are
overlooked during the core verification process
after core loading. A fuel loading error not detected by in-core instruments after fueling operations may result in an undetected reduction in
thermal margin during power operations.
However, GE evaluated the probability and consequences of a misplaced fuel bundle accident in
equilibrium, first cycle, and subsequent cycle cores
for current operating reactors and concluded that no
fuel failure will occur and no radioactive material
will be released from the fuel. The staff approved
this analysis for operating plants and it is also
applicable for the ABWR. This satisfies the criteria
of 10 CFR Part 100 as required by the SRP for this
event and is acceptable.

For the pressure regulator down-scale failure to occur, all
three channels would have to suffer a common-mode
failure before the pressure regulator would go either up or
down the scale. If the pressure regulator failed downscale, the steam control valves would close causing the
reactor pressure and reactivity to increase.
When
reanalyzing this postulated event, GE proposed to assume
that any fuel rods that achieve transition boiling fail for the
purposes of the radiological dose calculation. The staff
includes this postulated event in the special category of
anticipated transients involving a common-mode software
failure because of the uncertainty that such an event will
occur during the plant lifetime. GE originally categorized
this event as an accident. The staff believes that it is more
appropriate to apply a special classification for such an
event. The staff required that GE demonstrate that this
special event will not exceed the limits of 10 percent of
10 CFR Part 100, which the staff considers appropriate for
an event of such postulated frequency.
According to GE analysis, during this event, it is estimated
that less than 0.2 percent of fuel rods enter transition
boiling and the requirement that the limit of 10 percent of
10 CFR Part 100 not be exceeded is met.

(2)

Misoriented Fuel Bundle Accident
GE notified the staff by a 10 CFR Part 21 report
(GE letter dated June 19, 1992, from S.J. Stark,
"10 CFR Part 21, Reportable Condition, Rotated C
or S-Lattice Fuel Assembly") that a fuel misorientation event may lead to fuel damage in BWR/6
designs. The staff required GE to evaluate the
applicability of the issue for the ABWR and discuss
its evaluation in the SSAR. This was DFSER Open
Item 15.3-1.

The staff will treat the above two postulated events as
special cases, applicable only for the ABWR. This is due
to the unique design features of the ABWR instrumentation
and control systems, which reduce the frequency of such
events; therefore, allowing these events to be recategorized
as special cases. This resolved DSER (SECY-91-3SS)
Open Item 136.
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For this event the fuel bundle is located correctly,
but is rotated by 90 • or 180 °, resulting in nonuniform adjacent water gaps. While this does not
result in exceeding specified acceptable fuel design
limits for some fuel bundle configurations during
normal operation, for other configurations the limit
might be exceeded.
GB prepared a generic
probabilistic risk model (GE letter dated
September 30,1992, from J.F. Klapproth, "Rotated
Bundle Event Licensing Basis Change"), based on
experience from recommended procedures for
verifying fuel loading instituted in 1981, this model
applies to current operating reactors and the
ABWR, to demonstrate that the event may be
classified as an accident. Since the staff had not
completed the review of the GE probabilistic study,
GE chose to reanalyze the misoriented fuel bundle
event for a core loading with a bundle very similar
to the reference fuel bundle design. GE made only
slight modifications to the radial enrichment
distribution to reduce the delta R factor. The
analysis reflected that the energy capabilities were
equivalent to the reference bundle design and the
15 percent thermal margin requirement was
maintained. The infinite lattice void coefficient was
also unchanged. This assures that the fuel safety
limits are not exceeded for a misorientation event
and is acceptable to the staff. Therefore, DFSER
Open Item 15.3-1 is resolved.

(3)

Ro4 Eiretion Awitent
The rod ejection accident is caused by a major
break on the fine motion control rod drive
(FMCRD) housing, outer tube, or associated
control rod drive (CRD) pipe lines. The consequences of a rod ejection accident are similar to
those of the rod drop accident in that the fuel
enthalpy criteria may be violated if the speed of the
ejected rod and/or the reactivity added are large
enough.
The same criterion of 280 cal/gm
(1172 E+3 joules/kg) is applied to the rod ejection
accident.
A redundant brake mechanism is installed in the
FMCRD system (two brakes in each FMCRD) to
prevent severe consequences resulting from this
accident. Even if this accident does happen, the
brake effectively terminates this event and prevents
any severe consequences.
The radiological consequences are bounded by the
analysis of the control rod drop accident.
Therefore, the plant response is acceptable.

(4)

Rod Droo Accident
The locking piston CRD mechanism in current
BWRs cannot detect separation of the control rod
from the drive mechanism during normal rod
movements. Therefore, a latch mechanism is
provided on the control rod to restrict the control
rod free-fall distance to acceptable limits to prevent
damage to the nuclear system process barrier by the
rapid reactivity increase that would result from a
free foil of a control rod (rod drop accident) from
its fully inserted position to the position where the
drive mechanism is withdrawn.
In contrast to the locking piston CRD, the FMCRD
is designed to detect the separation of the control
rod from the drive mechanism. Two redundant and
separate Class IE switches are provided to detect
the separation of either the control rod from the
hollow piston or the hollow piston from the ball
nut. Actuation of either of these switches cause an
immediate rod block and initiate an alarm in the
control room, thereby reducing the probability of a
rod drop accident from occurring. The radiological
consequences of the control rod drop accident are
provided in Section 15.4.1 of this report.

15.4 Radiological Consequences of Accidents
(Throughout this chapter there are statements indicating
that 10 CFR Part 100 guidelines and criteria have been
met. This means that the design basis accident being
evaluated would result in a fission product release that
would result in an exposure to an individual located in the
plant's exclusion area for a period of two hours
immediately after the release, of no more than 250 mSv
(25 rem), or a whole body dose of no more than 3000 mSv
(300 rem), or a total thyroid exposure from iodine of no
more than 3000 mSv (300 rem). Further, a person located
in the plant's low population zone for the duration of the
release would receive no more than a whole body dose of
250 mSv (25 rem) or a total iodine dose to the thyroid of
3000 mSv (300 rem). These dose limits are listed in
10 CFR 100.11.)
In Chapter 15 of the SSAR, GE assessed the radiological
consequence of the following six reactor DBAs (1) failure
of small lines carrying primary coolant outside
containment,
(2) main steamline failure outside
containment, (3) LOCA, (4) fuel handling accident,
(5) spent fuel cask drop accident, and (6) reactor water
cleanup system failure outside containment. GE concluded
that the ABWR design using (1) reactor accident source
term assumptions given in Technical Information
Document (TID)-14844, "Calculation of Distance Fac-
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tors for Power and Test Reactor Sites," (2) certain BSF
systems in the ABWR design, and (3) the bounding sets of
atmospheric relative concenurtion values (x/Q) which
determine certain distances to the exclusion area boundary
(EAB) and the low-population zone (LPZ) for a given site,
are sufficient to provide reasonable assurance that the
radiological consequences of such DBAs will be within the
dose reference values established in 10 CFR Part 100 and
we dose limits given in GDC 19 of Appendix A to 10 CFR
Part SO. (A maximum whole body dose of SO mSv
(S rem) or its equivalent to any part of the body for the
duration of an accident).
To verify GE's conclusion, the staff independently assessed
the radiological consequences of the above six DBAs and
reactor control rod drop accident. In its assessments, the
staff used assumptions and methods described in the SRP
Section IS and in Regulatory Guide (RG) 1.3 (Rev. 2),
"Assumptions Used for Evaluating the Potential Radiological Consequences of a Loss-of-Coolant Accident for
Boiling Water Reactors," and the bounding atmospheric
relative concentration values for EAB and LPZ proposed
by GE. The major parameters and assumptions used in the
staffs radiological consequence assessments are listed in
Tables 1S.2 through 1S.9 of this report.
In its evaluation of the radiological consequences in the
DFSER, the staff used an EAB of 800 m (0.S mi) and an
LPZ ranging from 1500 (0.9 mi) to 4800 m (3 mi), with
Pasquill F stability and persistent (greater than 95 percent
of time) and a wind velocity of 1 m/sec (3 ft/sec). The
staff also stated that the median values of EAB and LPZ of
current operating reactor sites are 800 m (0.S mi) and
4800 m (3 mi), respectively. In the DFSER, the staff
accepted and used, in its radiological consequence assessments, the atmospheric relative concentration values
corresponding to these distances as proposed by GE. GE
calculated these values using the acceptable
regulatory methodology given in RG 1.3.

Subsequently, as agreed to by the staff, GE proposed in
Amendment 32 to the SSAR the use of the bounding
atmospheric relative concentrations for EAB and LPZ for
the ABWR design rather than median EAB and LPZ
distances used by the staff in the DFSER. Table 1S.S of
this report and in Table 15.6-13 of the SSAR list the
bounding atmospheric relative concentration values
proposed by GE and accepted by the staff in its
radiological consequence assessments.
The staffs
recalculated offsite doses resulting from DBAs using the
bounding atmospheric relative concentration values are
listed in revised Table 15.1 of this report.
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The atmospheric relative concentration for the 2-hour EAB
was determined by the most limiting DBA (fuel-handling
accident) not to exceed the dose acceptance criteria
specified in the SRP Section 15.7.4 (7S0 mSv (75 rem) for
the thyroid and 60 mSv (6 rem) for the whole-body doses).
The bounding atmospheric relative concentration values for
LPZ (the 8-hour time period from 0 to 8 hours, the
16-hour period from 8 to 24 hours, the 3-day period from
1 to 4 days, and the 26-day period from 4 to 30 days)
were also determined by the most limiting DBA (LOCA)
not to exceed the dose reference values given in 10 CFR
Part 100 (3000 mSv (300 rem) for the thyroid and
250 mSv (25 rem) for the whole-body). Two-hour LPZ
atmospheric relative concentration and an annual average
(8760 hours) concentration values were obtained by
logarithmic interpolation of the calculated LPZ bounding
atmospheric relative concentrations. In determination of
these x/Q values, GE followed the guidelines provided in
RG 1.145, "Atmospheric Dispersion Models for Potential
Accident Consequence Assessments at Nuclear Power
Plants," (Rev. 1). The bounding atmospheric relative
concentration values for the EAB, 2-hour LPZ, and annual
average (8760-hours) are specified in Table S.0, "ABWR
Site Parameters," of the ABWR Certified Design Material
(Tier 1 Design Control Document) and in Table 2.0-1,
"Envelope of ABWR Standard Plant Site Design
Parameters," of the SSAR.
The staff will independently assess x/Q values for potential
accident consequence assessments on a site-specific basis
using onsite meteorological data (hourly cumulative
frequency distributions) submitted by a COL applicant in
accordance with RG 1.70, "Standard Format and Content
of Safety Analysis Reports for Nuclear Power Plants." In
its evaluation, the staff will use the guidance provided in
(1) RG 1.23,
"Onsite Meteorological Programs,"
(2) RG 1.145, (3) RG 1.111, "Methods for Estimating
Atmospheric Transport and Dispersion of Gaseous Effluent
in Routine Releases from Light-Water-Cooled Reactors,"
and (4) SRP Section 2.3.4, Short-Term Dispersion
Estimates. As discussed in Section 2.3.4 of this report,
this was DFSER COL Action Item 2.3.4-1.
If site-specific atmospheric relative concentration values
are greater than the bounding values (e.g., less dispersion) used in this report, a COL applicant may have to
augment ABWR ESF systems to meet the relevant requirements of 10 CFR Part 100 and GDC 19. However, this
condition is not expected to arise frequently since the
bounding values for atmospheric relative concentrations
envelope most of the current operating reactor site
meteorological characteristics.
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Table 15.1 Revised radiological consequences of design-basis accidents
BAB. mSv (rem)
Postulated Accident

LPZ. mSv (renrt

Thyroid

Whole Body

Thyroid

331 (33)

40(4)

38 (4)

3 (0.3)

02- 08 hours

198 (20)

11 (1)

08- 24 hours

244 (24)

15 (1.5)

24- 96 hours

417 (42)

6 (0.6)

96-720 hours

248 (25)

2 (0.2)

172 (17)

6 (0.6)

Whole Body

Loss of coolant
Containment leakage
00- 02 hours

Exfiltration

Total containment leakage

331 (33)

40(4)

1317 (132)

43(4)

20(2)

10(1)

72 (7)

< 10 (1)

125 (13)

10(1)

1302(130)

<10(1)

476 (48)

60(6)

2691 (269)

63(6)

With concomitant iodine spike

110(11)

<10(1)

13 (1)

< 10 (1)

With preaccident iodine spike

270 (27)

<10(1)

30 (3)

< 10 (1)

6 (0.6)

<10(1)

20 (2)

< 10 (1)

750 (75)

<10(1)

20 (2)

<10(1)

46(5)

<10(1)

< 1 0 (1)

<10(1)

92(9)

< 10 (1)

13 (1)

<10(1)

225 (23)

< 10 (1)

30 (3)

< 10 (1)

Emergency core cooling systems component leakage

Main steam isolation valve leakage

Total
Main stealine failure outside containment

Rod drop accident
Fuel-handling accident
Small line break accident
Reactor water cleanup line break
With concomitant iodine spike
With preaccident iodine spike
Note: EAB » exclusion area boundary
LPZ = low population zone.
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Table 15.2 Assumptions used to compute rod drop accident doses
Parameter

Value

Power level

4005 MWt (4.2 E+6 BTU/sec)

Peaking factor

1.55

Number of fuel rods perforated

770

Number of fuel rods melted

6

Condenser leak rate

1.0%/day

Fraction of fission product inventory release to coolant
from melted fuel rods

Iodines

50%

Noble

100%

Fraction of fission product inventory released to coolant
from perforated fuel rods

Iodines

10%

Noble gases

100%

Iodine fraction released to condenser

10%

Iodine fraction available for release from condenser
after plate-out and partitioning

10%

Atmospheric diffusion values

0-2 hour, exclusion area boundary

1.37E-3 sec/m (3.88 E-S sec/ft )

0-8 hour, low population zone

1.56E-4 sec/m (4.42 E-6 sec/ft )
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Table 15.3 Assumptions used to evaluate the main steamline and small line break accidents
outside the containment
Parameter

Value

Mass of primary coolant released before main steam isolation valve closure
Steam mass released

1.29E+4kg
(2.8E+41b)

Water mass released

2.2E+4 kg
(4.84E+4 lb)

Mass of primary coolant released through small line

5.5E+3 kg
(1.2E+4 lb)

Mass of primary coolant flashed

2.3E+3 kg
(5E+3 lb)

Fraction of iodine in the primary coolant released

100%

Fraction of noble gases in the primary coolant released

100%

Primary coolant concentration (dose equivalent 1-131)
Technical specification limit, normal long-term operation

7.4E-3 mBq
(0.2 /iCi/gm)

Technical specification limit, normal short-term operation

1.5E-1 mBq
(4.0 jtCi/gm)

Atmospheric diffusion values
1.37E-3 sec/m
(3.88 E-5 sec/ft )

0-2 hour, exclusion area boundary

3

3

1.56E-4 sec/m
(4.42 E-6 sec/ft )

0-8 hour, low population zone

3

3
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Table 15.4 Assumptions used to evaluate the loss-of-coolant accident
Parameter

Value

Power level

4005 MWt
(4.2E+6 BTU/sec)

Fraction of core inventory released
Noble gases
Iodines

100%
50%

Iodines initial plate-out fraction

50%

Iodtae chemical species
Elemental
Particulate
Organic

91%
5%
4%

Suppression pool decontamination factor
Noble gas
Organic iodine
Elemental iodine
Particulate
Pool bypass

1
1
2
2
50%

Iodine dose conversion factors

ICRP-30*

Primary containment leakage

0.5%/day

Main steam isolation valve leakage (total)

3.96 m /hr
(140 fiP/hr)
3

Standby gas treatment system
Filter efficiency
Flow rate

97%
113 m /min
(4000 ft /min)
3

3

Drawdown time

20 minutes

Emergency core cooling system (ECCS) system leakage

3.785 L/min
(1.0 gpm)

Iodine core inventory in suppression pool

0.5 fraction

Suppression pool water volume

3.785E+6 m
(1E+6 gal)

Iodine partition factor for ECCS leak

0.1

Primary containment free volume

1.33E+4 m
(4.7E+5 ft )
3

3

8.5E+4 m
(3E+6 ft )

Secondary containment free volume

3

50%

Secondary containment mixing efficiency
* 2CRP-30 International Conuniuion on Radiation Protection Publication 30.
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Table 15.5 Atmospheric dispersion (x/Q) values used in accident evaluations
Time Period

X/Q Value
(sec/m ) (Sec/ft )
3

3

0-02 hour EAB

1.37E-3 (3.88 E-5)

0-08 hour LPZ

1.56E-4 (4.42 E-6)

8-24 hour LPZ

9.61E-5 (2.72 E-6)

1-04 day LPZ

3.36E-5 (9.51 E-7)

4-30 day LPZ

7.42E-6 (2.10 E-7)

Note:

EAB = exclusion area boundary
L P Z - low population zone.

Table 15.6 Method to evaluate iodine removal in main steamlines and main condenser
Parameter

Value

Source term
Main steam isolation valve leakage rate
Leakage duration
Condenser volume

Regulatory Guide 1.3
3.96 m /hr (140 f^/hr)
30 days
9.85E+8cc(3.47E+4ft )
3

3

Deposition
Temperature
(K)(F)

Velocities
(cm/sec)

Resuspension Rate
(in. /sec)

(Usee)

300 (81)
400(261)
500 (441)
560 (549)

3.2E-2
5.0E-3
1.0E-3
6.2E-4

1.2 E-2
2.0 E-3
3.9 E-4
2.4 E-4

3.14E-6
7.05E-6
8.10E-6
9.20E-6

4E-6
8E-6
1E-5
2E-5

Organic iodine 300 (81)
400(261)
500 (441)
560 (549)

1.4E-3
3.5E-4
1.0E-5
1.3E-6

5.5 E-4
1.4 E-4
3.9 E-6
5.2 E-7

9.5E-8
2.0E-7
3.0E-7
3.6E-7

4E-6
8E-6
1E-5
2E-5

Inside
Diameter
(cm) (in.)

1
Length
(cm) (ft)

Thickness
(cm) (in.)

64 (25)
6.7 (2.6)

4773 (157)
610 (240)

2.5 (1.0)
1.1 (.4)

Elemental and
particulate
iodine

Component
Main steamline
Drain line

L
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Table 15.7 Iodine releases* GBq (curies)
Inlet to Main Steamlines

Hours

Inlet to Main Condenser

Outlet From Main Condenser

00-002

4.8E+05
(1.3E+04)

1.6E+04
(4.2E+03)

8.9E+Q2
(2.4E+01)

02-008

1.3E+06
(3.5E+04)

1.7E+04
(4.6E+03)

3.5E+03
(9.5E+01)

08-024

1.8E+06
(4.9E+04)

1.7E+04
(4.6E+03)

1.8E+04
(4.8E+02)

24-096

6.7E+06
(1.8E+0S)

5.9E+05
(1.6E+04)

2.0E+05
(5.4E+03)

96-720

2.1E+07
(5.6E+05)

1.7E+06
(4.6E+05)

1.1E+06
(2.9E+04)

•Based on total MSIV leakage rate.

Table 15.8 Assumptions used In computing fuel handling accident doses
Parameter

Value

Power level
Peaking factor

4,005 Mwt
1.55

Number of fuel rods damaged

124<»>
5,1200)

Number of fuel rods in cask

1,116

Filter iodine removal efficiencies:
Organic
Elemental

99%
99%
24 hours*"
7 days^
120 days* *

Shutdown Times

3

Inventory released from damaged rods:
Iodine and noble gases
Kr-85

10%
35%

Iodine fraction:
Organic
Elemental

0.25
0.75

Atmospheric diffusion values
0-2 hour, exclusion boundary
0-8 hour, low population zone

(sec/m ) (sec/ft ):
1.37E-3 (3.88 E-5)
1.56E-4 (4.42 E-6)
3

(1) single fuel assembly dropping
(2) heavy object dropping
(3) fuel cask dropping

NUREG-1503
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Table 15.9 Assumptions and estimates of the radiological consequences to control room operators
after a loss-of-coolant accident

Parameter

Value

Control room free volume

7,000 m (2E+5 ft )

Recirculation rates
Filtered intake
Unflltered intake
Filtered recirculation
Filter efficacy

1.8 nrVsec
0.0
0.8 m /aac
95%

Unflltered control room infiltration rate (assumed)

4.7E-3 m /sec (1.0 E-l f^/min)

Duration of accident

30 days

Breathing rate of operators in control room for course of accident

3.47 E-4 m /sec (1.22 E-2 f^/sec)

Meteorology (wind speeds for all sectors
0 0 - 0 0 8 hours
08 - 024 hours
24 -096 hours
96 - 720 hours

4.0
2.4
1.5
6.6

Iodine protection factor

27

3

3

3

3

3

E-3
E-3
E-3
E-4

sec/m
sec/m
sec/m
sec/m

Iodine dose conversion factors '

ICRP-30**

Iodine reduction factor for dual air intake

4

Control room operator occupational factors
00 - 008 hours
0 8 - 0 2 4 hours
24 - 096 hours
96 - 720 hours

1
1
0.6
0.4

4

Doses to control room operators
00
08
24
96

*
**
***

Thyroid dose*
mSv (rem)
10 (1)
30 (3)

- 008 hours
- 024 hours
- 096 hours
- 720 hours
Total

100 (10)

130(13)

270 (27)

3

3
3
3

(1.1
(6.8
(4.3
(1.9

E-4
E-S
E-S
E-S

sec/ft )
sec/ft )
sec/ft )
sec/ft )
3

3

3

3

Whole-body dose***
mSv (rem)
10(1)
3 (0.3)
1 (0.1)
i (Q,l)
15 (1.5)

Unweighted dose equivalent.
ICRP-30 International Commission on Radiation Protection Publication 30.
Unweighted dose equivalent - red bone marrow.
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The bounding atmospheric relative concentrations eliminate
the need for either the COL applicant with the certified
ABWR design or the staff to assess the offtite radiological
consequence assessments for DBAs for the reactor site
proposed if a COL applicant can demonstrate that (1) its
atmospheric relative concentrations at the proposed ABWR
reactor site are less than the bounding values used in this
report, and (2) its design characteristics of main
steamlines, steam drain lines, and condenser can remove
equal or greater amounts of iodine than that claimed in the
staff assessment in this report.
15.4.1 Control Rod Drop Accidents
In SSAR Section 15.4.9.6, GE states that the radiological
consequences of a control rod drop accident need not be
considered because such an accident is extremely unlikely
with the improved design of the ABWR. The ABWR
design employs the FMCRD system, which has several
new features not found in current BWR locking piston
CRDs.
In SSAR Section 15.4.9.2, OE states that for the rod drop
accident to occur, it is necessary for such highly unlikely
events as failures of both Class IE separation-detection
devices or the failure of the rod block interlock, and the
failure of the latch mechanism to occur simultaneously
with the occurrence of a stuck rod on the same FMCRD.
OE further states that, therefore, there is no basis to
postulate the occurrence of this event because of the low
probability of such simultaneous occurrence of these
multiple independent events.
The staff considered past licensing reviews, such as
Clinton, Perry, and River Bend, and concluded that a
control rod drop accident for the ABWR design results in
radiological consequences less than a small fraction of the
dose reference values specified in 10 CFR 100.11 even
with conservative assumptions.
SRP Section
15.4.9 (III) states that a specific calculation of the
radiological consequences for this accident is not necessary
unless unusual plant or site features are present, or the
applicant's calculation shows an unusually large amount of
fuel damage. However, the staff specifically evaluated this
accident because it is the first application involving the
ABWR standard design with hypothetical site boundaries.
Tins evaluation should establish a reference for comparison
of future applications incorporating the ABWR design.
To evaluate the radiological consequence of this accident,
the staff postulated that the highest worth control rod
becomes decoupled from its drive mechanism at a fully
inserted position in the core. The drive mechanism is
withdrawn, but the decoupled control rod is assumed to be
stuck in place. At a later moment, the control rod
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suddenly falls free and drops out of the core. This results
in the insertion of a large positive reactivity into the core,
causing a localized power excursion. An automatic safety
feature would terminate this excursion with required operator action. The rod pattern control function of the RCIS
limits the worth of any control rod by regulating the
withdrawal sequence.
The staff estimated that such a rod drop would cause no
more than 770 fuel rods to reach the threshold for cladding
damage, with 6 fuel rods melting. Table 15.2 of this
report lists the assumptions used for estimating this fuel
damage which are consistent with those given in
Appendices A (Physics and Thermal-Hydraulics) and B
(Radiological Assumption) of RO 1.77, "Assumptions
Used for Evaluating a Control Rod Ejection Accident for
Pressurized Water Reactors," (Rev. 0). The computed
doses are listed in Table 15.1 of this report and are well
within the dose reference values of 10 CFR 100.11.
Therefore, the staff concludes that the ABWR design is
adequate to control the release of fission products
following a postulated control rod drop accident.
15.4.2 Failure of Small Lines Carrying Primary
Coolant Outside Containment
ODC 55 contains provisions to ensure isolation of all pipes
carrying reactor coolant that penetrate the containment
building. Exempted from these specifications are smalldiameter pipes (instrument lines) that must be continuously
connected to the primary coolant system in order to
perform necessary functions. The design must include
methods of mitigating the consequences of a rupture of an
instrument line because the lines cannot be automatically
isolated. OE submitted a radiological analysis for an
instrument line failure in SSAR Section 15.6.2.5, and the
results of the analysis are provided in SSAR Table 15.6.3.
OE postulated that a small steam or liquid line breaks
inside or outside the primary containment and that a small
instrument line, instantaneously and circumferentially,
breaks at a location where it may not be able to be
automatically isolated and where detection is not automatic
or apparent.
OE estimated that 5,448 kg (12,000 lbs) of primary
coolant would be released through the break before it is
isolated. GE estimated that 2,270 kg (5,000 lbs) of the
5,448 kg released would flash to steam and be available
for release.
While conducting past licensing reviews, such as Clinton,
Perry, and River Bend, the staff determined that a small
line break accident is expected to result in radiological
consequences less than a small fraction of the dose
reference values specified in 10 CFR 100.11. Further-
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more, the staff believes that these postulated breaks are
subsumed by the design-basis LOCA radiological consequences, as stated in SRP Section 15.6.2. However, the
staff did perform a specific evaluation of this accident
because this application is the first involving the ABWR
standard design with hypothetical site boundaries. This
evaluation should establish a reference for comparison of
future applications incorporating the ABWR design.

reactor is required to be shut down). The SRP acceptance
criteria are the dose reference values of 10 CFR 100.11
for Case 2, and less than 10 percent of these values for
Case 1. Dose-equivalent 1-131 is defined as any mixture
of iodine isotopes yielding the same inhalation thyroid dose
as the stated amount of pure 1-131. The staff also considered the amounts of 13 noble gas isotopes that also would
be released.

The assumptions used for the evaluation are listed in
Table 1S.3 of this report. The computed doses are listed
in Table 15.1 and are well within the dose reference values
of 10 CFR 100.11. Therefore, the staff concludes that the
ABWR design is adequate to control the release of fission
products following a postulated small line break accident.

The major parameters and assumptions used in the staffs
radiological consequence assessment are given in
Table 15.3 of this report. The calculated doses are listed
in Table 15.1 and are within the acceptance criteria of SRP
Section 15.6.4. Therefore, the staff concludes that the
ABWR design is adequate to control the release of fission
products following a postulated steamline break accident.

15.4.3 Maw Steamline Failure Outside Containment
15.4.4 Loss-of-Cootent Accidents
QE postulated one of the four main steamttnes to rupture
between the outer isolation valve and the turbine control
valves. CE analyzed this hypothetical accident in SSAR
Section 15.6.4.5 and concluded that no more than
34,800 kg (76,770 lb) of reactor coolant would be lost
through the break before automatic isolation and less than
12,870 kg (28,373 lb) of that would be lost as steam. The
results of the OE analysis are provided in SSAR
Table 15.6.7.
The staff accepted GE's estimated value and calculated the
potential radiological consequences assuming 34,000 kg
(74,957 lb) of reactor coolant are released directly to the
environment. The staff assumed that 100 percent of the
iodine and noble gases present in the released coolant are
released to the atmosphere within 2 hours as stated in
RO 1.5, "Assumptions Used for Evaluating the Potential
Radiological Consequences of a Steamline Break Accident
for Boiling Water Reactors," (Rev. 0). Other assumptions
are listed in Table 15.3 of this report.
In Section 3.6 of this report, the staff evaluated the ABWR
design for protection against postulated piping failures in
fluid systems outside the containment.
The staffs
evaluation of the protection provided against adverse
environmental effects (excluding radiation effects) resulting
from postulated piping failure is discussed in Section 3.11
of this report.
The staff assumed two reactor coolant conditions for the
evaluation. In Case 1, the lost coolant was contaminated
with radioactive iodine at the limits included in the
standard technical specifications (STS) (i.e., 7.4E-3 mBq
(0.2 /iCi) of dose-equivalent 1-131 per gram) for BWRs at
continued full-power operation. In Case 2, a concentration
of 1.5E-1 mBq (4.0 pCi) of dose-equivalent 1-131 per
gram was assumed (the limits in the STSs above which the

In SSAR Section 15.6.5, OE selected and analyzed a
hypothetical design-basis LOCA and concluded that certain
bounding sets of atmospheric relative concentration values
in conjunction with the use of ESF systems provided in the
ABWR design are sufficient to provide reasonable
assurance that the radiological consequences of such an
accident will be within the dose reference values established in 10 CFR Part 100.
To verify GE's conclusion, the staff independently assessed
the radiological consequences of a hypothetical LOCA. In
its assessment, the staff used assumptions and methods described in the appendices to SRP Section 15.6.5 and in
RO 1.3, "Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss-of-Coolant Accident
for Boiling Water Reactors," (Rev. 2).
The major
parameters and assumptions used in the staffs evaluation
are listed in Table 15.4 of this report.
Since no specific site is associated with the ABWR plant,
OE previously defined these two boundaries only in terms
of various hypothetical atmospheric relative concentrations
at fixed EAB and LPZ distances. Subsequently, OE
proposed and the staff accepted the bounding x'Q values
as stated in Section 15.4 of this report. Using these
bounding x'Q values, the recalculated offsite doses
resulting from a hypothetical LOCA are listed in
Table 15.1. The computed doses in Table 15.1 are
expressed as thyroid and whole-body exposure for 2 hours
at the EAB and for 30 days at the boundary of the LPZ to
allow direct comparison with the dose reference values
established in 10 CFR 100.11.
The staff evaluated offsite radiological consequences using
the current TID-14844 source term assumptions that are
consistent with the guidelines in the applicable SRP
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sections and regulatory guides, except for the following
two deviations: The staff (1) provided a credit for
radioactive iodine removal in the main steamlines and in
the main condensers by holdup for decay and deposition
and (2) accepted the ABWR design without an MSIV
leakage control system (LCS) (see Section 15.4.4.2 for
technical bases).
The staff postulated a hypothetical LOCA to determine the
adequacy of the BSF systems designed to prevent release
of fission products into the environment, using bounding
meteorological conditions. The passive ESF systems for
this purpose in the ABWR design are the primary
containment and a secondary containment (reactor
building). The staff considered these in conjunction with
the standby gas treatment system (SOTS) and the pressure
suppression pool scrubbing, both of which are active ESF
systems.
The primary containment spray system, which is designed
as a containment heat removal feature, has not been given
credit in any drywell airborne fission product removal
calculations. The spray system is designed as a safetyrelated system but is not automatically initiated as required
in tjie SRP for iodine removal credit. OB has not
requested any iodine removal credit for the spray system.
In its assessment, the staff included containment leakage,
main steam isolation valve leakage, and post-LOCA
leakage from ESF systems outside containment as sources
and radioactivity transport paths to the environment
following a LOCA.

15.4.4.1 Containment Leakage Contribution
The ABWR primary containment design consists of a
drywell, a wetwell, and supporting systems to limit fission
product leakage during and following a LOCA with rapid
isolation of all pipes or ducts that penetrate the containment boundary. It is designed to prevent the uncontrolled
release of airborne radioactivity to the environment. GE
proposed that the primary containment will be built and
tested periodically to have a leak rate at design pressure of
less than 0.5 percent by weight per day at the calculated
peak containment pressure associated with a LOCA. The
staff used this leak rate in its radiological assessment.

The secondary containment structure and supporting
systems will collect and process radioactive material that
may leak from the primary containment following a LOCA
or that may result from a fuel-handling accident. The
secondary containment is a seismic Category I reinforcedconcrete structure with a volume of approximately
8.5E+4 m (3E+6 ft ).
3
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In SSAR Section 15.6.5.5.1, OE assumed that the primary
containment leak rate into the reactor building through
penetrations and ESF system components will not be
greater than an equivalent release of 0.5 percent by weight
per day of the primary containment free air weight for the
first 24 hours after a LOCA and half of that value
(0.25 percent/day) after 24 hours.
GE based its
assumption of a reduced leak rate on the finding that the
primary containment pressure is reduced by more than a
factor of 1/2 during the 12 hours following initiation of a
LOCA; therefore, the driving force for leakage through the
pathway is correspondingly reduced.
RG 1.3 (Rev. 2) assumes a constant containment leak rate
for the duration of a LOCA, although it permits a reduced
leak rate with supporting justification. Two rationales
support a constant containment leak rate: (1) the pressure
profile for a BWR does remain high for a long period of
time and (2) for most plants, the leakage is only measured
at the maximum value in accordance with Appendix J to
10 CFR Part 50. Therefore, the primary containment leak
rate was identified as Open Item 143 in the DSER
(SECY-91-355). Subsequently, GE revised the primary
containment leak rate of 0.5 percent by weight per day
for the entire duration of a LOCA, accepting the staffs
position in a draft revision to the SSAR. This was
identified as DFSER Confirmatory Item 15.4.4.1-1. In
Amendment 24 to the SSAR Section 15.6.5.5.1, GE
revised the leak rate to 0.5 percent by weight per day for
the duration of a LOCA and this resolved DFSER
Confirmatory Item 15.4.4.1-1.
The pressure within the reactor building is maintained
slightly negative during normal operation by exhausting the
reactor building air through the normal reactor building
ventilation system. On receipt of an ESF actuation signal,
the normal ventilation system is automatically switched off
and the SGTS actuated. Following a postulated LOCA,
the pressure in the secondary containment could increase
from its initially negative pressure to a slightly positive
value as a result of inleakage, air expansion because of
heat, and the time required for the startup of the SGTS.
The SGTS is designed to achieve a negative pressure of
0.635 cm (0.25 in.) water gauge in the secondary containment within 20 minutes (drawdown time). Following the
drawdown time, the staff assumed an iodine removal
efficiency of 97 percent by the SGTS charcoal absorber
with a depth of 15.24 cm (6 in.). In accordance with SRP
Section 6.5.3, the staff assumed reactor building air
mixing efficiency of 50 percent for the primary
containment leakage before the release to the environment.
The staff estimates that wind speed in excess of 10 m/s
(33 ft/sec) may create potential exfiltration of the reactor
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building due to the low atmospheric pressure created
outside the reactor building. The loss of the SOTS for the
entire period of an accident (720 hours) wjll increase the
offsite radiological consequences by a factor of 100, while
tfc» increased wind speed will improve atmospheric
dispersion parameters by a factor of 33 based on the
meteorological data submitted by GB on November 17,
1992. In the submittal, GE also stated that wind speed
will exceed 10 m/s (33 ft/sec) no more than 5 percent of
the time, based on meteorological data obuiaed from 28
BWR sites in the United States. Therefore, the loss of the
SGTS for 36 hours (5 percent of 720 hours) could increase
the offsite radiological consequences by IS percent. This
increase is reflected in revised Table 15.1 of this report.
Because the secondary containment (reactor building) is
designed to completely enclose the primary containment,
the staff assumed no bypass leakage to the environment
from the primary containment except that directed through
the main steamlines. In Section 6.2.3.1 of the DSER
(SECY-91-355), the staff concluded that GE adequately
addressed the criteria in Branch Technical Position
CSB 6-3 of the SRP and that the design of barriers to
preclude the secondary containment bypass flow (excluding
that through main steamlines) is acceptable.
The fundamental characteristic of an BWR pressuresuppression containment is that steam released from the
reactor coolant system will be condensed and scrubbed of
radionuclides in a pool of water (the suppression pool) and
the pressure rise in the containment will thereby be
limited. This is accomplished by directing the steam from
the reactor coolant system to the suppression pool through
a vent system. However, leakage paths could exist in the
pathway between the drywell and the wetwell airspace that
could allow steam to bypass the suppression pool,
potentially overpressurizing the containment. Potential
sources of steam bypass include leakage through the
vacuum relief valves, cracking of the drywell structure,
and penetrations through the drywell structure.
In SSAR Section 15.6.5.5.1, GE assumed that any
elemental and particulate iodine species purged to the
suppression pool would be subject to a decontamination
factor (DF) of 10. In the DSER (SECY-91-355), 'he staff
found that credit may be given for the removal of fission
products by the suppression pool if suppression pool DFs
are evaluated in accordance with the methodology
prescribed in revised SRP Section 6.5.5, "Pressure
Suppression Pools or Fission Product Cleanup Systems"
(issued in December 1988), which states that suppression
pools are capable of scrubbing airborne fission products
and that it is unduly conservative to ignore this capability.

However, the staff also stated in the DSER (SECY-91-355)
that GE should provide the drywell leakage capability to
justify the suppression pool DF of 10. The suppression
pool DF was identified as Open Item 141 in the DSER
(SECY-91-355).

In the DFSER, the staff conservatively assumed, in its
radiological consequence analysis, that a DF of 2 is
provided by the ABWR pressure suppression
pool (equivalent to suppression pool steam bypass of
50 percent) for airborne radioactive iodine in elemental and
particulate forms. This assumption is further supported by
safety-related drywell and wetwell containment sprays in
the drywell or wetwell, or both, which also would reduce
the effect of suppression pool bypass leakage on
containment performance; therefore, the staff stated in the
DFSER that this DSER Open Item 141 was resolved. In
Amendment 31 to the SSAR, GE accepted the staff
position amending Section 15.6.5.5.1.1 of SSAR to reflect
a DF of 2 by the suppression pool for airborne radioactive
iodine in elemental and particulate forms. This item
re: jains resolved.

The staff recently accepted the drywell leakage value of
(.05 m ) (.06 yd ) of effective leakage pathway) proposed
by GE for the ABWR design. GE submitted a letter dated
August 31, 1993, enclosing a revised set of design
description and ITAAC on the suppression pool bypass
issue. The adequacy and acceptability of the ABWR
design descriptions and ITAAC are evaluated in
Chapter 14.3 of this report.
2

2

While containment sprays in the drywell and/or wetwell
also would reduce the effect of suppression pool bypass
leakage on containment performance lowering its
temperature and pressure, the sprays also scrub the
containment atmosphere of fission products (even though
the staff has not given a credit for scrubbing) and mitigate
the effects of bypass on fission product distribution.
The staff will review, for each COL applicant, plantspecific TS, which require periodic inspections to confirm
suppression pool depth, and surveillance tests to confirm
drywell leak tightness. In DFSER, the staff identified this
as TS Item 15.4.4.1-1. GE included this inspection
requirement in the ABWR STS for such surveillance tests.
Therefore, this item is resolved. The calculated doses for
the ABWR resulting from the containment leak of 0.5 percent by weight per day are shown in Table 15.1 of this
report.
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15.4.4.2 Main Steam Isolation Valve Leakage

The BWROG proposed an approach adopted by GE which
would allow higher leakage limits of 3.96 m /hr
(140 f^/hr) total for four steamlines and would not include
an LCS for the ABWR design. In this alternative
approach, GE used the main steam piping (and its
associated piping) and the condenser to mitigate the
radiological consequences of an accident that could result
in offsite exposures comparable to the dose reference
values specified in 10 CFR Part 100.
3

The main steamlines in BWR plants contain dual quickclosing main steam isolation valves (MSIVs) which isolate
the reactor system in the event of a break in a steamline
outside the primary containment, a design-basis LOCA, or
other events requiring containment isolation. Although the
MSIVs are designed to provide a leaktight barrier, it is
recognized that they allow some leakage. The current
BWR TS limit for MSIV leakage is typically 0.325 m /hr
(11.5 ft^/hr) per valve. Operating experience has indicated
that degradation has occasionally occurred in the leaktightness of MSIVs and that the valves may exceed their
specified leakage limit.
3

Because of recurring problems with excessive leakage of
MSIVs, the staff recommended in RO 1.96, "Design of
Main Steam Isolation Valve Leakage Control Systems for
Boiling Water Reactor Nuclear Power Plants," (Rev. 1),
installation of a supplemental leakage control system (LCS)
to ensure that the isolation function of the MSIVs complies
with the specified limits. Most of the currently operating
BWRs have an LCS.

In the DSER (SECY-91-355), the staff stated that it was
evaluating whether a credit for the fission product
attenuation in the main steamlines and for the condenser is
appropriate and reasonable for BWRs even though the
main steamlines downstream from the MSIV and its
condensers are not designed to withstand the safe shutdown
earthquake (SSE), as defined in Appendix A, Section 111(c), to 10 CFR Part 100. This was identified as
DSER (SECY-91-355) Open Item 142.
The staff
completed its evaluation, and has accepted the BWROG
and GE proposals for the ABWR design based on the
following radiological and seismic analyses.
15.4.4.2.1

In response to the MSIV leakage concerns, the BWR
Owners Group (BWROG) commissioned a program of
studies to determine the causes of high leak rates and the
means to eliminate them. The results of these studies were
submitted to the Nuclear Regulatory Commission (NRQ in
General Electric proprietary reports, NEDO-31643P
(November 1988) and NEDO-31858P (February 1991),
both entitled, "Increasing Main Steam Isolation Valve
Leakage Rate Limits and Elimination of Leakage Control
Systems." GE referenced these reports as the basis for not
including an LCS and requesting a substantially higher
(0.99 nrVhr (35 f^/hr) per valve) MSIV leakage limit.

•

The MSIVs generally have not provided a leak-tight
containment pressure boundary to the extent intended in the
plant design. Although substantial progress has been made
in recent years to identify the causes of the leakage and
reduce the amount of leakage, the current typical TS limit
of 0.325 m /hr (11.5 tf/hr) per valve is still difficult to
achieve when the valve is rapidly closed against a full-flow
condition at reactor operating pressure and temperature.
3

The staff conservatively assumes for operating plants that
the TS leakage limit of 0.325 m /hr (11.5 ft /hr) per
MSIV is released directly into the environment in
calculating offsite radiological consequences of potential
accidents (10 CFR Part 100). No credit is currently given
for the integrity and leaktightness of the main steam piping
and condenser to provide holdup and plate-out of fission
products.
3
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Radiological Analysis

MSIV Leajfflge Pathways
Following a LOCA, three potential release pathways
exist for main steam leakage through the MSIVs:
(1)

main steam drain lines (typically 5.08 cm
(2 in.) in diameter) to the condenser with delayed
release to the environment through the lowpressure turbine seals

(2)

turbine bypass lines (typically 15.2 cm (6 in.) in
diameter) to the condenser with delayed release to
the environment through the low-pressure turbine
seals

(3)

main steamline (typically 61 cm (24 in.) in
diameter) turbine stop and control valves through
and high-pressure turbine seals to the environment
bypassing the condenser

The consequences of leakage from pathways 1 and 2
will be essentially the same because the condenser can
be used to process MSIV leakage. The condenser
iodine removal efficiency will vary depending on the
inlet location of the bypass or drain line piping, but in
either case, iodine removal will occur. However, for
pathway 3, MSIV leakage through the closed turbine
stop and control valves will not be processed via the
condenser. For this case, iodine will be removed in
the high-pressure turbine, which has a large internal

Transient and Accident Analysis
essentially all of the releases will be through the main
condenser. This is because there wi? be essentially no
differential pressure in the main steamline downstream
of the MSIVs following the closure of the valves.

surface area associated with the turbine blades for
plate-out of the radioactive material.
The staff assumed that turbine bypass, stop, and
control valves will be closed upon loss of the electrohydraulic control system following a LOCA, and the
drain valve can be manually opened to provide a
leakage pathway from the control room to the
condenser via a safety-related power source following
a LOCA. GE submitted on August 31,1993, a revised
set of Tier 1 design descriptions of the nuclear boiler
system.
In Section 2.1.2 and corresponding
Figure 2.1.2b of this document, OE stated that the
main control room will include main steam drain valve
controls and status displays. The staff finds that the
remote control requirement placed in the ABWR Tier 1
document is acceptable. The overall adequacy and
acceptability of the ABWR Tier 1 design descriptions
are evaluated in Chapter 14.3 of this report.

Furthermore, any MSIV leakage through pathway 3, if
any, will have been subjected to the same iodine
removal processes in the main steamlines (up to turbine
stop valves) as the other pathways, and it will be
further subjected to iodine removal by deposition in the
high-pressure turbine internal surfaces. The main
condenser does not remove iodine in pathway 3.
In calculating the contribution to the LOCA dose, the
staff assumed that one of the inboard isolation MSIVs
foiled to close, thus allowing contaminated steam to
travel to the outboard valve. This outboard valve and
the outboard valves from the other three steamlines
were assumed to have a total leak rate of 3.96 m /hr
3

(140 tf/hr).

In the DFSER, the staff stated that the TS must address
operability of the drain valve. Subsequently, the staff
agreed with GE that the operability of the drain valve
need not to be included in the ABWR STSs but should
be included in the plant operating procedures. This
position makes GE's TS consistent with the BWR STS
developed under the Commission's TS improvement
program. See the general discussion in Chapter 16 of
this report. Therefore, this resolved DFSER TS
Item 15.5.1.2.1-1.

•

The BWROG has also identified the same three leakage
pathways as discussed above. Of these, the BWROG
and GE proposed to use the drain line downstream of
the MSI Vs as a leakage pathway to the condenser. The
staff also chose to use the main steamline drains for the
MSIV leakage pathway in assessing iodine holdup and
deposition for the ABWR design.
The BWROG and GE indicated that the bypass piping
of the main steamline is another appropriate leakage
pathway that can be used for MSIV leakage control.
Either pathway is an acceptable approach, provided that
the chosen pathway will be available for MSIV steam
leakage to reach the main condenser. Comparing the
two pathways, more iodine is removed (by holdup and
deposition) through the turbine bypass pathway than
through the drain line pathway because of the larger
pipe size, which will have more surface area for
deposition.
The staff believes that as long as either the turbine
bypass or the drain line leakage pathway is available,
MSIV leakage through the closed turbine stop and
control valves (pathway 3) will be negligible and
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Iodine Transport Model
Basic chemical and physical principles indicate that
gaseous iodine and airborne iodine particulate material
will deposit on surfaces. Several laboratory and inplant studies have demonstrated that gaseous iodine
deposits will occur by chemical adsorption, and
particulate iodine deposits will occur through a
combination of sedimentation, molecular diffusion,
turbulent diffusion, and impaction. Gaseous iodine
exists in nuclear power plants in several forms:
elemental (I2), hypoiodous acid (HIO), organic (CH ),
and particulates. In accordance with RG 1.3, the staff
assumed 91 percent of iodine will be in the elemental
form (inhypoiodous acid), 5 percent in the particulate
form, and 4 percent in the form of organic iodides.
3

Each of these forms deposits on surfaces at a different
rate, described by a parameter known as the deposition
velocity. The elemental iodine form, being the most
reactive, has the largest deposition velocity, and
organic iodide has the smallest. Further, studies of inplant airborne iodine show that elemental and
particulate iodine deposited on the surface undergoes
both physical and chemical changes and can either be
resuspended as an airborne gas or become permanently
fixed to the surface. The data also shows that the
iodine can change its form so that iodine deposited as
one form (usually elemental) can be resuspended in the
same or in another form (usually organic). Conversion
can be described in terms of resuspension rates that are
different for each iodine species. Chemical surface
fixation can similarly be described in terms of a surface
fixation rate constant.
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The transport of gaseous iodine in elemental and
particulate forms has been studied for many years and
several groups have proposed different models to
describe the observed phenomena. Examples of the
studies are listed below.
(1)

NUREG/CR-2713, "Vapor Deposition Velocity
Measurement and Consolidation for Iodine and
Cesium Iodine/ S.L. Nicolosi and P. Baybutt,
May 1982.

(2) NUREG/CR-4397, "In-Plant Source Term
Measurements at Prairie Island Nuclear
Generating Station," J.W. Mandler et al.,
September 1985.
(3) IN-1394, Idaho Nuclear/National Reactor Testing
Station, "Deposition of Iodine 131 in CDE
Experiments," Nebecker at al., 1969.
(4)

BMI-1863, Fission Product Deposition and Its
Enhancement Under Reactor Accident Condition:
Deposition on Primary System Surfaces, J.M.
Genco et al., May 1969.

(5)

"Transmission of Iodine Through Sampling
Lines," 18th DOE Nuclear Airborne Waste
Management and Air Cleaning Conference, P.J.
Unrein et al., October 1984.

The staff used the model developed by an NRC
contractor (J.E. Cline and Associates, Inc., 1991) for
iodine removal in BWR main steamlines and the main
condenser following a LOCA.

The staff model treats the MSIV leakage pathway as a
sequence of small segments for which instantaneous
and homogeneous mixing is assumed; the mixing
computed for each segment is passed along as input to
the next segment. The number of segments depends on
the parameter of the line and flow rate and can be as
many as 100,000 for a long, large-diameter pipe and a
low flow. Each line segment is divided into five
compartments that represent the concentrations of the
three airborne iodine species, the surface that contains
iodine available for resuspension, and surface iodine
that has reacted and is fixed on the surface. The staffs
model considers three iodine species: elemental,
particulate, and organic. A fourth species, hypoiodous
acid, is considered for the purpose of the staffs model
to be a form of elemental iodine. All iodine in the
segment undergoes radioactive decay. The resulting
concentration from each segment of the deposition
compartment serves as the input to the next segment.
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The staffs transport model also assumes iodine
transport through the condenser as a dilution flow
rather than the plug flow as in the steamlines. The
staff assumes that the iodine entering the condenser
mixes instantaneously with a volume of air in the
condenser and that the diluted air exhausts at the same
time and same rate as the input air (MSIV
leakage) flows into the condenser.
The staff developed the equations for iodine deposition
velocities, resuspension rates, and surface fixation rates
as a function of temperature using published data from
the above-mentioned literature. The equations and data
are contained in the report by Cline and Associates.
The equation for the deposition velocity of elemental
iodine is based on the least-squares fit to the available
data. Deposition velocity equations for HOI and
organic iodine are based on the values at 30 °C
(86 °F); because of the lack of data at elevated
temperatures, their temperature dependence is assumed
to be similar to that of elemental iodine. The staff
based its resuspension and fixation equations as a
function of temperatures available in the literature
based on measurements taken at ambient temperature.
The staff assumed that resuspension and fixation rates
will increase with increasing temperature.
The parameter and assumptions used in the
development of the iodine transport model are listed in
Table 1S.6 of this report. Calculated iodine releases
from the condenser after holdup and plate-out in the
main steamlines and condensers are shown in
Table 15.7 of this report.
The technical references mentioned above and the
staffs model indicate that particulate and elemental
iodine would be expected to deposit on surfaces at rates
varying with temperature, pressure, gas composition,
surface material, and particulate size. The staff, therefore, concludes that an appropriate credit for the
removal of iodine in the main steamlines and main
condensers should be provided in the radiological
consequence assessment following a design-basis
accident for the ABWR. The staff considers DSER
Open Item 142 resolved.
The amount of iodine removal credit for the ABWR
design is shown in Table 15.7 of this report. In the
DFSER, the staff stated that the COL applicant will
need to recalculate removal credit on the basis of its
design characteristics of main steamlines, drain or
bypass line, and main condenser. This was identified
as COL Action Item 15.4.4.2.1.
In Sections 15.6.5.5.1.2 and 15.6.5.5.1.3 of the SSAR, GE
stated that COL applicants will recalculate iodine

Transient and Accident Analysis
removal credit on the basis of its design characteristics
of main steamlines, drain lines, and main condenser.
The staff finds this acceptable.
15.4.4.2.2

Seismic Analysis

Section 111(c) and VI of Appendix A to 10 CFR Part 100
require that structures, systems, and components (SSCs)
necessary to ensure the capability to mitigate the
radiological consequences of accidents that could result in
exposures comparable to the dose guideline exposures of
Part 100 be designed to remain functional during and after
an SSE. Thus, the main steamline, portions of its
associated piping, and the main condenser are required to
remain functional if the SSE occurs. Consequently, these
components are required to be classified as safety-related
and seismic Category I. In addition, Appendix A to
10 CFR Part 100 requires that the engineering method
used to ensure that the safety functions are maintained
during and after occurrence of an SSE involve the use of
either a suitable dynamic analysis or a suitable qualification
test.

Part 100 in a different manner or require that OE request
exemption from 10 CFR Part 100 and provide an
evaluation of the request in the SSAR. Section 3.4.1 of
this report describes the key design requirements for the
ABWR that resolve DFSER Open Item 15.4.4.2.2-1.
15.4.4.3 Post-LOCA Leakage Contribution from
Engineered Safety Features Systems Outside
Containment
Any leakage of water from ESF components (valve stems
and pump seals) located outside of the primary containment
releases fission products to the secondary containment
during the recirculation phase of long-term core cooling
following a LOCA, OE estimated such leakage from the
RHR system, HPCF system, and reactor core isolation
cooling (RCIC) system to be less than 6.2E-3 L/min
(1.6E-3 gpm). GE's leakage estimate indicated valve stem
leakage of 4.5E-3 L/min (1.2E-3 gpm) from a total of 45
valves and 1.7E-3 L/min (4.4E-4 gpm) from a total of 5
pumps in these systems. In Section 5.2.5 of this report,
the staff states that an identified leakage within the drywell
(inside of the primary containment) could reach 5.8 m /hr
(25 gpm) at which point it would activate an alarm in the
control room.
3

For the purpose of giving credit to iodine holdup and plateout in the main steamlines and condensers, the staffs
model requires that the main steam piping (including its
associated piping to the condenser) and the condenser to
remain structurally intact following an SSE, so it can act
as a holdup volume for fission products.
In the DFSER, the staff stated that the ABWR design did
not fully comply with the requirements of 10 CFR
Part 100 because portions of the main steamlines, bypass
and drain piping, and the condenser were not classified as
seismic Category I. This DFSER statement was incorrect.
The staffs position as discussed in detail in Section 3.2.1
of the DFSER and of this report is that the ABWR design
provides reasonable assurance that the main steam piping
from the outmost isolation valve up to the turbine stop
valve, the MSIV leakage pathway (i.e., the drain line or
bypass line) up to the condenser, and the main condenser
will remain structurally intact and leaktight, so that they
can act as a holdup volume for fission product during and
following an SSE. The staff has determined that the
ABWR design does comply with the requirements of
10 CFR Part 100 because the SSCs described above are
designed to remain functional during and following a SSE.
This issue is also discussed in the staffs SECY-93-087
entitled, "Policy, Technical, and Licensing Issues Pertaining to Evolutionary and Advanced Light-Water Reactor
(ALWR) Designs," dated July 21, 1993.
Open Item 15.4.4.2.2-1 in the DFSER indicated that the
staff would have to describe new ABWR design
requirements which would enable it to meet 10 CFR

The staff used a conservative leakage value of 3.8 L/min
( 1 . 0 gpm)
(instead
of 6.2E-3 L/min
(1.6E-3 gpm) proposed by GE), which is the typical BWR
leakage value used by the staff in its radiological
consequence assessment. The COL applicant will provide
this leakage value in its plant-specific TS. Section 17.6.3
(limiting condition for operation (LCO) 3.4.3 of the
ABWR TS) requires unidentified reactor coolant system
leakage to be less than 1 gpm. This resolved DFSER TS
Item 15.4.4.3-1.
The staff further assumed that 10 percent of the
waterborne iodine that leaks from the ECCSs (RHR,
HPCF, and RCIC) systems will become airborne and be
released to the environment through the SGTS after
20 minutes of the secondary building drawdown time (no
filtration credit is given prior to the drawdown time). The
offsite radiological consequences of an ESF component
leak outside the primary containment are relatively small
and are given in Table 15.1 of this report.
15.4.4.4 Conclusion
The staff reviewed GE's analysis and performed an
independent analysis of the radiological consequences
resulting from each of the transport paths described in
Section 15.4.4 of this report. The calculated thyroid and
whole-body doses are listed in Table 15.1. Based on the
above evaluation and the recalculated radiological
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consequences shown in Table 15.1, the staff concludes thai
the MSIV leak rate limit of 3.96 m'/hr (140 ft*/hr) total
and the proposed ABWR design without an MSIV LCS are
acceptable. It further concludes that GE's proposed
bounding atmospheric relative concentrations (x/Q) for the
BAB and to the LPZ of the ABWR plant, in conjunction
with the ESF systems provided in the ABWR design are
sufficient to provide reasonable assurance that the
radiological consequences of a postulated LOCA will be
within the dose reference values in 10 CFR Part 100.

allowing the caak to fall approximately 19.5 m (64 ft) from
the level of the refueling floor to ground level through the
refueling floor maintenance hatch. GE stated that each
caak will have the maximum capacity of 1116 spent fuel
rods (18 fuel assemblies) based on the largest capacity cask
projected to be available. GE proposed, and the staff
accepted, the minimum fuel storage (decay) time of
120 days before cask-loading operation commences after
reactor fueling. The minimum storage time of 120 days is
based on the administrative controls currently used by
operating BWRs.

15.4.5 Fuel Handling and Fuel Cask Drop Accidents
In SSAR Sections 15.7.4 and 15.7.5, OB presented
radiological consequence analyses of fuel handling and
spent fuel cask drop accidents. The staff analyzed the
radiological consequences for the following three different
types of fuel handling accidents resulting from an
unspecified failure of a lift mechanism due to (1) a single
fuel assembly with 124 spent fuel rods dropped onto the
irradiated fuel stored in the spent fuel pool, (2) a raised
single fuel cask containing 18 fuel assemblies in it dropped
from the level of the refueling floor to ground level
through the refueling floor maintenance hatch, and (3) a
raised heavy object (i.e., steam dryer, moisture separator) dropped onto the fuel in the reactor vessel during
refueling operation.
For the single fuel assembly accident, the kinetic energy of
a single falling fuel assembly was assumed to break open
the maximum possible number of fuel rods (124 spent fuel
rods) using perfect mechanical efficiency. Instantaneous
release of noble gases and radioiodine vapor from the gaps
of the broken rods (10 percent of noble gases and iodine
inventories in the reactor core except 30 percent assumed
for krypton-85) was assumed to occur, with the released
gases bubbling up through the fuel pool water (with an
overall effective DF of ICO for iodines and of 1 for noble
gases) Radiation monitors located within the normal
ventilation system are designed to isolate that system
automatically and direct all fuel handling building exhaust
to the SGTS.
The SGTS is designed to achieve a negative pressure of
0.635 cm (0.25 in.) water gauge in put secondary
containment within 20 minutes (drawdown time). During
the drawdown time, the staff assumed that radioactive
iodines would be released directly to the environment
without credit for filtration. Following the drawdown
time, the staff assumed the SGTS charcoal absorber with
a depth of 15.24 cm (6 in.) would remove iodine from the
released gas at a 99 percent efficiency.
The fuel cask drop accident was assumed to result from an
unspecified failure of the cask-lifting mechanism, thereby
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In NUREG-0612, "Control of Heavy Loads at Nuclear
Power Plants," the staff discusses the potential for an
accidental load drop on nuclear fuel or safety-related
equipment causing excessive offsite radioactivity releases,
inadvertent criticality, loss of water inventory in the
reactor or spent fuel pool, or loss of safe-shutdown
equipment. The NUREG also recommends guidelines to
prevent or mitigate these potential consequences and states
that the guidelines in NUREG-0554, "Single-Failure-Proof
Cranes for Nuclear Power Plants," can be followed in lieu
of upgrading existing crane and lifting devices.
NUREG-0554 provides guidance for the design,
fabrication, installation, and testing of new cranes that are
of a high reliability design and it defines that a singlefailure-proof crane system as a system designed so that a
single failure will not result in the loss of the capacity of
the system to safely retain the load.
In Section 9.1.5.2.1 of the SSAR, GE states that the
reactor building crane will be designed to meet the singlefailure-proof requirements of NUREG-0554, and in
Section 9.1.6.6 of the SSAR, GE states that the COL
applicant should provide, among other things, heavy load
handling system operating and equipment maintenance
procedures for NRC review. This review will confirm that
a heavy load drop is not a design-basis event by
determining that the crane system meets (1) single-failureproof criteria, and (2) prevention of load unbalancing
(e.g., improper placement of slings) which could
potentially defeat the single-failure-proof criteria.
For the heavy load drop accident to occur, the following
steps must occur in sequence: (1) a heavy load is slung
wrong (procedural), (2) the heavy load is transported to an
incorrect position over the core (procedural), (3) the sling
fails (equipment failure), and (4) an alternate slung hook
foils (equipment failure).
Nevertheless, the staff assumed in the DFSER that the
heavy load drop accident occurs because the lifting device
foils (unspecified cause), drops, or tips a heavy object onto
the fuel in the reactor vessel and breaks open all fuel rods
in 10 percent of fuel assemblies (approximately
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80 assemblies) in the reactor vessel. The staff assumed the
minimum radioactivity decay time of 7 days from the time
of reactor shutdown until the lifting of the heavy object
based on a conservative BWR refueling schedule.
The staff evaluated a postulated fuel handling accidents for
the ABWR in accordance with the guidance of SRP
Section 15.7.4, using assumptions consistent with
Positions C.l.a through C.l.k of RG 1.25 (Rev. 0),
"Assumptions Used for Evaluating the Potential
Radiological Consequences of a Fuel Handling Accident in
the Fuel Handling Storage Facility for Boiling and
Pressurized Water Reactors," (Rev. 0).
The assumptions used for the spent fuel handling accidents
are listed in Table 15.8. The offsite doses recalculated for
these accidents are given in Table 15.1. The calculated
offsite doses for all three cases considered are within the
dose guidelines specified in SRP Section 15.7.4,
specifically, the estimated doses resulting from this type of
accident are less than or equal to 25 percent of the 10 CFR
Part 100 dose limits (listed in Section 15.4 above).
Therefore, the staff concludes that the standard ABWR
design is adequate to control the release of fission products
following postulated spent fuel handling accidents.
15.4.6 Postulated Radioactive Releases Resulting from
Liquid Tank Failures
The staff reviewed this accident in accordance with SRP
Section 15.7.3.
Tanks and associated components
containing radioactive liquids outside containment are
acceptable if the failure of the equipment does not lead to
radioactive concentrations that exceed the limits of 10 CFR
Part 20, Appendix B, Table II, Column 2, at the nearest
potable water supply in an unrestricted area or if special
design features to mitigate the effects of the accident are
incorporated in the design of systems that do not meet the
requirements of 10 CFR Part 20.
All the liquid radwaste tanks, including the evaporator
concentrate tanks, that could adversely affect the potable
water supply if they fail are located in the radwaste
building. The base mat and outside walls of the building
are seismic Category I to a height necessary to retain spill
liquids within the building (SSAR Section 11.2.1.2.2).
Additionally, in accordance with SSAR Section 15.7.3.1,
all compartments containing liquid radwastes are steel lined
up to a height capable of containing the release of all the
liquid radwastes into the compartments. For the above
reasons, GE considers it as remote that any major accident
that involves the release of liquid radwastes into these
volumes would result in the release of liquid radwastes to
the environment via the liquid pathway. In SSAR
Section 15.7.3.1, GE states that initially the releases would

be contained in other holding tanks or emergency tanks.
GE further states that plant operating techniques and
administrative procedures will contain detailed system and
equipment operating instructions and, therefore, will
significantly minimize the potential for operator error that
can cause liquid radwaste release. In addition, the liquid
radwaste system design will include a positive action
interlock system to prevent inadvertent opening of a drain
valve. GE concludes that if a release of liquid radwaste
occurs, the steel lining would contain the release until the
operator could use the floor door sump pumps to pump the
release into holding tanks or emergency tanks.
GDC 60 requires the control of releases of radioactive
materials to the environment including both gaseous and
liquid effluents under both normal and anticipated
operational occurrences.
Further, sufficient holdup
capacity is required. As discussed above, GE's liquid
radwaste design provides the necessary control and liquid
effluent storage capacity to reduce the potential effect of a
failure of a radioactive liquid containing tank and its
associated components. Therefore, GE's design complies
with GDC 60 and any potential release associated with a
liquid tank failure will not result in radionuclide
concentrations in water exceeding the limits of 10 CFR
Part 20, Appendix B, Table II, Column 2, in any
unrestricted area. The staff finds this aspect of the design
acceptable.
15.4.7 Reactor Water Cleanup System Pipe Break
Accident
In Section 15.6.6 of the SSAR, GE postulated A reactor
water cleanup system pipe break outside the primary
containment as a DBA in response to an inquiry by the
Advisory Committee on Reactor Safeguards (ACRS)
Subcommittee on ABWRs during its meeting on June 17,
1993, at San Jose, California. The break was assumed to
be instantaneous, circumferential, and to occur on the
downstream side of the outmost containment isolation valve
but on the upstream side of the reactor water
demineralizer. GE further assumed 75 seconds of break
flow time (45-second builtin delay time for flow differential pressure instrumentation to activate an isolation signal
and 30 seconds for the motor-operated isolation valve to
close).
GE analyzed this hypothetical accident and concluded that
no more than 28,800 kg (61,670 lb) of reactor coolant
would be lost through the break before automatic isolation
occurred and less than 9,900 kg (21,800 lb) of that would
be lost as steam. The break line is equipped with a
140-cm (23 in. ) flow limiter. The staff accepted and
used in its assessment the reactor coolant break flow of
28,800 kg estimated by GE.
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The current SRP neither lists nor classifies the reactor
water cleanup system pipe break accident as a DBA.
However, the staff assessed the radiological consequences
of this accident assuming two reactor coolant conditions
for the evaluation. In Case 1, the lost coolant was
contaminated with radioactive iodine at the limits in the
STS (i.e., 7.4E-3 mBq) of dose-equivalent 1-131 per gram
(90.8 mCi of dose-equivalent M31 per pound) at
continued full-power operation. In Case 2, a concentration
of 1.5E-1 mBq of dose-equivalent 1-131 per gram
(1816.0 mCiq dose-equivalent 1-131 per pound) was
assumed (the limits in the STSs above which the reactor is
required to be shut down).

The staff chose the dose reference values of 10 CFR
100.11 for Case 2 and less than 10 percent of these values
for Case 1 as two acceptance criteria. These are the same
as those given for the main sfeamline break outside
containment in SRP Section 15.6.4. Dose-equivalent 1-131
is defined as any mixture of iodine isotopes yielding the
same inhalation thyroid dose as the stated amount of pure
1-131. The staff also considered the amounts of 13 noble
gss isotopes that also would be released.
The calculated doses are listed in Table 15.1 and are
within the staffs acceptance criteria listed above.
Therefore, the staff concludes that the ABWR design is
adequate to control the release of fission products
following a postulated reactor cleanup system pipe break
accident.

manner. Detailed evaluations of the ARI and RPS systems
are given in Chapter 7 of this report.
The ABWR also is designed with a standby liquid control
system (SLCS) that will automatically inject 379 L/min
(100 gpm) of sodium pentaborate solution into the reactor
pressure vessel (RPV) with the simultaneous operation of
both pumps. The 326 L/min (86 gpm) equivalency
specified in the ATWS rule (10 CFR 50.62) for the
638-cm (251-in.) RPV is satisfied by the 379 L/min
(100 gpm) provided for the 706-cm (278-in.) ABWR
vessel. The ABWR SLCS initiation is automatic as
required by the ATWS rule and is designed to perform its
function in a reliable manner. The detailed evaluation of
SLCS is given in Section 9.3.5 of this report.
ABWR has equipment to trip the RIPs automatically under
conditions indicative of an ATWS.
The RIPs are
automatically tripped on reactor high pressure (7,860 kPa
(1125 psig)) and RPV Level 2. The RIP trip equipment ia
designed to perform its function in a reliable manner as
required by the ATWS rule.
The ABWR design also provides recirculation runback for
all scram signals and feedwater runback on reactor high
pressure and startup range neutron monitoring system
(SRNM) not downscale for 2 minutes.
Automatic
depressurization system automatic inhibit is also provided
with reactor water level 1.5 and average power range
monitor ATWS permissive. This feature is discussed in
Section 7.4.1.1 of this report.
The ABWR complies with the prescriptive design
requirements of the ATWS rule and is designed to mitigate
the effects of an ATWS event.

15.5 Anticipated Transient Without Scram
15.5.1 Design Features

15.5.2 Analysis
The ABWR design incorporates electric-hydraulic fine
motion control rod drives (FMCRDs) to perform motordriven scram and hydraulic scram. In response to a scram
signal, the control rods will be inserted hydraulically by
means of the stored energy in the scram accumulator,
similar to the current operating BWR CRDs. A scram
signal also will be given simultaneously to insert the
FMCRD electrically via the FMCRD motor drive. This
diversity, hydraulic and electric methods of scramming,
provides a high degree of assurance of rod insertion on
demand.
The ABWR is designed with an alternate rod insertion
(ARI) system that will be independent from the existing
reactor protection system (RPS) from the sensor output to
the final actuation device. The ARI system will have
redundant scram air header exhaust valves. The ARI
system is designed to perform its function in a reliable
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OE submitted the ATWS analysis in SSAR Appendix 15E.
OE analyzed the limiting transients identified in
NEDO-24222 (proprietary) (a supporting document used
for the ATWS rule). GE used the NRC-approved
ODYNA and REDYA computer codes for the analysis.
GE analyzed cases with the ARI system operational,
without the ARI system but with FMCRD system operational, and without the ARI and FMCRD systems but with
SLCS operational. GE compared the results with the
performance guidelines for fuel integrity (coolable core
geometry), containment integrity (45 psi (414 kPa)),
suppression pool temperature (207 °F (97 °C)), primary
system pressure (1,500 psig (10446 kPa)) and long-term
shutdown cooling and found them acceptable.
The staff performed audit calculations to verify that the
ABWR design is satisfactory to mitigate the effects of an
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ATWS. The study focused on the consequences of manual
SLCS actuation and no recirculation pump runback on
scram signals other than reactor high pressure and reactor
low level. One problem that was identified initially was
the potential for fuel damage if only the FMCRD system
provides slow scram (motor-driven scram) and there were
no other actions to lower power. In this case, the power
shifted to the top of the core when the control rods entered
from the bottom and, in combination with the delay in
shutting down the reactor because of the slowness of the
FMCRD system, could lead to higher linear power
densities and the potential for fuel damage. If the use of
the FMCRD system was always in combination with a
reactor internal pump trip or recirculation runback, then
overall power would be reduced sufficiently to avoid
excessive power densities when the power shifted to the
top of die core.

Another feature included of the initial study was the time
available for SLCS actuation. Assuming the failure of ARI
and FMCRD, the original design called for manual
operation of SLCS; however, if the system was not started
within a few minutes, containment integrity would be
threatened. OB resolved this issue by changing the ABWR
design so that the SLCS is automatically started
at 3 minutes into an ATWS event.

The new design feature of recirculation runback on any
scram signals or any ARI/FMCRD run-in kignals ensures
that there is no potential for any unacceptable power shift
to the top of the core.

DSER (SECY-91-355) Open Items 140 and 144 are
dependent on and are superseded by the DFSER Open
Item 4.4-1. Since Open Item 4.4-1 has been resolved the
DSER open items are also resolved.

The results of calculations to evaluate the thermal
hydraulic stability of ABWR under the recirculation
runback and feedwater runback conditions associated with
ATWS events have been provided for staff review.
ABWR design response to ATWS enables avoidance of
large oscillations and the staff audit of stability calculations
is complete. This is discussed in detail in Section 4.4 of
this report (DFSER Open Item 4.4-1).
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16 TECHNICAL SPECIFICATIONS
16.1 Introduction
As part of its design certification application for the
advanced boiling water reactor (ABWR) and as required by
paragraph (1X0 of 10 CFR 52.47(a), GIj must provide
Technical Specifications (TS) that are technically relevant
and not site-specific for the ABWR design. The TS
provided must comply with the requirements of paragraph
(bXWvi) 10 CFR 50.34, which states that proposed TS are
to be prepared in accordance with the requirements of
10 CFR 50.36. 10 CFR 50.36 details the specific items
(such as safety limits, limiting safety system settings,
limiting control settings, limiting conditions for operation,
etc.) that must be included in the TS.

In reviewing proposed TS for compliance with 10 CFR
50.36, the staff evaluates the conformance of the proposed
TS to standard technical specifications (STS) which most
closely resemble the plant design.
The staff review of the ABWR TS was closely coupled to
the development of the improved STS under the TS
Improvement Program in accordance with the interim
Commission Policy Statement on TS Improvements for
Nuclear Power Plants (52 FR 3788 dated February 6,
1987). Since the ABWR design evolved primarily from
the BWR/6 design, most of the ABWR TS were modeled
after NUREO-1434, "Standard Technical Specifications General Electric Plants, BWR/6." However, since the
ABWR containment most closely resembles plant containments covered by NUREG-1433, "Standard Technical
Specifications - General Electric Plants, BWR/4." the
ABWR containment TS were modeled after NUREG-1433.
These improved STS reflect the accumulated operating
experience of currently operating light water reactors.
The proposed ABWR TSs were developed from the
BWR/6 and the BWR/4 STS. The staff reviewed the
proposed ABWR TS to confirm similarities between them
and the STS, as appropriate. The staff then concentrated
its review on the parts of the ABWR TS that are unique
because of ABWR-specific design features. Dispositions
of comments resulting from the staff review were
incorporated into the proof-and-review ABWR TS. The
proof-and-review ABWR TS were then issued to GE and
made available to the staff for comment. Dispositions of
comments from GE and the staff on the proof-and-review
TS have been incorporated into the final ABWR TS. The
final ABWR TS will be produced in the industry format
and certified as accurate by GE.
In the DFSER, the staff stated that GE should prepare the
relevant portions of the TS for review by the staff in the

WordPerfect 5.1 format.
This was DFSER Open
Item 16-1. The NRC TS staff assisted GE in developing
the ABWR proof-and-review TS in the WordPerfect 5.1
format. GE committed to maintain the ABWR TS in this
format. This resolved Open Item 16-1.

16.2 Evaluation
The staff evaluated the ABWR TS to confirm that they will
preserve the validity of the design plant SS AR by ensuring
that ABWR plants will be operated within the required
conditions bounded by the SSAR and with operable
equipment that is essential to prevent accidents and to
mitigate the consequences of accidents postulated in the
SSAR.
In the DFSER, the staff noted that for the ABWR design,
GE had attempted the use of a three-subsystem concept for
the engineered safety feature (ESF) systems in order to
facilitate maintenance on one subsystem by extending the
completion times (CTs) for one inoperable subsystem from
7 days to 30 days. GE was asked to provide justification
that the emergency core cooling systems design consists of
three independent redundant subsystems. This was DFSER
Open Item 16-3. GE stated that it could not provide this
justification. Instead, it stated that the ABWR design
includes additional redundancy, beyond that for currently
operating BWR plants, for the ESF systems. The staff
reviewed GE's response and determined that, although this
added redundancy does not allow extending the CT for an
inoperable system from 7 to 30 days, it does allow
extending the associated CTs beyond those specified for
ESF systems in currently operating BWR plants. The
staffs finding on the relaxed CTs, ranging from 8 hours
to 14 days, is based on probabilistic risk evaluation,
engineering evaluation, and operating experience and
judgment for various components and combination* of
components.
The staff noted that these evaluated
configurations match the configurations of inoperable
components delineated in the TS limiting conditions for
operation. The rationale for the relaxed CTs is given in
Chapter 19 of the SSAR and the TS bases. On the basis
of the above, DFSER Open Item 16-3 is resolved.
The ABWR instrumentation and controls (I&C) systems
design concept incorporates microprocessor-based digital
technology and multiplexed fiber optic signal transmission.
TS limits for the reactor protection system are based on a
four-sensor channel design.
This requires that the
applicable portions of the BWR/6 STS be restructured to
address the unique ABWR data collection and transmission
design features. In the DFSER, the staff asked GE to
submit the ABWR TS so that it could complete its review
of the ABWR I&C TS. This was DSER Open Item 16-2.
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Technical Specifications
As part of the resolution of DFSBR Open Item 16-1 noted
previously, the I&C TS were issued by die staff to GB for
comment. After meetings during which GB's comments
were resolved, die staff issued die ABWR TS to GE for
certification. This resolved DFSER Open Item 16-2.
In the DFSER, die staff ststed that the COL applicant
should include plant- and site-specific information in die
ABWR TS. This was DFSBR COL Action Item 16-1.
SSAR Chapter 16, "Technical Specifications, contsins
guidelines enabling die COL applicant to complete die
plant- and site-specific portions of die TS on die basis of
as-procured hardware and software. This is acceptable.
11

As part of die TS Improvement Program, the staff concluded that portions of STS Section 5.0, "Administrative
Controls," could be relocated to licensee controlled
documents. This improvement was incorporated into the
ABWRTS.

NUREG-1503

COL applicants will have to ensure that die portions of
Section S.O relocated to licensee-controlled documents are
controlled in accordance with an administrstive control
system acceptable to die staff. To complete its review of
die ABWR TS, die stsff performed an independent sudit to
verify die accuracy and completeness of die TS. The staff
provided comments to GB in a series of letters dated
February 2, 10, 14, and 16, 1994, which were addressed
by GB in die certified final ABWR TS provided in SSAR
Amendment 34.

16.3 Conclusion
The staff concludes that the ABWR TS are consistent with
the regulatory guidance in the BWR/6 and BWR/4 STS
and contain design-specific parameters and additional TS
requirements considered appropriate by the staff. Therefore, the ABWR TS satisfy 10 CFR 50.34 and 50.36 and
are acceptable.
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17 QUALITY ASSURANCE
17.1

Quality Assurance During the Design

174.1

General

Standard safety analysis report (SSAR) Chapter 17
describes the quality assurance (QA) program for the
design phase of the advanced boiling water reactor
(ABWR) and references OB Nuclear Energy (GE) QA
topical report, NEDOl 1209-04A, which the staff reviewed and found acceptable. SSAR Chapter 17 also
provides additional QA information specifically applicable
to the ABWR. The staff assessed GB's description of the
QA program for the design phase of the ABWR to determine if it complies with the requirements of 10 CFR
Part SO, Appendix B, and with applicable QA-related
regulatory guides listed in Table 17.1 of this report.
The basis of the staffs review was Standard Review Plan
(SRP) Section 17.1, which addresses both design and
construction QA. The development and implementation of
the construction QA program were identified in the draft
final safety evaluation report (DFSER) as DFSER
combined license (COL) Action Item 17.1.1-1. GE
addressed this item in Amendment 31 of the SSAR (SSAR
Section 17.0.1.1), which is acceptable to the staff. OE
also included this action item in the SSAR.
17.1.2

Organization

The structure of the organization responsible for the design
of the ABWR and for the establishment and execution of
the design-phase QA program is shown in Figure 17.1 of
this report. The line organizations have been assigned
specific QA responsibilities, including both internal audits
and audits of suppliers, to ensure compliance with the QA
program. Audits conducted by GE's Nuclear Quality
Assurance (NQA) organization are superimposed on these
audita.
The General Manager of Nuclear Operations is responsible
for ensuring that (1) the intent of GE's nuclear quality
policy is reflected in its nuclear products and services,
(2) a system is in place to independently assess the
performance of organizations that affect the quality of
these products and services, and (3) a system is in place to
resolve issues that could affect GE's ability to satisfy its
nuclear quality policy and other quality-related
commitments.
NQA is a staff organization responsible for establishing the
nuclear quality policy and procedures that are issued by the
Vice President and General Manager of GE. NQA is also
responsible for (1) auditing the various line organizations
involved in the nuclear business and ensuring conformance

of these organizations* procedures and practices with
applicable corporate and nuclear quality-related policy and
procedures, (2) ensuring integration of the organizations*
quality planning into an effective QA program,
(3) participating in management review boards that operate
independently of the design verification by the line
organizations, and (4) specifying how the line
organizations are to comply with the nuclear quality policy
and procedures.
For the ABWR design, NQA is
responsible for coordinating and integrating the QA
program as it relates to engineering and management of the
project.
A quality council aids NQA in fulfilling its responsibilities.
The council's responsibility is to ensure total quality
system coverage, uniformity, consistency, and continuity
and to eliminate system deficiencies. The Manager of
NQA chairs the quality council. Members of this council,
as shown in Figure 17.1, are the managers responsible for
QA in each of the major nuclear organizations. The
council provides these managers direct access to top-level
management and acts as a forum for the review of quality
problems and corrective actions.

The line organizations are responsible for planning and
implementing the QA functions performed within their
areas of responsibility so that each organization's QA
program complies with the nuclear QA policy and
procedures established by NQA. The individual QA
managers report to their department-level management and
have the organizational independence and authority to
identify quality-related problems; initiate, recommend, or
provide solutions pertaining to conditions adverse to
quality; and verify implementation of such solutions.
GE and its major technical associates, Hitachi and Toshiba,
are designing the ABWR.' The lead responsibility to
produce each specification (through the major purchasing
specifications) and drawing is assigned to one design
organization within GE, Hitachi, or Toshiba. The content
of each of these common engineering documents is
reviewed and approved by GE engineering personnel, and
GE is responsible for the design and the supporting
calculations and records for the ABWR.
GE engineering organizations are responsible for the U.S.
ABWR design and design control by
•

ensuring incorporation of applicable regulatory
requirements, codes, standards, criteria, and design
bases into the design

•

ensuring incorporation of project design requirements
into the design
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Table 17.1 Quality assurance regulatory guide commitments
No.

Tide

1.8

Personnel Selection and Training

1

September 1975

1.26

Quality Group Classification, and Standards for Water-,
Steam-, and Radioactive-Waste-Containing Components of
Nuclear Power Plants

3

February 1976

1.28

Quality Assurance Program Requirements (Design and Construction), using NQA-1 and NQA-2*

3

August 1985

1.29

Seismic Design Classification

3

September 1978

1.30

Quality Assurance Requirements for the Installation, Inspection, and Testing of Instrumentation and Electric Equipment

0

August 1972

1.37

Quality Assurance Requirements for Cleaning of Fluid
Systems and Associated Components of Water-Cooled Nuclear Power Plants*

0

March 1973

1.38

Quality Assurance Requirements for Packaging, Shipping,
Receiving, Storage, and Handling of Items for Water-Cooled
Nuclear Power Plants*

2

May 1977

1.39

Housekeeping Requirements for Water-Cooled Nuclear Power
Plants

2

September 1977

1.58

Qualification of Nuclear Power Plant Inspection, Examination, and Testing Personnel*

1.64

Quality Assurance Requirements for the Design of Nuclear
Power Plants*

1.74

Quality Assurance Terms and Definitions

1.88

Collection, Storage, and Maintenance of Nuclear Power Plant
Quality Assurance Records*

1.94

Quality Assurance Requirements for Installation, Inspection,
and Testing of Structural Concrete and Structural Steel During the Construction Phase of Nuclear Power Plants

1.116

Revision

Quality Assurance Requirements for Installation, Inspection,
and Testing of Mechanical Equipment and Systems*

1.123

Quality Assurance Requirements for Control of Procurement
of Items and Services for Nuclear Power Plants*

1.144

Auditing of Quality Assurance Programs for Nuclear Power
Plants

1.146

Qualification of Quality Assurance Program Audit of Personnel for Nuclear Power Plants*

Date

April 1976

0-R

June 1976

* NRC accepted the OE positions given in Topical Report NEDO-11209-O4A, Revision 8, March 31, 1989.
** Superseded by Revision 3 of Regulatory Guide 1.28.
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Quality Assurance
•

translating the design infonnation into the appropriate
design documents

•

verifying the design adequacy either through
independent design review, the use of alternative or
simplified calculational methods, or the performance of
a suitable testing program

•

coordinating design activities among interfacing design
engineers and design organizations

•

reviewing, approving, issuing, and distributing design
documents under a controlled document system

•

controlling design changes and changes to design
documents in accordance with documented procedures

•

providing for the retention, storage, control, and
retrievability of design record documents

•

taking corrective action as necessary to correct design
errors and to improve the design control function

17.1.3 Quality Assurance Program
GE structured its nuclear QA program to satisfy
Appendix B to 10 CFR Part 50 and the provisions of the
applicable Nuclear Regulatory Commission (NRC)
regulatory guides identified in Table 17.1 of this report.
OE uses this QA program to control its design of the
ABWR.
GE has written policies, procedures, and
instructions to implement the program. These documents
control quality-related activities in accordance with the
requirements of Appendix B to 10 CFR Part 50 and with
applicable regulations, codes, and standards. The GE QA
organizations ensure that procedures and instructions are
provided for meeting the QA requirements. In addition,
QA personnel conduct reviews and audits to verify the
effective implementation of the program.
GE's nuclear QA program requires that implementing
documents encompass detailed controls for (1) translating
codes, standards, regulatory requirements, technical
specifications, engineering requirements, and process
requirements into drawings, specifications, procedures, and
instructions; (2) developing, reviewing, and approving
procurement documents and changes thereto; (3) prescribing all quality-related activities by docuniented instructions, procedures, drawings, and specifications; (4) issuing
and distributing approved documents; (5) purchasing items
and services; (6) identifying materials, parts, and
components; (7) performing special processes; (8) inspecting and/or testing materials, equipment, processes, and
services; (9) calibrating and maintaining measuring and test
equipment; (10) handling, storing, and shipping items;
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(11) identifying the inspection, test, and operating status of
items; (12) identifying and dispositioning nonconforming
items; (13) correcting conditions adverse to quality;
(14) preparing and maintaining QA records; and
(15) auditing activities that affect quality.
Training and experience requirements are defined for each
position in the GE organization.
In addition, GE
indoctrinates and trains personnel performing activities
affecting quality to ensure that appropriate proficiency is
achieved and maintained and that personnel responsible for
quality-related activities are instructed as to the purpose,
scope, and implementation of the quality-related manuals,
instructions, and procedures. The indoctrination and
training are carried out through documented procedures,
on-the-job training, personal contacts, and meetings.
The ABWR design and changes to it are formally verified.
Design verification is a process for an independent review
of the design against design requirements to confirm that
the designer's methods and conclusions are consistent with
requirements and that the resulting design is adequate for
its specified purpose. Design verification is performed and
documented by persons other than those responsible for the
design, using the method specified by the design
organization. Designs are verified by one or more of the
following methods: design review, qualification testing,
alternative or simplified calculations, or checking. Team
design reviews are continuing reviews of a design, selected
by engineering management, to evaluate design adequacy
that includes concepts, the design process, methods,
analytical models, criteria, materials, applications, or
development programs. When appropriate, team design
reviews are used to verify that product designs meet
functional, contractual, safety, regulatory, industrial codes
and standards, and GE requirements. The selection of the
design review team depends on the product design and the
type of review. The technical competence of the members
of each team encompasses three broad categories:
(1) those with broad experience on similar products;
(2) those with specialized technical expertise such as in
heat transfer, materials, and structural analysis; and
(3) those with a functional expertise such as QA,
manufacturing, engineering, and product service.
For the international ABWR design, the lead design
organization prepares the common engineering design
document and circulates it internally for engineering
review, approval, and design verification. Evidence of
verification is entered into the design records of the
responsible design organization.
Each document is
distributed to the design organizations of the other parties
for their review and approval of technical content and
design interfaces. All comments resulting from this
process are resolved. After the comments are resolved,
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the design verification is reviewed and, when necessary,
updated to ensure that changes did not invalidate the
original verification. After final agreement is reached, the
document is finalized by the lead design organization,
circulated to the other parties for their approval signatures,
and issued. Changes to ABWR documents are handled
similarly. Differences between international and U.S.
ABWR designs are identified in a controlled list (called the
design action list) for future design action and application.
GE's QA organizations are responsible for establishing and
implementing the audit program. Audits are performed in
accordance with preestablished written checklists by
qualified personnel not having direct responsibilities in the
areas being audited. Periodic audits are performed to
evaluate all aspects of the QA program, including the
effectiveness of implementation.
The QA program
requires the review of audit results by the person having
responsibility in the area audited to determine and take
corrective action where necessary.
Followup audits are performed to determine if
nonconformances and deficiencies have been effectively
corrected and the corrective action precludes repetitive
occurrences. Audit reviews, which indicate performance
trends and the effectiveness of the QA program, are
reported to responsible management for review and
assessment.
The staff concludes that GE's QA program for the design
phase of the ABWR describes requirements, procedures,
and controls that, when properly implemented, will comply
with the QA requirements of Appendix B to 10 CFR
Part 50, applicable QA-related regulatory guides, and the
acceptance criteria in SRP Section 17.1, related to QA
during design and construction. In addition, SSAR
Chapter 17 references GE QA topical report,
NEDO-11209-O4A, which the staff has reviewed and found
acceptable.
During its review of the QA program described in the
ABWR SSAR, the staff audited the implementation of the
program at GE's offices in San Jose, California, during the
week of February 6, 1989. The report of this audit is in
the Commission's Public Document Room, the Gelman
building, 2120 L Street NW, Washington, DC. On the
basis of the sample of design activities audited, which
included Hitachi and Toshiba documents requested by the
staff and translated into English, the auditors concluded
that the design QA programs implemented by GE, Hitachi,
and Toshiba met the applicable requirements of
Appendix B to 10 CFR Part 50 and were acceptable for
designing the ABWR.

An inspection of the ABWR design process was performed
from September 7 through 10, 1993. The inspection
results are documented in NRC Inspection Report
99900403/93-02,
The inspection scope included an
examination of GE QA controls applied to the ABWR
project. This included a review of design record files
(DRFs), selected computer codes used for accident analysis
and transient modeling, test activities, design calculations,
and audits. The inspection questioned the technical
adequacy of supporting calculations generated by the
international technical associates (TAs). Some test data for
the Full Integral Simulation Test could not be retrieved by
GE, and some calculation notebooks were poorly
maintained. The staff evaluation of GE's response to the
findings of that inspection was Open Item F17.1.3-1.
GE provided a response to the staffs inspection report on
November 24,1993, which addressed the items of concern
and proposed corrective and preventive actions such as:
verifying the accuracy of an input parameter for a LOCA
analysis and performing related sensitivity studies,
disseminating training reminders to technical staff about
the QA requirements for design analysis and DRFs,
increasing the GE audit emphasis on the content of DRFs,
verifying that installed test instrumentation was within
specified tolerances, supplementing transient analysis code
DRFs, confirming that engineering services were provided
under the auspices of an Appendix B quality program,
correcting SSAR inaccuracies, and performing design
verification on a design calculation. The staff found these
proposed actions to be acceptable with a few exceptions.
A request for further information and clarification was sent
to GE on December 22, 1993, fm *he issues involving the
technical oversight by GE of supporting calculations
generated by the TAs and the conduct of computer code
design verification. GE's response dated January 17,
1994, was found to be acceptable with one exception
discussed as follows.
During the course of the inspection in September 1993, the
staff identified that the common engineering documents
(design specifications, process flow diagrams (PFDs),
instrument block diagrams (IBDs), and piping and
instrument diagrams (P&IDs)) have received a considerable
level of GE design review. However, the level of GE
review performed on the supporting calculations generated
by the international TAs was not found to be rigorous.
For example, the NRC inspection found that the depth of
technical review afforded by the GE program reviews (QA
audits) was minimal as the audit teams had not been
supplemented by technical reviewers. In addition, little
documented evidence was found in the DRFs to
substantiate GE's review of the supporting calculations.
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OE informed the staff that a sufficient level of confidence
was obtained in the supporting calculations through the
performance of OE program reviews of each TA, the OE
engineering reviews of the common engineering
documents, and participation by OE staff in numerous
design review meetings. In addition, GE provided
amplifying information during meetings with the staff on
March 14 and 15, 1994, with respect to the extensive OE
involvement during the ABWR design evolution. OE
stated that, during the period from 1978 through 1985,
extensive technical interaction transpired between GE and
theTAs.
On March 22 through 24, 1994, a second NRC inspection
was performed to substantiate the extent of the GE
technical oversight of the TA's supporting design and
analysis efforts. The inspection spanned a representative
sampling of ABWR systems for which a TA had lead
design responsibility. The staff examined the associated
GE DRFs, interviewed cognizant GE design engineers,
reviewed engineering correspondence from the TAs, and
searched for examples of GE verification of TA
calculations.
The three-day inspection resulted in the identification of
evidence of GE's technical oversight of the supporting
design as documented by the Phase 3 "Advanced BWR
Plant Evaluation Report," OE comparisons of the ABWR
design parameters with respect to the BWR 5 and 6 plant
designs, thorough GE review of the common engineering
documents that included proposed design revisions and
independent GE calculations, the existence of selected TA
supporting calculations in the GE DRFs, and GE review of
system analysis, system performance, and capacity
calculations generated by the TAs.
|
The inspection determined that reasonable assurance was
provided by the depth, extent, and duration of the GE
technical oversight of the joint design process to resolve
the remaining issue from the September 1993 inspection.
During the March 1994 inspection the staff additionally
reviewed selected GE corrective and preventive actions
that had been implemented in response to other concerns
raised during the September 1993 inspection and found
them satisfactory. Therefore, Open Item F17.1.3-1 is
resolved based on the March 1994 inspection findings and
the corrective and preventive measures instituted by GE in
response to the QA and design control concerns identified
in NRC Inspection Report 99900403/93-02.
An applicant for a COL, when completing its detailed
design and equipment selection during the COL design
phase, will submit its QA program for the design phase for
staff review. This will be in addition to the staff review of
the COL applicant's QA program for both the construction
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and the operation of the facility.
When the COL
applicant's QA programs are submitted, whether they are
the OE QA programs augmented with information by the
COL applicant, or a completely new QA program, the
staff will perform the necessary reviews in ensure
compliance to 10 CFR Part 50, Appendix B. This was
DFSER COL Action Item 17.1.1-1.

17.2 Quality Assurance
Operations Phase

During

the

The operations QA program is beyond the scope of GE's
application for design certification (DC) and was identified
by the staff in the DFSER as DFSER COL Action
Item 17.2-1.
This item was addressed by OE
Amendment 31 of the SSAR (SSAR Section 17.0.1.1),
which is acceptable to the staff. GE has also included this
action item in the SSAR. For a discussion on the
relationship of the COL applicant's Operational Reliability
Assurance Process to the QA program, see Section 17.3 of
this report.

17.3 Reliability Assurance Program
Introduction
SSAR Section 17.3 describes the reliability assurance
program (RAP) for the design phase of the ABWR. GE
implements the design reliability assurance program
(D-RAP) for its scope of design during detailed design and
specific equipment selection phases to ensure that the
important ABWR reliability assumptions of the
probabilistic risk assessment (PRA) will be considered
throughout plant life. The COL applicant will augment
and implement the D-RAP for its scope of design and
equipment selection (See SSAR 17.3.13). Additionally,
the COL applicant should develop and implement a process
whose objectives are to monitor equipment performance
and evaluate equipment reliability to provide reasonable
assurance that the plant is operated and maintained
commensurate with PRA assumptions so that the overall
safety is not unknowingly degraded and remains within
acceptable limits (See SSAR 17.3.13). This process could
be described as an operational reliability assurance process
(O-RAP) that should be included under existing programs
for quality assurance and maintenance. When structures,
systems, and components (SSCs) monitoring and evaluation
identifies performance or condition problems, appropriate
corrective action will be taken to ensure SSCs remain
capable of performing their intended functions. However,
the RAP does not attempt to statistically verify the numeric
values used in the PRA through performance monitoring.
The staff has evaluated SSAR Chapter 17.3, which
included the GE response (dated March 5, 1992) to the
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staffs request for additional information (RAI) contained
in its request for resolution of issues related to SSAR
Chapter 19, Appendix K (letter dated September 19,
1991). The acceptability of the particular method to
identify and prioritize risk-significant structures, systems,
and components (SSCs) associated with PRA was reviewed
as part of SSAR Chapter 19 and is addressed in
Chapter 19 of this report.

For example, SRP Section 10.4.9 requires that an
acceptable auxiliary feedwater system design have an
unreliability in the range of 10E-4 to 10E-S per demand.
The resolution of Generic Issue B-56 involves efforts to
determine, monitor, and maintain emergency diesel
generator reliability levels. Additional regulatory bases for
key elements of a RAP can be found in Appendices A and
B to 10 CFR Part 50 and 10 CFR 50.65.

Background

In SECY-89-013, "Design Requirements Related to the
Evolutionary Advanced Light Water Reactors," dated
January 19, 1989, the staff identified several issues for
next-generation light water reactors that go beyond present
acceptance criteria defined in the SRP. RAP, as one of
these issues, was defined as a program to ensure that the
design reliability of safety-significant SSCs is maintained
over the life of a plant. In SECY-89-013, the staff
informed the Commission that RAP would be required for
final design approval or design certification (DC). In
November 1989, potential applicants for DC were
informed by letter that "the NRC staff was considering
matters that went beyond the current SRP . . . that [the
NRC] expects these advanced reactor designs to embody."
Reliability assurance was identified as one of these matters.

The need for a safety-oriented reliability effort for the
nuclear industry was identified by the NRC in Three MUe
Island (TMI) Action (NUREG-0660) ItemII.C.4.
Subsequently, initial NRC research in the area of reliability
assurance began in the early 1980s. The results of this
research showed that an operational reliability program
based on a feedback process of monitoring performance,
identifying problems, taking corrective action, and
verifying the effectiveness of these actions was needed
and that other NRC initiatives (e.g., maintenance
inspections, performance indicators, aging programs, and
technical specification improvements) would address this
need. The NRC concluded from this research that an
operational reliability program could be implemented most
effectively in a performance-based, nonprescriptive regulation, where NRC mandates the level of safety performance
to be achieved. For example, licensees could be required
to set availability and reliability targets' for selected
systems and to measure performance compared to the
targets.
The TMI item was closed out for operating reactors in
October 1988 without further action because several NRC
initiatives had effectively subsumed the operational reliability program effort. These initiatives included efforts to
(1) improve maintenance and better manage the effects of
aging, (2) improve technical specifications, (3) develop and
use plant performance indicators, and (4) develop an
operational reliability program as an acceptable means of
meeting the station blackout rule (10 CFR 50.63).
NUREG-1070, "NRC Policy on Future Reactor Designs"
included the concept of a systems reliability program to
ensure that the reliability of components and systems
important to safety would remain at a sufficient level. To
ensure that reliability objectives are met and to prevent
degradation of reliability during operation, the NRC
envisioned that the PRA, performed at the design stage,
would be used as a tool in making detailed design
decisions affecting procurement, testing, and the
formulation of operations and maintenance procedures.
In a few specific instances, the NRC is studying or has
established reliability targets for systems and components.

In SECY-93-087, "Policy, Technical, and Licensing Issues
Pertaining to Evolutionary and Advanced Light-Water
Reactor (ALWR) Designs," dated April 2, 1993, the staff
recommended that the Commission approve its interim
position that a high-level commitment to a RAP application
to design certification be required as a non-system generic
Tier 1 requirement with no associated inspections, tests,
analyses, and acceptance criteria (ITAAC). The details of
the D-RAP, including the conceptual framework, program
structure, and essential elements, should be provided in the
SSAR. The SSAR for the D-RAP should also (1) identify
and prioritize a list of risk-significant SSCs based on the
DC PRA and other sources; (2) ensure that the vendor's
design organization determines that significant design
assumptions, such as equipment that satisfies the design
reliability and unavailability, are realistic and achievable;
(3) provide input to the procurement process for obtaining
equipment that satisfies the design reliability assumptions;
and (4) provide these design assumptions as input to the
COL applicant for consideration in the O-RAP. A COL
applicant would augment the D-RAP with site-specific
design information and would implement the balance of the
D-RAP, including input to the procurement process (See
SSAR 17.3.13).
The RAP consists of two distinct parts: (1) D-RAP and
(2) O-RAP. D-RAP involves a top-level program at the
design stage that is used to define the scope, conceptual
framework, and essential elements of an effective RAP.
D-RAP is also used to implement those aspects of the
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program that are applicable to the design process. In
addition, D-RAP is used to identify the relevant aspects of
plant operation, maintenance, and performance monitoring
for the risk-significant SSCs for the operator's
consideration in developing an O-RAP.
The O-RAP
objectives should be incorporated into existing programs
(i.e., quality assurance and maintenance) that will be used
to monitor equipment performance and evaluate equipment
reliability to provide reasonable assurance that the plant is
operated and maintained commensurate with PRA
assumptions so mat the overall safety is not unknowingly
degraded and remains within acceptable limits. When SSC
monitoring and evaluation identifies performance or
condition problems, appropriate corrective action will be
taken to assure SSCs remain capable of performing their
intended functions. However, the RAP does not attempt
to statistically verify the numerical values used in the PRA
through performance monitoring.

The staffs final position on RAP was presented in the
Commission paper on the Regulatory Treatment of NonSafety Systems (RTNSS) SECY-94-084 dated March 28,
1994. The Commission approved the following applicable
regulation for D-RAP:
An application for design certification or for a
combined license must contain:
(a)

the description of the reliability assurance
program used during the design that includes,
scope, purpose, and objectives;

(b) the process used to evaluate and prioritize the
structures, systems, and components in the
design, based on their degree of risksignificance;
(c)

a list of structures, systems, and components
designated as risk-significant; and

(d) for those structures, systems, and components
designated as risk-significant:
(i)

A process to determine dominant
failure modes that considered
industry experience, analytical
models,
and
applicable
requirements; and

(ii) Key assumptions and risk insights
from probabilistic, deterministic
and other methods that considered
operation, maintenance and
monitoring activities.
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Each COL applicant that references the ABWR
design must implement the D-RAP approved by
theNRC.
The staff evaluated the SSAR on the basis of the applicable
regulation stated above.
A COL applicant would augment the designer's RAP to
reflect plant-specific information and implement those
elements applicable during the construction and operation
phases. The staffs COL application review will be similar
to the design certification review and include an evaluation
of the updated (site-specific) PRA, probabilistic,
deterministic and other insights (e.g., operating experience)
to assess any changes to risk-significant SSCs and sitespecific vulnerabilities. The staff will review the COL
applicant's proposed design reliability assurance program
plan to determine if it satisfies the above requirements at
the time of the COL application.
Evaluation
In its RAI dated September 19, 1991, the staff stated that
the GE ABWR RAP submittal should (1) describe the
basic framework of a RAP including the scope, purpose,
objective, basic definitions, and elements (RAI Question
(0)1); (2) when describing the RAP concepts and
elements, include a discussion on performance goal or
targets, problem prediction and recognition, problem
prioritization and correction, and problem closeout (RAI
Q2); (3) describe how RAP will address plant aging
concerns (RAI Q3); (4) describe the organizational and
administrative aspects for implementing an effective RAP
(RAI Q4); (5) describe the approach for providing
feedback to the designer when actual plant performance
data consistently differ from the designers PRA and RAP
assumptions (RAI Q5); (6) describe the major programmatic interface between the RAP and areas such as design,
construction, startup testing, operations, maintenance,
engineering, safety, licensing, quality assurance, and
procurement (RAI Q6); and (7) provide an example of how
the GE RAP would be implemented using a specific SSC
identified as risk significant in the PRA (RAI Q7). These
questions included the use of the term "RAP;" however,
the intent was for the questions to apply to that portion of
the RAP that GE is responsible for preparing and implementing (e.g., the ABWR D-RAP). The RAI questions
provided an outline of the staffs expectations on RAP for
evolutionary designs and explicitly stated the details of
these expectations.
In its letter dated March 5, 1992, GE stated that a new
SSAR Section 17.3 would address the staffs RAI
questions. After reviewing the initial GE response and the
modifications to SSAR Section 17.3 in Amendment 26
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(dated March 24, 1993) the staff determined that (1) RAI
Ql was answered by Sections 17.3.2, 17.3.3, 17.3.4,
17.3.6, 17.3.7, and 17.3.8; (2) RAI Q2 was answered by
Sections 17.3.6, 17.3.9, and 17.3.10; (3) RAI Q3 was
answered by Section 17.3.10; (4) RAI Q4 was answered
by Section 17.3.5; (5) RAI Q5 was answered by
Section 17.3.10; (6) RAI Q6 was answered by
Section 17.3.10; and (7) RAI Q7 was answered by
Section 17.3.11. Therefore, the answers to the RAI
questions contained in SSAR Section 17.3 address the
staffs expectations on RAP for evolutionary designs and
explicitly state GE's response to these expectations. The
details of the staffs evaluation are presented in Sections 17.3.1 through 17.3.11 below.

(See SSAR 17.3.1-13). SSAR Section 17.3 also includes
a descriptive example of how the D-RAP will apply to the
standby liquid control system (SLCS). This example
shows how the principles of D-RAP will be applied to
other systems identified by the PRA as significant with
regard to risk.
The staff concludes that Section 17.3.1 of the SSAR meets
the requirement of the applicable regulation for D-RAP to
provide a description of the RAP used during the initial
design as discussed above in Section 17.3 of this report
and is acceptable.

17.3.2 Scope
17.3.1 General
RAP for the design phase of the ABWR described in
SSAR Section 17.3 ensures that the important ABWR
reliability assumptions of the PRA will be considered
throughout plant life. The PRA is used to evaluate the
anticipated plant response to initiating events. The PRA
evaluates the plant response to initiating events to
substantiate, in part, that plant damage has a very low
probability and risk to the public is very low. Input to the
PRA includes details of the plant design and assumptions
about the reliability of the plant risk-significant SSCs.
Changes to equipment and system reliabilities will be
reevaluated and as necessary will be reflected in a revised
PRA throughout plant life. GE started the D-RAP during
design of the ABWR. The COL applicant will utilize the
ABWR D-RAP during the detailed design and specific
equipment selection phases to complete the D-RAP. The
COL applicant will complete the D-RAP and will also
incorporate the objectives of the O-RAP into existing
programs (i.e., maintenance and quality assurance) that
will be used to monitor equipment performance and
evaluate equipment reliability to provide reasonable
assurance that the plant is operated and maintained
commensurate with PRA assumptions so that the overall
safety is not unknowingly degraded and remains within
acceptable limits. When SSC monitoring and evaluation
identifies performance or condition problems, appropriate
corrective action will be taken to assure SSCs remain
capable of performing their intended functions.
GE states that the D-RAP will include the design
evaluation of the ABWR. It will be used to identify
relevant aspects of plant operation, maintenance, and
performance monitoring of important plant SSCs for the
COL applicant's consideration in ensuring safety of the
equipment and limited risk to the public. The COL
applicant will specify the policy and implementation
procedures for using D-RAP information provided by GE

In response to the part of RAI Ql associated with the RAP
scope, GE provided the additional information in
Section 17.3.2 of the SSAR. In that section, GE states
that the scope of the ABWR D-RAP includes identifying
relevant aspects of plant operation, maintenance and
monitoring of plant risk-significant SSCs. The PRA and
other industry sources are used to identify and prioritize
those SSCs that are important to prevent or mitigate plant
transients or other events that could present a risk to the
public.
The staff reviewed SSAR Section 17.3.2 with reject to
the scope of the ABWR D-RAP and concludes thai it is
responsive to the staffs RAI question, meets the
requirement of the applicable regulation for D-RAP o
include the scope of the RAP as described in Section 17.3
of this report and is acceptable.

17.3.3 Purpose
In response to the part of RAI Ql associated with the RAP
purpose, GE provided the additional information in
Section 17.3.3 of the SSAR. In that section, GE states
that the purpose of the ABWR D-RAP is to ensure that
plant safety, as estimated by the PRA, is maintained as the
detailed design evolves through the implementation and
procurement phases. Additionally, GE states that pertinent
information is to be provided in the design documentation
to the COL applicant so that equipment reliability, as it
affects plant safety, can be maintained through operation
and maintenance during the entire plant life.
The staff reviewed SSAR Section 17.3.3 with respect to
the purpose of the ABWR D-RAP and concludes that it is
responsive to the staffs RAI question, meets the
requirement of the applicable regulation for D-RAP to
include the purpose of the RAP as described in
Section 17.3 of this report and is acceptable.
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17.3.4 Objective
In response to the part of RAIQ1 associated with the RAP
objective* OE provided the additional information in
Section 17.3.4 of the SSAR. In that section, OE states
that the objective of the ABWR D-RAP is to identify those
plant SSCs that are significant contributors to risk, as
shown by the PRA or other sources, and to ensure that,
during the implementation phase, the plant design
continues to utilize risk-significant SSCs whose reliability
is commensurate with the PRA assumptions. The D-RAP
also will be used to identify key assumptions regarding any
operation, maintenance, and monitoring activities that the
COL applicant should consider in developing its approach
to implementing an O-RAP using existing programs such
as quality assurance and maintenance to provide reasonable
assurance that such SSCs can be expected to operate with
reliability commensurate with that assumed in the PRA.
A major factor in the ABWR D-RAP is risk-focused
maintenance that considers all plant modes and equipment
directly relied on in ABWR emergency operating
procedures (EOPs).
The staff reviewed SSAR Section 17.3.4 with respect to
the objective of the ABWR D-RAP and concludes that it is
responsive to the staffs RAI question, meets the
requirement of the applicable regulation for D-RAP to
include the objective of the RAP as described in
Section 17.3 of this report and is acceptable.

17.3.5 GE Organization for D-RAP
In response to RAI Q4 associated with the RAP
organizational aspects, OE provided the additional
information in Section 17.3.S of the SSAR dated March 5,
1992. However, in its DFSER, the staff identified an
inconsistency between the SSAR Section 17.3.5 narrative
and SSAR Figure 17.3-1. Additionally, OE described the
D-RAP organizational structure in the future tense in
SSAR Section 17.3.5. This item remained open subject to
a revision of SSAR Section 17.3.5 (DFSER Open
Item 17.3.5-1). On January 18, 1993, GE submitted a
markup to SSAR Section 17.3.5 that satisfactorily
addressed DFSER Open Item 17.3.5.1 and deleted the
organization chart (SSAR Figure 17.3-1). This markup
was incorporated into SSAR Section 17.3.5 as
Amendment 26 dated March 24, 1993. GE has also
included this information in the SSAR. On the basis of
this evaluation, this item is resolved.
In SSAR Section 17.3.5, GE states that the reliability
analyses and the PRA, including SSAR Appendix 19K,
were performed by GE. GE also developed the D-RAP
definition. Responsibility for the design of key equipment,
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components, and subsystems was shared by GE and
external organizations, including the organization
performing architect-engineering functions.
The GE
manager assigned the responsibility of managing and
integrating the D-RAP program had direct access to the
ABWR project manager and kept him abreast of D-RAP
critical items, program needs, and status. He had
organizational freedom to (1) identify D-RAP problems;
(2) initiate, recommend, or provide solutions to problems
through designated organizations; (3) verify
implementation of the solution; and (4) function as an
integral part of the final design process.
The staff reviewed Amendment 26 of SSAR
Section 17.3.5, which incorporated the markup submitted
on January 18,1993, with respect to the GE organizational
description and accountability for implementing the ABWR
D-RAP for DC, and concludes that it is responsive to the
staffs DFSER open item concern, is responsive to the
staffs original RAI Q4, satisfies the staff position that the
D-RAP ensures that the vendor's design organization
determine that significant design assumptions are realistic
and achievable as discussed in SECY-93-087 and
Section 17.3 of this report, and is acceptable. The staff
also concludes that the GE organizational description and
accountability for implementing the ABWR D-RAP were
acceptable and resolved DFSER Open Item 17.3.5-1.
A COL applicant completing its detailed design and
equipment selection during the COL design phase will
submit its specific D-RAP 'organization for staff review
(See SSAR 17.3.13).
17.3.6 SSC Identification and Prioritization
In response to the part of RAI Ql associated with the RAP
definitions and elements and the part of RAI Q2 associated
with the RAP scope, GE provided the additional
information in Section 17.3.6 of the SSAR.
In SSAR Section 17.3.6, GE states that the PRA prepared
for the ABWR will be the primary source for identifying
risk-significant SSCs that should be given special
consideration during detailed design and procurement
phases and considered for inclusion in the COL applicant's
O-RAP. It also is possible that risk-significant SSCs will
be identified from sources other than the PRA, such as
nuclear plant operating experience, other industrial
experience, and relevant component failure databases.
SSAR Chapter 19 describes the method of identifying risksignificant SSCs using the PRA.
The staff reviewed SSAR Section 17.3.6 with respect to
identifying and prioritizing risk-significant SSCs for the
ABWR D-RAP and concludes that it is responsive to the
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staffs RAI questions, meets the requirement of the
applicable regulation for D-RAP to describe the
methodology used to evaluate and prioritize risk significant
SSCs as described in Section 17.3 of this report, and is
acceptable. The acceptability of the PRA methods or
techniques to prioritize SSCs is addressed in Chapter 19 of
this report.

associated maintenance practices for an O-RAP. The staff
also concludes that SSAR Section 17.3.7 is responsive to
its RAI question, meets the requirement of the applicable
regulation for D-RAP to describe the methodology used to
evaluate and prioritize risk significant SSCs as described
in Section 17.3 of this report, and is acceptable.
17.3.8 Defining Failure Modes

17.3.7 Design Considerations
In response to the part of RAI Ql associated with the RAP
definitions and elements, OB provided the additional
information in Section 17.3.7 of the SSAR. In SSAR
Section 17.3.7, GE states that the reliability of SSCs
identified by the PRA as risk significant will be evaluated
at the detailed design stage by appropriate design reviews
and reliability analysis. Current databases will be used to
identify appropriate values for failure rates of equipment
as designed, and these failure rates will be compared with
those used in the PRA.' Normally, the failure rates will be
similar, but in some cases they may differ because of
recent design or database changes. Whenever failure rates
of designed equipment are significantly greater than those
assumed in the PRA, an evaluation will be performed to
determine if the equipment is acceptable or if it must be
redesigned to achieve a lower failure rate.
For those SSCs identified by the PRA or other sources as
risk significant redesign will be considered as a way to
reduce the core damage frequency (CDF) contribution. If
there are practical ways to redesign arisk-significantSSC,
it will be redesigned and the change in system fault tree
results will be calculated. Following the redesign phase,
dominant SSC failure modes will be identified so that
protection against such failure modes can be accomplished
by appropriate activities during plant life. (See Chapter 19
of this report.)
For the COL applicant, OE will identify in the PRA, or
other design documents, therisk-significantSSCs and the
associated reliability assumptions, including any pertinent
bases and uncertainties considered in the PRA (See Chapter 19 of this report).
OE will also provide this
information for the COL applicant to consider in
developing an O-RAP to help assure that PRA results will
be achieved over the life of the plant. The COL applicant
can use this information for establishing appropriate
reliability targets and the associated maintenance practices
for achieving them.
The staff reviewed SSAR Sections 17.3.6, 17.3.7, and
17.3.8 and concludes that OE has provided a process for
evaluatingrisk-significantSSCs for redesign and a process
for providing information to a COL applicant for
establishing appropriate reliability targets and the

In response to the part of RAI Ql associated with the RAP
definitions and elements, OE provided the additional
information in Section 17.3.8 of the SSAR. In SSAR
Section 17.3.8, OE uses the methodology of
NUREG/CR-5695, Section 5, to determine dominant
failure modes of risk-significant SSCs in the D-RAP. The
method includes using historical information, analytical
models, and existing requirements.
The staff reviewed SSAR Sections 17.3.6, 17.3.7, and
17.3.8 and concludes that QE has provided a method for
determining dominant failure modes for risk-significant
SSCs in the ABWR D-RAP. The staff also concludes that
SSAR Section 17.3.8 is responsive to its RAI question,
meets the requirement of the applicable regulation for
D-RAP to define failure modes as described in
Section 17.3 of this report, and is acceptable.
17.3.9 Operational Reliability Assurance Activities
In response to the part of RAI Q2 associated with the RAP
performance goals and targets, problem prediction, and
problem recognition, GE provided the additional
information in Section 17.3.9 of the SSAR. In SSAR
Section 17.3.9, OE states that once the dominant failure
modes are determined for risk-significant SSCs, an
assessment is required to determine suggested O-RAP
activities that will ensure acceptable performance during
plant life.
Such activities may consist of periodic
surveillance inspections or tests, monitoring of SSC
performance, or periodic preventive maintenance (PM).
Periodic testing of SSCs may include startup of standby
systems, surveillance testing of instrument circuits to
ensure that they will respond to appropriate signals, and
inspection of passive SSCs to show that they are available
to perform as designed.
Performance monitoring,
including condition monitoring, can consist of
measurements of output, measurement of magnitude of an
important variable, and testing for abnormal conditions.
Periodic PM will be performed at regular intervals to
preclude problems that could occur before the next PM
interval.
Planned maintenance activities will be integrated with
regular operating plans.
Maintenance that will be
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performed more frequently than during refueling outages
must be planned to avoid disrupting safe operation or
causing a reactor scram, engineered safety feature
actuation, or abnormal transient. Maintenance performed
during refueling outages must not adversely affect plant
safety.

The COL applicant will addtess in its O-RAP the
interfaces with construction, startup testing, operations,
maintenance, engineering, safety, licensing, QA, and
procurement of replacement equipment.

The staff reviewed SSAR Sections 17.3.9 and 17.3.10 and
concludes that OB has provided a process to determine
operational reliability* assurance activities using the
dominant failure modes identified in the ABWR D-RAP.
The staff also concludes that SSAR Section 17.3.9 is
responsive to its RAI question, to include a description of
O-RAP activities, and is acceptable. The COL applicant
should incorporate O-RAP activities into existing programs
such aa maintenance and quality assurance and provide the
staff with a description of how these activities are met at
the time of the COL application. (See SSAR 17.3.13).

The staff concludes that the outline of an O-RAP provided
by OE to be used by the COL applicant in SSAR
Section 17.3.10 is responsive to its RAI questions, to
include a description of O-RAP activities, and is acceptable. The COL applicant should also incorporate O-RAP
activities into existing programs such as maintenance and
quality assurance and provide the staff with a description
of how these activities are met. The COL applicant will
provide the D-RAP for completion of the detailed design
and specific equipment selection phases (e.g., procurement
of risk-significant SSCs), and a complete O-RAP to be
reviewed by the staff as described in Sections 17.3.1 and
17.3.9 of this report.

17.3.10 COL Applicant>Relial>Wty Assurance Process

17 J . 11 D-RAP Implementation

In response to the part of RAI Q2 associated with the RAP
performance goals and targets, problem prediction, and
recognition, problem prioritization and correction, and
problem closeout, OE provided the additional information
in Section 17.3.10 of the SSAR. Additionally, the O-RAP
description of plant aging, feedback to designer, and
programmatic interfaces responds to RAI Q3, Q5, and Q6,
respectively. In SSAR Section 17.3.10, OE states that the
O-RAP will be prepared and implemented by the COL
applicant, using the information provided by OE. The
information will help the COL applicant determine
activities that should be included in the O-RAP. Examples
of activities that might be included in an O-RAP are:

In response to RAI Q7, OE provided in Section 17.3.11 of
the SSAR, an example of how the OE RAP would be
implemented using a specific SSC identified as risk
significant in the PRA. For example purposes only, the
SLCS was assumed to be a significant contributor to CDF
or to offsite risk. The system description (including
operation and differences from current BWRs) and a
system fault tree were provided in the example. Seven
SLCS risk-significant components identified in the example
as having high importance in the SLCS fault tree were
considered for redesign.
Also, failure modes and
maintenance requirements for the seven components were
identified.

•

reliability performance monitoring

•

reliability methodology

•

problem prioritization

•

root cause analysis

•

corrective action determination

•

corrective action implementation

•

corrective action verification

•

plant aging

•

feedback to designer

•

programmatic interfaces

The staff concludes that the SSAR Section 17.3.11
example using the SLCS satisfactorily demonstrated GE's
cognitive understanding of the RAP concept and their
ability to incorporate it into the design, is responsive to its
RAI question, and is acceptable. The process description
for the implementation of the ABWR D-RAP by a COL
applicant will be reviewed by the staff at the time a COL
application is submitted.
17.3.12 Conclusion
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The staff has reviewed Section 17.3 of the ABWR SSAR.
The staff finds that the ABWR SSAR satisfies the
requirements of the applicable regulation for D-RAP for
the ABWR design phase of the reliability assurance
program as described in Section 17.3 of this report, and is
therefore acceptable.
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18 HUMAN FACTORS ENGINEERING
To perform its evaluation of Standard Safety Analysis
Report (SSAR) Chapter 18, the staff reviewed the
information described in Section 18.1.2 of this report.
The review was based on the current regulatory
requirements in 10 CFR 52.47, 10 CFR 50.34(g), and
10 CFR 50.34(f) and the guidance in Standard Review
Plan (SRP) Section 13 and 18; NURBG-0700, "Guidelines
for Control Room Design Review," September 1981; and
NUREG-0933, "Prioritization of Generic Safety Issues
Main Report," April 1983. The staff developed additional
review criteria to provide, a basis for its review of aspects
of the advanced boiling water reactor (ABWR) human
factors engineering (HFE) program that were not fully
addressed by the previously mentioned documents. These
criteria are contained in the staffs "Human Factors
Engineering Program Review Model (PRM) and
Acceptance Criteria for Evolutionary Reactors" which was
forwarded to the Commission in SECY-92-299 dated
August 27, 1992, and is attached as Appendix J to this
report.
Section 18.1 of this report describes the methodology used
to conduct the review, including the development of
general review criteria that supplement the regulatory
requirements and established guidelines. The results
described in Sections 18.2 through 18.9 address the
following eight major topics:
•
•
•
•
•
•
•
•

design goals
main control room (CR) standard design features
inventory of controls, displays, and alarms
remote shutdown system (RSS)
local valve position indication (VPI)
unresolved and generic safety issues
emergency procedure guidelines (EPGs)
design and implementation process

Section 18.10 gives a summary of the evaluation findings
and overall conclusions.
As a result of the staffs initial review of the SSAR, many
outstanding issues were identified and documented in the
draft safety evaluation report (DSER) (SBCY-91-320), and
subsequently in the DFSER (SECY-92-349). One of the
major issues to emerge from the initial review was that
detailed human-system interface (HSI) information
concerning the final design was not available for staff
review as part of the design certification evaluation. GE's
HSI analysis and design efforts resulted in a list of key CR
design features characterized at a general level (not a
detailed specification) and a minimum inventory of fixed
safety-significant information and control requirements
derived from an analysis of the ABWR EPGs and
probabilistic risk assessment (PRA). Evaluation of the key
features and the inventory is part of the certification

review. However, they reflect a design in its preliminary
stages (not a detailed design ot specification) and by
themselves do not provide a basis on which a safety
determination can be made.
In SECY-92-053, "Use of Design Acceptance Criteria
During 10 CFR Part 52 Design Certificatton Reviews,"
dated February 19, 1992, the staff proposed using design
acceptance criteria (DAC) as an approach to the ABWR
design review because detailed design information was
unavailable for selected areas of rapidly changing
technology, including human factors aspects of the GR and
remote shutdown station design. Therefore, it was inadvisable to require detailed design specifications at this point.
The inclusion of DAC in specific system inspections, testa,
analyses, and acceptance criteria (TTAAC) is discussed in
Section 14.3 of this report.
The staff will verify conformance with the ITAAC at
several points during die CR design process. The
documents that demonstrate satisfactory implementation of
the ITAAC will be available for inspection as they are
completed. In the DFSER the staff introduced the concept
of conformance review points as part of the DAC process.
These points would be key points during the DAC process
at which the staff would complete an adequacy review. As
its review of the development of the ITAAC and DAC
continued, the staff determined that five specific
conformance points were unnecessary and were
impractical. The deletion of the discussion of specific
conformance review points was the result of the staffs
continued review of the design certification applications
from several vendors. At the time the DFSER was
written, the staff envisioned that a design would progress
in such a fashion that at a given time (e.g., a conformance
review point) all information related to a particular aspect
of the design process associated with that particular
conformance point would be available; for example, all
implementation plana would be available at one time.
Because of the nature of the design process, it is not
practical to assume that all documentation on a specific
conformance review would be available at one point in
time.
DAC are prescribed limits, parameters, procedures, and
attributes on which the staff relies to make a final safety
determination to support design certification. The DAC
are measurable or testable and must be verified in order
for the staff to accept the final design. DAC delineate the
process and requirements that a combined license (COL)
applicant must implement during the development of
detailed design information for the CR and the remote
shutdown station. The adequacy of the detailed design will
be periodically assessed as it develops. The COL applicant
must demonstrate that the DAC are met. Failure to
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successfully complete ITAAC and any supporting DAC
may require repeating eeilier ITAAC and/or changing the
system design.
Because the criteria for review of the design and
implementation process for a CR or other control system
were not clearly defined in current regulations and
guidance documents, the staff developed criteria as pert of
this review. These criteria provided the bams with which
to (1) assets if the appropriate HFE elements are included
in the design and implementation process, (2) identify what
materials need to be reviewed for each element, and
(3) evaluate the adequacy of DAC and ITAAC to be used
by the staff to verify each of the review elements, as
developed by OB.
The staff design certification evaluation is based partially
on design information and partially on an implementation
process plan that describes the HFE program elements
required to develop the key features and inventory into an
acceptable detailed design specification. Along with the
design and implementation process plan, OE has submitted
the necessary DAC and ITAAC to ensure that the design
and implementation process is properly executed by the
COL applicant.
OE has submitted a design and
implementation process plan for the major design activities
for the ABWR HFE effort. The first part of the plan
presents GE's plant and system design elements; the
second part describes the elements that must be
implemented by a COL applicant to complete the design
activity.
The staff required that the design and
implementation process plan contain descriptions of all
required human factors activities (elements) that are
necessary and sufficient for the development and
implementation of the ABWR HSI.

18.1 Methodology
The staff review was performed in two phases. A
preliminary review was performed on early versions of the
SSAR and was documented in the DSER (SECY-91-320).
This review is summarized in Section 18.1.1 of this report.
DSER (SECY-91-320) issue resolution snd further
development of the SSAR were then reviewed and
documented in the DFSER (SECY-92-349). The acope of
this subsequent review is described in Section 18.1.2. As
part of the final review, the staff developed the HFE PRM,
or the review model, identified above for the evaluation of
a design process. Development of the HFE PRM, found
in Appendix J of this report, is described in
Section 18.1.3.
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18.1.1 Preliminary Review and
Evaluation Report Issues

Draft

Safely

The primary source of information reviewed by the staff
for the DSER (SECY-91-320) was SSAR Chapter 18
(updated through Amendment 15) and Chapter 13 (updated
through Amendment?) and OE's responses to staff
requestsforadditional information (RAJ), Questions 620.1
through 620.37, as documented in Chapter 20 of the
SSAR. The review focused on four important aspects of
ABWR human factors considerations:
•
•
•
•

the organizational structure of the human factors
function
design goals and assumptions
design processes
the specification of HSI design requirements

In addition, the review included OE's resolution of those
safety issues (unresolved safety issues, generic safety
issues and the construction permit/manufacturing license
(CP/ML) rule of 10CFR 50.34(f)) related to human
rectors considerations addressed in SSAR Chapters 13 and
18.
From its initial review, the staff concluded that the human
factors program for the HSI was generally inadequate as
presented in OE's initial documentation and that SSAR
Chapter 18 and Sections 13.2 and 13.5 did not provide
sufficient information to support a determination that the
ABWR design as proposed by OE for certification would
adequately incorporate accepted human factors
considerations in a manner that would achieve required
safety and reliability. The principal reasons for this
finding were: (1) design bases were specified in the SSAR
without supporting rationale, (2) a design process was
presented in insufficient detail and without results, (3) HSI
design requirements were presented without evidence that
they were derived from the design process and without
supporting tests and evaluations, and (4) the documentation
did not provide sufficient detail to support the review of
the ABWR human factors efforts to a level necessary for
design certification. Twenty-four issues were identified as
requiring resolution. The issues are listed in Table 18.1 of
this report. The table shows the section in this chapter
where each DSER (SECY-91-320) open issue is addressed.
In the discussions with OE that followed issuance of the
DSER (SECY-91-320), two issues identified below were
added in order to address the overall lack of design detail.
These two issues are discussed in detail in Sections 18.4
and 18.9 of this report.
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Table 18.1 DSER (SECY-91-320) Chapter 18 human factors engineering issues
SBR
Section Were
Addressed

rmmoar

laaua

DSER
Section

18.01

Qualifications of OB ABWR human factors design team

18.3.1

18.1.1

18.02

Human-systems interface (HSI) design and evaluation process

18.3.1

18.3

18.03

Number of staff in control room

18.3.2

18.2

18.04

Operator and system reliability

18.3.2

18.9

18.05

Operator workload analysis

18.3.2

18.9

18.06

Testa and analysis to support design implementation:

18.3.2

18.3

18.3.3.1

18.9

18.3.3.1

18.3
18.9

18.3.3.2

18.3

18.3.2

18.9

18.3.2

18.3

18.3.4.1

18.3

18.3.4.1

18.9

a. Analyses conducted to date
b. Further testing
18.07

ABWR human factors program plan (HFPP)

18.08

Control room prototype:
a. Standardized features
b. Prototype evaluation

18.09

Operator workload

18.10

Detailed task analyses

18.11

Tests, evaluations, studies to support design approaches

18.12
18.13

Adequacy of HSI design requirements
HSI design requirements for cathode ray tube (CRT), flat panel, and Urge-screen displays

18.14

Analysis to justify sole operator attentiveneaa and rationale for
number of operators at main console

18.3.4.2

18.2

18. IS

CRT display information

18.3.4.2

18.9

18.16

Power generation control system reliability

18.3.4.2

18.9

18.17

Alarm suppression criteria, alarm points

18.3.4.2

18.9

18.18

Safety parameter display system design scope

18.3.4.2

18.3

18.19

Remote shutdown system design rationale

18.3.4.2

18.5

18.20

Local valve position indication

18.3.4.2

18.6

18.21

Procedure development

18.3.4.4

18.1.1

18.22

Training materials

18.3.4.4

18.1.1

18.23

Unresolved safety issues and generic safety issues

18.4.1

18.7

18.24

Construction pernut/manufacturing
license-issues

18.4.2

18.7

18.25

Design process

-

18.9

18.26

Inventory

.
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•
•

lame 18.2S - Design Process
Issue 18.26 • Inventory

will preserve the human factors insights and the overall
ABWR design.

DSBR (SECY-91-320) Issues 18.01, 18.21, and 18.22
were resolved before the SSAR review for reasons
discussed below.

DSBR (SECY-91-32Q) lam IhQUftsiKfifftttoaiof tin
In Section 18.3.1 of the DSER (SECY-91-320), the staff
stated that "additional detailed information on the human
factors qualificationi of the GB ABWR human factors
design team is required." This information was deemed
important in the DSBR review because of die assumption
that the SSAR was to include an essentially complete
design for the HSI. OB responded by providing design
team information in its letter of October 1, 1991.
Evaluation: Since HFE is to be primarily performed by
the COL applicant, the issue is no longer a concern.
Instead, the focus on the design team was shifted toward
estsMishing the qualification requirements of the design
team that will actually implement the HFE program
discussed in Section 18.9 of this report. Because of the
change in focus for certification from an HFE design to a
design process, OE*s initial response to this issue in its
letter of October 1, 1991, provided sufficient information
for the staffs evaluation of this issue. Since OB has
addressed the qualification requirements for its HFE design
team, this item is resolved.

DSBR

(SBCY-°l-32v) fara 19,21;

ft&stm

DffYtiftgnwnt
In the DSER (SECY-91-320), the staff stated that systemlevel operating procedures had been developed
concurrently with the development of the ABWR systems
design. These procedures and the associated task analyses
on which the HSI requirements are based were not
included in the references (SSAR Section 18.6); thus, they
could not be evaluated. For the ABWR design certification, the staff expects the COL applicant to provide
detailed program descriptions for the development of
standardized plant procedures and sfsndsrdized plant
personnel training materials. Further, the staff expects the
COL applicant to develop integrated operating procedures
that reflect the full level of detail consistent with and
included as part of the final plant design. In addition, the
COL applicant should develop procedure development
guidelines (e.g., procedure writers guide, verification and
validation (V&V) guidelines, and generic technical
guidelines) with sufficient detail to ensure that the COL
applicant's implementation of the processes and criteria
delineated in these guidelines, when revising procedures
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Evaluation: The staff determined that the development of
detailed procedures and training materials was beyond the
scope of the ABWR design certification and was the
responsibility of the COL applicant. This was DFSBR
Confirmatory Item 18.9.2.2.7-1. Chapter 13.5.3.3 of the
SSAR states that procedures will be used during the V&V
process as described in Article VII of Table 1RB-1. The
staff accepts GE's determination that procedure
development is beyond the scope of the ABWR design
certification, and OB has included a COL action item that
ia acceptable. Therefore, this item ia resolved.

DSBR (SECY-91-32v) Ism 18,22; Training Mitrrifllfi
In the DSER (SECY-91-320), the staff stated that it
"expects OB to develop and submit for certification a
detailed program description for developing the training
material as part of the design certification for the ABWR."
After the DSER was issued, the staff determined that
training materials were already a part of the established
licensing review process under 10 CFR Part SO for the
COL applicant and did not need to be addressed in the
certification review under 10 CFR Part 52. The staff
accepts that the development of training materials is
beyond the scope of the ABWR design certification and
that the materials will be developed and submitted by the
COL applicant as part of the licensing process; therefore,
this item is resolved. A specific COL action item was
deemed unnecessary for this item, because 10 CFR Part 50
requirements are sufficiently explicit and the COL action
item list is not intended to be exhaustive.

18.1.2 Filial Standard Safety Analysis Report Review
The sources of information used for the final review
described in this chapter were SSAR Chapter 18 through
Amendment 34, GE's responses to the DSER
(SECY-91-320) issues as documented in the SSAR, and
GE'i responses to the RAIs as documented in Chapter 20
of die SSAR. In support of design certification, OE
personnel presented additional information on the standard
design features to the NRC staff at a meeting during a visit
to Japan to observe the Japanese ABWR CR prototypes
("Advanced Reactor Programs - ABWR Control Room
Design" - presented to the United States Nuclear
Regulatory Commission, M.A. Ross (OE), April 3 and 4,
1992, Tokyo, Japan - OE Proprietary). This information
was latter summarized and included in the design certification application as Appendix 180 to the SSAR. These
standard design features are evaluated in Section 18.3 of
this report.
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18.1.3 Development of Review Criteria

18.1.3.2 HFE PRM Development

18.1.3.1 Objectives

The staff reviewed current HFE guidance and practices
described in a wide range of nuclear industry and nonnuclear industry documents to identify important human
factors program plan (HFPP) elements relevant to a design
process review. A generic system development, design,
and evaluation process was defined with eight key HFE
elements that included criteria by which they could be
assessed. This is referred to as the HFE PRM, or the
review model.

As stated in the beginning of this chapter, complete
detailed HSI design information would not be available for
review before design certification. Certification is based
on the staffs approval of GE's design and implementation
process plan. For a design and implementation process
plan to result in an acceptable design, it must contain
(1) descriptions of all required HFE program elements for
the design and development and implementation of the
ABWR HSI and (2) DAC for the conformance reviews
under the ITAAC.
To review the GE-proposed HFE process, the staff had to
(1) assess if all the appropriate HFE elements were
included, (2) identify what materials needed to be reviewed
for each element, and (3) evaluate the proposed DAC and
ITAAC to verify each of the elements. To conduct the
review, the staff identified (1) which aspects of the HSI
design process were required to ensure that HFE safety
design in support of safe plant operation is achieved and
(2) the review criteria by which each element is assessed.
Review criteria independent of that provided by GE were
required to ensure that GE's plan reflects currently
accepted HFE practices and is a thorough, complete, and
workable plan. To support such a review, the staff
developed a technical basis for review of the HSI design
process. The specific objectives of this effort were:
(1)

To develop an HFE PRM to serve as a technical
basis for the review of the GE-proposed process for
certification. The HFE PRM is (a) based on
currently accepted HFE practices, (b) well defined,
and (c) validated through experience with the
development of complex, high-reliability systems.

(2)

To identify the HFE elements in a system
development, design, and evaluation process that
are necessary and sufficient for successful
integration of the human component in comply
systems.

(3)

To identify which aspects of each HFE element are
key to a safety review and are required to monitor
implementation of the process.

I

(4)

To specify the acceptance criteria by which HFE
elements can be evaluated as design development
progresses.

The HFE PRM was based largely on applied general
systems theory and the Department of Defense (DOD)
systems development process (which is rooted in systems
theory). Applied general systems theory provides a broad
approach to system design and development that is based
on a series of clearly defined developmental steps, each
with clearly defined goals and specific management processes to attain them. Systems engineering has been
defined as "the management function which controls the
total system development effort for the purpose of
achieving an optimum balance of all system elements. It
is a process which transforms an operational need into a
description of system parameters and integrates those
parameters to optimize the overall system effectiveness."
(F. Kockler, et al., Systems Engineering Management
fiyjdft (AD/A223 168), Defense Systems Management
College, Fort Belvoir, Virginia, 1990.)
Use of the DOD system development process and
procedure in the development of the HFE PRM was based
on several factors. DOD policy identifies personnel as a
specific component of the total system. A systems
approach implies that all system components (hardware,
software, personnel, support, procedures, and training) are
given adequate consideration in the developmental process.
A basic assumption is that the personnel component
receives serious consideration from the very beginning of
the design process. In addition, DOD has the most
experience in applying HFE to the development of
complex, technical systems (as compared with nonmilitary
system developers); thus, its process is mature, formalized,
and: ^resents the most highly developed and well defined
model of the HFE process available.
Within the DOD system, the development of a complex
system begins with the mission or purpose of the system
and the capability requirements needed to satisfy mission
objectives. Systems engineering methods must be used as
early as possible to develop the system concept and to
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define the system requirements. During the detailed design
of the system, systems engineering ensures
•
•
•
•
•

balanced influence of all required design specialties
resolution of interface problems
effective conduct of tradeoff analyses
effective conduct of design reviews
V&V of system performance

The effective integration of HFE considerations into the
design is accomplished by providing (1) a structured
topdown approach to system development that is iterative,
integrative, and interdisciplinary and (2) a management
structure that details the HFE considerations in each step
of the overall process. A structured topdown approach to
nuclear power plant (NPP) HFE is consistent with the
approach to new CR design as described in Appendix B to
NUREG-0700 and the more recent internationally accepted
industry standard, International Electrotechnical
Commission 964, for advanced CR design. The approach
also is consistent with the recognition that human factors
issues and problems emerge throughout the NPP design
and evaluation process; therefore, human factors issues are
best addressed with a comprehensive topdown program.
The scope of the HFE PRM excluded a training program
development element because training is adequately
addressed by existing NRC requirements. In addition,
human reliability analysis was excluded and is addressed
in Section 19.1 of this report.
The HFE PRM incorporates the requirements (as discussed
below in Section 18.1.3.3) of 10 CFR 50.34(f)(2)(iii) as
required by 10 CFR 52.47(a)(1)(h). The HFE PRM is
briefly described below and is included in Appendix J of
this report.

The overall purpose of the HFE PRM review is to ensure
that
•

the applicant has integrated
development and design

•

the applicant has provided HSIs that make possible
safe, efficient, and reliable operator performance of
operation, maintenance, test, inspection, and
surveillance tasks

•

the HSIs reflect "state-of-the-art human factors
principles" as required by 10 CFR 50.34(f)(2)(iii).

into

plant

State-of-the-art human factors principles are defined as
those principles currently accepted by human factors
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All aspects of HSI will be developed, designed, and
evaluated on the basis of a structured topdown system
analysis using accepted HFE principles based on current
HFE practices. HSI is used here in the very broad sense
and shall include all operations, maintenance, test, and
inspection interfaces and procedures materials.
The model developed to achieve this commitment contains
eight elements:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

human factors engineering program management
operating experience review (OER)
system functional requirements analysis
allocation of function
task analysis
human-system interface design
plant and emergency operating procedure development
human factors verification and validation

The elements and their interrelationships are illustrated in
Figure J.l of Appendix J of this report. Also illustrated
are the minimal set of items to be submitted by the COL
applicant for NRC staff review of the applicant's HFE
efforts. A description of the purpose of each element
follows.

Element 1 - tfuimgi Factors Engineering Program

Management

18.1.3.3 HFE PRM Model Description

HFE

practitioners. "Current" refers to the time when a program
management or implementation plan is prepared.
"Accepted" refers to a practice, method, or guide that is
(1) documented in the human factors literature within a
standard or guidance document that has undergone a peerreview process or (2) can be justified through scientific or
industry research and practices.

To ensure the integration of HFE into system development
and the achievement of the goals of the HFE effort, an
HFE design team and an HFE program plan must be
established to ensure the proper development, execution,
oversight, and documentation of the HFE program. An
HFE issue tracking system (to document and track
HFE-related problems, concerns, and issues, and their
solutions throughout the HFE program) will be established
as part of the program plan. The HFE issue tracking
system will be used as a mechanism to log ABWR-specific
design issues as part of the COL applicant's overall design
process.
Element 2 - Operating Experience Review
The accident at Three Mile Island (TMI) in 1979 and other
reactor incidents have illustrated that significant problems
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in the actual design and design philosophy of NPP HSIs
exist. There have been many studies as a result of these
accidents and incidents. Utilities have implemented both
NRC-mandated changes and additional improvements on
their own initiative. However, the changes were formed
on the basis of the constraints associated with backfUs to
existing CRs using early 1980s technology, which limited
the scope of corrective actions that might have been
considered (i.e., more effective changes can be made in
the case of a new CR with the modern technology typical
of advanced CRs). Problems and issues encountered in
similar systems of previous designs must be identified and
analyzed so that they are avoided in the development of the
current system, or in the case of positive features, to
ensure their retention.

Element 3 - System Function^ Requirements Analysis
System requirements shall be analyzed to identify those
functions that must be performed to satisfy the objectives
of each functional area. System function analysis shall
(1) determine the objective, performance requirements, and
constraints of the design and (2) establish the functions that
must be accomplished to meet the objectives and required
perfonnance.

•

form the basis for specifying the requirements for the
displays, data processing, and controls needed to carry
out tasks

Human engineering principles and criteria shall be applied
along with all other design requirements to identify, select,
and design the particular equipment to be operated,
maintained, and controlled by plant personnel.

Bfemmt 7 - Ptonf md l f i f r r Qp^tmy *™pAm
Mr

ie

Development
Plant and emergency operating procedures (EOPs) shall be
developed to support and guide human interaction with
plant systems and to control plant-related events and
activities. Human engineering principles and criteria shall
be applied along with all other design requirements to
develop procedures that are technically accurate,
comprehensive, explicit, easy to use, and validated. The
types of procedures covered in the element are
•

normal plant and system operations (including startup,
power, and shutdown operations)

Element 4 - AllocationfrfFunction

•

abnormal and emergency operations

Functions shall be allocated to take advantage of human
strengths and to avoid functions that would be affected by
human limitations. To ensure that functions are allocated
according to accepted HFE principles, a structured and
well-documented methodology of allocating functions to
personnel, system elements, and personnel-system
combinations shall be developed.

•

alarm response

Element ? - Twk Analyste
Task analysis shall include the systematic study of the
behavioral requirements of the tasks personnel are required
to perform in order to achieve the functions allocated to
them. The task analysis shall
•

•
•
•

provide one of the bases for making design decisions
(e.g., determining before hardware fabrication, to the
extent practicable, whether system performance
requirements can be met by combinations of anticipated
equipment, software, and personnel)
ensure that human performance requirement* do not
exceed human capabilities
be used as basic information for developing procedures
be used as basic information for developing staffing,
skill, training, and communication requirements of the
system

Element 8 - Human Factors Verification and Validation
Using HFE procedures, guidelines, standards, and
principles, the acceptability of the final HSI design shall be
evaluated as an integrated system. The integrated system
includes all
•
•
•
•
•
•
•
•

human-hardware interfaces
human-software interfaces
communications (human-human interfaces)
procedures
workstation and console configurations
control room design
remote shutdown system (RSS)
design of the overall work environment

High fidelity with regard to the final design is expected
(i.e., only minor differences between the actual final
design and the evaluated design are acceptable).
Validation should be accomplished through dynamic task
performance of trained operating personnel using
evaluation tools that are appropriate to the accomplishment
of this objective as stated in Table 3.1 of the certified
design material (CDM) and SSAR Appendix 18E.
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18.2 Design Goals
18.2.1 General Discussion in the Standard Safety
Analysis Report
The HSI design goals are described in SSAR Section 18.2.
GE's "primary goal for the operator interface design is to
facilitate safe, efficient, and reliable operator performance
during all phases of normal plant operation, abnormal
events, and accident conditions." It further states that, to
achieve these goals, the HSIs will be designed and
provided in a manner consistent with "good human factors
engineering practices."
Within the context of this review, GE's eight specific
design bases are considered to be design assumptions since
they are "givens" and, as presented, have na/t been derived
from analysis. They thus become design drivers. These
design assumptions are evaluated in Section 18.2.2.2 of
this report.

PSBRffiBCY-M-Mg)Urn 18,14; AMIYMI TO Justify
Sole Operator Attendyepess wi RationaleforNumber of
Operators «t Main Coawte
In the DSER (SECY-91-320), the staff stated that an
appropriate analysis should be providedtojustify how one
operator at the main console will remain attentive to
his/her duties, and that the maximum number of operators
who are expected to monitor and operate the plant during
an emergency at the main control console needs to be
specified with the rationale to support this number. The
staff stated that this rationale should be based on the
function and task analysis performed to support the CR
design. The staff required the rationale for the number of
operators anticipated to monitor and control functions on
the main control console while the operator is performing
other functions.

18.2.2.1 DSER (SECY-91-320) Issue Resolution

Evaluation: GE satisfactorily clarified this issue in
amended SSAR Section 18.2 by indicating that the ABWR
operating crew will be consistent with the staffing
requirements of 10 CFR 50.54(m) and that two operators
will be available during all phases of ABWR operation.
Therefore, this item is resolved.

Two DSER (SECY-91-320) issues related to the design
goals are summarized below, including the resolution that
was achieved.

18.2.2.2 Evaluation of the Current SSAR Design
Bases

DSER (SECY-91-32Q) Ism 18.Q3; Numto of Staff in
the Control Rpom

GE defined the following eight discrete design bases for
use in the design development of the ABWR CR:

In the DSER (SECY-91-320), the staff stated that the
number of main control room (CR) operating staff needed
to be clearly established for the ABWR. Design Basis 1
in the original SSAR stated that for "normal operations,
the ABWR shall be operable by one senior reactor operator
who,will be directly involved in manipulation of the
reactor controls, one assistant CR SS (shift supervisor),
one CR SS (shift supervisor), and two auxiliary equipment
operators." The operating crew could be increased during
accident conditions. In the DSER (SECY-91-320), the
staff stated that the specification of a single operator at the
control boards during normal operations was considered to
be a significant design driver.

Design Basis 1 - The ABWR will be operated by two
reactor operators, and four licensed operators will be on
shift at all times, consistent with the requirements of
10 CFR 50.54(m).

18.2.2 Analysis

Evaluation: This issue is related to DSER (SECY-91-320)
Issue 18.03 and was similarly resolved. GE satisfactorily
clarified this issue in amended SSAR Section 18.2 by
indicating that the ABWR operating crew will be consistent
with the requirements of 10 CFR 50.54(m) and that two
operators will be available during all phases of ABWR
operation. Therefore, this item is resolved.
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Design Basis 2 - Efficient and reliable operation will be
promoted through increased automation.
Design Basi* 3 - Only proven technology will be used for
the HSI design.
Design Basis 4 - Safety-related systems monitoring
displays and control capability will meet the requirements
for independence and electrical separation.
Design Basis 5 - The operator interface design will be
highly reliable and provide functional redundancy.
Design Basis 6 - The principal functions of the ABWR
safety parameter display system (SPDS) will be integrated
into the HSI design.
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Design Basis 7 - ODC 19 will be met (ODC 19 states that
a control room shall be provided from which actions can
be taken to operate the nuclear power unit and mat
equipment outside of the control room shall be provided to
shutdown the reactor.)
Design Basis 8 - Design bases for the RSS will be
specified in SSAR Section 7.4.
The staff reviewed the GE design bases which will be met
through the design and implementation process described
in SSAR Chapter 18. For two of the bases issues were
identified which are described in detail below.
Design Basis 1 states that the ABWR will be operated by
two reactor operators and that four licensed operators will
be on shift at all times consistent with the requirements of
10 CFR 50.54(m). These will include a licensed senior
reactor operator SS and assistant SS. While this may be
a reasonable design goal on the basis of the preliminary
analyses and evaluations conducted thus far, the capability
of the main control console to accommodate two operators
will have to be validated as part of HFE V&V activities
(Element 8). Further, it will have to be verified that no
more than two operators need to access the controls and
displays at the main control console under all normal,
abnormal, and accident conditions.
The roles and
responsibilities of the SS and assistant SS also will need to
be defined, including their information requirements and
access to displays. As reported in the preliminary validation tests, using the Japanese CR prototypes, in SSAR
Appendix 180, the main console would be crowded if
more than two operators were required there. SSAR
Table 18E-1 states that the COL applicant will validate that
the CR design will support acceptable performance of all
tasks assigned to the operating crew under a variety of
plant conditions. In the DFSER the evaluation of the
number of operators needing access to controls at the main
console and the specification of the roles and
responsibilities of the SS and assistant SS was identified as
DFSER COL Action Items 18.2.2.2-1 and 18.2.2.2-2. OE
has adequately incorporated these issues in the SSAR as
Item 18.8.2 in SSAR Section 18.8. The staff agrees with
GE's assertion that this issue (results of the evaluation
shall be placed in the HFE Issue Tracking System - Item
II.2 of SSAR Table 18E-1) should be resolved by the COL
applicant as noted in SSAR Section 18.8.2 as part of the
design and implementation process.
Design Basis 2 states that efficient and reliable operation
will be promoted through increased automation. This
design basis is acceptable only if it can be demonstrated
that the increases in automation promote operational
reliability and that automation is not introduced in such an
arbitrary maimer that it may impair human and/or system

performance. This basis must be evaluated as part of the
requirements of Element 4, "Allocation of Function."
Decisions regarding which functions should be automated
are more effectively made after the function analyses have
been conducted and functions have been allocated as
documented in NUREO/CR-3331, "A Methodology for
Allocating Nuclear Power Plant Control Functions to
Human or Automatic Control." In the DFSER, the evaluation of automation strategies and their effects on operator
reliability was identified as COL Action Item 18.2.2.2-3.
OB has acceptably incorporated this issue (results of the
evaluation shall be placed in the HFE Issue Tracking
System - Item n.2 of SSAR Table 18E-1) as noted in
SSAR Section 18.8.3 as part of the design and
implementation process.
No issues were identified for SSAR Design Bases 3
through 8 listed above. Therefore, these items are
resolved.
18.2.3 Finding
As discussed in Section 18.2.2.1 of this report, DSER
(SECY-91-320) Issues 18.03 and 18.14 are resolved. In
addition, the staff identified three issues to be addressed,
as part of the design and implementation process, ss
described in SSAR Table 18E-1.
•

evaluation of the number of operators needing access to
controls and displays at the main console

•

specification of the roles and responsibilities of the SS
and assistant SS

•

evaluation of the impact of automation on operator
reliability

SSAR Section 18.8 states that these issues will be resolved
by the COL applicant after system functional requirements
analyses, the allocation of functions, and the task analysis
are performed.

18.3 Main Control Room Standard Design
Features
18.3.1 General Discussion in the Standard Safety
Analysis Report
The CR is characterized by 18 standard features, each of
which is reviewed in Section 18.3.2.2 below. The features
were derived from a system analysis and verified through
V&V testing using two Japanese CR prototypes. The
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standard design features are described in SSAR
Section 18.4, and their development is described in SSAR
Sections 18.3.1 and 18.3.2.
A possible ABWR main CR is partially ciuracterized in
SSAR Appendix 18C. Since this serves as an example of
how the standard features might be implemented, it has no
specific application in the safety review of the ABWR for
design certification. SSAR Appendix 18C should not be
misinterpreted as providing any information specific to the
ABWR CR design safety finding.

•

the preparation of implementation plans for major
design and evaluation activities

•

the derivation of general HSI requirements from the
design of individual systems

•

task analyses for safety-related functions based on
manual operations

•

a systematic allocation-of-function strategy based on
workload analysis and an analysis of such task
characteristics as degree of repetitiveness and
complexity

•

an analysis of current trends and technology
assessments of the major CR features including
approaches to automation, console design, video
display units (VDUs), display techniques, large display
panels, use of fixed-position displays, alarms, and CR
layout

18.3.2 Analysis
18.3.2.1 DSER (SECY-91-320) Issue Resolution
DSER (SECY-91-320) Issues 18.02, 18.06, 18.08,18.09,
18.11, 18.12, and 18.18 were related to the standard
features that are described in SSAR Section 18.4. Each of
these issues is summarized below, the path to resolution
that Was proposed in the discussions with GE after the
DSER (SECY-91-320) was issued is given, and issue
resolution is evaluated. These issues generally address the
need for information regarding the design process and
analyses leading to the standard features and their test and
evaluation.
DSER (SECY-91-320) Issues 18.13 (HSI design requirements for the cathode ray tube (CRT), flat panel, and
large-screen displays), 18.15 (CRT display information),
and 18.17 (alarm suppression criteria, alarm points)
address a level of design detail beyond the description of
the standard features in the SSAR. Thus, these DSER
issues are addressed in Section 18.9 because they will be
resolved by the COL's design and implementation process.

After the features were identified, GE assessed them in a
validation testing program using two Japanese CR
prototypes that had the standard features. Three teams of
operators participated in the validation tests by performing
a range of operational tasks, including normal operation,
equipment failures, scrams, and accidents. Information
collected for the validation tests included that collected by
videotape and observations and operator opinion.

The test results generally supported the use of the standard
features. However, the staff noted several limitations in
the tests:
•

The standard features were not individually tested;
instead, the entire design as a package (which included
standard features and other design detail) was
evaluated. Also, the features as implemented in the
validation tests were designed at a considerably greater
level of detail when compared with their SSAR
definition as standard features. Thus, it is possible that
the same set of standard features (as defined in the
SSAR) could be improperly designed and/or poorly
integrated to result in an unacceptable design.

•

The data collected were limited mainly to observations
and subjective evaluations.
A more complete
performance measurement evaluation such as that
described by HFE PRM, Element 8, was not used.

•

The selection of accident and transient test scenarios
was limited. More extensive tests will be needed but
will be performed as part of the Element 8 validation
test program (as defined in the HFE PRM).

PSER (SECY-91-?2Q) \mt 18,02; HSI Pesim and
Ev fu?tinn Process and Issue 18.06: Te«fa» an^ AUffllvaja
ft

To Support Design Implementation
In the DSER (SECY-91-320), the staff stated that additional detailed information regarding the HSI design and
evaluation process was necessary (Issue 18.02). Additional
detailed information also was necessary about the methods,
criteria, and results of analyses performed to support the
level and type of starting, automation, and function
allocation to achieve the goals of safe and reliable
performance of the operating crew and overall system
(Issue 18.06).
Evaluation:
These issues are addressed in SSAR
Section 18.4 and Appendix 18G. The standard design
features were the result of a 5-year development program
that included
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•

The results were expressed in general terms without the
compilation of specific findings related to each of the
general features (e.g., the relative merits and problems
encountered for each specific feature).

•

The test program showed that the main control console
would be crowded if more than two operators were
required there. The result is specific to the design
configuration and test scenarios used in the test
program. The SSAR level of detail does not include
console dimensions; therefore, the test results from the
Japanese prototypes do not directly pertain to the key
feature as represented in the SSAR. Analysis of the
console's suitability under maximum staffing demands
should be evaluated as part of the detailed task analysis
and validation test program.

Although the limitations noted above of the testing of the
standard features were identified, the staff determined that
the level of validation provided by the testing was
sufficient to support the use of these features for the
ABWR design because the suitability of these features
would be revisited in more detail during the V&V of actual
ABWR CR designs by the COL applicant.
DSER (SECY-91-320) Issues 18.02 and 18.06 became
DFSER Confirmatory Item 18.3.2.1-1. GE has provided
the description of the design development and validation
testing in SSAR Appendix 18G. The staff agrees that
GE's description of the design development and validation
testing as discussed above is acceptable and therefore
considers this item resolved.
In addition, the standard features are defined at a very
general level and provide a general approach to CR design.
They are not a final design specification and not at the
level of detail needed for a final safety determination
without consideration in the context of the design
development process. Therefore, the detailed design
implementation of the standard features and their integration into the CR and RSS designs will be included as part
of the staffs review of the COL's DAC submittals related
to the activities of HFE PRM Elements 6 and 8. in
addition, the validation of the final design of the standard
features is specifically identified as COL Action
Item 18.8.S in SSAR Section 18.8.
DSERrSECY-91-320Hssue 18.08: Standardized Features
and Prototype Evaluation
In the DSER (SECY-91-320), the staff stated that
additional detailed information was necessary to precisely
indicate the aspects of the CR design that are part of the
standardized design and that are unique to a COL
applicant's implementation consistent with accepted human

factors principles and practices and the requirements of
10 CFR Part 52. The staff believes development of a fully
functional CR prototype of the standard design is
appropriate in order to demonstrate acceptable human
performance. Thus, there are three parts to this issue:
(1) the aspects of the CR that are part of the standardized
design, (2) the level of detail with which the standard
features are described, and (3) the use of a prototype.
Evaluation: For Parts 1 and 2 of this issue, the staff
conducted a feature-by-feature evaluation to determine the
level of design detail that was supported by GE's design
efforts. GE agreed to modify the description of the
standard features to a level of detail supported by the
design and evaluation efforts discussed with respect to
Issue 18.06 above. The results were provided in GE's
letter of February 18, 1992.
This was DFSER
Confirmatory Item 18.3.2.1-2.
SSAR Section 18.4 gives a revised description of the
standard CR design features. The description has been
modified to a level of detail commensurate with the test
and evaluation program. The staff has determined that the
design development description provided by GE is
acceptable on the basis of the approved DAC.
In regard to Issue Part 3, the use of a prototype in design
and evaluation is addressed as part of the design process
discussed in Section 18.9 of this report.
GE has submitted the description of the design
development and validation testing and revised the
description of the standard features in SSAR Section 18.4.
On the basis of its review, the staff finds GE's submittals
acceptable; therefore, this item is resolved.
PSER (SECY-91-ttQ) Issue l$ Q9: Operator WorKloaqf

In the DSER (SECY-91-320), the staff stated that GE had
not indicated how the workload was defined and measured
(in the context of allocation of functions) or what constitutes an appropriate operator workload level. The staff
further stated that it was unclear how validating allocationof-function decisions by a COL applicant at this late point
in the design process could result in a standardized design.
Thus, there are three parts to this issue: (1) workload
definition for allocation-of-function
studies,
(2) determination of satisfactory workload, and
(3) implications for postcertification evaluations that
require modification of certified aspects of the design, in
this case, allocation of function.
Evaluation: GE addressed this issue in its letter of
February 18, 1992. Parts 1 and 2 of this issue are
addressed in the evaluation of Issue 18.06 above. The
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specification of workload evaluations during
postcertificjUion is addressed in the discussion of the design
process in Section 18.9 of this report and is required by
the COL applicant in SSAR Table 18.E-1. This was
DFSER Confirmatory Item 18.3.2.1-3. OE has submitted
the information requested by the staff on operator
workload in SSAR Appendix 180. The staff has reviewed
OE*s submittal and found it to be acceptable; therefore,
this item is resolved.

DSER (SECY-91-32Q) Ism 19.11; Twtt, Evaluating.
Sftriiw to Support Design Apprw^hw
In the DSER (SECY-91-320), the staff stated that
information was needed on tests, evaluations, and trade
studies performed to support the selection of design
approaches (e.g., the use of touch-screen interfaces).
Evaluation: OE addressed this issue in its letter of
February 18, 1992, and it is discussed under Issue 18.06.
After discussions with the staff, OE eliminated several
design details from the specification as standard features,
including the use of touch-screen interfaces. Those that
remain are those supported by the test program. DSER
(SECY-91-320) Issue 18.11 was to be resolved subject to
receipt of the amended SSAR.
This was DFSER
Confirmatory Item 18.3.2.1-4. OE has provided, in SSAR
Appendix 18G, the information to support the staffs
determination that OE's design details, as well as the
appropriate DAC, are acceptable. Therefore, this item is
resolved.
PSER (SECY-°H2Q) Ifffflc lg,12f
Design Requirements

Adequacy of HSI

In the DSER (SECY-91-320), the staff stated that, in the
absence of a systems analysis and test and evaluation
results, there was no basis to evaluate the reasonableness
and adequacy of the HSI design requirements from a
top-down (or bottom-up) perspective.
Evaluation: OE addressed this issue in its letter of
February 18, 1992, as is discussed under Issue 18.06
above. DSER (SECY-91-320) Issue 18.12 was to be
resolved subject to receipt of the amended SSAR. This
was DFSER Confirmatory Item 18.3.2.1-5. GE has
provided, in SSAR Appendix 18G, the information to
support the staffs determination that the HSI design
requirements and appropriate DAC are acceptable.
Therefore, this item is resolved.

NUREG-1503

PSER (SECY-P1-32Q) \m? 19,19;
Display System Pwim Scope

Safety frmmrtw

In the DSER (SECY-91-320), the staff stated that, at the
present stage of design, it could not determine if the
ABWR safety parameter display system (SPDS) will meet
all the NRC SPDS design criteria in NURBG4737,
Supplement 1, "Clarification of TMI Action Plan
Requirements," 1982. The requirements regarding the
SPDS in the ABWR CR are discussed in detail under
"Standard Feature N."
The SPDS function and the list of critical parameters, as
described in SSAR Section 18.4.6, did not include
parameters that would provide operators with information
about radioactivity control should there be a release of
radioactive materials. The SSAR further stated that the
COL applicant may provide a radioactivity release control
information display. GE's initial approach to meeting
NRC requirements for the SPDS function was not
sufficient.
Evaluation: SPDS design is part of the ABWR standard
features. Therefore, it is reviewed in the next section
under "Standard Feature N." The commitment to the
requirements of NUREG-0737, Supplement 1, has been
incorporated into the description in SSAR Section 18.2,
which states that the SPDS functions will comply with the
NUREO report requirements. Therefore, this item is
resolved.
18.3.2.2 Evaluation of the Current SSAR
As a result of the DSER (SECY-91-320) issue resolutions
discussed above, OE agreed to
•
•
•

clarify how the standard features were defined from the
design process
provide support for the validation of the standard
features
redefine the SSAR descriptions of the standard features
to bring them in line with the supporting design and
validation efforts

The list of standard feature descriptions below was the
result of that process. It is important to reemphasize that
a final safety determination for the detailed design of the
standard features will be made by the staff using the DAC
as part of ITAAC.
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Stanford FMtore A

Standard Features E. F. and O

Feature Description - The use of a single, integrated
control console staffed by two operators; the console has
a low profile so that the operators can see over the console
from a seated position.

Feature Descriptions E-

Operator selectable automation of predefined plant
operational sequences.

Feature Evaluation - This feature, as presented, is
generally supported by GE's design analyses and
evaluations as discussed in Section 18.3.2.1 above.

F-

The incorporation of an operator selectable
semiautomated mode of plant operations. This
mode will provide procedural guidance to the
operators using die plant operating procedures as a
basis for that guidance. This "feature" is stated at
the general level and will be further specified
during the design implementation process.

G-

The capability to conduct plant operations in an
operator manual mode.

Storotora' Feature »
Feature Description - The use of an on-screen control
video display unit (VDU) for safety system monitoring and
non-safety system control and monitoring that is driven by
the plant process computer system.
Feature Evaluation - This feature, as presented, is
generally supported by GE's design analyses and
evaluations as discussed in Section 18.3.2.1 above.
Standard Feature C
Feature Description - The use of a separate set of onscreen control VDUs for safety system control and
monitoring and separate on-screen control VDUs for nonsafety system control and monitoring; the operation of
these two sets of VDUs is entirely independent of the
process computer system. Further, the first set of VDUs
and all equipment associated with their functions of safety
system control and monitoring are divisionally separate and
qualified to Class IE standards.
Feature Evaluation - This feature, as presented, is
generally supported by GE's design analyses and
evaluations as discussed in Section 18.3.2.1 above.
Standard F^tore p
Feature Description - The use of dedicated function
switches on the control console.
Feature Evaluation - This feature, as presented, is
generally supported by GE's design analyses and
evaluations as discussed in Section 18.3.2.1 above. GE's
rationale for specifying the use of dedicated switches for
the identified functions is consistent with human factors
engineering practices arid is acceptable for this application.
This feature is described in SSAR Section 18.4.2.5,
indicating that several different types of switches are used,
incorporating a technology that has been retained from the
previous BWR designs. The type of switch will be
determined by the design implementation process addressed
in Section 18.9 of this report.

Feature Evaluation - These features, as presented, are
generally supported by GE's design analyses and
evaluations as discussed in Section 18.3.2.1 above. The
features as stated are at the level of general requirements
for the levels of automation available to the operator. The
operator maintains the capability to assume manual control
at any time. This basic approach is consistent with current
human factors engineering practice and is acceptable for
this application.

Standard Future H
Feature Description - The incorporation of a large display
panel that presents information for use by die entire CR
operating staff.
Feature Evaluation - This feature, as presented, is
generally supported by GE's design analyses and
evaluations as discussed in Section 18.3.2.1 above. It
should be noted that the safety significance of this display
approach will be dependent on the final design of display
formats and distribution of information between the main
control console and the large display. This is addressed as
part of the COL's HSI design and V&V ITAAC.
Standard Future I
Feature Description - The inclusion on the large display
panel of fixed-position displays of key plant parameters
and major equipment status
Feature Evaluation - This feature, as presented, is
generally supported by GE's design analyses and
evaluations as discussed in Section 18.3.2.1 above.
Information on the large panel will be designed so that it
can be observed from the supervisor's console (which is

18-13

NUREG-1503

Human Factors Engineering
farther from the panel than the main control console). As
the COL applicant develops the design after certification,
evaluations are required by the HFE PRM to confirm the
allocation of information between the large panel and the
main control console. This is addressed as part of the
COL's HSI design and V&V ITAAC.

Standard Feature N
Feature Description - The incorporation of the SPDS
function as part of the plant status summary information
that will continuously be displayed on the fixed-position
displays on the large display panel.
Feature Evaluation - This feature, as presented, is
generally supported by GE's design analyses and
evaluations as discussed in Section 18.3.2.1 above.
Details pertinent to the SPDS are discussed below.

Stanford Featvrw J Mid K
Feature Descriptions J- The inclusion in the fixed-position displays of both
Class IE qualified (those that contain safety-related
information) and non-Class IE display elements.
K- The independence of the fixed-position displays from
the plant process computer.
Feature Evaluation • The SSAR acceptably requires that
the fixed-position displays of safety-related information
conform to Class IE standards and be independent of the
plant process computer.

Feature Description - The inclusion in the large display
panel of a large VDU that is driven by the plant process
computer system.
Feature Evaluation - This feature, as presented, is
generally supported by GE's design analyses and
evaluations as discussed in Section 18.3.2.1 above.
Standard Feaftiye M

The staff reviewed OE's proposed approach to SPDS
development in accordance with the requirements in
10 CFR 50.34<fX2)(iv) and NUREG-0737, Supplement 1,
and the guidance in NUREG-1342 "A Status Report
Regarding Industry Implementation of Safety Parameter
Display Systems" (1989), which describes SPDS
implementation methods acceptable to the NRC staff as
well as problem areas identified in operating plant SPDS
reviews.
GE describes its SPDS design in SSAR
Section 18.4.2.11, as well as in DSER (SECY-91-320)
Responses 3.b.l(n), 3.b.5, Table 3.b-l, and S.e (GE letter
of February 18, 1992).
The SPDS review for the ABWR is part of the staffs
review to be conducted as part of HFE PRM Elements 6
(Design) and 8 (V&V). The ABWR CR and SPDS design,
while not complete, is described in the SSAR. The
discussion below addresses several SPDS requirements.
Paragraph 3.8a of NUREG-0737, Supplement 1, discusses
the integration of the SPDS with related emergency
response capabilities and includes the following comment
on the SPDS:
(1) Review the functions of the NPP operating staff
that are necessary to recognize and cope with rare
events that (a) pose significant contributions to risk,
(b) could cause operators to make cognitive errors
in diagnosing them, and (c) are not included in
routine operator training programs.

Feature Description - The incorporation of a "monitoring
only" supervisor's console that includes VDUs on which
display formats available to the operators on the main
control console also are available to the supervisors.
Feature Evaluation - The role of the supervisor and the
supervisor's information requirements need to be more
completely specified by the COL applicant before a
determination of the design requirements of the console
can be made. The present design of the main control
console is for two seated operators. Making no provisions
for control capability from the supervisor's console leads
to the assumption that under no circumstances would
control capability beyond that of the two operators be
required. This will be considered by the COL applicant in
the design process under Element 8 of the HFE PRM and
will be resolved by the COL applicant on completion of
the functional analysis as required by SSAR
Table 18.E-2(II).
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This guidance was not specifically addressed in GE's
response. Therefore, the COL applicant will need to
consider incorporation of insights from the PRA into the
SPDS selection process.
For example, loss of
power/station blackout (SBO) was very important to risk
in the ABWR PRA (90 percent of core damage frequency
(CDF) in the first revision of the PRA). Hence, there
should be some monitoring of electric power sources as
part of the SPDS. Also, with the addition of a gas turbine
generator to the design to reduce the dominance of the
SBO sequence, parameters related to the gas turbine should
be included on the SPDS. Other safety-system failures that
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appear prominently in the accident sequences are thoae of
the high-pressure core flooder, reactor core isolation
cooling (RCIC) system, low-pressure core flooder, residual
heat removal system, and automatic depresftirization
system (ADS).
Additionally, cognitive errors made by operators and items
not covered in operator training programs would need to
be addressed similarly to the risk-significant items.
Addressing the criteria of Paragraph 3.8a of
NUREG-0737, Supplement 1, will be part of the COL
applicant's CR design responsibility. This waa DFSER
COL Action Item 18.3.2.2-1. The commitment to the
criteria in NUREG-0737, Supplement 1, is specified in
SSAR Section 18.2 and is incorporated in the DAC. This
is acceptable to the staff.

Each of the paragraphs of Section 4.1 of NUREG-0737,
Supplement 1, contains specific details pertaining to the
SPDS. Some areas that require further consideration by
the COL applicant in the design process are noted below.
•

Paragraph 4.1a calls for a "concise" SPDS display.
The concept of a "concise" display is further amplified
in NUREG-1342, Section III.A.l. It is not clear from
the description of the ABWR SPDS how the "concise"
criteria will be met. This issue will be part of the
COL applicant's detailed design development process.

•

Paragraph 4. lc requires procedures and training on the
SPDS. This will be' addressed by the COL applicant in
the development of procedures as addressed in SSAR
Chapter 13.

•

•

Paragraph 4. Id was addressed in OS's DSER
(SECY-91-320) response, in which OE stated that the
selection of information for inclusion in the SPDS
display was based on the current BWR Owners Group
(BWROO) EPOs rather than the ABWR EPGs. OE
stated that this would be corrected to specifically
address the ABWR EPOs. This was DFSER Confirmatory Item 18.3.2.2rl. The SSAR has been modified
to state that "selection of the parameteiB for inclusion
in the SPDS display is based upon the Advanced
Boiling Water Reactor Emergency Procedure
Guidelines . . . ." Therefore, this item is resolved.
Paragraph 4. If addresses the functional information
required in the SPDS. While the specific parameters
are to be determined by the COL applicant, GE has
provided specific parameters in SSAR Chapter 18.4.2.11 that follow the NUREG-1342
recommendations, except as noted below.

18-

•

The COL applicant should consider the need for
some standby liquid control (SLC) indication along
with the reactivity control covered in the ABWR
parameters. Existing BWR designs do not have this
indication; however, because the ABWR is a new
reactor design, the COL applicant should consider
the items listed in NUREG-1342 as "desirable
enhancements." Also, the comment on PRA
insights from Paragraph 3.8a above and the fact
that SLC is needed to mitigate the anticipated
transient without scram (ATWS) sequence (which
is 31 percent of CDF in the probabilistic risk
analysis) in the ABWR illustrates the importance of
having SLC indication.

-

GE states that indication of radioactivity control
will be selected by the first ABWR license
applicant. Thus, parameter selection and display
implementation will be the responsibility of the
COL applicant as part of the design development.

DSER (SECY-91-320) Issue 18.18 concerning the SPDS
waa resolved, and theremainingissues listed above will be
addressed as part of the COL applicant's design process
through incorporation into the HFE issue tracking system.
This was DFSER Confirmatory Issue 18.3.2.2-2. GE has
included the SPDS design in SSAR Section 18.8, "COL
license Information," as Item 18.8.4 and has committed
to meeting NUREG-0737, Supplement 1, and the SPDS
guidance in SSAR Sections 18.2 and 18.4.2.11. This is
acceptable; therefore, this item is resolved.

EXEMPTION FRQM )Q CFR SQ,?4(TO)(iv) FOR
AN SPPS CONSOLE
The regulation 10 CFR 50.34(f)(2)(iv) requires that an
application:
Provide a plant safety parameter display
console that will display to operators a
minimum set of parameters defining the safety
status of the plant, capable of displaying a full
range of important plant parameters and data
trends on demand, and capable of indicating
when process limits are being approached or
exceeded (I.D.2).
GE, as part of the ABWR SSAR, commits to
meet the intent of this requirement. However, as
discussed below, the functions of the SPDS will
be integrated into the control room design rather
than on a separate "console." The purpose of the
requirement for an SPDS, as stated in
NUREG-0737, Supplement 1, is to ". . . provide
a concise display of critical plant variables to the
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control room operator! to aid them in rapidly and
reliably determining the safety status of the plant.
... and in assessing whether abnormal conditions
warrant corrective action by operators to avoid a
degraded core."

underlying purpose of the SPDS rule (10 CFR
50.12(aX2X>>)). As presented here, the staff uses the
special circumstances in 10 CFR 50.12(aX2Xii) to
justify the deviation from the regulation (exemption)
for an SPDS "console" for the ABWR design.

The ABWR design does not provide a separate
SPDS, but rather, the functions of the SPDS are
integrated into the overall control room display
capabilities. In lieu of the requirements in
10 CFR 50.34<0<2Xiv) for a "console, OE has
proposed the following commitments in the
ABWRSSAR:

In conclusion, the staff finds an exemption from the
requirement for an SPDS "console" to be appropriate
based upon (1) the description in the OB SSAR of the
intent of the ABWR design to incorporate the SPDS
function as part of the plant status summary
information which is continuously displayed on the
fixed-position displays on the large display panel; and
(2) a separate "console" is not necessary to achieve the
underlying purpose of the SPDS rule which is to
display to operators a minimum set of parameters
defining the safety status of the plant. The staff,
therefore, finds that OB has adequately supported an
exemption from 10 CFR 50.34(fX2Xiv) because SSAR
Sections 18.2(6), 18.4.2.1(14), 18.4.2.8 and 18.4.2.11
achieve the underlying purpose of the rule by ensuring
that the SPDS functional requirements are satisfactorily
incorporated in the control room design without s
separate "console."

11

(1)

Section 18.2(6) states that the functions of the
SPDS will be integrated into the design,

(2) Section 18.4.2.1(14) states that the SPDS function
will be part of the plant summary information
which is continuously displayed on the fixedposition displays on the large display panel,
(3)

Section 18.4.2.8 states that the information
presented in the fixed-position displays includes
the critical plant parameter information, and

(4) Section 18.4.2.11 describes the SPDS for the
ABWR and states that the displays of critical plant
variables sufficient to provide information to plant
operators about the following critical safety
functions are continuously displayed on the large
display panel as an integral part of the fixedposition displays:
(a) Reactivity control,
(b) Reactor core cooling and heat removal from
the primary system,
j

Feature Description - The use of fixed-position alarm tiles
on the large display panel.
Feature Evaluation - This feature, as presented, is
supported by GE's design analyses and evaluations as
discussed in Section 18.3.2.1 above. In addition, the use
of fixed-position alarms for key parameters is supported by
research and industry experience with advanced alarm
sysCems.

Standard F«tore p

(c) Reactor coolant system integrity,
(d) Radioactivity control, and
(e) Containment conditions.

Feature Description - The application of alarm processing
logic to prioritize alarm indications and to filter
unnecessaiy alarms.

The Commission may, upon its own initiative or at the
request of an applicant, grant exemptions from the
requirements of the regulations of Part 50. The
exemption must comply with 10 CFR 50.12(a) criteria
regarding special circumstances. An exemption from
the "console" of the SPDS may be granted since not
having an SPDS "console" (1) does not present an
undue risk to the public health and safety, and is
consistent with the common defense and security
(10 CFR 50.12(a)(1)); and (2) special circumstances
exist that application of the regulation to the ABWR
design of the SPDS rule is not necessary to achieve the
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Feature Evaluation - This feature, as presented, is
supported by OE's design analyses and evaluations as
discussed in Section 18.3.2.1 above.
OE's alarm
prioritization scheme is based on three basic principles;
mode suppression, redundancy suppression, and
consequence suppression. OE does not propose advanced
alarm suppression techniques, such as expert system-based
analyses. Thus, the suppression is based on wellunderstood techniques that have been tested in other
nuclear industry studies and have been found to be
beneficial. In addition, the design specifies operator
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control over suppression. Operators may turn suppression
on or off.
Aa with other CR features, the alarm
processing techniques must be verified and validated as
required by the V&V ITAAC in Table 3.1 of the CDM
and SSAR Appendix 18B analyses.
It should be noted that mis standard feature only includes
the application of alarm processing logic to prioritise alarm
indications and to filter unnecessary alarms. The general
issue of alarm processing is the subject of much industry
and NRC research, and much additional research data
pertaining to alarm implementation will be available for the
COL applicant during the CR design process.

gtMdntf Feature Q

VAV ITAAC in Table 3.1 of the CDM, and the SSAR
Appendix 18E analyses.
DSER(SECY-91-320) Issues 18.02,18.06,18.08,18.09,
18.11, and 18.12 became DFSER Corifirmatory
Hern 18.3.3-1. Aa discussed above, OB amended the
SSAR and included Appendix 18G, which satisfactorily
addressed each of these issues. Therefore, these items are
resolved.
DSER (SECY-91-320) Issue 18.18, "SPDS Integration
With Related Emergency Response Capabilities," will be
addressed ty the COL applicant and has been included as
Item 18.8.4 in SSAR Section 18.8. This is acceptable;
therefore, this item is resolved.

Feature Description - A spatial arrangement between the
large display panel, the main control console, and the shift
supervisor's console allows the entire CR operating crew
to conveniently view the information presented on the large
display panel.

18.4 Inventory of Controls, Displays, and
Alarms

Feature Evaluation • This feature, as presented, is
generally supported by OE's design analyses and
evaluations as discussed in Section 18.3.2.1 above.

GE's initial SSAR contained insufficient information about
controls, displays, and alarms to be utilized for the ABWR
CR, resulting in a DSER (SECY-91-320) open issue. As
part of the general resolution of the lack of CR detail, OE
provided the detailed CR design implementation process
through which the specific controls, displays, and alarms
will be specified and designed. However, to provide an
initial set of controls, displays, and alarms for transient
mitigation before design certification, OE developed the
inventory presented in SSAR Appendix 18F. This
inventory was developed by analyzing the ABWR EPGs
and the important operator actions specified as a result of
the ABWR PRA analysis (refer to SSAR Section 19.D.7).
Subsequently, OE described an additional fixed-position
subset of these controls, displays, and alarms (i.e., a
minimum inventory) for inclusion in the design description
(DD) and ITAAC (CDM Section 2.7.1 and Table 2.7.1. A)
for the main CR panels.

Stwdard Feature R
Feature Description - The use of VDUs to (provide alarm
information in addition to the alarm information provided
by the fixed-position alarm tiles on the large display panel.
Feature Evaluation - This feature, as presented, is
generally supported by GE's design analyses and
evaluations ss discussed in Section 18.3.2.1 above.
Component-level alarms will be provided on main console
VDUs while important alarms and system-level alarms will
be provided on the fixed-position tiles on the large display
panel. The alarms presented on the large panel aleo will
be available on the VDUs.
18.3.3 Finding
The staff did not identify any safety issues in the
description of the standard features for the level of design
detail presented. It is important to note that the description
of the standard features is at a general level and essentially
presents a general approach to CR design. The features
are not a final design specification and are not described at
a level of detail sufficient for a final safety determination
without consideration of the design development process.
When the design becomes more detailed as part of the
implementation and integration of the design process, the
COL applicant will evaluate the standard features in
accordance with Item 18.8.S in SSAR Section 18.8, the

18.4.1 General Discussion in the Standard Safety
Analysis Report

As part of the review, OE submitted to the staff detailed
task analysis information (formerly SSAR Tables 18F-1
through 18F-12, Amendment 21) to support the
identification of important displays, controls, and alarms
for EPO implementation. The staffs review and its
comments were given in the DSER (SECY-91-320) and
DFSER, respectively. In response to the staff comments,
OE submitted revised inventory analyses in SSAR Amendments 25 and 30 and in a letter providing proprietary task
analysis information dated June 9, 1993. In Amendment 34, OE submitted SSAR Appendix 18H which
provided the supporting analysis for the inventory of
controls, displays, and alarms in SSAR Appendix 18F.
The staff reviewed these submittals and confirmed that the
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described in the DSBR and DFSER were
satisfactorily addressed.
Each confirmatory item ia
discussed below. The staffs review of the issue is
complete, the DFSER confirmatory items are considered
resolved, and the minimum inventory of displays, controls,
and alarms ia adequate,
18.4,2 Analysis
18.4.2.1 DSER (SECY-91-320) Issue Resolution
(tee DSER (SECY-91-320) issue related to the inventory
is summarized below along with the path to reaolution that
waa proposed in the discussions with GE. The evaluation
of the issue ia given in the following section.
DSBR fSBCY-91-3201 Issue 18.26.- Inventory

OE's analyaia process for the EPOs provided a large
amount of specified equipment. Each step, caution, and
note in the large body of EPOa waa aepaiately reviewed,
analyzed, and documented in a table containing
14 columns. A number of important controls, displays,
and alarms were identified. On the basis of discussions
with OE, the staff determined mat the results of the
analyaia would be provided to the COL applicant for use
in the CR design implementation process. This will help
ensure that the important indications, controls and alarms
derived from the analysis are appropriately implemented in
the HSI design. The staff has determined mat GE's
analysis process is acceptable.
18.4.2.2.2
(1)

Level pf HSI Prtltf
Discussions in earlier SSAR Section 18F.1
indicated that OB had made significant HSI design
implementation decisions regarding displays and
controls in the main CR. This contradicted other
statements in SSAR Chapter 18. For example, OE
stated: "In Tables 18F-1 through 18F-12, the
particular method of design implementationforeach
control, display, and alarm function ia indicated in
brackets as part of each relevant table entry."
Particular implementation methods were described
for hundreds of items. In general, the bracketed
information in the inventory waa more detailed than
what the rest of the SSAR supported. OE also
stated that "all remote control equipment of a
particular system can be accessed and controlled by
touch operations when the VDU operate mode is
selected." However, touch operations are not part
of me standard features identified in the SSAR. OE
committed to revise the discussions in Table 18F-1
and the output from the inventory to make mem
consistent with the remainder of SSAR Chapter 18.

The staff raised general questions in the DSER
(SECY-91-320) about the absence of level of detail for
controls, displays, and alarms to be incorporated into the
main CR. GE and the staff agreed that since a detailed
design regarding controls and displays would not be
available for the design certification review, OE would use
the EPOs to develop an inventory of the key minimum
infosmation and control requirements for the operator to
perform necessary safety-related functions. This approach
to developing an inventory is discussed below.
18.4.2.2 Evaluation of the Current SSAR
18.4.2.2.1

General Results

Review Methodology

The staff reviewed SSAR Sections 18.3.1, 18.3.3, and
Appendices 18A, 18F, and 18H to determine if the
inventory in Appendix 18F provided a reasonable
minimum set of fixed controls, displays, and alarms to
adequately implement the EPOs for the ABWR.
The analysis methods used for this evaluation included
•

EPO Review: Selected steps of the EPOs were
compared with the corresponding portions of SSAR
Tables 18H-1 through 18H-14 to determine accuracy
and technical validity of conclusions.

•

PR Affllimffl Reliability AMJYM (HRA) Revfow: The
PRA/HRA was compared with SSAR Tables 18H-1
through 18H-14 to determine whether significant
human actions were selected and if the analysis was
correct.

•

SwmirarYTf1?l* Review: Summary SSAR Tables 18H11 through 18H-13 were selectively compared with
SSAR Tables 18H-1 through 18H-10 for accuracy.
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In Amendment 25 of the SSAR, OE provided a
revised version of the inventory that addressed the
staff concerns about the level of HSI detail. The
staff reviewed the revisions and found OE had adequately removed the specification of design
implementation for each control, display, and alarm
and had adequately revised the introduction to
Appendix 18E to reflect this. The staff found these
revisions acceptable; therefore, the issue is
resolved.

(2)
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For each step of the EPOs and each important PRA
operator action, OB defined the information
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(Column 4) tad control functions (Column 5)
neoemry to perform that step. The perimeter
displays (Column 6), control* (Column 7), tnd
alarms (Column 8) that are needed alto were
defined. OB further specified whether they were
fixed or on VDUs. OB, however, did not provide
information at to how the use of fixed display! or
VDU displays was determined. GB committed to
provide the appropriate criteria and rationale for
this determination in SSAR Appendix 18F.

did not contain a discussion of the rationale for the
•election of these at the important actions.
Additionally, Item 7 of the PRA/HRA review of
March 1991 contained a discussion of the number
of human errors in the HRA. Six errors were
noted to be the only ones described in any detail in
the PRA. Of these six errors, which were treated
at important in the PRA, only one was on the list
of five actions considered in the inventory
development (failure to inject water from the
facility fire protection suppression system into the
reactor pressure vessel (RPV)). The others related
to inhibiting ADS during an ATWS, initiating SLC
during an ATWS, controlling flow during an
ATWS, failing to depressurize the reactor, and
failing to isolate a failed heat exchanger. These
errors did not appear to be analyzed for inclusion in
the inventory. OE stated that tome of these were
covered in EPO steps and, hence, were addressed
in the inventory. Others were not included because
of automation decisions that removed the need for
certain operator actions (e.g., ATWS control). OB
agreed to provide a discussion of the rationale for
the selection of the important operator actions
included in the inventory in the PRA discussion in
Chapter 19 of the SSAR. OE also agreed to
identify each operator action already covered in the
body of the EPGs that was also identified through
the PRA study. Finally, GE committed to update
the inventory based on any additional important
human actions from PRA after the PRA/HRA had
been completed.

At a result of further discussion with the staff, OB
agreed to remove the VDU designation from the
inventory list since specifying an implementation
strategy before implementing the human-machine
interface design implementation process would be
i premature. In SSAR Amendment 30, OB provided
a revised version of the inventory that addressed the
staff concerns about VDU selection rationale by
removing the reference to design implementation
detail (e.g., VDU). This is acceptable; therefore,
the issue is resolved.
(3)

HEEJBSUI
Although the inventory contains a list of key
minimum displays, controls, and alarms necessary
to carry out operator actions associated with the
EPGs, the COL applicant will need to identify and
further define additional detailed characteristics of
these displays and controls (e.g., ranges, scales,
physical dimensions, and actual information
presentation) during the detailed task analysis and
HSI design efforts. On the basis of its discussions
with OE, the staff concluded that at the time in the
design implementation process the inventory is used
for the actual CR design, the COL applicant will
review the minimum inventory against the results of
the detailed task analyses to ensure that the
appropriate information it displayed for operations
activities. Any discrepancies identified from this
comparison will be documented and resolved by the
COL applicant through the design process. As a
result, the minimum inventory has been added to
the required information to be used in the detailed
HSI design element of the human-machine interface
design implementation process. Therefore, the staff
concerns regarding HFE input have been addressed
as noted before and this issue is resolved.

(4)

As a result of further discussion with the staff, OE
revised SSAR Section 19.D.7 to discuss the
operator actions considered important in the ABWR
PRA. Additionally, the GE revised detailed design
files (e.g., SSAR Tables 18F-1 through 18F-11)
submitted on June 9, 1993, to reflect the operator
actions identified through the PRA. Currently,
SSAR Appendix 18H contains those detailed design
files. Therefore, the staff concerns about the use of
important operator actions as identified in
Chapter 19 have been addressed in the inventory
described in Appendix 18F of the SSAR. The staff
finds this approach to be acceptable; therefore, this
issue is resolved.
(5)

Vffe of 1 mpQrtanf Operator A9ti9W
GE's earlier SSAR Section 18F-2 listed five actions
considered to be important based on the results of
GE's PRA sensitivity study. However, the SSAR
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GE has developed a minimum set of fixed displays,
controls, and alarms required to mitigate transients
and accidents associated with the EPOs and the
PRA sensitivity study.
It should be noted,
however, that GE committed to providing additional
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fixed displays (e.g., in SSAR Section 18.4.2.11 on
the SPDS and in Section 18.4.2.11 on dedicated
hardware alarm windows of entry conditions for
EOPs) beyond those identified in SSAR
Tables 18H-1 through 18H-14. GE also identified
additional fixed displays as part of the inventory
analysis mat were not considered 'as part of the
minimum inventory.
GE committed to revising the SSAR to describe the
scope of the inventory as limited to the EPGs and
the PRA sensitivity study and to clarify that additional required fixed displays would not be
superseded by this inventory. OE also agreed to
provide a discussion in the introduction to
Appendix 18F of the SSAR on the scope of the
inventory and to describe the integration of the
inventory with the detailed design process by the
COL applicant.
SSAR Amendment 30 included a discussion on the
scope of the inventory that was consistent with the
scope previously established by the staff for the
inventory specification.
In addition, the
introduction to Appendix 18F notes that other
requirements on the CR panel inventory stemming
from other design commitments were not
necessarily incorporated into the minimum
inventory.
The staff reviewed the revised
introduction to this appendix and found that it
addressed its concerns about the scope of the
minimum inventory. The issue is resolved.

maintain diversity from the main CR. Discussion of other
HSIs outside the CR are tied to GE's design and
implementation process contained in SSAR Appendix 18E.
18.5.2 Analysis
18.5.2.1 DSER (SECY-91-320) Issue Resolution
DSER rSECY-91-320^ Issue 18.19:
Systein Pesign Rationale

Remote Shutdown

In the DSER (SECY-91-320), the staff stated that
additional information (i.e., tests, evaluations, and results)
addressing how human performance is affected when
operators are required to use mixed control and display
technologies (i.e., digital and analog) during emergency
plant operations was needed to support GE's position and
rationale on the RSS design for the ABWR. (This issue is
discussed further in Section 18.5.2.2 below.)
Evaluation: GE stated that the RSS will not use digital
technology in order to maintain diversity from the CR. An
assessment of the mix of analog and digital technologies in
the plant as a whole was to be included in the
postcertification test activities conducted by the COL
applicant as part of the V&V element. The staff noted that
independence (i.e., isolation and separation) and diversity
were needed for the RSS. This was DFSER Confirmatory
Item 18.5.2.1-1. GE has included information regarding
the RSS as a COL action in Item 18.8.6 of SSAR Section 18.8 and in the HFE design acceptance criteria
(ITAAC) of Table 3.1 of the CDM. This approach is
acceptable; therefore, this item is resolved.

18.4.3 Findings
18.5.2.2 Evaluation of the Current SSAR
In the DFSER, the staff concluded that GE had developed
an acceptable minimum set of displays, controls, and
alarms that will mitigate transients and accidents associated
with the EPGs and the PRA sensitivity study subject to the
incorporation of the comments in the DSER
(SECY-91-320). As a result of further discussions with
GE, the staff determined that the revision to SSAR
Amendment 30, Appendix 18F, addressed its concerns and
was, therefore, acceptable. The minimum inventory of
displays, controls, and alarms described by GE is
adequate; therefore, DSER (SECY-91-320) Issue 18.26 is
resolved.

18.5 Remote Shutdown System
18.5.1 General Discussion in the Standard Safety
Analysis Report
SSAR Sections 7.4 and 18.5 describe the RSS. The RSS
will use conventional hardwired controls and indicators to
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SSAR Sections 18.5 and 7.4 describe the RSS. GE
intends the RSS to use conventional, hardwired controls
and indicators to maintain diversity from the main CR.
One generally acknowledged HFE design principle is to
maintain consistency across HSIs when similar tasks are
being performed in order to (1) minimize the time operators must spend "switching gears" to adopt operations to
different HSIs for similar tasks and (2) minimize the
potential for human errors that arise from incorrect
transfer of learned activities from one HSI to another. In
response to RAI Question 620.32 concerning the possible
human factors implications of using analog hardware in the
RSS design rather than a digital design consistent with the
main CR, GE submitted a rationale for the diversity that
included protecting "against the improbable event of
common mode hardware or software failure in the plant
instrumentation and control systems." The importance of
diversity is acknowledged; however, caution should be
exercised with regard to when the diversity is applied.
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The staff was, therefore, concerned with GE's rationale for
using mixed HSI technology. In its response to RAI
Question 620.32, GE stated that the human factors testing
of the RSS would be conducted during part of the plant
power ascension test program and that, because RSS
operations are relatively simple, training the operators to
adjust to the analog RSS should not be an undue burden on
them. GE did not give the basis or rationale to support
these conclusions. As discussed above, the issue is being
incorporated as Item 18.8.6 in SSAR Section 18.8 as a
COL action item, thus addressing the staffs concern.
An NRC human factors generic issue includes the RSS.
An evaluation of the risk significance of this issue for an
RSS and a value-impact assessment of proposed human
factors fixes is documented in NUREG/CR-5572, "An
Evaluation of the Effects of Local Control Station Design
Configurations on Human Performance and Nuclear Power
Plant Risk" (1992). This study showed that functionally
centralizing (integrating many functions into one panel) the
RSS into one integrated panel was risk significant. Since
the issue of RSS HSI design versus the CR HSI can only
be addressed when design detail is developed, the staff
expects that RSS functional centralization will be addressed
by the COL applicant during the detailed design process
described in SSAR Appendix 18E.
18.5.3

Finding

The design of the RSS is covered under the COL
applicant's design and implementation process addressed
by the HFEITAAC in Table 3.1 of the CDM and detailed
in SSAR Appendix 18E.
DSER (SECY-91-320)
Issue 18.19 is resolved on inclusion of Item 18.8.6, aCQL
action item, in SSAR Section 18.8.

18.6 Local Valve Position Indication
DSER (SECY-91-320) Issue 18.20; Local Valve Position
Indication
In the DSER (SECY-91-320), the staff stated that the
ABWR design should include complete local valve position
indicator (VPI) based on accepted human factors principles
and practices. "Local" in this instance means at the
location of the valve in the plant. However, GE's
commitment to VPI was unclear. This was identified as
DSER (SECY-91-320) Issue 18.20.

However, the response did not indicate which local valves
will have position indication.
In the process of plant and system design development,
including CR task analyses, a nuclear power plant vendor
will determine the valves that require remote position
indication in the CR. In the large majority of cases, the
valves with remote VPI in the CR are motor-operated
valves. However, in some cases of hydraulically operated
valves, pneumatic valves, and even manual or check valves
(e.g., valves for the low-pressure coolant injection line for
BWRs) have CR VPI. The ABWR should have a full
complement of CR VPI, with specific details (e.g., which
valves and what type of displays) determined by the COL
applicant through the approved CR design implementation
process plan.

While the NRC has focused on CR VPI, developments
over the past few years have shown the importance of VPI
at the valve itself. The recognition of the need to know
valve position has come about through review of operating
events and an increased attention to good human-systems
interface design, including VPI for manual valves. These
developments indicate die need for local VPI at various
types of valves (e.g., manual and motor operated).
Brookhaven National Laboratory (BNL) reviewed historic
records (BNL Report A-3972-4-91) to determine the extent
and type of human engineering deficiencies that exist at
local control stations (LCSs) in actual plants and to determine the type of plant-level problems caused by these
deficiencies. Table 4.b of the BNL report catalogues a
number of such problems as a result of inadequate VPI
identified in licensee event reports (LERs), NUREG/CR
reports, and EOP inspections. Table 5 in the BNL report
also identifies problems related to inadequate VPI and
discusses an Institute of Nuclear Power Operations
recommendation for local means of visually verifying
actual and normal position of valves.

During an NRC research project, related to potential
upgrades to LCSs, both the costs and benefits associated
with unproved VPI for manual valves were investigated.
This project showed that human factors improvements
(which included VPI as a key component) to only selected
important manual valves could result in risk changes of
about 10' core damage events per reactor-year.
Additionally, cost analyses showed these upgrades or
backfits to the important manual valves were cost beneficial. Further, cost analysis showed that most of the costs
were related to the backfit situation. That is, when local
VPI was included as part of the original valve design
specification, the added costs were minimal, especially
5

Evaluation: In its response of October 1, 1991 (Response
Sg), GE stated that only valves in the CR task analysis are
required to have positive position indication. In the DSER
(SECY-91-320) issues response dated February 18, 1992,
GE stated that "the ABWR design does not include
requirements for local position indication on all valves."
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when compared to the increased assurance that valves were
positioned properly at all times. Thus, it was concluded
that most local valves for new plants should have VPI.
For certain small local manual valves (e.g., root valves),
VPI was determined not to be necessary.

resolution that was proposed in the discussions with GE.
The evaluation of these issues is given in the following
section.

The staffs position is that remote VPI should be provided
in the CR as discussed above and local VPI should be
provided for

In the DSER (SECY-91-320), the staff identified several
USIs/GSIs (see discussion below in Section 18.7.2.2).

•

all power-operated valves (e.g., motor, hydraulic, and
pneumatic)

•

all large manual valves (5 cm (2 in.) or greater)

•

those small manual valves ( < 5 cm (2 in.)) determined
to be important

The staff noted that DSER (SBCY-91-320) Issue 18.20 will
be addressed by the COL applicant as part of the design
development process. This was DFSER COL Action
Item 18.6-1. OB has included a COL action item
regarding VPI in Item 18.8.7 of SSAR Section 18.8. This
is acceptable.

Issue 18.23: Unresolved Safety Issues and Generic Safety
Issues flJSI/QSIsl

Evaluation: This issue was to be resolved as part of me
design implementation process review (see discussion
below in Section 18.7.2.2).
Issue 18.24: Construction Penmt/Manufacturiiiig License
(CP/ML) Rtth Issues
In the DSER (SECY-91-320), the staff identified several
CP/ML rule issues (see discussion below in
Section 18.7.2.2).
Evaluation: This issue was to be resolved as part of the
design implementation process review (see discussion
below in Section 18.7.2.2).
18.7.2.2 Evaluation of the Current SSAR

18.7

Unresolved and Generic Safety Issues

18.7.1 General Discussion in the Standard Safety
Analysis Report
As required by 10 CFR 52.47, the applicant for design
certification must demonstrate compliance with any
technically relevant portions of the TMI requirements in
10 CFR 50.34(f), which is sometimes referred to as the
CP/ML rule. 10 CFR 52.47 also requires proposed
technical resolutions of USI/GSI. The safety issues that
relate to human factors are addressed in Section 18.7.2,
which follows.
GE discusses its approach and proposed resolution of these
issues in Appendix 19B to the SSAR. The staffs initial
review of the issues related to human factors is
documented in DSER (SECY-91-320) Chapter 18. Several
of the items were left outstanding at that time. This
section will address the human factors aspects of these
issues, as well as those items left as outstanding in the
DSER (SECY-91-320).

In its response dated February 21,1992, GE addressed the
specific outstanding items associated with 10 CFR 50.34(f)
that were identified in the DSER (SECY-91-320). These
are summarized below.
USI/GSI Item HF-1.1 and related items
The staff considers Items HF-1.1, "Shift Staffing," and
LA. 1.4, "Long Term Upgrade of Operating Personnel and
Staffing," to be beyond the scope of the design
certification. The COL applicant will be responsible for
addressing these issues as part of the licensing process.
This was DFSER COL Action Item 18.7.2.2-8. As
Item 18.8.1 in SSAR Section 18.8, GE has included a
general COL action item to conduct the detailed HFE
design according to the design and implementation process
defined by the DD and Table 3.1 of the CDM and SSAR
Appendix 18E. The staff interprets this process to include
the analysis of these USI/GSI items; therefore, this
approach is acceptable.
V$1WI Items HF-frl and rented items

18.7.2 Analysis
18.7.2.1 DSER (SECY-91-320) Issue ResoVition
Two DSER (SECY-91-320) issues related to the standard
features are summarized below along with the path to
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The staff considers Items HF-5.1, "Local Control
Stations," HF-01.3.4.a, "^ocal Control Stations," and
n.K. 1(5), "Safety Related Valve Position Indication," to be
beyond the scope of the design certification; the COL
applicant will need to address these issues. This was

18-22

Human Factors Engineering
DFSER COL Action Item 18.7.2.2-7. OE has included
information regarding these two issues as Item 18.8.11,
"Local Control Stations," and 18.8.7, "Local Valve
Position Indication," in SSAR Section 18.8. This approach
is acceptable.

CR development in Table 3.1 of the CDM, Item 5, and in
SSAR Appendix 18E. Information regarding this issue is
given as a COL action item in Item 18.8.1 of SSAR Section 18.8. This approach is acceptable.

TMI Action Item I.P.2

VSI/QSI Items HF-3,2, B-17, m4 retold items
The staff has reviewed the OE detailed CR design process
and finds that the COL applicant will address several
USI/GSI items as part of the detailed design
implementation process.
Among these items are
(1) HF-5.2, "Review Criteria for Human Factors Aspects
of Advanced Control Room Instrumentation"; (2) B-17,
"Criteria for Safety Related Operator Actions";
(3) HF-01.3.4b, "Interface Annunciators"; (4)HF-01.3.4c,
"Operational Aids"; (5) HF-01.3.4d, "Automation and
Artificial Intelligence"; and (6) HF-01.3.4e, "Computers
and Computer Displays." This was DFSER COL Action
Item 18.7.2.2-6. As Item 18.8.1 in SSAR Section 18.8
OE, has included a general COL action item to conduct the
detailed HFE design according to the design and
implementation process defined by the DD and Table 3.1
of the CDM and SSAR Appendix 18E. The staff
interprets this process to include the analysis of these
USI/GSI items. In addition, for resolving Item B-17, OE
has included an evaluation of the adequacy of the HSI to
provide necessary controls, displays, and alarms for the
timely performance of critical tasks as Item 18.8.15 in
SSAR Section 18.8. This approach is acceptable.

TMI Action torn LA.4,2
10 CFR 50.34(f)(2)(i) corresponds to TMI Action
Item I.A.4.2 on simulator capabilities. GE states that
"simulator facilities for use in performing operator training
are outside the scope of the standard plant design certification." This is consistent with the treatment of training
in SSAR Chapter 13 and is acceptable because training is
to be addressed by the COL applicant. This was DFSER
COL Action Item 18.7.2.2-1. OE, with the agreement of
the staff, has included the requirement that the operator
training program meet 10 CFR Part 50 as Item 18.8.8 in
SSAR Section 18.8. This approach is acceptable.

TMI A ? t o Item I,P. 1
10 CFR 50.34(f)(2)(iii) corresponds to TMI Action
Item I.D.I on CR design. Item I.D.4 and Item I.D.5(1)
also relate to CR design issues. OE states in the SSAR
that these issues will be addressed by the COL applicant in
the detailed design implementation process. This is
acceptable and is further addressed by the HFE design
process discussed in Section 18.8 below. This was DFSER
COL Action Item 18.7.2.2-3. GE has included detailed

Section 50.34(f)(2)(iv) corresponds to TMI Action
Item I.D.2 on the SPDS. GE addressed this item in SSAR
Section 18.4.2.11 (see the previous discussion of the SPDS
in Section 18.3 of this report). Additionally, Item 125.1.3
in NUREG-0933 on SPDS availability will be addressed as
part of the detailed CR design process. This was DFSER
COL Action Item 18.7.2.2-4. GE has included the COL
action of SPDS design in Item 18.8.4 of SSAR Section
18.8 and, in SSAR Sections 18.2 and 18.4.2.11, has
committed to meeting NUREG-0737, Supplement 1, SPDS
requirements. This approach is acceptable.

TMI Action Item I,P,3
10 CFR 50.34(f)(2)(v) corresponds to TMI Action
ItemI.D.3 on the status of bypassed and inoperable
systems. This issue is covered in SSAR Chapter 7;
however, the human factors aspects are not addressed. GE
states that these will be addressed by the COL applicant in
the detailed CR design implementation process. In
addition, the COL applicant will be required to meet
RO 1.47, which requires automatic indication at the system
level of the bypassed or deliberately induced inoperable
protection system and systems activated or controlled by
the protection system. This was DFSER COL Action
Item 18.7.2.2-5. GE has included a general COL action
item to conduct the detailed HFE design according to the
design and implementation process (defined by Table 3.1
of the CDM and SSAR Appendix 18E) in Item 18.8.1 of
SSAR Section 18.8. The staff interprets this process to
include the analysis of these USI/GSI items; therefore, this
approach is acceptable.

TMI Action Items II.F.l and II.F.2
These items address detailed CR design issues related to
instrumentation (II.F.l, "Additional accident monitoring
instrumentation" and II.F.2, "Instrumentation for Detection
of Inadequate Core-Cooling"). GE states that these issues
will be addressed by the COL applicant in the detailed
design implementation process. This is acceptable and is
further addressed by the HFE design process discussed in
Section 18.8 of this report. This was DFSER COL Action
Item 18.7.2.2-3.
OE has included detailed CR
development in Table 3.1 of the CDM, Item 5, and in
SSAR Appendix 18E. The COL applicant's action with
the process is included in Item 18.8.1 of SSAR Section 18.8. Further, GE has specifically identified COL

18-23

NUREG-1503

Human Factors Engnineering
actions for each of these TMI issues in Items 18.8.13 and
18.8.14, respectively, of SSAR Section 18.8.
This
approach is acceptable.

in the ABWR EPOs, this section has been eliminated from
the ABWR EPOs.

18.7.3 Finding

18.8.2 Venting

The staff concludes that detailed resolution of the TMI,
USI, and OSI technical issues are adequately addressed by
GE's design and implementation process as reflected in
SSAR Appendix 18E and COL license information given
in SSAR Section 18.8.

Revision 4 of the BWROO EPOs directs the operator to
manually vent the containment before the primary
containment pressure limit (PCPL) is reached in order to
prevent uncontrolled containment failure. The PCPL is
defined as the lowest pressure of the following:
(1) pressure capability of the containment, (2) maximum
containment pressure for vent valves to open and close,
(3) maximum containment pressure at which safety/relief
valves (SRVs) can open and remain open, and
(4) maximum containment pressure for RPV vent valves to
open and close for containment flooding. In the staffs
SER for Revision 4 of the BWROO EPOs, the staffs
stated goal was to limit venting to a "last resort" action.
The major staff concern was centered on die appropriate
containment pressure for venting. As a result, the venting
pressure should be established to be as high as reasonably
achievable.

18.8 Emergency Procedure Guidelines
The staff approved Revision 4 of the BWROO EPOs, in an
NRC letter (A.C. Thadani to D. Grace) dated
September 12, 1988. This revision of the EPOs formed
the basis for the ABWR EPOs. In Appendix 18B of the
SSAR, OE submitted to the staff a list of differences
between the ABWR EPOs and the BWROO EPOs, Revision 4. The following is a summary of the major
differences and a description of the unresolved item,
F18.8.4-1, when the advance version of the SER was
issued. The resolution of this item is addressed in Sections 18.8.2 and 18.8.4 of this report.
18.8.1 Containment Temperature
Section CN/T of the BWROO EPOs contains guidelines
for monitoring and controlling containment temperature by
using available containment cooling. The control functions
specified in this section - operation of containment cooling,
initiation of suppression pool sprays, and RPV depressurization when containment temperature cannot be
maintained below a prescribed limit - are specified in
Sections SP/T and DW/T of the ABWR EPGs. The steps
in these sections are carried out concurrently. Step SP/T-1
directs the operator to initiate all available suppression pool
cooling. Step SP/T-3 directs the operator to depressurize
the RPV in accordance with the heat capacity temperature
limit (HCTL) curve. Step DW/T-2 calls for the initiation
of containment sprays.
Section CN/T of the BWROO EPOs was developed
specifically for the BWR/6 Mark m containment where
temperature can be controlled by the previously stated
control functions. Although the ABWR containment
design incorporates the concept of a Mark m suppression
pool, it is analogous to a Mark IIBWR containment design
for the purpose of controlling the wetwell space temperature.

In the ABWR, primary containment overpressure
protection will not be accomplished through manual
venting. This will be the function of the passive containment overpressure protection system (COPS), which is
described in Section 19.2.3.3, "ABWR Containment Vent
Design," of this report. The COPS is a passive system
that is designed to actuate at 0.62 MPaO (90 psig) at
93 °C (200 °F) before the primary containment reaches a
pressure corresponding to the ASME Service Level C of
0.67 MPaO (97 psig) at 260 °C (500 °F).
The COPS meets the primary containment overpressure
protection philosophy described in the SER for Revision 4
of the BWROO EPOs because the set point is set as high
as is reasonably achievable. Therefore, this change in vent
design and the associated changes to the EPOs are
acceptable.
The low pressure venting issue following the November 4, 1993, conference call with OE required OE to
address the following items:
(1)

Revise EPOs (PC/P) to show that venting is
restricted to the 5 cm (2 in.) line in the drywell.

(2)

Address suppression pool bypass mechanism
through interconnection in the ACS and show the
effect on the existing bypass analysis. Ensure that
no other bypass pathways exist that have not been
accounted for.

Because Section CN/T is design specific for the BWR/6
Marlf III containment and the control functions specified in
this section are carried out concurrently in other sections
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(3)

Address containment isolation configuration of
interconnection in the ACS between the werwell and
drywell. OE should justify automatic control of the
ACS over a normally closed penetration ensuring
containment integrity.

(4)

Address suppression pool level issue in EPGs
relating to the wetwell to drywell interconnection
level. The EPGs appear to be inconsistent with the
design.

(5)

Address suppression pool level and pressure control
EPGs for injection from sources outside of
containment. The EPGs appear to direct conflicting
actions in that SP/L-3.3 directs operators to stop
injection from sources outside containment when
the suppression pool level reaches 27.2 m (89.5 ft).
Whereas, PC/P-6 directs operators to spray the
containment when the water level reaches 27.2 m
(89.S ft) with use of sources external to the containment.

Resolution of Items 1 and 5 was provided in Amendment
33. GE provided revised design information for Items 2,
3, and 4 in SSAR Amendment 34. For Item 2, the
suppression pool bypass mechanism was shown to be
insignificant when compared to the suppression pool
bypass capability discussed in Section 6.2.1.1.5 of the
SSAR. For Item 3, GE provided a description of the
isolation provisions. For Item 4, GE modified the EPGs
to specify the correct water level. The staff finds the
information acceptable; therefore, the low pressure venting
portion of Open Item F18.8.4-1 is resolved.
18.8 J

Drywell Spray Initiation Limit

The drywell spray initiation limit (DSIL) curve, used in
Revision 4 of the BWROG EPGs, is defined to be the
highest drywell temperature at which initiation of drywell
sprays will not result in an evaporative cooling pressure
drop to below either (1) the drywell-below-wetwell
differential pressure capability or (2) the high drywell
pressure scram set point. The curve contains a single
peak. The curve to the left of the peak is a function of the
high drywell pressure scram set point, while the right-hand
side of the curve is limited by the drywell-below-wetwell
differential pressure capability.
The DSIL curve used in the ABWR EPGs differs from the
one used in Revision 4 of tfw BWROG EPGs. The curve
to the right of the peak has been eliminated for the ABWR
because a large pressure differential between the wetwell
and the drywell at the onset of drywell sprays is not likely
since the drywell and wetwell sprays are designed to
actuate simultaneously. There will be some differential

pressure between the wetwell and the drywell as spraying
proceeds because of different injection line-filling times
and rates of spray flow into the two volumes.
GB calculated the differential pressure between the wetwell
and drywell with concurrent spraying in the two volumes
using the GE computer code SHEX. For the SHEX
calculations, only six of eight vacuum breakers were
assumed operable. Initial drywell pressure varied from
maximum normal operating to maximum design, and
relative humidity varied from 0 to 100 percent. Wetwell
pressure varied from one atmosphere to normal operating
and a wetwell temperature of 35 °F (95 °F) was assumed
along witfc 100-percent relative humidity. The maximum
drywell-to-wetwell pressure differential did not exceed 3.45 kPaD (-0.5 psid), which is less than the design valve
of -13.7 kPaD (-2.0 psid) design value.
Actuation of drywell spray only is possible through a series
of operator actions or following failure of the wetwell
spray injection valve to open when containment sprays
(both wetwell and drywell) are actuated. In a letter dated
May 26, 1994, GE analyzed the effect of drywell spray
actuation alone on the negative pressure capability of the
containment and drywell/wetwell interface. GE concluded
that the analysis supports a|l modes of spray actuation on
the right side of the curve.
The staff finds the revised DSIL curve acceptable because
the drywell and wetwell sprays will normally actuate
simultaneously in the ABWR, thus eliminating the possibility of a significant pressure differential between the
wetwell and the drywell at the onset of drywell sprays.
This effect was confirmed by calculations performed by
GE using the SHEX computer code. In the event of
drywell spray actuation alone, GB provided analysis to
demonstrate that the negative differential pressure
capability of the containment would not be exceeded.
18.8.4 Heat Capacity Temperature Limit
The advance version of the SER identified Open Item
F18.8.4-1 which consisted of two issues - the heat capacity
temperature limit and the low pressure venting. The low
pressure venting issue is discussed in Section 18.8.2 of this
report.
For the ABWR, GE proposes the use of HCTL which
would require reactor vessel depressurization when the
suppression pool temperature reaches 103.9 °C (219 °F).
Increasing the allowable suppression pool temperature
before reactor vessel depressurization would begin permits
the operation of the RCIC system for vessel injection when
all other dedicated plant systems would be postulated to
fail. This could occur during a SBO. This proposal raises
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several phenomenology issues related to hydrodynamic
loada.
Concerns were raised regarding the suppression pool with
steam discharges from SRV or the RCIC turbine exhaust
during pump operation, since the suppression pool
temperature has traditionally been restricted by HCTL
curves to ensure reactor vessel depressurization at 66 °C
(151 °F). With a steam discharge from a SRV quencher
or RCIC turbine exhaust sparger at suppression pool
temperatures approaching 103.9 °C (219 °F), should a
unstable steam condensation process occur, the
containment liner may be subjected to an excessive
buckling load from a low pressure region occurring at the
containment liner/suppression pool water interface. Also,
a suppression pool bypass issue arises if a steam plume
extends from the quencher to the suppression pool surface.
This was HCTL part of Open Item F18.8.4-1.
To resolve the above issue on unstable collapse for an
extended plume where the steam jet extends beyond the
quencher condensation zone, QE relied on testing
performed by Drs. Chun and Sonin as described in OE's
submittal of January 20, 1994. In current generation
reactors, steam discharge from a SRV quencher ia
condensed within a cylindrical region about the quencher
arms called a condensation zone. The radius is in part of
function of the amount of sub-cooling which exists within
the suppression pool during a discharge, with the basis for
sub-cooling being set forth in NUREO-0783, "Suppression
Pool Temperature Limits for BWR Containments."
With the proposal of permitting steam discharge in the
suppression pool at a higher pool temperature than what
has been traditional discussed with the NRC, the staff
pursued the potential consequences, as follows;
(1)

Potential generation of a high quality steam plume
extending beyond the quencher condensation zone
with the plume being ingested by the ECCS inlet
piping,

(2)

Potential for sudden collapse and an unacceptably
high condensation oscillation (CO) load, should the
steam plume discussed above become sufficiently
buoyant to detach from the quencher source,

(3)

Potential extension of a steam plume from the
quencher to the pool surface, thereby leading to a
pool bypass path for particle scrubbing,

(4)

Potential for a steam discharge from the RCIC turbine exhaust sparger, causing a CO or chugging
load higher than the CO or chugging load for
LOCA or discharge of all SRVs.
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The ABWR ECCS inlet piping is located approximately 1
m (3.3 ft) below the SRV quencher devices. The staff
concluded that steam plume injection by the ECCS is not
possible due to the buoyant nature of the steam plume.
In the January 20, 1994, submittal, OE presented a
discussion by Dr. A. Sonin addressing the potential large
steam plumes drifting into cooler region of the pool,
thereby creating the initial conditions for sudden collapse
of the plume. The conclusion mat was reached in the
above stated paper was that the cooler regions (with
respect to the local temperature about the quencher which
is discharging) of the suppression pool are at a low
elevation and azimuthally away from the quencher.
During the quencher discharge, a circulatory drift motion
occurs as the surrounding water is entrained into the
plume. As the pool temperature increases during an
extended discharge, the area about the expanding steam
plume is expected to be relatively well mixed horizontally.
Thermal stratification will be primarily vertical, with the
highest temperature being in the warm buoyant layer near
the surface and the colder temperature near the bottom of
the pool. The staff finds that OE's position that a
condition where the steam plume could move from a warm
region of the pool to a significantly colder region to be
implausible is justified based on the above stated paper and
experiments performed by Drs. Chun and Sonin.
A question was also discussed concerning a steam plume
extending from the SRV quencher to the pool surface and
creating a potential suppression pool bypass pathway,
which would negate any scrubbing action by the water.
This issued appears to be unfounded based on the
discussion in the January 20, 1994, submittal. The
argument against the notion of a long continuous high
quality steam plume extending to the pool surface appears
unlikely due to turbulence about the buoyant high velocity
jet formed at the quencher hole. The turbulence caused at
the plume in close proximity to the quencher entrains water
into the plume from the sides causing rapid loss of plume
temperature and steam volume fraction with increasing
distance from the quencher. In addition, independent
calculations by the staff show that the wetwell airspace
pressurization during pool heatup produces sufficient
pressure to maintain a minimum of 40 degrees K
subcooling in the pool, based on bulk pool temperature.
The staff concludes that a pool bypass is not a concern
based on the proposed HTCL curve.
RCIC turbine exhaust discharge during suppression pool
heat was reviewed for the potential of producing pool
boundary loads which may exceed LOCA loads. This
issued was raised because the turbine exhaust is discharged
into the pool via a sparger which may not have the same
performance features for condensing steam as a X-
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Quencher. GE evaluated the sparger and has determined
that the potential for producing CO and chugging loads
greater than a LOCA seems unlikely based on a steam
mass flux of about 48 kg/m2~sec (9.83 lbm/tf-sec). At
a mass flux of this magnitude, it is unlikely that CO and
chugging loads could be produced which would be of the
same magnitude as LOCA loads. In addition, the ABWR
SSAR specifies a bounding asymmetric load case which
assumes that half the drywell vents are 180 degrees out of
phase with remaining vents for chugging. Based on the
asymmetric loading requirement for chugging, the low
mass flux at the sparger and that the sparger design has
been in use on current-generation BWR without a reported
failure or problem, the staff finds that the HCTL curve as
drawn would not produce higher loads on the containment
than LOCA loads currently assumed. This is acceptable
and resolved HCTL portion of Open Item F18.8.4-1.
18.8.5 Primary Containment Flooding
An override statement has been placed in front of ABWR
EPG StepC6-2.
This step directs the operator to
terminate all injection into the primary containment when
drywell water level reaches the bottom of the RPV if
containment radiation is greater than the core damage
radiation level (CDRL) and RPV water level is below the
top of the active fuel.
i

GE stated that containment flooding is to be terminated
when the drywell water level reaches the bottom of the
RPV during severe accident conditions when the core has
melted through the vessel and dropped to the lower
drywell. Flooding will be terminated to avoid covering the
wetwell vent path, which has the containment rupture
diaphragms. The wetwell vent is located at an elevation
above the bottom of the RPV.
GE stated that it had set the CDRL at a level that will
differentiate between an accident that has led to the melting
of most of the fuel and an accident that results in damage
of a few fuel pins. Once most of the fuel has melted the
possibility of an ex-vessel event that leads to pressurization
of the primary containment becomes much more likely.
This pressurization may require actuation of the COPS.
The staff finds this approach to primary containment
flooding acceptable.
18.8.6 ATWS Stability Strategy
GE, in SSAR Amendment 32, submitted changes to the
EPGs (departed from the Rev. 4 BVVROG EPGs)
incorporating ATWS stability strategy related to initiation
of the SLC system and lowering of the RPV water level.
This strategy is similar to that proposed by the BWROG
for current BWRs and, in that context, is still a subject of

discussion between the staff and the BWROG. On the
basis of its review (see Section 4.4 of this report), the staff
concludes that the proposed processes for boron insertion
and lowering of the RPV water level below the feedwater
sparger level are acceptable for reducing large power
oscillations to acceptable levels, should they occur, and for
reducing power level in general for ATWS.

18.9 Design and Implementation Process
The final CR design is an area of rapidly changing
technology and it is important that the Tier 1 certified DD
and the ITAAC do not "lock in" a CR design that would
be obsolete at the time of construction. The staffs
approach for ensuring CR human factors considerations for
design certification is to "lock in" a design process and
specific DAC that, if met, would result in a design that is
acceptable. GE provides an overview of the design
process in SSAR Sections 18.3.4 and 18.7 and gives
details in SSAR Appendix 18E. Section 3.1 of the CDM
gives the HFEITAAC and DAC associated with the design
and implementation process. At the time of the DFSER
review, the ITAAC and DAC "Design Description" for
Section 3.1 of the CDM were not complete. This was
identified as DFSER Open Item 18.9.1-1. The material
was submitted by GE in SSAR Amendment 32 and is
reviewed below in this section.
The DAC will be in the same format as the ITAAC used
for other systems in that they will specify the certified
design process commitment and the method of
demonstration that the commitment has been met. The
method of demonstration will be inspection, test, or
analysis against established acceptance criteria. The CR
acceptance criteria will describe a formal design
implementation process with test, analysis, and acceptance
criteria.
General acceptance criteria are specified in the Tier 1
ITAAC and DAC material for each of the program
elements shown, along with specific criteria for submitting
several COL applicant technical reports. The general
criteria are derived from accepted HFE practices. The
Tier 2 SSAR (Appendix 18E) material contains applicable
guidance documents for the development of the material
for each of the program elements.
The staff performed the safety evaluation of the design and
implementation process using Tier 1 HFE ITAAC and
DAC described in Table 3.1 of the CDM and the Tier 2
criteria that appear in SSAR Tables 18E-1 through 18E-4.
Each table provides the Tier 2 acceptance criteria. The
design and implementation process review is described in
Section 18.9.2, which follows.
The Tier 2 material
contains all the requirements identified in the Tier 1
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material and gives additional detail regarding how Tier 1
requirements are satisfied. The evaluation of the Tier 1
material is provided in Section 18.9.3, which follows.
The Tier 2 commitments described in the SSAR provide
methods and descriptions of the implementation of the
Tier 1 requirements. The determination that the plant has
been constructed in accordance with the design certification
will require the use of the information contained in both
the Tier 1 and Tier 2 documents. The Tier 2 material
contained in SSAR Appendix 18E was used to support the
safety finding with regard to the design and implementation
process. Thus, any change to the SSAR Appendix 18E
commitments by the COL applicant would involve an
unreviewed safety question and, therefore, would require
NRC review and approval before implementation. Any
requested change to SSAR Appendix 18E commitments
shall either be specifically described in the COL
application or be submitted for license amendment after
COL issuance.
18.9.1 General Discussion in the Standard Safety
Analysis Report
In GE's design and implementation process (as described
in SSAR Appendix 18E and Table 3.1 of the CDM), the
following HFE activities are defined:
•
•
•
•
•
•
•

HFE design team
HFE program and implementation plans
system functional requirements analysis
allocation of functions
task analyses
HSI design
human factors V&V

GE's key HFE design activities and their acceptance
criteria were developed to address the staffs HFE PRM.
It is important to note that the ITAAC and DAC
description as presented in Table 3.1 of the CDM and the
Tier 2 criteria mat appear in SSAR Tables 18E-1 through
18E-4 have a scope limited to the main CR and the RSS
(as agreed to by the NRC), whereas the HFE PRM has a
broader scope. In addition, although procedures are within
the scope of the HFE PRM as Element 7, GE has not
included procedures within the scope of SSAR Appendix 18E. Procedure development is addressed as a COL
responsibility in SSAR Section 13.5. In addition to scope,
there are other differences between the staffs HFE PRM
and GE's design and implementation process. However,
a high degree of similarity exists between the two. The
relationship between the PRM elements and the SSAR
Tier 2 criteria is given below.
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1
2
3
4
5
6
7
8

Table 18E-1
Table 18E-1
Tables 18E-1,
Tables 18E-1,
Tables 18E-1,
Tables 18E-1,
Section 13.S
Tables 18E-1,

18E-2
18E-2
18E-2
18E-3
18E-4

The following review focuses on (1) the evaluation of the
acceptability of the differences between GE's process and
the staffs PRM and (2) the closure of DSER
(SECY-91-320) issues.
Since the GE process was
evaluated against the criteria depicted in the PRM, the
organization of the report design and implementation plan
review follows the organization of the PRM (i.e., Elements 1 to 8).
18.9.2 Analysis
18.9.2.1 DSER (SECY-91-320) Issue Resolution
The initial SSAR provided little detailed information about
the ABWR HSIs. As part of the general resolution of the
lack of design detail, GE committed to provide a detailed
HFE design and implementation process through which the
HSIs will be designed and evaluated. This became DSER
(SECY-91-320) Issue 18.25. However, because many
other DSER (SECY-91-320) issues addressed design detail
and were, therefore, beyond the scope of the certified
design review, they too became incorporated into the
design process review for subsequent consideration by the
COL applicant as design development proceeds. These
DSER (SECY-91-320) issues are identified in Table 18.2.
As indicated previously in Section 18.1 of this report, an
eight-element HFE PRM was developed to provide review
criteria for the process. Table 18.2 shows which HFE
PRM element addresses each DSER (SECY-91-320) issue.
The issue is discussed in the section of this report
identified in the table.
18.9.2.2 Evaluation of the Current SSAR
One general open issue pertained to Tier 2 guidance
descriptions for each of the GE process elements. Element
1 (in the HFE PRM), for example, specifies the documents
that are to be used as guidance. Each element has a
similar specification. When the DFSER was issued, GE
had not incorporated the specific documents, to serve as
guidance, from the staffs review model into its process.
The list of guidance documents was identified as DFSER
Open Item 18.9.2.2-1.
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Table 18.2 DSER (SECY-91-320) HFE issues to be addressed in the process plan
Iaaue
Number

Issue

SER
Section

HFE PRM Element

18.04

Operator and system reliability

18.9.2.2.8

Element 8 - Verification & Validation

18.05

Operator workload analysis

18.9.2.2.8

Element 8 - Verification & Validation

18:06

Tests and analysis to support design

18.9.2.2.8

Element 8 - Verification & Validation

18.9.2.2.1

Element 1 - HFE Program

18.9.2.2.8

Element 8 - Verification & Validation

18.9.2.2.5

Element 5 - Task Analysis

18.9.2.2.6

Element 6 - Interface Design

panel, and large-screen displays

18.9.2.2.6

Element 6 - Interface Design

18.15

CRT display information

18.9.2.2.8

Element 8 - Verification & Validation

18.16

PGCS display reliability

18.9.2.2.6

Element 6 - Interface Design

18.17

Alarm suppression criteria, alarm points

18.9.2.2.7

Element 7 - Procedure Development

implementation
18.07

ABWR HFPP

18.08

Control room prototype

18.10

Detailed task analyses

18.13

HSI design requirements for CRT, flat

18.21
Procedure development
GE has incorporated the list into SSAR Appendix 18E, and
the staff finds it acceptable based on a comparison to the
HFE PRM; therefore, all of the basic docuinents necessary
to conduct the design and implementation process that are
identified in the HFE PRM have been incorporated into
SSAR Appendix 18E. Therefore, this item is resolved.
For each of the following elements, the staff compared the
criteria in the HFE PRM with GE's element criteria. If
GE's criterion differs from the "general criterion"
described in the HFE review model, the analysis of the
difference is given.
18.9.2.2.1

(2)

Atafflg* vf System Safety Engineering Excise p

the Design Team

D

GE's design team does not include system safety
engineering expertise as specified in the HFE PRM.
In the May 1992 meeting, GE stated that the system
safety engineers will be included as needed and not
as full permanent members of the HSI design team.
The staff finds GE's approach acceptable, because
this area of engineering expertise is applicable to
the HFE design rather than the other HFE elements
of the process.

Element 1 - Human Factors Engineering
Program Management

GE addresses human factors engineering program
management in its HFE program plan of the HFE ITAAC
and DAC described in Table 3.1 of the CDM and in the
Tier 2 description in SSAR Table 18E-1(II).
GE's
description of this element is substantially the same as the
HFE PRM, Element 1 description. However, the staff
identified and evaluated the following three exceptions. It
also evaluated DSER (SECY-91-320) Issue 18.07 as part
of this element:
(1)

separate element. The main purpose of this
element is to ensure that the designer identifies
HFE issues from current and past operating
experience to be incorporated into the HFE issue
tracking system. The merger of these elements
docs not compromise the contribution of the OER
and is acceptable.

(3)

O p t i n g Experience Review (QER)
GE incorporated OER (HFE PRM Element 2) into
its HFE program plan instead of presenting it as a
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Atomce of Reliability. Availability, Maintainability, and Inspection Expertise on the Design

Ism

GE's design team does not include reliability,
availability, maintainability, and inspection
expertise as specified in the HFE PRM. In the
May 1992 meeting, GE agreed to include this
expertise in the description of the HSI design. This
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is acceptable because this area of engineering
expertise is applicable to the HSI design rather than
the other HFE elements of the process.

DSBR (SECY-91-32Q) Iww 18,07;
Fagtert Program Plan (HFPP)

ABWR Hunan

In the DSER (SECY-91-320), we staff stated that SSAR
Section 18.3 gave an outline for systems analysis and HSI
design, but because the ABWR HFPP was not provided or
referenced, the section contained little detail about actual
analysis steps and procedures and discussion of results.
The staff needed additional detailed information to
complete its review.
Evaluation: The design and implementation process
described in the SSAR and in the HFE certification design
material DD document adequately addresses the HFPP and
the types of analyses to be performed. All relevant
portions of the HFE model were incorporated into the OE
documents. Therefore, DSER (SECY-91-320) Issue 18.07
was to be resolved subject to receipt of final ITAAC and
DAC. This was DFSER Confirmatory Item 18.9.2.2.1-1.
GE has provided an acceptable plan as described in the
ITAAC and in SSAR Appendix 18E (the following
section addresses the technical justification of the plan's
acceptability).
18.9.2.2.2

are required in six selected areas, which GE has identified
as ones for which further industry development is
anticipated; thus, new issues are likely to emerge. These
areas include on-screen controls, wide display panels,
alarm prioritization systems, automation, VDU design, and
workstation integration. The staff agrees that these are
significant areas of HSI design and areas where significant
technology development and operating experience are
likely to occur. COL reviews in these areas include source
material consistent with the PRM. New issues identified
will be incorporated into the HSI tracking system.
Subsequent ABWR COL applications would use the OER
first implemented if no design changes were made. When
changes are to be made, an OER is to be conducted using
operator interviews and LERs of previous ABWR
implementations. The staff interprets this requirement as
also including a review of the documentation identified
under Article 2e.(i)(b) of SSAR Appendix 18E; that is, the
reviews will include industry experience, design, and
research reports applicable to the areas of the design being
modified. Where the changes represent a significant
departure from the previous ABWR implementation, the
staff expects applicable elements of the certified design and
implementation process to be followed.
OER also is included as part of Article d of Appendix 18E
for applications of HSI technologies that are different from
those specified in SSAR Section 18.4.3.

Element 2 - Operating Experience Review

As indicated above, OE addresses GSR as part of the HFE
program plan of the HFE ITAAC and DAC described in
Table 3.1 of the CDM and in the SSAR Tier 2 description
in SSAR Table 18E-1 (LI).

On the basis of GE's commitment in SSAR Table
18E-1(II) for an OER to be conducted, this item is
resolved.
18.9.2.2.3

In the DFSER the staff identified an open item with regard
to the OER. The OER for a specific list of issues still
needed to be performed. The list of items had not been
identified when the DFSER review was conducted. The
list of issues was DFSER Open Item 18.9.2.2.1-1. GE
has provided an acceptable approach to OER in
Table 18E-1(II) in SSAR Appendix 18E. The main
treatment of OER is included as Article e in that SSAR
section. For the first ABWR implementation, a list of
issues is identified and organized into topical areas such as
CR design, computers, CRT displays, and anthropometrics.
These issues were identified through a
preliminary OER performed by GE and are required,
according to the design and implementation process, to be
included in the COL HFE issues tracking system. The
issues were identified on the basis of a review of pertinent
industry experience literature and detailed control room
design reviews of predecessor plants. The basis for the
identification of operating experience is consistent with the
requirements of the PRM. In addition, experience reviews
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Element 3 - System
Requirements Analysis

Functional

GE addresses system functional requirements analysis as
part of the HFE ITAAC and DAC described in Table 3.1
of the CDM and in the Tier 2 description in
Table 18E-1(III). GE's description of this element is
substantially the same as the HFE PRM description for
Element 3. However, the staff identified and evaluated the
following three exceptions:
(1)
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Modification of General Criterion 2
This criterion defined critical functions as "those
functions required to achieve major system
performance requirements; or those functions
which, if failed, could degrade system or equipment
performance or pose a safety hazard to plant
personnel or to the general public." GE has deleted
from the definition the words "degrade system or
equipment performance." The staff agrees with this

Human Factors Engineering
analyses, it is important to reevaluate the
functionasaignments; however, an iterative approach
to design does not affect the review process since
the staff review focuses on the acceptability of the
end products of the design process regardless of the
number of iterations the designers went through to
derive the results. Therefore, GE's deletion of this
criterion is acceptable.

change because the initial model definition was so
broad that, if applied, it could define all functions
as critical.
OS's later definition of critical
functions is acceptable.

(2)

Elimination of genera] Criterion 8
This criterion stated: "The function analysis shall
be kept current over the life cycle of design
development." GE justified the deletion of this
criterion by stating that an iterative approach to
design development does not affect the review
process.
The staff review focuses on the
acceptability of the end products of the design
process as defined by the ITAAC requirements in
Table 3.1 of the CDM, regardless of the number of
iterations the designers went through to derive the
requirements. Therefore, GE's deletion of this
criterion is acceptable.

O)

Elimination of Qeaeraj Criterion 9

This criterion stated: "Function assignment shall be
evaluated." Although this was eliminated as a
general criterion (Tier 1) it was not removed from
the Tier 2 requirements that elaborate on the
evaluation specification.
Because the general
criterion did not provide any specific information
and the evaluation of function assignment is
maintained in the Tier 2 description, GE's deletion
of this criterion is acceptable.

(1)

Elimination of Part of General Criterion 4
This criterion stated: "The task analysis shall be
iterative and become progressively more detailed
over the design cycle. The task analysis shall be
detailed enough to identify information and control
requirements to enable specification of detailed
requirements for alarms, displays, data processing,
and controls for human task accomplishment." GE
deleted the first sentence dealing with the iterative
aspects of the analysis. This change is acceptable
because an iterative approach to design does not
affect the review process since the staff review
focuses on the acceptability of the end products of
the design process regardless of the number of
iterations the designers went through to derive the
results. Therefore, GE's partial deletion of this
criterion is acceptable.

Element 4 - Allocation of Function

GE's description of this element is substantially the same
as the HFE PRM description for Element 4. However, the
staff identified and evaluated the following two exceptions:

Elimination of general Criterion ?
This criterion stated: "Functions shall be reallocated in an iterative manner, in response to
developing design specifics and the outcomes of ongoing analyses and trade studies." As in the case
of the systems requirements analysis, as the design
is modified as a result of design tradeoffs and

Element 5 - Task Analysis

GE addresses task analysis as part of the HFE ITAAC and
DAC described in Table 3.1 of the CDM and in the SSAR
Tier 2 description in SSAR Table 18E-1 (V).
GE's
description of this element is substantially the same as the
HFE PRM description for Element 5. However, the staff
identified and evaluated the following exceptions; it also
evaluated DSER (SECY-91-320) Issue 18.10 as part of this
element.

GE addresses function allocation as part of the HFE
ITAAC and DAC described in Table 3.1 of the CDM and
in the SSAR Tier 2 description in SSAR Table 18E-1(IV).

(i)

Elimination of general Criterion v

18.9.2.2.5

This criterion addressed verification that "all the
functions necessary for the achievement of safe
operation are identified" and that "all requirements
of each function are identified." GE's justification
for eliminating this criterion was that it was covered
by the quality assurance (QA) requirements of
Appendix B to 10 CFR Part SO. The staff finds
this change acceptable because (1) general
verification is covered by QA and is addressed in
the Tier 2 analysis report criteria for this element
and (2) the HFE design team evaluation report will
adequately address the verification aspects of this
element. Therefore, GE's deletion of this criterion
is acceptable.
18.9.2.2.4

(2)

(2)
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Definition of PRA Critic! Tmte
In SSAR Table 18E-1(V), "Task Analysis
Implementation Plan," Item (l)(c) states: "Human
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actions which are identified through PRA sensitivity
analyses to have significant impact on safety shall
also be considered critical tasks.' The staff expects
that the definition of critical tasks will include all
PRA-defined human actions that are critical and that
the definitions will not be limited to sensitivity
analysei alone. SSAR Section 19D.7.6 defines
important operator actions from the ABWR PRA as
derived from the ABWR Level 1, Level 2, fire,
flood, seismic, and shutdown analyses. These
actions are to be included in the definition of
critical tasks for task analysis and the HFE efforts
associated with subsequent elements - HSI design,
procedure development, and V&V. Therefore, the
definition of critical tasks is acceptable.

PSBR (SECY-?1-32Q) I»w 18.1Q;

based upon demonstrated criteria that support the
achievement of human task performance requirements. Criteria can be based upon test results,
demonstrated experience, and trade studies of
identified options." GE eliminated this element
from its process description. It states that the list
for Element 6 of specific documents to serve as
guidance will be used by the COL applicant for the
selection and design of HSI hardware and software
approaches. The staff finds this to be an acceptable
approach; therefore, GE's deletion of this criterion
is acceptable.

(2)

This criterion stated: "HFE standards shall be
employed in HSI selection and design. Human
engineering guidance regarding the design of
particular features, shall be developed by the HSI
designer to (1) insure that the HSIs are designed to
currently accepted guidelines and (2) insure proper
consideration of human capabilities and limitations
in the developing system. This guidance shall be
derived from sources such as expert judgement,
design guidelines and standards, and quantitative
(e.g., anthropometric) and qualitative (e.g., relative
effectiveness of differing types of displays for
different conditions) data. Procedures shall be
employed to ensure HSI adherence with standards."
GE states that th& specific documents listed in
SSAR Appendix 18E will be used by the COL
applicant to comply with this general criterion. The
staff finds that the information in SSAR
Appendix 18E related to this issue and GE's
deletion of this criterion is acceptable.

lrVmiUaL»JLMa

Analyses
In the DSER (SECY-91-320), the staff stated that detailed
task analyses, which should cover the full range of normal
and off-normal plant operations, had not been performed.
OB stated that the task analysis will be performed as part
of the hardware and software procurement and design
implementation activities.
Evaluation: Although the design commitment, ITAAC,
and general criteria for task analysis in Table 3.1 of the
CDM and in the SSAR Tier 2 description adequately
address detailed task analyses, DSER (SECY-91-320)
Issue 18.10 was to be resolved subject to receipt of the
final ITAAC and DAC. This was DFSER Confirmatory
Item 18.9.2.2.5-1. Task analysis is described in Table 3.1
of the CDM, Item 4. The analyses will address "the range
of plant operating modes, including startup, normal
operations, abnormal operations, transient conditions, low
power and shutdown operations." This approach is
acceptable and this item is resolved.
Element 6
Design

Human-System Interface

OE addresses HSI design as part of the HFE ITAAC and
DAC described in Table 3.1 of the CDM and in the Tier 2
description in SSAR Table 18E-l(Itcm VI).
The
description of this element is different from the HFE PRM
Element 6 description. The staff identified and evaluated
the following two exceptions. In addition, it evaluated
DSER (SECY-91-320) Issues 18.13, 18.15, and 18.17 as
part of this element.
(1)

Elimination of General Criterion 6
This criterion stated: "The selection and design of
HSI hardware and software approaches shall be
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Elimination of general Criterion 7

DSER

(SECY-91-3201

Issue 18.13:

HSI

Design

RffluircmentoforCalhofa Rav T»te (CRT), Flat Panel.
Hid Large-Screen PigplaVff
In the DSER (SECY-91-320), the staff stated that
additional detailed information was needed on the ABWR
HSI design requirements for the control station CRT, flat
panel, and large-screen displays.
Evaluation: AlthougL the design commitment, ITAAC,
and general criteria for HSI design described in the CDM
and in the SSAR Tier 2 description adequately address the
detailed design of the HSI, DSER (SECY-91-320)
Issue 18.13 was to be resolved subject to receipt of the
final ITAAC and DAC. This was DFSER Confirmatory
Item 18.9.2.2.6-1. Design Commitment 5 of Table 3.1 of
the CDM and SSAR Appendix 18E states that the HSI will
be based on requirements derived from task analyses and
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designed using HFB criteria and guidance. The staff has
compared OE's Design Commitment 5 and SSAR Appendix 18B with the HFB PRM and found GB's description to
be acceptable. Therefore, this item is resolved.

DSBR (SECY-91-32Q) lira 18,13;
Information

CRT PitplaY

In the DSER (SECY-91-320), the staff stated that no
details of the CRT displays were provided to permit
visualization of the actual information available to the
operator. The staff needed this information to complete its
review.
Evaluation: The design commitment, FTAAC, and general
criteria for HSI design described in the DD of the CDM
and in the SSAR Tier 2 description adequately address the
detailed design of the HSI. DSER (SECY-91-320)
Issue 18.15 was to be resolved subject to receipt of the
final ITAAC and DAC. This was DFSER Confirmatory
Item 18.9.2.2.6-2. Design Commitments of Table 3.1 of
the CDM and SSAR Appendix 18E state that the HSI will
be based on requirements derived from task analyses and
designed by the COL applicant using HFE criteria and
guidance. This is acceptable based on a comparison of the
design commitments with the HFE PRM. Therefore, this
item is resolved.

DSER (SECY-91-32Q) fayye 18,17; Alarm SwprcwioB
Criteria. Aiwa Ppinto
In the DSER (SECY-91-320), the staff stated that
additional detailed information about the ABWR alarm
suppression criteria and rationale used to determine the
limit number of alarm points that operators can
simultaneously recognize was necessary for the staff to
complete its review.
Evaluation: Although the design commitment, ITAAC,
and general criteria for HSI design described in the CDM
and in the SSAR Tier 2 description adequately address the
detailed design of the HSI, DSER (SECY-91-320)
Issue 18.17 was to be resolved subject to receipt of the
final ITAAC and DAC. This was DFSER Confirmatory
Item 18.9.2.2.6-3. Design Commitments of Table 3.1 of
the CDM and SSAR Appendix 18E state that the HSI will
be based on requirements derived from task analyses and
designed using HFE criteria and guidance. This is
acceptable based on a comparison of Design Commitment
5 with the HFE PRM. Therefore, this item is resolved.

18.9.2.2.7

Element 7 - Plant and Emergency
Operating Procedure Development

As stated in Section 18.9.1 above, GE has not included
procedure development in the scope of its HFB design and
implementation plan. Since procedure development is
addressed as a COL applicant responsibility in SSAR Section 13.5, it is evaluated in Chapter 13 of this report.

18.9.2.2.8

Element 8 - Human Factors Verification
and Validation (V&V)

GE addressee human factors V&V as part of the HFE
ITAAC and DAC described in Table 3.1 of the CDM and
in the SSAR Tier 2 description in Tables 18E-1(VII). GE*s
description of this element is the same as the HFE PRM
description for Element 8, However, the staff identified
and evaluated the following exception. It also evaluated
DSER (SECY-91-320) Issues 18.04,18.05,18.06, 18.08,
and 18.16 as part of mis element.

Elimination of PRA/fiRA-Pefineq Critiwl Action From
genera] Criterion 3
This criterion stated: "A verification shall bo made that all
critical human actions as defined by the task analysis and
PRA/HRA have been adequately supported in the design.
The design of tests and evaluations to be performed as part
of HFE V&V activities shall specifically examine these
actions." Risk-critical human actions (those to which the
plant design is especially sensitive in a risk model) should
receive special attention in the V&V process. CE
committed to having all critical tasks confirmed as part of
the V&V process and defined critical tasks under the task
analysis element to include all PRA/HRA items included
in SSAR Appendix 19D, Section D.7. These would
include those operator actions that had significant safety
impact. The staff considered this approach acceptable.
The incorporation of the commitment was DFSER
Confirmatory Item 18.9.2.2.8-1. SSAR Table 18E-1 states
that critical tasks will include those human actions
identified through PRA sensitivity analyses to be critical.
Table 3.1 of the CDM, Item 6a, (4)(a), states that one
V&V objective will be the "confirmation that the identified
critical functions can be achieved using the integrated HSI
design." GE's deletion of PRA/HRA-defined critical
actions from this criterion is acceptable; therefore, this
item is resolved.
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DSER (SECY-91-3201 Issue 18.04!
Evaluation of
Operator and System Reliability During Shift From

Normal to Abnormal Operations
In the DSER (SECY-91-320), the staff stated that the net
effect on operator and system reliability should be
evaluated for normal operations and for the shift, or
transition, from normal to emergency operations.
Evaluation: Incorporation of this analysis into the V&V
ITAAC was DFSER Confirmatory Item 18.9.2.2.8-2.
Table 3.1 of the CDM, Item 6a, states that the dynamic
performance evaluations conducted as part of validation
"shall be conducted over the range of operational conditions and upsets." The staff interprets this as including
transitions from normal to emergency operations to permit
the evaluation of the crew's ability to assume plant control
under abnormal conditions, and notes that a detailed
examination of operator transition from normal to
abnormal operations will be performed during the V&V of
the main CR and RSS by the COL applicant. Therefore,
this item is resolved. ,
DSER (SECY-91-320^ Issue 18.05: Operator Workload

Analysis

In the DSER (SECY-91-320), the staff stated that GE did
not make it clear what analyses had been performed in
support of the design and development of the ABWR and
what testa and analyses are yet to be done by the COL
applicant.

appropriate as design requirements if they had been
derived and justified on the basis of the systems analysis.
The staff considered it more appropriate to develop design
bases that are stated in terms that would help achieve the
primary goal of developing interfaces (and a system) that
make possible safe, efficient, and reliable operator performance. The bases could be described in "operatorcentered" terms that can objectively be linked with
achieving the design goals and serve as criteria for test and
evaluation activities. There were two aspects of this issue
to consider: (1) the analyses conducted to date and (2) the
analyses that will be done in the future.

Evaluation: The analyses conducted to date were included
in SSAR Appendix 180 and evaluated by the staff as
acceptable (see detailed discussion of this review in
Section 18.3.2.1 above). Although the V&V analyses to
be conducted by the COL applicant as part of the HFE
ITAAC and DAC described in Table 3.1 of the CDM
specifically address this issue, it was to be resolved subject
to receipt of the final ITAAC and DAC. This was DFSER
Confirmatory Item 18.9.2.2.8-4. Design Commitment 6
of Table 3.1 of the CDM and SSAR Appendix 18E include
a commitment that the V&V analyses will be performed.
These analyses are acceptable (as stated above) on the
basis of a comparison of Design Commitment 6 and SSAR
Appendix 18E with the HFE PRM. Therefore, this item
is resolved.

DSER rSECY-91-3201 Issue 18.08: CR Prototype
Evaluation: In the DFSER, the staff stated that the V&V
analyses conducted by the COL applicant as part of the
HFE ITAAC and DAC described in Table 3.1 of the CDM
specifically would address this issue, which would be
resolved subject to receipt of the final ITAAC and DAC.
This was DFSER Confirmatory Item 18.9.2.2.8-3. Design
Commitment 6, Acceptance Criteria 6a(6)(d) of Table 3.1
of the CDM, and SSAR Appendix 18E state that workload
will be used as a performance measure in dynamic
performance tests. On the basis of a comparison of
Design Commitment 6 and SSAR Appendix 18E with the
HFE PRM, this item is resolved.

PSER($ECY-91-32Q)Igsw is.Qfr Teste and Analysis To
Support Design Implementation
In the DSER (SECY-91-320), the staff stated that additional detailed information was needed about the methods,
criteria, and results of analyses that support the level and
type of staffing, automation, and function allocation to
achieve the goals of safe and reliable performance of the
operating crew and overall system. The staff further stated
that the design bases in SSAR Section 18.2 would be more

NUREG-1503

In the DSER (SECY-91-320), the staff stated that
development of a fully functional CR prototype of the
standard design was appropriate to demonstrate acceptable
human performance.
Evaluation: Although V&V analyses conducted by the
COL applicant as part of the HFE ITAAC and DAC
described in Table 3.1 of the CDM specifically require
prototype evaluation, this issue was to be resolved subject
to receipt of the final ITAAC and was DFSER
Confirmatory Item 18.9.2.2.8-5. Design Commitment 6
of Table 3.1 of the CDM requires dynamic task
performance test evaluations to be performed for HSI
validation. SSAR Table i8E-l(VII), Item (l)(d), states
that the dynamic task performance evaluations will be
performed using "dynamic HSI prototypes, i.e.,
prototypical HSI equipment which is dynamically-driven by
real time plant simulation computer models." On the basis
of a comparison of Design Commitment 6 and SSAR
Appendix 18E with the HFE PRM, the staff finds that
GE's proposal is acceptable and, therefore, this item is
resolved.
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DSER (SECY-91-320^ Issue 18.16:
Control System (PGCS^ Reliability

Power Generation

In the DSER (SECY-91-320), that staff stated that
additional detailed information was necessary regarding the
reliability of the PGCS and the effect on operator
performance and workload should it malfunction.
Evaluation: Since system malfunctions are required to be
analyzed as part of the V&V effort under HFE model
Element 8, the COL applicant will analyze malfunctions of
the PGCS. This issue was resolved as DFSER COL
Action Item 18.9.2.2.8-1 to be addressed as part of the
HFE issue tracking system. GE has included this analysis
in Item 18.8.10 of SSAR Section 18.8, which the staff
finds acceptable. Therefore, this item is resolved.
18.9.3 Design Description Tier 1 ITAAC and DAC
Review
While the above review was directed toward the
acceptability of the design and implementation process as
a whole, the staff performed a separate evaluation of the
HFE ITAAC and DAC provided in Table 3.1 of the CDM
to ensure that significant features of the design certification
application contained in the SSAR were captured by Table
3.1 of the CDM. It should be noted that the materials
reviewed in SSAR Appendix 18E were used to support the
safety finding with regard to the design and implementation
process. Thus, any change to the commitments in SSAR
Appendix 18E would involve an unreviewed safety
question and, therefore, require NRC review and approval
before implementation.
Any requested change to
commitments in SSAR Appendix 18E shall either be
specifically described in the COL application or be
submitted for license amendment after COL issuance.
The review of the SSAR using the HFE PRM led to the
staffs conclusion that the design and implementation
process contained the necessary and sufficient aspect of an
HFE program that were sufficient to result in an acceptable
HSI design. The general guidance in SECY-92-287 was
used to support the review of Table 3.1 of the CDM.

Table 3.1 of the CDM was compared to the major PRM
elements to determine whether they were captured. No
omissions were identified. Table 3.1 of the CDM was
then evaluated to ensure that they accurately reflected the
design and implementation process and that they were at a
level of detail consistent with the staffs intent to not
constrain the use of state-of-the-art, proven technology at
the time the HSI is designed (one of the stated intents of
the DAC process). All necessary and sufficient ITAAC
were identified based upon comparison with the HFE
PRM, and no concerns were identified.

Therefore, the staff concludes that the design commitments
in the HFE ITAAC and DAC accurately summarize the
DD for HFE; that the inspections, tests, and analyses
identified are acceptable methods for determining whether
the design commitments have been met; and that the acceptance criteria are sufficient to establish, if they are met,
that the design commitments have been met.

18.10 Conclusion
The staff has reviewed the HSI design development and
implementation process presented by GE in SSAR
Sections 18.0 through 18.8 and Appendices 18A, 18B,
18D, 18E, 18F, 18G, and 18H, up through SSAR
Amendment 34. SSAR Appendix 18C represents only one
illustration of a possible CR design for the ABWR;
therefore, it is NOT a part of the certified design and was
NOT subject to the review process. The staff concludes
that the design and implementation process discussed in the
SSAR describes an acceptable HFE program, and if
applied, will result in an acceptable HSI designs for the
main CR and RSS. In addition, the design commitments
and ITAAC in Table 3.1 of the CDM accurately summarize the minimum HFE requirements for an acceptable
design, development, implementation, and V&V process
for the main CR and RSS. All previously identified DSER
(SECY-91-320) and DFSER issues are resolved.
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19 SEVERE ACCIDENTS
19.1

Probabilistic Safety Assessment

19.1.1 Executive Summary
As part of its advanced boiling water reactor (ABWR)
design certification application, GE Nuclear Energy (GE)
has performed a design-specific probabilistic risk
assessment (PRA) as required by 10 CFR 52.47(a)(l)(v).
GE submitted a Level 3 PRA (i.e., the PRA calculated
core damage frequencies, conditional containment failure
probabilities, and conditional offsite consequences) that
addresses internal initiating events. The PRA also
evaluates seismic, internal flood, and fire-initiating events.
The staff reviewed the ABWR PRA to investigate design
insights and to determine its quality. The staff concluded
that the quality of the ABWR PRA is adequate for
supporting and improving the ABWR design process;
providing relative importance of sequences (as well as
identifying important structures, systems, and components
(SSCs)) leading to core damage or containment failure; and
searching for design and procedure vulnerabilities that
could be eliminated on a cost-benefit basis.
The draft safety evaluation report (DSER) (SECY-91-309)
and the draft final safety evaluation report (DFSER)
included a number of unresolved issues. Since both
evaluations were too detailed and extensive to be repeated
in this safety evaluation, the staff totally revised its
evaluation as reflected in this report. As stated herein,
those issues that were individually listed in the previous
two evaluations have been adequately addressed by GE in
its application.
The staff concludes, based on its review of the ABWR
PRA, that the ABWR is of a robust design, that the design
is an improvement over existing designs, and that the
design meets the Commission's safety goals described in
51 FR 28044 and 51 FR 30028 published August 21,
1986, for internal events (see FSER Section 19.1.3.8.3).
The Commission has determined that it is acceptable for
GE to submit external event analyses that provide insights

needed to identify design and procedure vulnerabilities;
provide insights needed for inclusion in areas such as the
reliability assurance program (RAP); and inspections, tests,
analyses, and acceptance criteria (ITAAC); but do not
provide core damage frequency estimates suitable for use
in comparison to the Commission's safety goals or in
comparison to the Electric Power Research Institute's
(EPRI's) Public Safety Requirement, which states
"The design is considered to have met the EPRI
risk requirement if the mean complementary
cumulative distribution function (CCDF) for wholebody dose developed for a 0.8 km (one-half mile)
radius falls outside the region bounded by a lower
limit for frequency at 1E-6 per year and has a
lower limit for consequences of 25 rem whole-body
dose at 0.8 km (one-half mile). The EPRI goal is
based on consideration of both internal and external
initiators"
Although direct comparison of external-event results to
these goals is not possible, the ABWR design has
significant margins above the design bases for seismic,
fire, and internal flood-initiating events and, where
computed, has low estimated core damage frequencies
from these bounding analyses. The staff believes that the
ABWR design meets the Commission's safety goals.
The staff finds that there is an acceptable balance of
preventative and mitigative features in the ABWR design.
The core damage frequency estimates for internal events
reported in the ABWR PRA are on the order of
1E-7 per year. Table 19.1-1 lists the most important
internal initiating events and Table 19.1-2 lists die top
20 internal event sequences leading to core damage.
Station blackout (SBO) contributes about 70 percent of the
internal events core damage frequency (i.e., its absolute
value is about 1E-7 per year, which is low when compared
to the figures in most recent boiling water reactor (BWR)
PRA studies). Table 19.1-3 lists the most important
sequences leading to core damage from seismic, internal
flood, and fire event initiators.

Table 19.1-1 ABWR PRA initiating event contributors to CDF (Level 1, internal events)
Initiating Event

Events Per Yr.

CDF x 1E-8

Percent CDF

Station blackout < 2 hrs

1.2E-6

6.7

43%

Station blackout 2 < X < 8 hrs

4.5E-7

2.6

16%

Station blackout > 8 hrs

1.6E-8

1.7

11%

Isolation/loss of feedwater

0.18

1.7

11%

1.0

1.2

7%

Unplanned manual reactor shutdown

9-1

NUREG-1503

Severe Accidents
Table 19.1-2 Important sequences leading to core damage (internal events)
Sequence Description
(Top 20 sequences)

Plant
Damage
Class

CDF
(Per Year)

Percent
CDF

SBO from 0.5 to 2 hrs, RCIC unavail. because of test or maintenance (T/M)

2.4E-8

15.6

SBO more than 8 hrs

1.6E-8

10.4

IB-2

SBO from 0.5 to 2 hrs, RCIC turbine mech. failure

1.3E-8

8.6

ID

SBO from 2 to 8 hrs, RCIC unavail. because of T/M

8.9E-9

5.7

IB-1

SBO from 0.5 to 2 hrs, RCIC pump fails

8.3E-9

5.3

ID

SBO from 0.5 to 2 hrs, RCIC lubrication system fails

5.1E-9

3.3

ID

SBO from 2 to 8 hrs, RCIC turbine mech. fails

4.9E-9

3.1

IB-1

Loss of feedwater/isolation, failure to inject with feedwater, conditional containment failure (CCF) of MUX, operator fails to
manually initiate feedwater after 30 min.

4.6E-9

2.9

IA

Reactor trip, failure to inject feedwater, CCF of MUX, operator fails
to manually initiate feedwater after 30 min.

3.1E-9

2.0

IA

SBO from 2 to 8 hrs, RCIC pump fails

3.0E-9

1.9

IB-1

Loss of feedwater/isolation, failure to inject feedwater, CCF of
system logic unit, operator fails to manually initiate feedwater after
30 min.

2.3E-9

1.5

IA

Loss of feedwater/isolation, failure to inject feedwater, operator fails
to manually initiate feedwater after 30 min., CCF of remote MUX

2.3E-9

1.5

IA

SBO from 0.5 to 2 hrs, valve E51-F011 fails to close after RCIC
pump has started

2.2E-9

1.4

ID

SBO from 0.5 to 2 hrs, valve F037 fails closed (NCFC)

2.1E-9

1.3

ID

SBO from 0.5 to 2 hrs, valve F004 foils closed (NCFC)

2.1E-9

1.3

ID

SBO from 0.5 to 2 hrs, valve E51-F011 fails to open when RCIC
pump starts

2.1E-9

1.3

ID

Loss of feedwater/isolation, failure to inject feedwater, battery CCF,

2.0E-9

1.3

IA

SBO from 2 to 8 hrs, RCIC lubrication fails

1.9E-9

1.2

IB-1

Turbine trip, failure to inject feedwater, CCF of MUX, operator fails
to manually initiate feedwater after 30 min.
SBO from 0.5 to 2 hrs, isolation signal logic fails

1.8E-9

1.2

IA

1.7E-9

1.1

ID

1.1E-7

71.9

ID

loss-of-offsite line 1 power

Totals
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Table 19.1-3 Important sequences for external events (seismic, fire, and Internal floods)
Seismic Events
Sequences chosen for having low HCLPF values or needing few SSC failures
1

Sequence HCLPF

Failure of emergency dc power

0.74 g

Emergency ac/emergency SW and fire water

0.62 g

Emergency ac/emergency SW and scram

0.62 g

Reactor or control building, containment, RPV pedestal, or RPV supports

1.11 g

ATWS and SLCs failure

0.62 g

ATWS and SLCs and high-pressure core flood

0.62 g

Internal Flood Events
Sequences chosen as being most challenging and having worst consequences

Estimated CDF

Control building: large pipe break in RSW, operator fails to isolate flooding, auto
RSW pump trip fails, water flows to remaining RSW pump rooms, operator fails to
respond to flooding alarm, RSW fails.

2E-9 per year

Reactor building: break in fire water standpipe or line from CST, operator does not respond to alarm to isolate flood, overfill lines to corridor are clogged, all three electrical
rooms on floor B1F flood, ac power is lost to all make-up systems.

2E-10 per year

Turbine building: break in CWS system, isolation valves in CWS lines fail to close,
water fills up and runs out of the condenser pit, fire door between the turbine building
and the service building is either open or fails open allowing water into service building, service building floods and a door between the service building and the control
building fails open or is open, water entering the control building causes electrical
power supplies and all three divisions of RCW to fail.

Fire
Sequences chosen that had a core damage frequency of 1E-6 or higher before the plant
design was improved
Fire in the control room causes its evacuation, feedwater fails, RCIC or one highpressure core flood train fails, either one train of low-pressure core flood train or
manual depressurization fails.

1-

3E-9 per year

Estimated CDF
(considered conservative)
less than 1E-6 per year

High confidence with low probability of failure that the structure, system, or component will fail at the given peak
ground acceleration.

Note: Because of the assumptions and methods used in the ABWR shutdown risk evaluation, no dominant sequences
leading to core damage could be determined. NUREG-1449 did identify various important scenarios that were
potential contributors to core damage in BWRs during shutdown. Conclusions from NUREG-1449 are based on
actual nuclear power plant operating experience.
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The internal events core damage frequency estimate is very
low and is a reflection of GE's efforts to systematically
minimize the effect of sequences or initiators that have
been important contributors to core damage frequency in
previous BWR PRAs. A brief discussion is necessary on
the implications of the low estimated core damage
frequency for internal events for the ABWR. Estimated
core damage frequency values with absolute values less
than 1 in a million years should not be taken literally tw
the expectation of the "true" core damage frequency of the
design. Rather, this value should be taken as a reflection
of the conscientious engineering and design effort to
reduce or eliminate the contributors to core damage
frequency found in previous PRAs. When core damage
frequencies of one in a hundred thousand or a million
years are estimated in a PRA, it is the areas of the PRA
where modeling is least complete, supporting data are
sparse, or even nonexistent that actually could be the more
important contributors to risk. Areas not modeled or
incompletely modeled include errors of commission,
sabotage, rare initiating events, construction errors, design
errors, control systems, ageing, systems interactions,
human interaction with smart control rooms, and human
errors.
For seismic initiating events, GE submitted a PRA-based
seismic margins analysis. This method eliminates the
uncertainties associated with picking an appropriate seismic
hazard curve, while still providing the insights needed to
judge the ability of the design to withstand beyond-designbasis earthquakes. With a PRA-based seismic margins
analysis, rather than developing an estimated core damage
frequency, the method estimates the margin the design has
beyond the design basis safe shutdown earthquake (SSE)
(which is 0.3g for the ABWR) and identifies any weak
links in the design. GE reported that all sequences leading
to core damage from a purely seismic event were found to
have a high confidence with low probability of failure
(HCLPF) value of Q.6g or higher. An HCLPF roughly
represents the g-level acceleration at which a SSC is
believed to fail 5 percent or less of the time with a
95 percent confidence level. The staff finds that the
ABWR's HCLPF ( £ Q,5g) demonstrates that a significant
margin exists beyond ttye design basis earthquake level.
For internal floods that occur at power, GE performed a
PRA internal flood analysis that assumed that once flood
water reaches a level high enough to cause the failure of
any piece of equipment in an area, then all the equipment
in that area instantly fails and is unrecoverable. This
analysis estimated that the core damage frequency from
internal floods was on the order of 1E-8 per year. This
number was particularly low because the ABWR design
has three safety divisions that are physically separated.
For internal floods during shutdown, GE developed
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guidelines for the COL applicant for configuring shutdown
cooling divisions such that one division would be in
operation, one isolated and in standby, and one in
maintenance. It is believed that the core damage frequency
from this configuration should not exceed 1E-6 per year
and probably can be at least an order of magnitude lower,
given the conservatism of the assumptions in the analysis.
For fires, GE submitted a fire analysis that was a
combination of the Fire Induced Vulnerability Evaluation
(FIVE) methodology developed by EPRI and the internal
events PRA. This analysis assumed that, if a fire occurred
in any portion of a fire area, all equipment in the area
foiled instantly. The GE fire analysis estimated the core
damage frequency from fires to be on order of
1E-6 per year.
The design basis analysis for tornados in the ABWR is
such that the ABWR is designed to be able to withstand
tornados that occur with a frequency in the range of
1E-7 per year. Since the plant is designed to handle these
low frequency tornados and is already analyzed for loss-ofoffsite power events, the staff does not consider it
necessary to analyze design basis tornados
probabilistically.
The staff finds that the ABWR design is adequate to limit
exposure to risk when the plant is operated in Modes 3, 4,
and 5 (hot shutdown, cold shutdown, and refueling,
respectively). The staff finds that the ABWR design
includes enhanced features that reduce risk during
shutdown operations when compared to operating BWRs.
These features specifically address the more risk-significant
operations during shutdown identified in NUREG-1449
including three independent residual heat removal (RHR)
divisions, three emergency diesel generators (EDGs), an
ac-independent water addition (ACIWA) system, an
alternate onsite combustion turbine generator (CTG), and
proper plant electrical and physical separation and layout.

The results of the Levels 2 and 3 portion of the ABWR
PRA indicate that the ABWR containment is quite robust
and able to accommodate 'severe accidents with a low
attendant probability of containment failure. Both GE and
staff estimates of the ABWR conditional containment
failure probability (CCFP) are within the Commission's
containment performance goal (0.10). Using the structural
integrity definition, GE's estimate of CCFP is 0.005,
whereas the staffs estimate is 0.026.
Based on the Level 3 PRA, the estimated total risk to the
public for the ABWR is extremely small. GE's analysis
indicates a total dose of about 0.3 person-rem over the
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60-year plant life.
The staffs estimate is about
i person-rem. The staff estimated that total risk is
dominated by events that lead to early containment failure
and containment bypass. This is consistent with results
from PRAs for operating plants.

GE made a number of design modifications to the ABWR
both early in the design and later during the staffs review
of the ABWR PRA that were motivated by the results of
the PRA.
Table 19.1-4 describes some of the
modifications made to the design by OE.

Table 19.1-4 Examples of cost-effective PSA-inspired design/procedure modifications to the
ABWR design
Area Modified

Modification

Core cooling systems

OE found it only needed three, not four, ECCS divisions.

Reactivity control

GE found alternate rod insertion reliability was such that less expensive
ATWS mitigation system was acceptable.

Instrumentation

iGE found that it could eliminate 60 percent of sensor instrumentation in
the reactor safety systems without affecting plant safety.

AC-independent water addition
(ACIWA) system

System added to ABWR design. Staff believes that it is the most
important system for helping to prevent severe accidents.

Combustion turbine

System added to ABWR design. In combination with ACIWA, it virtually
eliminates SBO as a consideration.

Lower drywell flooder (LDF)

System added to ABWR design. Floods lower drywell in event that vessel
fails and corium enters lower drywell.

Containment Overpressure Protection
System (COPS)

System added to ABWR design. If an accident occurs that pressurizes
containment, the COPS allows for release of the pressure (90 psig set
point) with the capability to reclose vent path.

Control for fourth SRV on remote
shutdown panel

Extra SRV control added based on ABWR fire analysis. Mitigates control
room fire.

Water-level sensors, pump trip and
valve isolation circuits

Pump trips added for floods in turbine and control building as well as
valve isolation signals on high water level. Pipe length between first RSW
isolation valve and control building limited to help assure pipe break will
not cause unacceptable results.

Containment concrete

Basaltic concrete used rather than limestone concrete to limit production of
noncondensible gases from a core on floor event.
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lognormal distribution in lieu of the "actual" distribution
adds an unquantifiable uncertainty to the evaluation,
particularly in the bottom-line numbers.

GE and the staff have drawn a substantial number of
significant safety insights from the ABWR PRA that have
or will affect the design, construction, operation,
maintenance, and regulation of the ABWR. These insights
are discussed in more detail in Section 19.1.3 in the final
safety evaluation report (FSER) and in Section 19.8 in the
SSAR. Appendix 19K in the SSAR lists those SSCs that
are to be included in a COL action item that lists proposed
inputs for the COL applicant's operational reliability
assurance process (O-RAP) and design reliability assurance
program (DRAP) based on the ABWR PRA. Appendix K
in the FSER lists those safety insights that were motivated
by the PRA.
The disposition of these insights is
documented in the appendix and indicates if the insights
are in ITAAC, Tier 2 information, technical specifications
(TS), COL action items, Interface Items, dr RAP.

GE performed importance analyses in order to determine
the most important structures, systems, and components
(SSCs) to be added to the RAP. GE used two importance
measures: risk achievement worth ratio and fussell-vesely
importance. The analysis identified scram function and its
attendant equipment as very important. Station batteries
are similarly important, since dc power controls the
automatic depressurization system (ADS) as well as many
pumps and valves. Another insight is the importance of
reactor core isolation cooling (RCIC). This is because it
is ac-independent, reliable, and provides high-pressure
injection. These attributes are important for mitigating
SBOs.

It is the staffs view that the mean core damage frequency
for the ABWR from internal, external, and shutdown
events is probably on the order of 1E-6 or less assuming
the plant is constructed, maintained, and operated in
accordance with the SSAR. This judgment is based on the
staffs understanding of operating plant experience and
PRA results, design improvements in the ABWR relative
to operating reactors, and insights from the staffs review
of the ABWR PRA. Furthermore, it should be emphasized
that there are large uncertainties in internal event core
damage frequency estimates. The external event analyses
for the ABWR were quasi-probabilistic and were designed
to uncover vulnerabilities in the design rather than generate
specific core damage frequency estimates. Also, the
shutdown risk evaluation was quasi-probabilistic, using
PRA-based techniques to determine the reliability of
shutdown cooling and to examine the possibility of determining plant configurations that would limit exposure to
risk. The staffs review of the shutdown risk evaluation
reflected the insight from previous PRAs that human error
was the greatest contributor to shutdown risk. However,
human error analysis methods still cannot accurately
predict human response to various circumstances. This
fact increases the uncertainty of the estimated bottom-line
core damage frequency numbers for shutdown events.

The probabilistic shutdown risk evaluation performed by
GE concluded that the ABWR design could be maintained
in configurations during Modes 3, 4, and 5 so that the
estimated conditional core damage frequency was very
low. The staff noted that estimates of core damage
frequency and risk at shutdown for the ABWR design have
much larger uncertainties than do such estimates for
internal events in Modes 1 and 2. In the SSAR, GE
presented sample plant configurations that help limit risk
when shutdown occurs. The staff finds that the ABWR
design, through appropriate shutdown planning,
contingency planning, and operator instrumentation, can be
configured and maintained in Modes 3, 4, and 5 in a
manner that helps to reduce the chances of core damage or
releases to the environment to a point where shutdown risk
does not represent a disproportionate risk to the public.
19.1.2 Introduction

GE conducted uncertainty analyses for the Level 1 portion
of the ABWR PRA. GE reported that the internal event
core damage frequency distribution had a mean value of
1.6E-7 per year and an error factor (EF) of about 4.2
(where the EF is the ratio of the 95th percentile to the
median of the lognormal distribution). The 95th and
5th percentiles reported by GE were 4.5E-7 per year and
3.8E-8 per year, respectively. GE used a lognormat
distribution for most random variables in the ABWR PRA,
which is a mathematical simplification and assumption that
is commonly used in PRA evaluations. The actual
distribution for most variables is not known. Use of the
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As part of the ABWR design certification application, GE
submitted the ABWR PRA in response to 10 CFR 52,47,
the Commission's Policy Statement on Severe Reactor
Accidents Regarding Future Designs and Existing Plants,
described in ER Vol. 50, No. 153, dated August 8, 1988,
p. 32138 dated August 8, 1991, and the ABWR Licensing
Review Bases. The staffs assessment included the traditional evaluation of events that could lead to core damage
and offsite consequences as well as an evaluation of what
the ABWR PRA revealed about the ABWR design.
The general objectives of the staffs review of the ABWR
PRA were (a) to identify safety insights based on the
performance of systematic risk-based evaluations of the
ABWR design; (b) to determine in a quantitative manner
whether the ABWR design represents a reduction in risk
over existing plants; (c) to examine the balance of
preventive and mitigative features of the design; (d) to
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assess the reasonableness of the risk estimates documented
in the PRA and other risk-related documents submitted as
part of the FDA application package, and (e) to support
pre- and postcertification activities such as ITAAC, RAP,
TS, and completion of site-specific design details (e.g.,
ultimate heat sink). In addition, the ABWR PRA was used
to both determine how the ABWR design related to various
safety goals and discover design and procedural
vulnerabilities.
The objectives are drawn from 10 CFR 52.47, the
Commission's Policy Statement on Severe Reactor
Accidents Regarding Future Designs and Existing Plants,
the Commission's Safety Goal Policy Statement, the
Commission approved positions concerning the analyses of
external events contained in SECY-93-087, and the
Commission's interest in the use of PRA to help improve
future reactor designs. In general, these objectives have
been achieved by the ABWR PRA and the staffs review.
The staffs proposed applicable regulation for the analysis
of external events for the ABWR PRA is as follows:
The application for design certification must contain
a probabilistic risk assessment that includes an
assessment of internal and external events.
Simplified probabilistic methods and margins
methods may be used to assess the capacity of the
standard design to withstand the effects of external
events such as fires and earthquakes. Seismic
margin analysis must consider the effects of
earthquakes with accelerations approximately one
and two-thirds the acceleration of the safe-shutdown
earthquake.

•

Provided the COL applicant with information about
what is most important about the ABWR design and
operation from a safety standpoint

•

Helped confirm for the staff that the ABWR design is
robust against internal and external events.

GE provided a list of important safety insights from the
ABWR PRA including internal and external events and
events during all modes of operation. This list, which was
developed from a systematic process, is described in detail
in SSAR Section 19.9 and is detailed in Appendix K in the
FSER. As indicated in this table, GE recommended and
staff agreed that a subset of these insights be included in
the design control document (DCD) as ITAAC, Interface
Items, or Tier 1 or Tier 2 material.
During the construction stage, the COL applicant will be
able to consider as-built information. The staff concludes
that updated PRA insights, if properly evaluated and
utilized, could strengthen programs and activities in areas
such as training, development of emergency operating
procedures, reliability assurance, maintenance, and
10 CFR 50.59 evaluations. The staff recommends that the
design-specific PRA developed to meet 10 CFR 52.47 be
revised to account for site-specific information, as-built
(plant-specific) information refinements in the level of
design detail, and design changes. These updates are the
responsibility of the COL applicant. As plant experience
data accumulate, failure rates (taken from generic data
bases) and human errors assumed in the design PRA are to
be updated and incorporated, as appropriate, into ORAPs.
19.1.3 Advanced Boiling Water Reactor Probabilistic
Risk Assessment-Based Safety Insights

The staff believes that if its review were to concentrate on
bottom-line numbers or merely on the quality of a PRA,
the most important insights from a PRA could receive
inadequate attention. In Section 19.1.3, the staff reported
on its investigation of those safety insights that are
revealed by the ABWR PRA about the ABWR design.
These insights include those that are to be passed on to the
COL applicant, insights into the balance of prevention and
mitigation, design vulnerabilities, and aspects of the design
that tend to reduce or exacerbate risk estimates. The
results of this broadened perspective are multifold. GE's
systematic evaluation of the ABWR design has
accomplished the following:
•

Identified important areas where minor design
modifications will help confirm that the potential for
severe accidents is maintained at a low level

•

Helped GE to identify the most safety-important
equipment to be included in the RAP

Insights gleaned from a PRA can provide significant
perception into the design and operation of a nuclear power
plant. This section documents the insights derived by GE
and the staff about the ABWR design based on the ABWR
PRA.
19.1.3.1 Technical Insights Summary
In developing the ABWR design, GE significantly reduced
the dominant contributors to core damage frequency found
in most current BWR plant-specific design PRAs. The
success of this attempt is substantiated by the low
estimated core damage frequency for internal events
recorded in the ABWR PRA (1.6E-7 per year) and the
staffs conclusion documented in Section 19.1.4 that, on
balance, the ABWR PRA was performed in an acceptable
manner. The estimated core damage frequency from
internal floods is about 7E-9 per year. The fire analysis
performed by GE for the ABWR produced a core damage
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frequency estimate of about 1E-6 per yesjr. Because of
conservatism in the analyses, the staff does not believe that
the fire and internal flood core damage frequency estimates
should be compared to those of internal events. The
seismic analysis performed by OE was a PRA-based
margins analysis that does not provide core damage
frequency estimates. The margins analysis demonstrated
that the ABWR design' is robust for seismic events well
beyond the design basis. The staff finds that the ABWR
design, if built, maintained, and operated as assumed in
the ABWR PRA, represents a reduction in risk when
compared to the current design of BWRs.
It is important to understand what contributes to core
damage frequency and risk in the ABWR design. Internal
initiating events that are dominant contributors to core
damage frequency include SBO, loss of offsite power, and
vessel isolation or loss of feedwater. Failure of RCIC, the
multiplexing transmission network, the station batteries,
and the trip logic units are the most important contributing
failures. SSAR Section 19K discusses the SSCs found to
be most important in the PRA for internal and external
events and when the plant is in modes other than full
power.
Table 19.1-2 provides a list of important
sequences leading to core damage or risk for internal
events. Table 19.1-3 provides a list for external events
sequences.
For events occurring during modes other than full power,
the ABWR design provides enhanced protection over the
designs of many operating plants in that it has three fully
separated safety divisions.
To make use of this
redundancy for maintenance purposes and still maintain an
appropriate level of protection when in modes other than
full power, GE has developed tables (See SSAR
Tables 19Q.7-2 to 19Q.7-4) that list combinations of
equipment that, if kept operable while in Modes 3, 4, and
5, will help ensure that a severe accident does not occur.
These tables have the goal of maintaining a conditional
core damage frequency of less than 1E-5 per year should
the operating train of RHR cooling become unavailable.
Since GE assumed that a loss of RHR cooling (i.e., of the
operating train) has an occurrence rate of once per
10 years (GE's assumption is that during a 10-year period
with all its included shutdowns there will be one loss of
shutdown cooling event — 0.1 per year), this gives a
frequency of core damage of less than 1E-6 per year when
operating in Modes 3 , 4 , and 5. In the shutdown analysis,
it is conservatively assumed that all equipment not
specifically referred to in the tables as "operable" is
"inoperable." During shutdown, it is conservatively
assumed that any core damage would result in a large
release, since the containment would be open much of the
time. The staff and GE noted that separation of safety
divisions is not always maintained during maintenance
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outages. To help assure that fires and floods cannot
become common cause failures of all three divisions when
in modes other than full power, GE has developed
guidelines for plant operation. These guidelines would
have one division isolated and in standby, another division
operating in the shutdown cooling mode but not necessarily
isolated, and another in maintenance. The staff believes
that a safety-oriented approach to planning and controlling
an outage is needed and that such an approach will reduce
risk during Modes 3, 4, and 5. It recommends that COL
applicants make use of the guidance provided by GE in
Section 19Q of the SSAR regarding outage planning and
control.
For seismic events, fires, and internal floods, the ABWR
design has specific advantages over many current designs.
The seismic design bases for the ABWR is a 0.3# SSE. In
simple terms, the ABWR design can be built at any site
that has its site-specific spectrum bounded by the design
bases spectrum. Such a site might normally have an SSE
of 0.2g assigned to it. However, the ABWR will be built
to the 0.3g SSE standard, regardless. This creates an
additional explicit seismic robustness at most potential sites
east of the Rocky Mountains. For fires and internal
floods, the existence of three separated safety divisions
along with a diesel-driven fire water pump and an
alternative water supply (that will remain functional
following a design bases earthquake) external to the reactor
building provide design improvements that significantly
reduce potential core damage.
External events such as external flooding and hurricanes
may be analyzed by a designer in a bounding manner in
order to minimize the chances that the design has
vulnerabilities to site-specific external events. GE did not
chose to evaluate such external events at the Design
Certification stage. The staff worked with GE to assure
that GE was aware of the potential for vulnerabilities to
such external events. It is possible that some sites may not
be appropriate for the ABWR design because they could
introduce vulnerabilities into the ABWR design that were
not taken into account in the Design Certification process.
For each site, the COL applicant must provide a sitespecific PRA-based analysis to help determine if the
ABWR design has any vulnerabilities to previously
unanalyzed external events applicable to the site (e.g.,
river flooding or soil liquefaction from seismic events).
Human reliability analyses (HRAs) of the ABWR design
show that it is not particularly sensitive to operator errors
during operation in Modes 1 and 2. This is true, in part,
because of the multitude of paths by which water can be
provided to the core and the inherent attributes of the
design (in most sequences of actions, it takes a long time
before an operator needs to make a critical decision, if
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such a decision is needed at all). OE conducted a
sensitivity analysis to investigate the influence of variations
in the PRA-modeled human error rates of the ABWR core
damage frequency estimate. The analysis suggests that,
while there is little room for reducing core damage
frequency by improving human performance, core damage
frequency can increase if human performance significantly
degrades. The potential increase in core damage frequency
appears to be about two orders of magnitude above the
base case frequency under an assumption that all human
error probabilities are simultaneously increased by a factor
of 30. However, such a magnitude of increase is
unrealistic because the human error probabilities used in
the ABWR human performance analyses were either
screening values or reasonable values for the actions
defined based on previous HRAs for existing PRAs. Even
though some recovery actions (such as offsite power and
emergency ac) were not included in this analysis, the
results of the sensitivity analysis provide a proper
indication of the ABWR tolerance of human errors.
Since the ABWR design was not detailed in a number of
areas important to evaluating human actions and potential
errors (e.g., control room design or plant-specific
emergency procedures), GE's HRA was essentially a
scoping analysis, based largely on a generalization of
results from previous HRAs (which reflect conventional
BWR human-machine interface desi ms) and the use of
screening-type human error probabilities collected from
various sources. GE contends that this treatment is
conservative for the ABWR because of the significant
improvements envisioned for the ABWR human-machine
interface design relative to earlier designs. However, the
validity of the scoping analysis for the as-built ABWR
design will need to be confirmed as part of the
implementation of the detailed control room design
process. This process and associated ITAAC/DAC are
described in Chapter 18 of this report. The focus of that
effort with regard to the HRA will be on confirming that
the final control room design has not introduced any
human engineering deficiencies that would significantly
increase the error rates for human actions modelled in the
HRA or the potential for additional, risk-significant errors
not modelled in the HRA.
Every nuclear power plant PRA is incomplete to some
extent. Ordinarily, a PRA is performed on a plant for
which the site is known, the equipment has been procured,
and the plant is nearly or completely built. For the ABWR
PRA, the PRA practitioners had to develop their models
using a design that lacks many of the details available for
an existing plant. The lack of detail was recognized by the
staff as well as by GE. For this reason, the staff developed several processes to which the COL applicant must
comply, including (a) the ITAAC process, (b) the

reliability assurance process and program (O-RAP and
DRAP) that the COL applicant should implement to
confirm that the as-built plant conforms to the assumptions
of the ABWR PRA, and (c) interface items that the COL
applicant must address in its application for a COL. To
help confirm that the assumptions in the PRA are realized
in the as-built design, GE provided a systematic list of
SSCs that are to be included in the COL applicant's RAP,
PRA-based insights into the ITAAC, and a systematic list
of safety insights derived from the ABWR PRA that will
be passed on to future COL applicants. One of the
significant benefits of having a PRA at early stages in the
design is that GE took advantage of PRA insights to
improve the final design and provide guidance to COL
applicants or holders.
Based on the information provided in the SSAR, this
design has achieved a significant reduction in expected
core damage frequency and risk compared to operating
plant PRA results. The staff compared the numerical
results of internal events in the ABWR PRA to the
Commission's safety goals and found that the ABWR
design meets each safety goal.
As part of its investigation of the ABWR design, the staff
endeavored to determine if a balance had been achieved
between the prevention of accidents and accident mitigation
capabilities. The staff concludes that the design has an
appropriate balance of prevention and mitigation. Details
of this discussion are provided in Section 19.1.3.9.2 of this
report.
GE searched for design and procedure improvements that
were prudent to include in the ABWR. The staff
concludes that the search made by GE was adequate to
identify design and procedure vulnerabilities for the
ABWR design. Details of the design improvements
motivated by the ABWR PRA are discussed in Section 19.1.3.2.3 of this report.
The staff believes that the ABWR PRA is capable of
supporting pre- and post- certification activities such as
ITAAC, RAP, and TS. The PRA can be modified to
include site-specific design details for areas outside the
design certification such as the ultimate heat sink.
19.1.3.2

Level 1 — Internal Events

19.1.3.2.1

Dominant Accident Sequences

GE estimated the total core damage frequency from
internal events for the ABWR design to be 1.6E-7 per
year. The internal events initiators that contribute the most
to core damage frequency are loss of offsite power, SBO,
and loss of feedwater/isolation of the vessel (See
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Table 19.1-1). Of these, SBO is the largest contributor to
core damage frequency. This is consistent with risk
profile estimates for many other BWR PRAs that have
identified SBO as one of, if not the leading, contributor to
core damage frequency. For the ABWR, SBO and loss of
oftsite power sequences have an estimated core damage
frequency of about 1E-7 per year.
The top seven sequences that in aggregate contribute
52 percent of the internal event core damage frequency are
SBO events in which RCIC fails or is unavailable or where
the blackout outlasts the capacity of the emergency
batteries. Of the top 20 sequences, 14 involve SBO. The
reason SBO events in the ABWR have a very low
estimated absolute core damage frequency value is the low
overall core damage frequency estimate for the ABWR
design. This is primarily because the ABWR design has
three independent EDGs and because of the addition of the
onsite CTO. With respect to SBO events, the staff noted
that the removal of a steam-driven high-pressure system
(such as the high- pressure core injection system (HPCI)
in earlier designs) is well compensated for by a substantial
improvement in the reliability of backup power resulting
from the addition of a CTG in the ABWR design.

•

The reduction in the number of emergency core cooling
system (ECCS) divisions from four to three by
upgrading the RCIC system and by modifying the
automatic depressurization system (ADS) logic to begin
operation when a low water level is reached (improved
design for transient response)

•

The elimination of 60 percent of the sensor
instrumentation in the reactor safety systems without its
affecting plant safety.

In its initial ABWR PRA submittal, GE concluded that the
Commission's safety goals and goals proposed by EPRI for
evolutionary reactors (core damage frequency, CCFP, and
dose at the boundary of the plant following an accident)
were met and that the design had many means of severe
accident prevention and mitigation. After discussions with
the staff and in order to come to more complete agreement
with EPRI evolutionary plant design guidelines, GE
decided to make several design improvements that
significantly added to defense in depth and reduced uncertainty that the design would meet its intended goals. GE
made the following design changes:
•

Added an AC-independent water addition (ACIWA)
system. This system provided benefits for SBO, fires,
internal floods, and seismic events. It has both
preventative and mitigative capabilities in that it can
either inject to the vessel or spray the drywell. It can
provide water from a seismically robust diesel-driven
pump or a fire truck.

•

Added a non-safety grade combustion turbine generator
that starts automatically with safety grade loads added
manually. This system used in conjunction with the
ACIWA system significantly reduces the estimated core
damage frequency from SBO.

The ABWR design was influenced by PRA insights.
Table 19.1-4 summarizes design changes that GE made to
the ABWR that were motivated by PRA insights. GE used
PRA insights and mini-PRA studies to help decide on a
number of important design options. The performance of
the ABWR PRA and several mini-PRAs early in the
ABWR design process made important contributions to
improving the ABWR design. The PRA influenced the
design positively, not only early in the design process, but
also during the design certification.

•

Made recommendations for the improvement of
emergency procedures following examination of the
dominant severe accident sequences.

•

Changed the lower drywell basemat concrete
composition from limestone to basaltic concrete to limit
production of noncondensible gases.

•

Added a containment overpressure protection system
(COPS).

GE indicated that the use of PRA evaluations in the early
stages of the ABWR design helped GE to simplify the
design in a manner that maintains or improves core
damage frequency estimates compared to estimates for
operating plants. Examples of the design simplification by
GE include the following:

•

Increased the pressure capacity of the drywell head.

•

Surveillance testing of the microprocessor-based
controllers was increased to quarterly to improve the
ability to detect failures left undetected by the
continuous self-test feature. This action was taken

Anticipated transients without scrcm (ATWS) has a very
low absolute value for the ABWR design for several
reasons, including the following: (1) the ABWR design
has diverse means of inserting control rods into the core
(by hydraulic or electric means), (2) initiation of the
standby liquid control system (SLCS) is automated, (3) the
hydraulic system that inserts control rods includes
additional backup scram valves to relieve scram air header
pressure, and (4) the ABWR design does not have a scram
discharge volume.
19.1.3.2.2

PRA as a Design Tool
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based on a study of potential failures of the safety
system logic and control.
19.1.3.2.3

RCIC is one of the most important systems in preventing
core damage accidents.

Plant Features and Operator Actions
Important to Risk

Insights as to what features, procedures, or operator
actions are important to risk have been gathered from
several areas of Chapter 19 of the SSAR, including
Appendices 19K, 19L, 19M, 19Q, and 19R as well as
from discussions with GE. The staff considers the
following plant features, procedures, and operator actions
to be the most important to risk reduction or prevention for
Level 1 internal events.
Plant Feature* Important to Risk
Combustion Gas Turbine Generator — The combustion gas
turbine generator (CTG) provides non-safety grade power
that is diverse and independent from the normal and
emergency ac power sources. It is capable of providing ac
power to any of the three safety divisions or to a
condensate pump. The CTG requires no plant support
systems to start or run. The gas turbine, in conjunction
with the ACIWA system, is a significant factor in reducing
the likelihood of an SBO (a leading contributor to core
damage).
ACIWA System — The ACIWA system has two pumping
sources available: a diesel-driven pump and a fire truck.
The diesel-driven pump is designed to survive a design
bases earthquake. Its pumping sources are located outside
the reactor building. Manual valves to direct the flow
from the ACIWA system into the RHR system and then on
to either the core or to the drywell or wetwell spray are
located in the reactor building and can be operated
successfully following an internal event.

Multiplexing System — The high reliability of the
multiplexing system is very important in the ABWR PRA.
Significant degradation of this function could result in a
Urge increase in the likelihood of the plant's having an
event that leads to core damage.
High-pressure Core Flooder (HPCF) Pump — One of the
high-pressure core flood pumps can be operated independently of the essential multiplexing system. This design
feature is an important factor in reducing the chances of
the plant experiencing core damage, since this design
should reduce the chance of a common cause control
system failure, that would disable all ECCS pumps.
Electrically Driven Control Rod Insertion — The diverse
ability to drive in rods with electrical motive power as well
as hydraulic power significantly reduces the chances of an
ATWS occurring.
Automatic Depressurization System — The ADS is needed
to enable the use of low-pressure core flooder pumps and
the ACIWA system. ADS is important in SBO, small
LOCAs, and transients.
Reactor Water Cleanup (RWCU) Isolation Valves — The
isolation valves in the RWCU system must be capable of
isolating against a differential pressure equal to the
operating pressure of the reactor coolant system (RCS) in
the event that there is a LOCA in the RWCU.
Operator A^JQP Important to RjgK
•

Lack of Recirculation Piping — The ABWR design has
done away with external reactor recirculation piping and
pumps. This means that there are no large pipes that
penetrate the vessel below the core. This design detail has
significantly reduced the already low chances of a loss-ofcoolant accident (LOCA) leading to core damage.
Three ECCS Trains — The redundancy of the divisions
improves the chances of the design preventing transients
from developing into core damage events.
Reactor Core Isolation Cooling (RCIC) — RCIC is a
safety-grade system that provides the ABWR with a
diverse high-pressure system that can delay the onset of
core damage following an SBO event to about 8 hours.
Importance analyses from the ABWR PRA indicate that
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Five specific human actions have been identified as
most important to the Level 1 PRA analysis because of
their impact on core damage frequency. All five of
these relate to makeup of reactor inventory — the first
four with the reactor at high pressure and the last with
the reactor at low pressure (the acronyms in
parentheses correspond to the basic event identifier in
the ABWR PRA):
-

Backup manual initiation of HPCF (HOOBOPHL)

-

Recovery of feedwater in events without MSIV
closure (Q)

-

Recovery of feedwater in events with MSIV closure
(02)

-

Reopening of HPCF injection valves following
maintenance (HBMAER1)
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•

Use of condensate injection following scram with
reactor depressurized (COND).

A sixth human action — control of reactor water level in
an ATVr'S (LPL) — was also identified as critical to the
Level 1 analysis based on its impact on offsite
consequences rather than on its impact on core damage
frequency. Because of their importance, these human
actions are included as "critical tasks" that will be
evaluated further by the COL applicant as part of the
advanced plant design (see SSAR Section 19.9).
•

•

Although miacalibration of sensors is not a significant
contributor to core damage frequency (partly because
of the low assigned probabilities), instrument
calibration is an important maintenance action requiring
that a special maintenance procedure be developed by
the COL applicant.

19.1.3.2.4

The Design Certification Rule 10 CFR Part 52 does not
require a vendor to provide complete design details,
especially in areas where there is evolving technology
(e.g., the control room) or where it is very difficult to
bound the possible design options (e.g., the ultimate heat
sink and the service water pump house). Other areas such
as accident management are the responsibility of the COL
applicant. OE identified Interface Items (hardware) and
COL Action Items (primarily procedural or analytical) that
define the areas derived from performance of the ABWR
PRA that the COL applicant needs to perform or complete.
The following COL action item addressed in Section 19.9
in the SSAR is of particular interest to the staff:
•

A limited number of human actions were identified as
having a significant impact on containment performance
and the results of the Level 2 analysis. These involve
the following:
-

Emergency depressurization of the reactor to
mitigate core damage in-vessel and reduce the
potential for containment failure from direct
containment heating (OP)

•

Alignment and initiation of firewater (ACIWA
mode of RHR) for injection into the depressurized
reactor pressure vessel (ARV)

-

Alignment and initiation of firewater for injection to
the drywell sprays to prevent drywell
overtemperature (HTF)

-

Initiation of drywell sprays in response to
suppression pool bypass

-

Use of a fire truck as a backup to the diesel-driven
firewater pump.

Because of their importance, the actions are included in
COL Action Items (See SSAR Section 19.9). Some of
these actions would also be addressed by the COL
applicant as part of its Accident Management Program
discussed in Section 19.2.
Appendix 19K in the FSER lists those PRA-based safety
insights motivated by the PRA. The disposition of these
insights is documented in the table and indicates if the
insights are in ITAAC, Tier 2 information, TS, COL
action items, Interface Items, or the RAP.

NUREG-1503

Interface and COL Applicant Action
Items

The COL applicant should update the design-specific
ABWR PRA to include site-specific information (i.e.,
a site-specific PkA) and additional design details (e.g.,
once the COL applicant designs the structures, systems,
and components that were not part of the design
certification). The PRA is to be maintained by the
COL holder (living PRA) so that the PRA can be
useful in helping to make 50.59-like decisions as well
as helping to determine the safety significance of
operational events or data from ABWR operation or
other nuclear power plants.

These actions are detailed in Section 19.9 and Table 1.9.1
in the SSAR. The staff finds the Interface Items in Section 1.9 in the SSAR to be adequate for performing the
ABWR design-specific PRA. The staff finds the COL
action items in Section 19.9 of the SSAR to be acceptable
and finds that GE identified those actions that the COL
applicant must take in order to help make the PRA
assumptions come true in the as-built, as-operated plant.
19.1.3.2.5

Insights From Uncertainty, Importance,
and Sensitivity Analyses

OE has conducted a traditional uncertainty analyses for the
Level 1 portion of the ABWR PRA. OE calculated
importance analyses in order to determine the most
important SSCs to be added to the RAP. GE also
conducted selected sensitivity analyses to determine the
robustness of the design to biases in numerical
assumptions.
The uncertainty analyses started with GE's assuming that
all basic events (in the fault trees) have lognormal
distributions. These distributions were propagated using
Monte Carlo techniques. As shown in Figure 19.1-1, the
core damage frequency distribution had a mean value of
1.6E-7 per year and an error factor (EF) of about 4.2
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(where the EF is the ratio of the 95th percentile to the
median of the lognormal distribution). The 95th and
5th percentiles reported by GE were 4.5E-7 per year and
3.8E-8 per year, respectively.
The uncertainty studies revealed that the majority of basic
events that were part of the dominant core damage
sequences (i.e., involved in the failure of SSCs needed to
prevent core damage) were also identified by the
importance analyses as the top contributors to core damage
frequency. Similarly, the relative importance of the topranked sequences andtop-rankedbasic events was shown
to change only slightly when the input data were biased by
a factor of two.
GE performed importance analyses on internal events using
"change in core damage" as the underlying variable. OE
used the importance analyses results to help determine
SSCs to be included in Appendix 19K of the SSAR that
deals with SSCs that are to be included in the COL

applicant's RAPs. OE used two importance measures:
risk achievement worth ratio and fiissell-vesely importance.
The risk achievement worth ratio is calculated by taking
the ratio of (a) the core damage frequency with the
particular SSC always failed to (b) the base core damage
frequency. Risk achievement identifies those SSCs for
which it is particularly important to do good maintenance,
since poor reliability or availability of this equipment
would increase estimated core damage frequency
significantly. The Fussell-Vesely importance measure is
calculated by (a) finding the difference between the base
case core damage frequency and the core damage
frequency with the SSCs operating perfectly, and
(b) dividing by the base case core damage frequency. The
Fussell-Vesely importance measure identifies which SSCs
would benefit the most from improved testing and
maintenance that would minimize equipment unavailability
and failures. The staff believes that the risk achievement
worth is a particularly important measure when deciding
which SSCs to include in a RAP.

Mean
Median
95th Percentile
5th Percentile

lOE-Ot

10E-07

1.56E-07
1.02E-07
4.53E-07
3.20E-08

1.0*4»

FREQUENCY

Figure 19.1-1 ABWR core damage frequency distribution
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Table 19.1-5 in this report provides a listing of the most
important SSCs and their importance. The table highlights
the importance of the scram function and its attendant
equipment. Similarly important are the station batteries,
since dc power controls ADS as well as many pumps and
valves. The table also points out the importance of the
CTG and RCIC. This is because SBO is the largest
contributor to internal event core damage frequency
estimates.
Table 19.1-6 in this report shows the sensitivity of core
damage frequency to test and maintenance outage
assumptions for ECCS equipment. Increasing RCIC
unavailability was found to cause the greatest increase in
estimated core damage frequency. This results in large
part from RCICs contribution to mitigation of SBO
sequences. This outcome supports the results of importance analyses discussed above. GE found that increasing
high-pressure core flooder B (HPCFB) unavailability
resulted in the second highest core damage frequency
increase.
This is because HPCFB is important in
mitigating a common-cause failure of the essential
multiplexing system.

combined core damage frequencies for these events in the
area of 1E-4 per year. The varying methods used in the
ABWR PRA to evaluate external events are acceptable to
the staff because they provide the insights necessary to
determine if any design or procedural vulnerabilitieti exist
for these external events and because the methods provide
insights needed for the RAP, ITAAC, TS, and other
important programs.
To help confirm that no vulnerabilities are introduced
when a site is chosen for an ABWR (e.g., site-specific
external floods can flood higher than assumed in the design
basis so a vulnerability, such as an external, nonwatertight
door, could exist), the following steps need to be taken.
The staff requires COL applicants to perform a sitespecific PRA-based analysis that searches for
vulnerabilities from site-specific external events not
evaluated in the ABWR PRA and that are not enveloped by
the ABWR PRA assumptions (e.g., seismic-induced soil
liquefaction). This PRA-based analyses must also search
for vulnerabilities in the parts of the ABWR design that
were not part of the design certification (e.g., the service
water pump house).

GE performed a sensitivity study on the effect of
increasing the test and maintenance outage times for ECCS
equipment (i.e., the period each piece of ECCS equipment
is assumed to be unavailable during the year because of
testing or maintenance). RCIC was found to be the ECCS
system most sensitive to increased outage time. This
would be expected based on the Fussell-Vesely importance
measure results. Second in importance is high-pressure
core floodei "B" that includes a diverse (resulting from the
multiplexing system), hard-wired manual-initiation backup
in the control room. The sensitivity study indicated that
other individual systems are not sensitive to test and
maintenance outage time. GE noted that even with RCIC
out of service all the time, the ABWR core damage
frequency estimate is still below 1E-5 per year. It should
be noted that the CTG and the EDGs have the largest
Fussell-Vesely importance measure value, since
100-percent availability of the CTG or an EDG would
eliminate SBO as an estimated core damage contributor.

The ACIWA system is very important to preventing and
mitigating severe accident external events. GE and the
staff understand the importance of the ACIWA system
being able to function following various external initiators.
For this reason, GE developed a COL action item (detailed
in Section 19.9 and Table 1.9 in the SSAR) that outlines
the following:

19.1.3.3 Level 1 — External Events

A PRA-based margins analysis systematically evaluates the
capability of SSCs in the design to withstand an
earthquake, but does not estimate the core damage
frequency from seismic events. The margins analysis is a
way of estimating how much larger an earthquake than the
SSE the design should be able to withstand without
sustaining core damage.

Three external events were analyzed in the ABWR PRA:
seismic, fire, and internal flood.
In many PRAs
performed to date, these external events have had
combined core damage frequencies that are the same
magnitude as internal events. It is not unusual to see the
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•

The COL applicant should design the building to house
the ac-independent water addition (ACIWA) pumps in
such a manner that the building is capable of
withstanding high seismic events, river flooding, and
other site-specific external events such as high winds
(e.g., hurricanes). The capability of the building
housing the ACIWA pumps should be evaluated in the
site-specific PRA to assure that vulnerabilities do not
exist for the specific site.

19.1.3.3.1
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Table 19.1-5 SSCs identified by importance measure values
Structure, System, or Component (SSC)
Multiplex Transmission Network (CCF)
Trip Logic Units
Remote Multiplexing Units
Station Batteries
Digital Trip Modules (CCF)
Level 2 Sensors (CCF)
SRV (CCF)
RHR Flow Transmitters (CCF Miscalibration
Level 8 Sensors (CCF Miscalibration)
Combustion Turbine Generator (CTG)
Both Offsite Power Sources
Division 1 Transmission Network Failure (EMS)
1st ESF RMU Division 1 Fails
2nd ESF RMU Division 1 Fails
RCIC Turbine
RCIC Pump
RCIC System (Unavailable, Test or Maintenance)
RCIC Flow Sensor E51-FT007-2 Fails
RCIC Isolation Valve F036 Fails (NOFC)
RCIC Isolation Valve F035 Fails (NOFC)
RCIC Isolation Valve F039 Fails (NOFC)
RCIC Check Valve E51-F003 Fails to Open
RCIC Check Valve F038 Fails to Open
RCIC Outboard Check Valve F005 Fails to Open
NBS Isolation Check Valve B21-F003B (FW Isolation) Fails Closed
NBS Isolation Check Valve B21-F004B (FW Isolation) Fails Closed
NBS Manual Valve B21-F005B (FW Isolation) Fails Closed (NOFC)
RCIC Pres Sensor PIS-Z605 Miscalibrated
RCIC Flow Sensor FT-007-2 Miscalibrated
RCIC Pressure Sensor E51-PIS-Z605 Fails
Failure of Division I Distribution Panel
SLU/EMS Link for Division I SLU 1 Fails (RCIC Fails)
Sl^U/EMS Link for Division I SLU 2 Fails (RCIC Fails)
RCIC Turbine Exhaust Isolation Valve F039 Limit Switch Fails
RCIC Steam Supply Bypass Valve F045 Limit Switch Fails
RCIC Turbine Lubrication System
RCIC Min. Flow Bypass Valve E51-F011 (NOFO)
RCIC Min. Flow Bypass Valve E51-F011 (NCFC)
RCIC Injection Valve E51-F004 (NCFC)
RCIC Steam Supply Valve E51-F037 (NCFC)
RCIC Isolation Signal Logic
All 3 Diesel Generators, CCF
SP Temp High (Loss of Pump Head)
SRVs
Single Offsite Power Line
HPCF Maintenance Valve E22-F005B
HPCF Pump
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Risk
Achievement
Worth
204,400
204,300
204,300
13,160

281
273
189
32
28
14
14
13
13
13
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
11
6.6
4.3
4.1
2.7
2.6

Fussell-Vesely
Importance
Measure (%)
12.1

6.0
6.0
3.3
0.1
0.1
0.1
0.2
0.1
69.6

1.3
0.70
0.34
0.34
12.0

7.4
21.8
0.32
0.18
0.18
0.18
0.15
0.15
0.15
0.15
0.15
0.14
0.054
0.054
0.013
0.0064
0.00046
0.00046
0.74
0.74

4.6
2.0
1.9
1.9
1.9
1.5
unknown
0.00055

1.0
3.1
1.7
1.1
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Table 19.1-6 Sensitivity to test or maintenance (T/M) outages

Single system perturbations (factor of five) to base case T/M of two percent unavailability
§vstem
RCIC

0.02

0.1*

0.02

0.02

0.02

0.02

0.02

HPCFB

0.02

0.02

0.1

0.02

0.02

0.02

0.02

HPCFC

0.02

0.02

0.02

0.1

0.02

0.02

0.02

RJRA

0.02

0.02

0.02

0.02

0.1

0.02

0.02

RHRB

0.02

0.02

0.02

0.02

0.02

0.1

0.02

RHRC

0.02

0.02

0.02

0.02

0.02

0.02

0.1

1.6E-7

2.9E-7

1.8E-7

1.6E-7

1.6E-7

1.6E-7

1.6E-7

N.A.

86

13

< 1

< 1

< 1

< 1

Core Damage Frequency
Percent Increase

1

Unavailabilities in bold type represent perturbations to the base case in the first column.

Effect of single systems completely removed from service
System
RCIC

0.02

1.0'

0.02

0.02

0.02

0.02

0.02

HCPFB

0.02

0.02

1.0

0.02

0.02

0.02

0.02

HPCFC

0.02

0.02

0.02

1.0

0.02

0.02

0.02

RHRA

0.02

0.02

0.02

0.02

1.0

0.02

0.02

RHRB

0.02

0.02

0.02

0.02

0.02

1.0

0.02

RHRC

0.02

0.02

0.02

0.02

0.02

0.02

1.0

1.6E-7

1.8E-6

4.1E-7

1.6E-7

1.6E-7

1.6E-7

1.6E-7

N/A

1073

162

4

5

2

< 1

Core Damage Frequency
Percent Increase

Unavailabilities in bold type represent single systems that have been removed from service.

NUREG-1503

19-16

Severe Accidents
Table 19.1-6 Sensitivity to test or maintenance (T/M) outages (continued)
Multiple system perturbations (factor of five) to base case.
System
RCIC

0.1*

0.02

0.02

0.1

0.02

0.1

0.1

HPCFB

0.02

0.1

0.02

0.1

0.1

0.1

0.1

HPCFC

0.02

0.02

0.1

0.02

0.1

0.1

0.1

RHRA

0.1

0.02

0.02

0.02

0.02

0.02

0.1

RHRB

0.02

0.1

0.02

0.02

0.02

0.02

0.1

RHRC

0.02

0.02

0.1

0.02

0.02

0.02

0.1

2.9E-7

1.8E-7

1.6E-7

3.1E-7

1.8E-7

3.2E-7

3.2E-7

88

14

< 1

101

13

102

104

Core Damage Frequency
Percent Increase

Unavailabilities in bold type represent perturbations to a base case value of 0.02.
The capability of a particular SSC to withstand beyond
design bases earthquakes is measured in terms of an
HCLPF given a certain input acceleration. The HCLPF
has units of acceleration. An HCLPF value represents the
acceleration that approximates the concept of having about
95 percent confidence that the SSC will fail less than about
5 percent of the time. The ABWR is designed to
withstand a 0.3g SSE. Since the analysis used in
evaluating the capability of SSCs to withstand the SSE has
significant margin in it, the staff expects that a plant built
to withstand a Q.3g SSE actually will be able to withstand
a much larger earthquake. The staff indicated that it
expects that a plant truly designed to withstand a 0.3g SSE
should have a plant HCLPF at least 1.67 times the SSE.
In SSAR Section 19H.5, GE provided a COL action item
to assess how the as-built facility corresponds to the
assumptions in the seismic margins analysis. As discussed
below, the ABWR design as analyzed meets the 1.67 times
the SSE expectation. Thus, GE and the staff believe that
the ABWR can be designed and built in a reasonable, costeffective manner to achieve a plant HCLPF of 0.5g or
higher. The staff notes that the ABWR seismic margins
analysis assumes that no soil liquefaction will occur
(regardless of the g-level) or that liquefaction would not
affect the plant HCLPF. COL applicants will need to
confirm (with their site-specific seismic risk assessment)
that soil liquefaction does not introduce any vulnerabilities.
The staff finds this acceptable.
19.1.3.3.1.1 Dominant Accident Sequences
In the PRA-based margins method, the event trees and
fault trees for internal events are modified to accommodate

seismic events. In this way, the random failures and
human errors modeled in the internal events portion of the
PRA are captured in the seismic analysis.
In Table 19.1-7 in this report, 25 sequences are identified
that lead to core damage in the ABWR PRA-based seismic
margins analysis, listed by plant damage class. The first
HCLPF value given for each sequence is the HCLPF
assuming that only seismic failures can occur (i.e., without
any random failures or human errors). Additional HCLPF
entries under a sequence include various combinations of
random failures and human errors. The underlying
assumption that earthquakes exceeding the SSE will happen
less frequently than once in a 1,000 years allows us to
exclude random failures or human errors less than 1E-3.
This is because the combination of seismic events more
than 1.67 times the SSE with random failures lower
than 1E-3 would result in core damage frequency estimates
much less than 1E-6 per year. We also exclude seismicrandom combinations where the seismic portion has an
HCLPF at least as high as the seismic-only HCLPF.
Further details are provided in Table 19.1-8 in this report,
which provides the "dominant" cut sets for each plant
damage state. The word "dominant" appears in quotes to
emphasize that the use of this terminology in the context of
a margins study should not be taken in the same way as it
would be for a conventional PRA. While these sequences
and cut sets dominate the HCLPF values for the plant, the
margins approach does not permit a determination that
these are the dominant contributors to seismic risk in a
probabilistic sense.
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Table 19.1-7 Results of GE HCLPF quantification using the MIN/MAX approach (by plant
damage class)
Damage

Sequence Description

Cto*

Sequence
Humber

Seismic/Random 1
HCLPF
I

IA

5

/SI*LOP*APW*/DP*/C*/UR*X*/HX

0.74 g

None

1

9

/SI*LOP*APW*/DP*/C*UR*X*/HX

0.74 g

None

I

13

/SI*LOP*AW*DP*/HX

0.74 g

None

1

18

/SI^LOP*/APW*/C*/PC*UR*UH*X

0.74 g

None

20

/SI*LOP*/APW*/C*PC*UH*X

0.74 g

None

0.74 g

None

0.62 p

None

Seismic
HCLPF

. . . » • .

:

;

Tot*l
I

IB-2

3

/SI*LOP*APW*/DP*/C*AJR*/X*FA+/HX

liiiill
I

tC

MBMMM MM^M^^EMM

21

/SI*LOP*/APW*C*/C4*/LPL*/PC*/PA*UH*UR

0.70 g

0.62&*6E-2

23

/SI*LOP*/APW*C*/C4*/LPL*PC*/PA*UH

0.74 g

0.62&* 1E-1

27

/SI*LOP*/APW*C*C4*UH

0.62 g

None

0,62 g

None

0.70 g

0,62_&*6E-2

...OJOX.-.
0.74 g

0.62_&*6E-2

0.70 g

0.62g * 6B4

1.11 «;

None

1.11 s

None

0.62 g

None

0.70 g

None

Total

II

ID

1

1

7

/Sl*LOP*APW*/DP*/C*UR*/X*FA*/HX

17

/SI*LOP*/APW*/C*/PC*UR*UH*/X*Vi*V2

19

/SI*LOP*/APW*/C*PC*UH*/X*Vl*V2

Total
IB

IS

SI*/HX

Total
IV
(met
IV*P)

11

/SI*LOP*APW*/DP*C*/HX

12

/SI*LOP*APW*/DP*C*HX

22

/SI*LOP*/APW*C*/C4*/LPL*/PC*PA

24

, /SI*LOP*/APW*C*/C4*/LPL*PC*PA

0.74 g

H

0.62g * 2.4E-3

0.74 g

None

25

/SI*LOP*/APW*C*/C4*LPL

0.74 g

0.62&*lE-2

26

/SI*LOP*/APW*C*C4*/UH

0

S
0.62 g

None

Total
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Table 19.1-7 Results of GE HCLPF quantification using the MIN/MAX approach (by plant
damage class) (continued)
Damage
4 Class

1A*
through
IB*

Sequence
Number

Sequence Description

Seismic

new

Seismic/Raodom 1
HCU»F
|

4 (IB2-P)

/SI*LOP*/APW*DP*/C*/UR*/X*FA*HX

0.70 4

None

6 gA-P}

/SI*LOP*APW*/DP*/C*/UR*X*HX

0.74 i

None

S 0D-PJ

/SI*LOP*APW*/DP*/C*UR*/X*FA*HX

0.70 g

None

/SI*LOP*APW*/DP*/C*UR*X*HX

0.74 ^

None

14 (IA-P)

/SI*LOP*AW*DP*HX

0.74 ^

None

16 (IE-P)

SI*HX

1.11 g

None

0.?0g

None

..12ilA:?).

Total

NOTE: An entry of "none" in the seismic/random HCLPF column means that either (1) there were no
combinations in which therandomportion was greater than 1E-3 or (2) there were no combinations in which the
HCLPF of the seismic portion of the combination was less than the HCLPF from seismic only.

LEGEND:

1
1
[
1
I
I

APW «•
C C4 »
DP FA HX -»
LOP LPL PA •
PC *
SI »
UH «
UR VI •»
V2 X •

Failure of Emergency AC Power or Service Water
Failure of Reactivity Control System
Failure of Standby Liquid Control System
Failure of dc Power
Failure of Fire Water System
Rupture of RHR Heat Exchanger
Loss of Offsite Power
Failure of Primary Level and Pressure Control
Failure to Inhibit ADS Actuation
Failure of SRVs to Close
Collapse of Plant Essential Structures
Failure of High Pressure Core Flooder
Failure of Reactor Core Isolation Cooling System
Failure of Low Pressure Core Flooder
Failure of Condensate Injection
Failure of Primary Depressurization

A slash (/) appearing before a designator means the occurrence of the opposite condition (i.e., success rather
than failure).
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Table 19.1-8 "Dominant** contributors to HCLPF using the MIN/MAX approach (by plant
damage class)

lIHHil MHHBHIHH
IA

Do Cable Trays (0.74 g)
SW HVAC (0.63 g)

S/Rvs (0.74 g)

SW Pump (0.62 g)
or
SW Pump House (0.60 g)
or
Diesel Qen. (0.62 g)
or
Transformer (0.62 g)
or
MCCs (0.62 g)
or
Switch (0.63 g)

1

HPCF Pump (0.62 g)

10*2

i

None

SW HVAC (0.63 g)
or
SW Pump (0.62 g)

;

Diesel Qen. (0.62 g)

.
:

Transformer (0.62 g)

Fire Pump (0.62 g)

None

HPCF
Pump
(0.62 g)

None

MCCs (0.62 g)
Switch (0.63 g)

10

Fuel Ass.
(0.62 g)
or
HCU
(0.6 3 g)

SLCTank
(0.62 g)
or
SLC .
Pump
(0.62 g)

How to read this table:
The columns for seismic only and seismic random are independent. Within each of those columns, the or function
is obvious, and the and function is represented by a horizontal dotted line. Thus, for Damage Class IA, the seismic
only column represents the Boolean expression RSW HVAC + SW Pump + Diesel Gen. + Transformer + MCCs
+ Switch + HPCF Pump) * S/Rvs] and the same column for Damage Class IC represents the Boolean expression
[Fuel Ass. * (SLC Tank: 4- SLC Pump) * HPCF Pump].
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Table 19.1-8 "Dominant" contributors to HCLPF using the MIN/MAX approach (by plant
damage class) (continued)
[DAMAGE I

SEISMIC/RANDOM
$BT$

j; jgwjfrw w r

•—JSffiSCO|^ SO>SyAWT CUt SETS*
l

SW HVAC (0.63 g)

J

SW Pump (0.62 g)
1
or
SW Pump House (0.60 g)
or
Diesel Gen. (0.62 g)
j
or
Transformer (0.62 g)

RCIC
Pump i
(0.70 g) !

Fire

Pump
(0.62 g)

SW Pump (0.62 g)

Switch (0.63 g)

Switch (0.63 g)

HPCP Pump (0.62 g)

HPCF Pump (0.62 g)

SW HVAC (0.63 g)
SW Pump (0.62 g)
SW Pump House (0.60 g)

•

RCIC I
(6E-2) 1

Diesel Gen. (0.62 g)
or
Transformer (0.62 g)
MCCs (0.62 g)

HPCF
Pump
(0.62 g) 1

Fire
Pump
(0.62 g)

|

SW Pump House (0.60 g)

LPCP
Pump
(0.56 g)

V2
(0.62 g)

Reactor Building (1.12 g)
or
Control Building (1.11 a)

tv

SW HVAC (0.63 g)

MCCs (0.62 g)

RC1C Pump
(0.70 g)

1

1

"

™

Fuel Assemblies
(0.62 g)

None

1

None

0

None

|

HCU (0.63 g)

Diesel Gen. (0.62 g)
or
Transformer (0.62 g)
MCCs (0.62 g)
or
Switch (0.63 g)
SLC Tank (0.62 g)
SLC Pump (0.62 e)

1 **-*
|

SW HVAC (0.63 g)
or
SW Pump (0.62 g)
or
SW Pump House (0.60 g)
or
Diesel Gen. (0.62 g)
or
Transformer (0.62 g)

through

RHR
HtEx
(0.70 g)

Fire
Pump
j (0.62 g)

MCCs (0.62 g)
ILaiHHMMam

I

Switch (0.63 g)

How to read this table:
„,
,
.
The columns for seismic only and seismic random are mdependent. Within each of those columns, the or function
is obvious, and the and function is represented by a horizontal dotted line. Thus, for Damage Class IA, the seismic
only column represents the Boolean expression [(SW HVAC + SW Pump + Diesel Gen. + Transformer + MCCs
+ Switch + HPCF Pump) * S/Rvs] and the same column for Damage Class IC represents the Boolean expression
[Fuel Ass. * (SLC Tank + SLC Pump) * HPCF Pump].
1

t
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GE used two methods to calculate its HCLPFs: min/max
and convolution. The min/max method provides more
safety insights. The convolution method may more
appropriately (in a pure mathematical sense when a
margins analysis is performed) take into account the fact
that when one combines HCLPFs, one is working with the
tails of probability distributions. If random failures and
human errors are ignored when the min/max method is
used, the plant HCLPF is 0.6;. With the min/max
method, if random failures and human errors are included,
the most significant combination of HCLPF, human errors,
and random failures for the plant is also 0.6;. When the
convolution method is used, the plant HCLPF is about
0.69; if random failures and human errors are ignored.
All of these values exceed the 1.67 times SSE that
represents the seismic robustness the staff expects to find.
For earthquakes that generate higher accelerations than the
plant HCLPF, the staff no longer has the same high degree
of confidence that core damage will not occur. However,
the staff does not believe that a cliff-effect will exist for
the ABWR design at or near the plant HCLPF and expects
that the plant will have margin (perhaps quite a bit) above
the HCLPF value.
The staff defines the most important seismic core damage
sequences as those that have the lowest HCLPFs (seismic
only) or the lowest combination of HCLPF with random
failure or human error. Using these as the selecting
criteria, none of the most important seismic core damage
sequences involve random failures or human errors. The
following are the most important sequences:
•

(loss of emergency ac power or loss of emergency
service water) and (fire water injection fails)

•

(loss of emergency ac power or loss of emergency
service water) and (scram fails)

•

(scram fails) and (standby liquid control fails)

•

(scram fails) and (standby liquid control fails) and
(high-pressure core flood fails).

true for the ABWR design since design changes or
improvements have greatly reduced the estimated core
damage frequency from internal events. As it is, the
ABWR design should be better able to resist seismic events
than most, if not all, existing nuclear power plants east of
the Rocky Mountains because of its built-in safety margins.
The staff did not require CE to examine the HCLPFs of
paths by which the containment could be bypassed, fail to
isolate, or fail, since the containment structure was
considered to be very rugged and none of the sequences
that led to core damage had HCLPFs less than 1.67 times
the SSE. Nevertheless, GE performed an evaluation of
beyond-design-basis earthquakes to see how the
containment would perform under high g-levels. This
evaluation showed that no bypass paths are expected to
occur with an HCLPF of less than 1.67 times the SSE.
The lowest min/max HCLPF for bypass reported by GE
was 0.74;.
19.1.3.3.1.2 PRA as a Design Tool
The following are examples of ways in which the ABWR
design or procedures were modified by GE, based on the
ABWR PRA-based seismic margins analysis:
•

GE switched the seismic qualifications of the fire water
pumps (i.e., the diesel-driven fire water pump took the
place of the motor-driven pump as the pump capable of
surviving an SSE) because failure of the diesel
generators following a seismic event (by seismic or
random failure) would otherwise have left the plant
with no fire water addition capability.

•

GE chose to lower the capacities of a few SSCs since
it might have been difficult for a COL applicant to
achieve the capacities in a cost-effective manner. The
staff found this acceptable, since the lowered capacities
did not affect the overall HCLPF of the plant and the
original capacity assumptions seemed to be slightly
higher than normally assumed in eastern U.S. seismic
fragility analyses.

•

GE developed recommendations for improving
emergency operating procedures by instructing the
operator to manually operate heat removal system
valves if seismic-induced transformer loss should make
power operation of these valves impossible.

These results are similar to those from seismic margins
analyses and PRAs performed previously.
The staff focused on the performance of and insights
drawn from the ABWR seismic margins analysis. Because
of the large uncertainty in hazard curves and the fact that
seismic PRA results are dominated by the tails of the site
hazard and SSC's fragility curves, it is expected that if a
seismic PRA had been performed, it would have been one
of the largest contributors to core damage frequency
(though still a low absolute value). This is particularly
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19.1.3.3.1.3 Plant Features and Operator Actions
Important to Risk
The margins approach does not allow a determination of
which plant features are most important to risk. It does
allow one to determine which plant features are important
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to the plant-level HCLPF and the redundancy or diversity
available in achieving that HCLPF. In order to make this
determination, the staff examined each sequence that led to
core damage on the seismic event trees. None of the
sequences has a seismic-only HCLPF of less than O.Sg.
The sequences were examined to determine if lowering the
HCLPF value of a single SSC (to a much lower HCLPF
value) or increasing the demand failure rate of a single
system (to a much higher demand failure rate) would result
in a plant HCLPF of less than O.Sg. A review of the cut
sets in Table 19.1-8 shows that most of the important
sequences require at least two futures of SSC with
HCLPFs above O.Sg. The two cases where this is not true
are discussed below:
•

Structural integrity — Most of the safety-significant
structures (except for the service water pump house)
are assumed to have an HCLPF of 1.1 lg or higher. If
any of these structures were to be built with an HCLPF
much lower than O.Sg, it would result in a much lower
plant HCLPF. These structures include the control
building, reactor building, containment, service water
pump house, reactor pressure vessel (RPV) supports,
and RPV pedestal.

•

Batteries — In a seismic event, it is assumed that
offsite power will be lost and ac power must be
supplied by the EDGs, For the EDGs to start and
load, they require dc power. The battery chargers or
inverters, which provide dc power when ac power is
available, are lost on loss of offsite power, until the
EDGs start and load. However, the EDGs will not
start and load unless dc power is available. Therefore
the EDGs rely on the batteries to start and load in these
circumstances. If the batteries or the dc cable trays
were to have an HCLPF of less than O.Sg, it would
lower the plant HCLPF accordingly.

All other seismic sequences require multiple failures of
SSC the HCLPF of which is greater than O.Sg in order to
cause the plant to experience core damage. As noted in
SSAR Sections 19.9.5 and 19.H.S, a check of the capacity
of as-built SSCs to meet the HCLPFs assumed in the
ABWR PRA will be provided by a seismic walkdown.
Details are to be developed by the COL applicant.

19.1.3.3.1.4 Human Reliability Insights and Important
Human Actions
In the margins analysis, GE used the same human error
rates and random failure rates that were used in the ABWR
internal events analysis. The PRA-based seismic margins
analysis did not identify any human reliability insights that
were not already identified in the internal events analyses.

There were no human actions or random failures that
contributed to the plant HCLPF.
19.1.3.3.1.5 COL Action Items
GE identified COL actions that define the areas derived
from performing the ABWR PRA-based seismic margins
analysis that the COL applicant needs to perform or
complete. These actions, including plant walkdowns, are
detailed in SSAR Section 19.9 and are acceptable.
19.1.3.3.1.6 Insights from Uncertainty, Importance,
and Sensitivity Analyses
One of the reasons for performing an uncertainty analysis
is to help to display the range of values within which the
results of an analysis could reasonable be expected to fall.
The use of a PRA-based seismic margins analysis
inherently makes use of the breadth of information being
considered. This is because HCLPF values can be thought
of as the g-level at which one has a 95 percent confidence
that less than S percent of the time the equipment will fail
(i.e., we are dealing with the tails of the curves). In
addition, the staff does not require that a seismic hazards
analysis be convoluted with equipment fragilities, since
hazard curves have a large uncertainty that reduces their
value in helping to make judgements about the seismic
risk. From seismic PRA analyses, it is clear that
uncertainties in the hazard curves would dominate the
uncertainties in equipment or structure fragilities. For the
ABWR PRA-based seismic margins analysis, no
uncertainty analysis was performed because uncertainty is
directly reflected in the margins method. Similarly,
sensitivity studies were nqt performed on the margins
analysis. Finally, the margins method does not result in
either core damage frequency or risk results. Therefore,
importance analyses were not performed.
19.1.3.3.2

Fire

In a number of PRAs for operating plants, fires have
shown up as important contributors to core damage
frequency and risk. GE has taken a unique and effective
approach to analyzing beyond-design-basis fires. In
performing its fire analysis (a combination of the FIVE
methodology and the ABWR internal events PRA), GE
chose to simplify its analysis by assuming that any fire that
started in a divisional fire area while the plant was at
power would immediately cause all equipment to fail in
that divisional fire area. While this assumption greatly
simplifies the performance of a fire analysis, it biases the
numerical results in a conservative manner. GE suggests
and the staff agrees that it would be inappropriate to
compare the numerical results from the ABWR fire
nnalysis to the results of the more realistic internal events
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analyses. Analysis of the potential consequences of a fire
while in Modes 3, 4, and 5 are investigated in the
shutdown risk analysis discussed in Section 19.1.3.4.

19.1.3.3.2.2 PRA as a Design Tool

The ABWR design has a number of attributes that have
significantly improved the detection, suppression, and
confinement potential of fires. The most important
improvement is that the ABWR was designed with fire
prevention and mitigation in mind. The ABWR does not
need to rely on spatial separation as a barrier between
safety divisions. The three safety divisions are separated
by 3-hour fire barriers throughout the plant, with few
exceptions (See SS AR Section 9A.5). Detection systems
and suppression systems will be placed for optimal
advantage.

19.1.3.3.2.3 Plant Features and Operator Actions
Important to Risk
Several plant features and operator actions are important to
reducing the consequences of a fire in an ABWR.

19.1.3.3.2.1 Dominant Accident Sequences
Because GE did not perform a fire PRA, but rather used
a combination of the FIVE methodology and the ABWR
internal events PRA, one cannot determine dominant
sequences in the sense normally used when working with
a PRA. For the fire analysis, the word "dominant"
appears in quotes to • emphasize that the use of this
terminology in the context of a fire analysis should not be
taken in the same way as it would be for a PRA (i.e., no
cut sets were developed for the fire analysis and therefore
importance analyses cannot be performed). The staff
identified the "dominant" sequences leading to core
damage in the systematic fire analysis performed by GE on
the basis of engineering judgement, core damage frequency
point estimates, and descriptions provided by GE of what
it considers the most important sequences. The staff
believes this approach is adequate to identify fire
vulnerabilities.
GE identified the most important sequences as those that
begin with a fire in the control room. In these "dominant"
sequences, a control room fire starts, feedwater is lost,
RCIC or one high-pressure core flood train is lost, and
either one train of low-pressure core flooder or manual
depressurization fails. The fire analysis screened out all
additional sequences and fire areas because the estimated
screening core damage frequency associate^ with each fire
area was less than 1E-6 per year.
The staff finds 1E-6 per year to be an acceptable screening
level for the ABWR since the fire analysis methodology
used by GE assumes that any fire that starts in a physically
separated divisional area instantaneously causes all the
equipment in that division to fail.
Although this
assumption is conservative, the separation of divisions in
the ABWR design still results in low core damage
frequency estimates.

NUREG-1503

On the basis of the ABWR fire analysis, GE made a design
change to assure that certain fire protection capabilities
existed in the as-built plant. The change was made
because GE determined that unless the capability to control
ADS valves from the remote shutdown control panel was
improved (controls for a fourth safety relief valve (SRV)
were added) and unless it was possible to control the RCIC
system locally (RCIC could not be controlled from the
remote shutdown panel), the control room would not pass
the 1E-6 per year screening value.

Pesjgn features
•

Separation of the three safety divisions — The most
important is the 3-hour fire barrier that is to be in place
among the three safety divisions. The fire analysis
assumes that there will be no spread of fire or
suppressants among the divisions, once a fire begins.

•

Smoke control system — This system helps prevent the
migration of smoke to other divisions if a fire occurs.
This is accomplished by pressurizing the surrounding
areas so that the smoke will be contained in the fire
zone. Smoke control is particularly important in
secondary containment.

•

Inerting of containment at power — The inerting of
containment precludes the need to analyze fires in
containment while at power. Containment is one of the
few areas in the plant where all four divisions (three
safety, one non-safety) are in the same fire area. The
control room is another area where multiple divisions
coexist.

•

Capability to operate RCIC from outside the control
room — The largest contributor to core damage
frequency among fire-initiating events is a control room
fire. For control room fires, it is important to be able
to control RCIC locally, since it cannot be controlled
directly from the remote shutdown panel. This is both
a design feature and an important operator action.

•

Capability to operate four SRVs from the remote
shutdown panels — As with RCIC, for control room
fires, it is important to be able to operate four SRVs
from the remote shutdown panel.
Successful
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depressurization is achieved by manual operation of
three of the four SRVs. If only three SRVs were on
the panel, a single failure of one of the SRVs would
prevent successful mitigation of the control room fire.
This is both a design feature and an important operator
action.
•

Remote shutdown panel — The panel is required for
shutdown of the plant in the event that the control room
needs to be evacuated.

19.1.3.3.2.4 Human Reliability Insights and Important
Human Actions
The ABWR fire analysis considered random failures and
human errors modeled in the internal events analysis.
Operator control of the RCIC system from outside the
control room was found to be an important human action,
should the control room needs to be evacuated.
19.1.3.3.2.5 Insights From Uncertainty, Importance,
and Sensitivity Analyses
Because the methodology used in performing the ABWR
severe accident fire analysis (a combination of the FIVE
analysis, which is primarily a deterministic evaluation of
fires, and portions of the ABWR PRA internal events
analysis) is bounding in nature, the results of uncertainty,
sensitivity, or importance analyses would be biased. Since
the purpose of performing an uncertainty analysis is to
better understand the subject being investigated and since
in the case of the fire analysis it is unclear what the results
of an uncertainty analysis would represent physically given
the bounding nature of the assumptions in the analysis, the
staff finds that an uncertainty analysis was not required.
The staff concludes that the fire methodology used by GE
provides the insights needed to determine whether fire
vulnerabilities exist for severe accident fires and whether
fires represent a disproportionate risk.

19.1.3.3.3

Internal Floods

At some plants, PRAs have shown that internal floods are
leading contributors to core damage frequency. Utilities
that have performed a systematic internal floods analysis
have generally found design modifications that they
deemed prudent to implement in order to maintain
adequate prevention and mitigation capability for internal
floods. GE performed a comprehensive internal flood PSA
for ABWR power operation. In the shutdown heat
removal analysis, GE performed a separate flooding
analysis that evaluated the flood protection provided by the
plant during shutdown by controlling barriers between divisions and by controlling equipment configurations.

19.1.3.3.3.1 Dominant Accident Sequences
The ABWR Probabilistic Flooding Analysis (flood
analysis) in Appendix 19R of the SSAR estimates that the
chances of an internal flood causing core damage is very
small (about 7E-9 per year).
For the internal flooding analysis, the word "dominant"
appears in quotes to emphasize that the use of this
terminology in the context of the flooding analysis should
not be taken in the same way as it would be for a PRA
performed using more realistic assumptions or for an
analysis that has cutsets on which importance analyses can
be performed. The ABWR internal flooding analysis made
several conservative assumptions that could bias the
results. GE has identified the "dominant" sequences
leading to core damage in the internal flooding analysis on
the basis of sequences with the largest estimated core
damage frequency and on engineering judgment.
The "dominant" sequences that are initiated in the turbine
building are those associated with the circulating water
system (CWS) or the turbine service water (TSW) system.
The following sequence is "dominant" for the turbine
building: a large pipe breaks in the CWS system, the
isolation valves in the CWS lines fail to close, water fills
up and runs out of the condenser pit, and the fire door
between the turbine building and the service building is
either open or fails open allowing water into the service
building. The service building floods and a door between
the service building and the control building fails open or
is open. Water enters the control building and causes
electrical power supplies and all three divisions of reactor
building cooling water (RCW) to fail. The estimated
frequency of this event is 3E-9 per year.
The most important internal floods initiated in the control
building are those associated with the reactor service water
(RSW) system. This sequence involves the following: a
large pipe breaks in the RSW piping in the RSW/RCW
room and the operator fails to isolate the flooding. The
automatic RSW pump trip fails and the water flows into
the remaining RSW pump rooms. The operator fails to
respond to the flooding alarm and the RSW fails. The
estimated frequency of this event is 2E-9 per year.
Floods that begin inside the reactor building are divided
into two parts: those inside and those outside secondary
containment. The most important internal flood sources
that initiate inside secondary containment are the
suppression pool, condensate make-up, and fire water.
The lowest floor of the reactor building is entirely within
the secondary containment. On this level, each of the
three safety divisions has a separate ECCS room that has
an alarmed watertight door and a sump pump. Floods
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inside these rooms would cause the HPCF, RCIC, RHR,
and control rod drive (CRD) pumps, and the CRD hydraulic control unit to rail. A common hallway into which the
watertight doors open runs around the perimeter of the
division rooms. There are three worst- case flood
sequences for the reactor building. The three flood
sequences are developed in event trees in SSAR
Appendix R, Figures 19R.5-4, -5, and -6. The largest
estimated contributor to core damage among these three
flood sequences occurs inside an ECCS room resulting
from a leak in the suppression pool suction line upstream
of the isolation valve. This is a nonisolable break.
In the review of the risk resulting from internal floods,
several concerns were identified. The main concerns
identified for turbine building floods were (1) the assumptions regarding the likelihood of the truck door failing and
allowing turbine building flood waters to exit the turbine
building without challenging the Are door between the
turbine building and the service building and (2) the
justification for the assumed reliability for the fire door.
GE satisfactorily addressed these staff concerns in
Section 19R of the SSAR. In the reactor building, the
chief concern identified was the lack of any common-cause
failure analysis for the failure of the isolation measures
credited in the analysis. GE performed an improved
common-cause failure analysis that resulted in no change
in internal flood insights. For control building floods, the
staff was concerned that failure of the discharge or intake
valves following a service water system ripe break in an
RSW or RCW room would result in an unisolable flood
that could affect all three divisions of the RSW system.
GE added design requirements for antisiphon capability to
prevent continued flooding in the event the RSW pump is
tripped but the isolation valves do not close. In addition,
GE stated that the ABWR would be designed so that the
ABWR ultimate heat sink (UHS) cannot gravity drain into
the control building.

present an unacceptable level of risk for the ABWR
design. These modifications include the following:
•

GE modified the motor control centers (MCCs) to have
NEMA Type 4 enclosures to protect the MCCs from
water spray from a pipe break or leak.

•

GE added four water-level sensors in the condenser pit.
When actuated, these sensors send an alarm to the
control room, trip the CWS and TSW pumps, and
close isolation valves in both systems. This isolates
floods in the turbine building caused by pipe breaks in
the TSW and CWS.

•

GE added four room-floor water-level sensors, which
send an alarm to the control room when water is first
detected in the room, and four diverse sensors, which
automatically trip the reactor water service water/RCW
pumps at a higher water level in the RCW/RSW room.
The sensors will alert the operators to RCW leakage
and will isolate the flood.

•

GE added to the Tier 1 description of the control
building in the design control document (DCD) the
design requirement that no more than 4,000 meters
(4,374 yds) of pipe exist between the isolation valves
at the RSW pump house and the control building
(2,000 meters each, for supply and return lines). This
limits the amount of water that can be drained into the
RCW/RSW room following RSW pump trip during
flooding.

•

GE added antisiphon capabilities to the RSW system to
end a flood if the RSW pump trips but the isolation
valves do not close.

19.1.3.3.3.4 Plant Features and Operator Actions
Important to Risk
Several plant features are important in reducing the
chances or consequences of an interaal flood. These
features are discussed below:

19.1.3.3.3.2 Comparison of Dominant Sequences
Conservatism in the ABWR flooding analysis biases the
results and may make it unsuitable for comparison to the
more realistic interaal events results. Conservatisms
include the assumptions that all piping breaks are doubleended shears and once a flood in a division causes one
piece of equipment to fail, all equipment in that division is
assumed to fail.

•

19.1.3.3.3.3 PRA as a Design Tool
In performing its internal flooding analysis, GE determined
that several areas of the design needed to be modified or
strengthened to help make sure that internal floods do not
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Separation of the three safety divisions — Whenever
the three safety divisions are in a building, they are
separated by barriers. The most important barrier is
the 3-hour fire barrier that must be in place between
the three safety divisions. The flooding analysis
assumes that there is a limited spread of water among
the divisions, once a flood begins. The primary
assurances that flooding will not get high enough to
affect SSCs in multiple divisions are that (1) the 3-hour
barriers are in place, (2) there are elevator shafts with
no sills that carry water to lower reactor building
levels, (3) stairwells on all floors have doors that
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provide a leak path (up to a 1.9 cm (0.75 in.) gap at
bottom of fire door) down the stairs to the lowest
building level, (4) there is at least one drain in every
room, (5) all pipes penetrating floors have 200 mm
(8 in.) sills that help prevent sneak-path leaks, (6) all
hatches and electrical penetrations through floors are to
be able to withstand 200 mm (8 in.) of standing water
without leaking, and (7) except as noted in SSAR Section 19R.4.2.3, equipment from multiple divisions does
not occupy the same divisional area. Barriers include
concrete fire barrier floors, ceilings, and walls;
partitions; rated watertight doors; penetration seals for
process pipes and cable trays; and special assemblies
and constructions.
•

Auto trip of the CWS and TSW pumps — The three
CWS pumps and the two TSW pumps provide
unlimited supplies of water to the turbine building. If
a flood were to occur, level sensors would alert the
control room operators, trip all five pumps, and close
all isolation valves in both systems.
i

•

•

•

Reactor building corridor volume — The volume of the
reactor building corridor surrounding the three ECCS
divisions at the lowest level of the reactor building is
sufficiently large to handle large breaks. The corridor
can hold water from a suppression-pool-driven flood at
the equilibrium water level with the suppression pool
and have the water level not exceed the ceiling of the
corridor. This limits the flood potential to one ECCS
division and the corridor.

•

Drip-proof designs and NEMA Type 4 enclosures —
All electric motors have drip-proof designs and all
motor control centers have NEMA Type 4 enclosures
that protect electrical equipment from water spray from
above.

Further details of the ABWR design features that help to
prevent or mitigate internal flooding are given in SSAR
Appendix 19R, Table 19R.6-2. In addition, the following
are important insights into the ABWR internal flooding
analysis:
•

The only buildings modeled in the PRA for flooding
where internal flooding could damage safety-related
equipment or cause plant transients are the turbine
building, control building, and reactor building.

•

The service water pump house, which is outside the
ABWR certification scope, is a building that must be
designed to prevent internal floods from impairing
multiple safety trains. Flooding of the pump house
would cause all ECCS pumps to fail except for RCIC.
For injection to the vessel, the operators also would
have the fire water pumps and the condensate pumps.

•

Secondary containment in the reactor building is
designed to mitigate internal floods that begin at
elevations above the lowest elevations by directing
flood water to floor drains and stairwells that are
routed to the lowest elevation. It is important that the
drains be sized to drain at a rate that does not permit a
flood on a particular level to rise high enough to
damage safety-related equipment, pressurize the volume
within which it is contained, or spill over to other divisions.

•

From SSAR Appendix 19Q, the recommended
shutdown configuration is as follows: one RHR
division and its support systems should be operating,
the second safety division should be administratively
controlled to not be in maintenance and its barriers
should be intact, and the third safety division may be
undergoing maintenance.
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Maximum length of RSW pipe — The I COL applicant
will have to limit the RSW piping distance between the
control building and the RSW isolation valves to
4000 meters (4,374 yds)(2,000 meters each, for supply
and return lines). A longer length would provide
enough water to flood one RCW room, overflow, and
start to flood another RCW room.
Auto trip of the RSW pumps — The RSW pumps trip
and the RSW isolation valves close in the affected
division should flooding occur in the control building.
The trips limit the volume of water that can be added
to a control building flood. Trip sensors are diverse
from sensors that alert the operators early on (i.e., at
a lower level) to a flood in the room.

•

Antisiphon capability — If the RSW pumps trip on a
high water level caused by a line break, but the
isolation valves fail to close, antisiphon capabilities will
be needed to prevent further flooding because otherwise
the siphon effect will continue to draw water from the
ultimate heat sink into the rooms.

•

7JCCS room watertight doors — The doors Htween the
ECCS rooms and the outside corridor in the reactor
building are watertight. These doors have dogs and
alarms. The doors do not send an alarm if they are
physically closed, but not "dogged." The doors are
designed to limit flooding in a division to the particular
ECCS divisional area.
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•

Fire doors generally are not considered to be capable
of holding back a large head of water.

•

If a watertight door is physically shut but not
"dogged," it will not alarm to indicate it is incapable of
holding back a flood inside the door.

•

The service water system and the CWS are assumed to
be designed and located so that they cannot gravity feed
to the plant.

•

The ACIWA system can provide water to the core or
spray the drywell in the event of a catastrophic internal
flood. Manual valves to direct the flow to either the
core or to the drywell aira located .in the reactor
building and can be operated successfully following an
internal flood.

floods. This resulted in an evaluation that cannot readily
be manipulated to provide uncertainty, importance, or
sensitivity insights because of its internal biases.
Therefore, OE did not perform any uncertainty,
importance, or sensitivity analyses on its internal flooding
analysis nor did the staff require these analyses to be
performed. GE identified important design features
through engineering judgement. The staff finds this
approach to be acceptable.
19.1.3.3.4

19.1.3.3.3.5 Insights Into Human Reliability and
Important Human Actions
Although postulated floods can be mitigated from a risk
perspective with few operator actions, because of the
inherent ABWR flooding capability (the frequency of
internal floods leading to core damage without taking any
credit for operation action is still quite low), timely
implementation of the following operator actions can limit
potential flood damage:
•

Isolation of flood sources following detection by sump
pump operation and alarms or floor water-level
detectors (for floods in the turbine building, the
operator should attempt to isolate the leak and shut
down the plant without losing condenser vacuum to
avoid a "turbine trip without bypass" scenario)

•

Closure of watertight doors to prevent damage to
equipment in more than one safety division

•

Opening of certain nonwatertight doors or hatches to
divert water from safety-related equipment.

19.1.3.3.3.6 Combined License Applicant Action Items
GE has identified COL Action Items that define the actions
derived from performing the ABWR internal flood analysis
that the COL applicant needs to perform or complete.
These actions are detailed in SSAR Section 19.9. The
staff finds these COL Action Items to be acceptable.
19.1.3.3.3.7 Insights From Uncertainty, Importance,
and Sensitivity Analyses
The ABWR internal flooding analysis methodology made
bounding assumptions to simplify the task of evaluating
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In SECY-93-087, the staff identified the need for a sitespecific probabilistic safety analysis and analysis of
external events. GE did not perform an analysis (PRA or
bounding) of the capability of the ABWR design to
withstand external flooding. Instead, GE assumed that the
ABWR standard design would be sited such that its grade
level would be 30.5 cm (1 ft) higher than the probable
maximum flood level as stated in Section 2.6.2 of the
SSAR. However, estimates of the return periods of river
floods at various nuclear power plant sites that would
exceed the probable maximum flood level range from
probable to very improbable. For some sites where the
return period of large floods is high, the ABWR design
may have vulnerabilities to external flooding.
Therefore, the staff will require, where applicable to the
site, that the COL applicant perform a site-specific PRAbased analysis for external flooding to search for sitespecific vulnerabilities.
19.1.3.4 Operation in Modes Other Than Full Power
and Startup — Level 1
This section details the staffs safety insights drawn from
the review of the ABWR shutdown heat-removal reliability
study performed by GE. Although the staff found that the
most significant events to date have occurred at pressurized
water reactors (PWRs), the potential vulnerability of BWR
plants to shutdown and low-power events cannot be
ignored. GE submitted a shutdown risk evaluation of the
ABWR design (SSAR Appendix 19Q). The evaluation
covered Modes 3 (hot shutdown), 4 (cold shutdown), and
5 (refueling). It included all aspects of the nuclear steam
supply system (NSSS), containment, and all systems that
support the NSSS and containment. It did not address fuel
handling outside the primary containment or fuel storage
in the spent fuel pool.
The evaluation covered important aspects of draft
NUREG-1449, "NRC Staff Evaluation of Shutdown and
Low Power Operation," such as decay heat removal
(DHR), inventory control, containment integrity, electrical
power, reactivity control, and instrumentation. The
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analysis examined 70 loss-of-power and more than
100 loss-of-DHR precursor events at operating BWRs.
For new features of the ABWR design, OE developed a
Mure-mode8-and-efTects-analysis to determine if the new
features would introduce additional shutdown
vulnerabilities. OE performed a detailed reliability study
of the ABWR DHR function. This study included fault
and event trees for all DHR and make-up systems. The
analysis separately investigated fire anp flooding at
shutdown, along with the potential effect of increased
maintenance of important equipment.
The staff finds that the ABWR design includes enhanced
features that reduce risk during shutdown operations when
compared with operating BWRs. These features, including
three independent RHR divisions, three EDGs, an ACIWA
system, an alternate onsite CTO, and proper plant electrical and physical separation and layout, specifically address
the more risk-significant operations during shutdown
identified in NUREG-1449. OE provided appropriate
safety guidance for effective outage planning and control
and provided TS to ensure adequate systems are available
to respond to events that may occur during shutdown.
Implementation of these recommendations by a COL
applicant will be reviewed by the staff.

The staff concludes, based on previous shutdown analyses
(both international and U.S. operating reactors) and the
ABWR Shutdown Risk Evaluation, that the chances of a
core damage event occurring when in Modes 3, 4, or 5 is
probably on the same order of magnitude as that of
internal events occurring in Modes 1 and 2.

19.1.3.4.1

Dominant Accident Sequences

GE and the staff determined that it would not be useful to
attempt to identify dominant accident sequences during
Modes 3, 4, and 5. This is because, among all possible
plant shutdowns and even on a minute-by-minute basis
during any shutdown, the plant configuration could and
probably would change. During each of these different
configurations, one could conceivably have different
dominant sequences and therefore different insights.
Because of this, no dominant sequences based on the
ABWR Shutdown Risk Evaluation were identified.
NUREG-1449 identified that the majority of shutdown
precursors and actual shutdown events were caused by
human error. Operating, administrative, and emergency
procedures as well as aspects of the ABWR design that
minimize the chances of human error are discussed below.

19.1.3.4.2

PRA as a Design Tool

OE made no design changes specifically based on the
ABWR shutdownriskevaluation. However, it did develop
procedural guidance for outage planning and did develop
for COL applicants a short list of acceptable system
configurations, minimum combinations of systems to
ensure adequate shutdown safety margins, when in
Modes 3 , 4 , and 5. This guidance is located in SSAR Section 19.Q.7.9, Tables 19Q-3 through 19Q-S and is
repeated in Table 19.1-9 in this report. The tables were
developed based on a single initiating event during
shutdown (the failure of the operating DHR division), but
are valid for initiating events during shutdown including
loss of offsite power and the loss of the operating service
water division.
19.1.3.4.3 Vulnerabilities
The staff believes that the results of the ABWR shutdown
risk evaluation provide the information needed to decide if
there are shutdown vulnerabilities and whether operation in
modes other than full power represent a disproportionate
risk in the ABWR. OE did not identify any shutdown
vulnerabilities. With the use by a COL applicant of the
tables (and accompanying or similarly acceptable
methodology) that define sets of equipment that should
remain operable for the ABWR to meet GE's proposed
goal for conditional core damage frequency, IE-5 given
the loss of a DHR train, when in Modes 3, 4, and 5, the
staff finds that operation of the ABWR in Modes 3 , 4 , and
5 does not represent a disproportionate risk. In SSAR
Appendix 19Q.9, OE has investigated whether the new
features in the ABWR design might have introduced
vulnerabilities when in modes other than full power. GE
concluded that they did not introduce new vulnerabilities,
and the staff concurs with GE's conclusion. The staff
reviewed the ABWR shutdown evaluation and found no
unreported shutdown vulnerabilities.
19.1.3.4.4

Plant Features and Operator Actions
Important to Risk

A detailed list of ABWR features that are important to risk
in Modes 3, 4, and S are provided in Tables 19Q.4-1 in
the SSAR. The following list outlines those areas of the
ABWR design that are important to maintainingriskduring
shutdown operations at a low level.
Features and Actions Minimizing Loss of DHR
•

Having three divisions of RHR that are physically
separated lowers the frequency of loss of DHR.
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Table 19.1-9 Examples of configf rations that meet 1E-5 CCDF goal in Modes 3, 4, and 5
Example Minimum Sets of Systems for Modes 3 and 4
RHRB

1

X

2

X

3

X

4

X

5

X

cuw

Main Cond.

HPCFB

CRD

ADS

RHRB(CF)

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

Condensate

Fire Water

X

X
X

X

X

Examples of Minimum Sea of Systems for Mode 5 (Unflooded) (2 to 3 Days After Shutdown)
RHRB

1

X

2

X

3

X

HPCFB

CRD

Condensate

X

X

RHRB(CF)

X

X

X

X
X

Fire Water

X

Examples of Minimum Sets of Systems for Mode 5 (Flooded) (3 or More Days After Shutdown)
RHRB

1

X

2

X

3

X

4

X

FPC

cuw

CRD

X
X

X

6*

X

7"

X

8"

X
X

Condensate

Fire Water

X

X

X

X

X
X

X

X

19-30

X

X
X

X

X
X

X

* After 8 days
** After 10 days
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RHR (CF)

X

5'

L2l™

HPCFB

X
A
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• If all RHR loops were unavailable, (a) steam from the
reactor could be directed to the main condenser (if
available) and make-up could be supplied to the vessel
by many sources discussed in Inventory Control below,
or (b) the suppression pool could be used as a heat sink
via the SRVs, or (c) the reactor water cleanup system
could be a heat sink, or (d) the spent fuel pool
inventory could be a heat sink if the reactor water level
were raised to the refueling level, or (e) if the vessel
head were removed, bulk boiling of reactor coolant in
the vessel with adequate make-up would prevent fuel
damage.
•

requirements and the DHR core damage frequency goal
(1E-5 conditional core damage frequency).
P^hitaa Minimizing t ^ nf Omtoinm^it Integrity

•

There is no isolation of shutdown cooling on the loss of
reactor protection system (RPS) logic power.

Features and Actions Minimizing Loss of Inventory
•

The vessel level is displayed for the operator in the
control room during all shutdown configurations,
including refueling.

•

Multiple sources of make-up exist such as the
suppression pool, condensate storage tank, main
condenser hotwell, and ac-independent water addition
system.

•

RHR system valves are interlocked with reactor system
pressure to help ensure that RHR system low-pressure
piping is not subject to full system pressure. However,
even if it were exposed to full system pressure, the
RHR piping should withstand full reactor pressure
without rupture.

•

Make-up can be provided by the CRD hydraulic
system, the reactor water cleanup system, the
condensate pumps in conjunction with the hotwell, the
ACIWA system, and the RHR system.

•

The mode selector switch automatically realigns the
valves, as required, for the RHR mode selected. In the
past, operator errors led to sending water to the wrong
place. Now, all the operator has to do is change the
mode switch to realign the system automatically.

During shutdown with the drywell head removed, the
ABWR has a secondary containment that will
automatically be isolated on high radiation from a
radiologica' boundary breach or fuel-handling accident.
If the radiological accident is one mat does not
pressurize secondary containment, the filtering function
of standby gas treatment system (SOTS) will be a
benefit. If the radiological breach is caused by boiling
in Mode 5, secondary containment will overpretaurize
and fail. In this circumstance, the SOTS filtering
function will be lost; however, plate out via a tortuous
path will tend to reduce consequences. If the core can
continue to be covered by water, then boiling it a
relatively benign event (with respect to radiological
consequences). If, however, the core subsequently
becomes uncovered for an extended period with the
head off and secondary containment breached, there
would be a massive radiological release. It takes
approximately 3 hours to boil down the water above the
core and longer to heat up the core. This should be an
extremely low probability event since the ABWR
design includes multiple means to provide water to the
core in all modes of operation.

ABWR Features Minimizing Loss of Elecfriflrf PvWCT
•

There are three physically independent IE diesel
generators.

•

There is a CTG that can be used to power any of the
Class IE or non-Class IE buses. This generator can
start a feedwater or other pump for DHR or inventory
make-up if required.

•

There are four divisions of dc power.

Other Design Fentwes, and Operator Actions Minimising
thft Changes of gore Damage When Not at foww
•

Fires and floods during shutdown can be mitigated by
ensuring, through administrative procedures, that at
least one safety division is not in maintenance and its
physical boundaries remain intact. If it is decided to
breach the boundaries of two safety divisions to
complete maintenance tasks, an evaluation could
indicate if the minimum set of systems capable of
meeting the shutdown safety criteria would be available
if a fire or flood were to occur. The analysis would
indicate if a minimum set were available should a flood
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•

The shutdown cooling piping connects to the nozzle in
the vessel above the level of the active fuel, so fuel
cannot be uncovered by a siphoning effect.

•

Suppression pool drain down has been identified as a
period during which there is a diminished level of
protection against core damage. It is important mat a
COL applicant properly coordinate suppression pool
drain down with TS equipment configuration

Severe Accidents
or fire occur in the intact division or the breached
divisions.
•

The staff believes that the most important element in
control of shutdown risk is adequate planning of
maintenance on systems and support systems that can
be used to remove decay heat or supply inventory
make-up to the vessel. Maintenance planning is the
responsibility of the COL applicant, but OE has
provided guidance in its shutdown risk evaluation
(SSAR Appendix 19Q.10) to help ensure that the
planning will not place the plant in an unfavorable
configuration from the standpoint of expected core
damage frequency.

Appendix K of this report lists those PRA-based safety
insights that were drawn from the PRA. The appendix
documents the disposition of these insights and indicates if
the insights are in ITAAC, Tier 2 information, TS, COL
Action Items, Interface Items, or the RAP.

19.1.3.4.5

Insights Into Human Reliability and
Important Human Actions

A total of eight human actions were identified as important
for controlling risk during shutdown. Five actions were
treated probabilistically in the evaluation, and three were
treated deterministically (i.e., they were assumed to be
taken if needed):
•

Recognition of failure of an operating RHR system

•

Initiation of standby RHR following loss of the
operating division

•

Lse of non-safety grade equipment for DHR (e.g.,
reactor water cleanup (CUW) and main condenser)

•

Use of non-safety grade equipment for inventory makeup (e.g., CRD, feedwater, condensate)

•

Use of boiloff for DHR with the RPV head removed

•

Implementation of fire or flood watches during periods
of degraded safety equipment integrity

•

Firefighting during shutdown operations, possibly with
(tort of the fire protection system in maintenance

•

Use of the remote shutdown panel during shutdown
operation.
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Because these actions and instrument requirements are
considered significant, they are included in COL Action
Items (See SSAR Section 19.9).
19.1.3.4.6

Combined License Applicant Action Items

COL Action Items based on the shutdown evaluation are
identified in SSAR Appendix 19Q. 12.3. These actions are
contained in the detailed discussion of Chapter 19 COL
Action Items given in SSAR Section 19.9.11. The staff
finds these COL Action Items to be acceptable.
19.1.3.4.7

Insights From Uncertainty, Importance,
and Sensitivity Analyses

The greatest uncertainty in a shutdown evaluation is the
actual configuration of the plant. This is particularly true
since there is no agreed-upon method of modeling plant
configurations during shutdown. To bound this concern,
the ABWR shutdown evaluation made a conservative
assumption that all equipment not included in the minimum
combinations of equipment needed to meet the goal of
conditional core damage frequency was unavailable. OE
and the staff believe that this conservatism would
overshadow any uncertainty analysis or sensitivity analysis
that might be performed. No importance analyses were
performed since the importance of an SSC will vary
depending on the particular configuration the plant is in.
19.1.3.5

Level 2 Analysis

19.1.3.5.1

Containment Performance and CCFP

The results of the Level 2 and 3 portions of the ABWR
PRA indicate that the ABWR containment is quite robust
and able to accommodate severe accidents with a low
attendant probability of containment failure. In assessing
the probability of containment failure, two alternative
definitions of containment failure were considered:
(1) loss of containment structural integrity, and (2) releases
that result in doses of 25 rem or greater at a distance of
0.8 km (0.5 mile) from the reactor. The GE and staff
estimates of CCFP are presented in Table 19.1-10. The
staff estimates are based on a "staff-adjusted" ABWR risk
profile that reflects staff views on selected issues. The
most significant staff adjustment was to increase the
frequency of early containment failures to account for
uncertainty in the magnitude of direct containment heating
loads and the contribution to CDF from unisolated LOCAs
outside containment and ATWS events. Adjustments to
account for uncertainties in source terms and consequence
modelling were also made but affect only the dose
definition of CCFP.
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Table 19.1-10 GE's point estimates and the staffs mean estimates of the internal events risk
Performance Measure

Structural Integrity

OE Updated PRA

Staff-Adjusted ResuK

CFP

CCFP

CFP

CCFP

7.7E-10 V

0.005 #

4.1E-91'

0.0261'

3E-10

0.002

1.6E-8*'

o.io*'

Dose Definition

Notes:
1/ Staff estimates reflect: (1) contribution from unisolated LOCAs outside containment and (2) increased probability of
containment failure because of DCH.
2/ Based on GE's estimates of early and late containment failure frequency.
£/ Staff estimates include all frequency from Cases 7, 8, and 9, plus 58 percent of the frequency of Case 1 based on staff
calculations using MACCS.

Both the GE and the staff estimates of the ABWR CCFP
are within the Commission's containment performance goal
(0.10) using either containment failure definition.
Combined with the core damage frequency estimate from
the Level 1 portion of the. PRA (1.6E-7), this results in an
extremely low likelihood of containment failure in absolute
terms (i.e., on the order of IE-8 to 1E-9 per year). GE's
estimate of CCFP using the structural integrity definition
is 0.005. The staffs estimate is 0.026, and is higher due
to the treatment of LOCAs outside containment as
containment failures, and the higher loads associated with
DCH in the staffs assessment. GE's estimate of CCFP
based on the dose definition is 0.002. In contrast, the
staffs estimate of CCFP using the dose definition of
containment failure is about 0.1. The staffs estimate is
higher because of primarily (1) a higher source term used
by the staff to represent scenarios with vented containment
and suppression pool scrubbing, and (2) the use of the
Melcor Accident Consequence Code System (MACCS)
code for the consequence in calculations. However, the
staff concludes that CCFP does not exceed 0.1, even under
conservative staff assumptions, and therefore, meets the
Commission's safety goal.
19.1.3.5.2

Leading
Failure

Sequences

for

Containment

The breakdown of contributors to containment failure for
internal events is presented in Figure 19.1-2 in the form of

a pie chart. For internal events, the bulk (about
85 percent) of the core melt events in the ABWR are
successfully contained, with the releases to the
environment limited to leakage on the order of the designbasis containment leak rate. A small fraction (about
13 percent) of core damage events result in actuation of the
COPS and releases to the environment via the stack.
While this is the dominant release mode for the ABWR,
the consequences of these releases are significantly reduced
because of the relatively late time of the release (about
20 hours from accident initiation), and fission product
removal by the suppression pool. As a result, these
releases do not dominate the ABWR risk profile.

Based on the staff assessment, only about 3 percent of core
melt accidents result in containment failure. The bulk of
these failures (about 90 percent of the 3 percent) are
classified as early failures, relative to the time of core
melt. Major contributors are DCH, LOCAs outside
containment that proceed to core melt, and overpressure as
a result of ATWS (The DCH frequency is based on a GE
sensitivity study, as discussed in FSER Section 19.1.3.5.4;
the LOCA and ATWS frequencies are based on GE's
baseline Level I PRA). Late failures constitute only about
10 percent of the containment failure frequency. Drywell
head or penetration overtemperature and rupture disk
failure (i.e., failure of the drywell before rupture disk
actuation) are the major contributors.
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Figure 19.1-2 Breakdown of ABWR containment release frequency from CET analysis
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Amendment 32 are about a factor of 10 lower, however this does not affect the overall staff findings.
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19.1.3.5.3

Important Design Features
Containment Performance

for

0 6 added a passive flooder system to the lower drywell to
improve the chances that a core-on-the-floor (following a
postulated reactor vessel failure) would be covered by
water. This is designed to help quench the corium and
reduce the drywell temperature and pressure from
noncondensable gas generation.
GE added a COPS to protect the integrity of the
containnwnt (i.e., to assure that fission products must pass
through the pool rather than bypass it by preventing failure
of the drywell head) in slow containment overpressure
events. The COPS allows isolation of the containment
after the opening of the COPS rupture disks.
Suppression Pool — The suppression pool is an important
containment feature to prevent severe accident progression
and to promote fission product removal, since releases
from the reactor vessel are either directly routed to the
pool (e.g., transients with actuation of ADS) or pass
through the pool via the drywell-wetwell connecting vents.
However, the suppression pool function can be
comprouiised in the ABWR design by a single failure of a
wetwell or drywell vacuum breaker (i.e., a stuck open
vacuum breaker) or by excessive leakage of one or more
vacuum breakers. While a similar containment challenge
exists for all operating BWRs, the frequency of
suppression pool bypass is expected to be somewhat
greater for the ABWR since the ABWR has only a single
vacuum breaker in each wetwell-drywell connecting path,
in contrast to two valves in series in each path in operating
BWRs. The impact of suppression pool bypass is
minimized in the ABWR by assuring:
(1) a low
probability of vacuum breaker leakage and failure through
periodic surveillance, and (2) availability of drywell or
wetwell sprays to condense steam that bypasses the
suppression pool.

of COPS, (2) eliminate the potential for drywell failure
resulting from overheating in those events in which debris
may be dispensed to the upper drywell, and (3) mitigate the
consequences of suppression pool bypass by condensing
steam produced in the drywell. The ACIWA mode of
RHR as a backup source of water to the sprays is perhaps
the single-most important feature for reducing the
consequences of severe accidents in the ABWR.
Lower Drywell Design — The design of the ABWR lower
drywell or reactor cavity is such that there is a low
probability that the cavity will be flooded at the time of
reactor vessel failure, but a high probability that the cavity
will be flooded after vessel failure. A dry cavity at the
time of vessel failure reduces the potential for large exvessel steam explosions, whereas the subsequent flooding
of the cavity helps minimize the impact of core concrete
interactions (CCIs). The following ABWR design features
are important to assuring a dry cavity at the time of vessel
failure: (1) lack of any direct pathways by which water
from the upper drywell (e.g., from drywell sprays) can
drain to the lower drywell, other than by overflow of the
suppression pool, (2) negligible probability of premature or
spurious actuation of the passive flooder valves at
temperatures lower than 260 °C (500 °F) or under
differential pressures associated with reactor blowdown and
pool hydrodynamic loads, and (3) a capability to
accommodate approximately 7.2ES kg of water in the
suppression pool from external sources before the pool
overflows into the lower drywell. Additional design
features are included to increase the chances of a flooding
a cavity following vessel failure, as discussed below.

Vacuum Breaker Position Indication — Each vacuum
breaker will be equipped with a position indication switch
that will be sensitive enough to detect the allowable
suppression pool bypass capability of the containment.
Vacuum breaker position indication and associated alarms
will be provided in the main control room. This reduces
the potential for suppression pool bypass by assuring that
the plant is not operated with a stuck open vacuum
breaker, and that preexisting leakage paths will be limited
to small flow areas.

Lower Drywell Flooder (LDF) System — The LDF system
in the ABWR provides a passive means of adding water to
the lower drywell following reactor vessel breach. This
water would cover the core debris, thereby enhancing
debris coolability, cooling the drywell, and providing
fission product scrubbing. The passive flooder system is
a backup to other means of lower drywell water addition
in the ABWR, including: (1) continued watei addition
through the breached reactor vessel, (2) suppression pool
overflow as a result of water addition from water sources
outside containment, and (3) ingress of suppression pool
water after the core debris has penetrated the wetwelldrywell connecting vents (DCVs). PRA-based sensitivity
studies indicate that the incremental risk reduction offered
by the passive flooder system is minimal. This is because
of credit taken in the ABWR for continued water addition
using the ACIWA mode of RHR.

Drywell Sprays — The drywell spray system is critical for
mitigating the consequences of severe accidents in the
ABWR. The drywell spray system serves to: (1) reduce
containment overpressure and delay the time to actuation

Reactor Pedestal and Drywell Floor — The effect of CCIs
is minimized in the ABWR by the use of a robust reactor
pedestal and the use of basaltic concrete in the floor of the
lower drywell. The reactor pedestal is 1.7 m (5.6 ft) thick
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and capable of withstanding 1.55 m (5 ft) of core-concrete
erosion without loss of structural integrity. The use of
basaltic concrete in the floor minimizes the production of
noncondensable gases, thereby delaying the time of COPS
actuation.
Containment Ultimate Pressure Capacity — The ultimate
pressure capacity of the ABWR containment is limited by
the drywell bead, the failure mode of which is plastic yield
of the torispberical dome. After the original SSAR
submittal, GE increased the pressure capability of the
drywell head from 100 pounds per square inch (psig) to
134 psig, and increased the COPS setpoint from the
original value of 80 psig to the final value of 90 psig. The
strengthening of the drywell head increases the ability of
the containment to withstand rapid pressurization events,
such as DCH, without loss of structural integrity, and
provides additional margin between the COPS setpoint and
the drywell failure pressure, thereby reducing the potential
for drywell failure before COPS actuation.
COPS — COPS is part of the atmospheric control system
in the ABWR and consists of a pair of rupture disks
installed in a 10-in. diameter line, which connects the
wetwell airspace to the stack. COPS provides for a
scrubbed release path in the event that containment
pressure cannot be maintained below 90 psig. Without this
system, late containment overpressure failures would be
expected to occur in the drywell, resulting in unscrubbed
releases. COPS provides a significant benefit by reducing
the source terms for late releases, and minimizing the
potential for containment-failure-induced loss of core
cooling (e.g., in Class II sequences).
Containment Inciting — The ABWR containment will be
made inert during power operation. As a result, the threat
of containment failure as a result of hydrogen combustion
is essentially eliminated for power operation.
Containment Sump Protection — To preclude significant
debris from entering the containment sump following a
severe accident, a protective barrier was added around the
sumps to prevent the entrance of molten debris, while
allowing water to enter the sumps during normal
operations.
1

19.1.3.5.4

Impact of Severe Accident Phenomena on
Containment Performance

DCH occurs only in sequences with reactor vessel failure
at high pressure. For the ABWR, reactor vessel failures
at high pressure constitute about 30 percent of the reactor
vessel failures (about 4.3E-8 per year). In view of the
large uncertainties inherent in estimating the pressure loads
associated with DCH, the staff conservatively based its
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findings on the results of a GE sensitivity analysis for
DCH which reflected an increased contribution to
pressurization due to higher baseline containment pressure,
and combustion/recombination of hydrogen with residual
oxygen. As such, DCH is the principal contributor to
containment failure for the ABWR. The staff has
estimated the containment failure probability for DCH to
be about 5 percent, conditional upon reactor vessel failure
at high pressure. This results in a very low frequency of
containment failure from DCH (2.3E-9 per year). The
low frequency of reactor vessel failure at high pressure is
a result of the highly reliable depressurization system.
There are no specific ABWR containment design features
to deal with DCH loads other than the general arrangement
of the drywell, wetwell, and connecting vents, which
provides for a series of 90-degree bends that debris must
traverse in order to reach the upper drywell.
Fuel-coolant interactions (FCI) or steam explosions are
considered negligible in the ABWR design because of the
very low probability that the lower drywell will be flooded
at the time of reactor vessel failure (0.3 percent). In
addition, the ABWR reactor pedestal is capable of
withstanding the best-estimate loads associated with an exvessel steam explosion as predicted by OE and staff
calculations. The design features that contribute to the low
probability of a flooded lower drywell at the time of vessel
failure were discussed above in the context of the lower
drywell design. The structural capability of the reactor
pedestal is discussed further in Section 19.2 of this report.
CCIs have a minimal impact on ABWR containment
structural integrity because of the inclusion of: (1) a thick
reactor pedestal, (2) the use of basaltic concrete in the
floor of the lower drywell, and (3) a sump shield to
prevent core debris from entering the lower drywell sump.
These features provide significant confidence in reactor
pedestal and containment integrity for well beyond
24 hours following reactor vessel failure and render
CCI-induced containment failure a relatively insignificant
contributor to risk.
Hydrogen combustion is not an important containment
challenge in the ABWR since the atmosphere is made inert
during normal operation.
19.1.3.6

Level 3 Analysis Insights

19.1.3.6.1

Risk to the Public

Based on the Level 3 PRA, the estimated total risk to the
public from the ABWR is extremely small. GE's analysis
indicates a total dose of about 0.2 person-rem over the
60-year period. The staffs estimate is about 1 personrem. The difference is largely a result of the contribution
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from unisolated LOCAs outside containment, and an
increased probability of early containment failure from
DCH. It should be noted that while vented scenarios are
the dominant contributor to the staffs estimate of
containment failure using the dose definition of
containment failure, these sequences do not contribute
significantly to total risk when measured in terms of
person-rem exposure. Rather, total risk is dominated by
events that lead to early containment structural failure and
containment bypass. This is consistent with results from
PRAs for operating plants.
15.1.3.6.2

Leading Contributors to Risk

Despite their small contribution to total core damage
frequency (0.8 percent based on the staffs assessment),
unisolated LOCAs outside containment dominate the
ABWR risk profile. The frequency of these sequences is
extremely low in absolute terms (1.2E-9 per year). In the
staffs assessment, these sequences dominate risk because
of the severe releases associated with complete bypass of
containment. These sequences also dominate risk because
of the fact that the baseline core damage frequency and the
contribution of more familiar sequences and containment
challenges that dominate PRAs for operating plants have
been reduced in the ABWR design. The fact that these
sequences dominate risk is, in a way, a reflection of the
low estimated risk of the ABWR.
Other early containment failures (DCH and ATWS) are the
second most dominant contributor to risk for the ABWR.
Although the frequency of these early failure mechanisms
(2.5E-9) is higher than unisolated LOCAs outside containment, fission product releases are reduced somewhat
because of holdup in containment.
It should be noted that the reported frequency of unisolated
LOCAs reported in Amendment 32 of the SSAR is about
a factor of 10 lower than the above value on which the
staff based its finding. This would result in the total risk's
contribution, as well as the contribution of bypass
scenarios to risk, being lower than described above.
19.1.3.7

PRA-Based Input to the Certified Design

19.1.3.7.1

Reliability Assurance Program

plant safety and determining safety insights.
It is
anticipated that a COL applicant will make these insights
(given in Table 19K. 11-1 in the SSAR) the cornerstone of
its programs (DRAP and ORAP).
Internal and external event sequences, both for Levels 1
and 2, were considered in drawing up the list of reliability
and maintenance actions. In developing the list, GE
performed a systematic search that involved both
quantitative and qualitative considerations. For Level 1
internal events, the key considerations were the results of
risk achievement worth and Fussell-Vesely importance
measures. These results are reported in Tables 19K.3-1
and 19K.3-2 in the SSAR and Appendix K in this report.
From risk achievement worth measures, one gets a list of
SSCs where maintenance or testing resources should be
focused to help assure high levels of availability. A
Fussell-Vesely importance measure answers the question,
"For which SSCs would improvement of current
unavailabilities be most beneficial in order to best lower
the estimated core damage frequency?"
19.1.3.7.2

2

Information

or

In its review, the staff believed that it was important to
systematically search a PRA for safety insights. As part
of this search for insights, GE identified important safety
insights that need to be passed on to a COL applicant.
Appendix K of this report provides a cross-reference
between the PRA insights and the ITAAC, Tier 1 design
descriptions, and Tier 2 material in the DCD. Appendix K
explains the disposition of these ABWR PRA safety
insights. The staff has reviewed the COL action items
proposed by GE and finds them to be appropriate
dispositions of these insights, and finds they are
acceptable.
19.1.3.8 PRA Insight Conclusions and Safety Findings
This section documents the overall conclusions about the
insights drawn from the ABWR PRA about the ABWR
design.
19.1.3.8.1

The ABWR is the lead plant for development of a RAP for
advanced reactors as required by 10 CFR Part 52. GE
made a particularly strong effort in identifying important
SSC for inclusion in RAP based on insights from the
ABWR PRA. In Appendix 19K of the SSAR, OE has
listed the reliability and maintenance actions that it believes
should be considered throughout the life of the plant so
that the PRA remains an adequate basis for quantifying

Tiers 1 and
Requirements

Vulnerabilities

In its performance of the ABWR PRA, GE did not
specifically identify any design features or procedures that
constituted a vulnerability to severe accidents. GE did
search for and identify many cost-effective design and
procedure improvements that it included in the ABWR
design. Details of the design improvements motivated by
the ABWR PRA are discussed previously in Section 19.1.3
and listed in Table 19.1-4. The search by the staff and GE
for design and procedure vulnerabilities (or areas of
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potential improvement) included internal and external
events (seismic, fire, and internal floods) as well as events
in Modes 3, 4, and 5.
19.1.3.8.2

Balance of Prevention and Mitigation

The staff examined the ABWR design to determine if the
design has an inappropriate reliance on either prevention
of severe accidents or mitigation of severe accidents to the
exclusion or detriment of the other. The staff finds the
balance to be acceptable for the following reasons:
In the area of prevention of core damage, GE has reported
that the ABWR PRA estimates internal event core damage
frequency to be in the range of 1E-7 per year. This
estimate reflects the design modifications incorporated into
the ABWR design that have eliminated or reduced most cf
the important sequences that have led to core damage in
other BWR PRAs. The NRC does not endorse the
absolute value of the core damage frequency reported by
GE, but does endorse the insights drawn from the PRA by
GE and the NRC, which are bused on relative and other
considerations. For the external events seismic, fire, and
internal floods, the ABWR design is an improvement over
those of existing operating plants. The seismic design is
built to an SSE of 0.3 g while most sites, in the United
States east of the Rocky Mountains would have lower SSEs
when determined on a site-specific basis. In addition, the
ABWR PRA-based seismic margins analysis demonstrated
that the design has significant margin to earthquakes well
above the SSE. For fires and floods, the ABWR design
has three physically separated safety divisions that limit the
chances of a fire or flood affecting more than one division.
This capability is a design enhancement for advanced
reactors. For mitigation of a severe accident in which core
damage has occurred, the ability of the containment design
to withstand severe accidents is at least as robust as that of
operating BWRs today and has some additional features not
in current designs. Additional features include the acindependent water addition system, an increased drywell
head ultimate pressure capacity, and the passive flooder
system.
19.1.3.8.3

Comparison With NRC and EPRI Safety
Goals

In the DSER (SECY-91-309), the staff compared the
integrated risk results for the ABWR with the
Commission's quantitative health objectives and safety
goals, NRC and EPRI requirements or goals for advanced
light-water reactors (ALWRs), and GE's design goal. GE
and staff estimates of various risk measures based on the
original GE analysis (Amendment 8 to the SSAR), are
reported in Figure* 19.1-1 and 19.1-2 of the DSER.
Based on these comparisons, the staff reached tentative
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conclusions on how the various objectives and goals were
met. After the DSER, GE modified the ABWR design and
submitted the results of the updated ABWR PRA (Levels
1, 2, and 3) reflecting modifications to the plant design, as
well as modeling enhancements and corrections identified
by GE and staff since the original PRA. The staff
committed itself to reporting the results of its review of the
integrated risk estimates in this report.
The staffs evaluation of GE's updated PRA analyses is
presented in the preceding portions of Section 19.1 of this
report. Based on a review of the updated PRA analysis,
the staff performed a limited update of the comparisons
with the safety goals. The updated comparisons with
safety goals are not as exhaustive as the one provided in
the DSER since: (1) the staff did not attempt to requantify
uncertainties in core damage frequency and containment
performance as part of the fmal evaluation, and (2) only
doses at the site boundary were recalculated as part of the
final evaluation, rather than the full set of offsite
consequence measures. However, for certain performance
measures, such as individual risk of early fatality, the
original comparisons indicated significant margins between
the PRA results and the health objectives or safety goals,
even when the uncertainty associated with various
phenomenological issues and other issues raised in the staff
review were factored into the assessment. In those cases,
the staffs tentative conclusions presented in the DSER are
still considered valid for the updated ABWR PRA and
have been used as the basis for the staffs final
conclusions. Limited reliance on the original analyses is
considered acceptable on the basis that the updated core
damage frequency and containment release characteristics
are not significantly different from those on which this
original assessment was based. Furthermore, the analyses
and plant modifications performed after Amendment 8 to
the SSAR did not identify any plant vulnerabilities and are
expected to further reduce risk.
The comparison of the ABWR PRA results with the
various health objectives and safety goals follows. As
discussed in Section 19.1.1 of this report, the staff does
not believe that it is appropriate, or possible, to directly
compare the results of the updated ABWR external events
analyses with the safety goals because in the updated PRA
these events were analyzed using either a margins approach
(seismic) or bounding analyses (internal floods and fire).
Accordingly, the comparisons with safety goals are limited
to internal events.

toflvfluai risk pf earlyfatoljty— Qpaj; < ?E-7
The staff concluded in the DSER that the ABWR meets the
Commission's quantitative health objective for individual
risk of early fatality by a wide margin. The calculated
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mean estimate, as well as the upper bound of the
uncertainty distribution (95th percentile), were orders of
magnitude below the goal. Because the updated core
damage frequency and containment release characteristics
are not significantly different from those on which this
original assessment was based, the staff concludes that the
final ABWR design would also meet this health objective
by a wide margin, even if the effects of unisolated LOCAs
outside containment are taken into account. The staff
further believes that the remaining margin provides
reasonable assurance that consideration of the impact of
those portions of the analysis for which full PRA
quantification was not performed (e.g., seismic events) will
not result in the mean value's exceeding the goal.
foflvflwrf risk of cancer ftfrlity - Qoal; <; flg-v
The staff concluded in the DSER that the ABWR meets the
Commission's quantitative health objective for individual
risk of cancer fatality by a wide margin. The calculated
mean estimate, as well as the upper bound of the
uncertainty distribution, were several orders of magnitude
below the goal. Because the updated ABWR core damage
frequency and containment release characteristics are not
significantly different from those on which this original
assessment was based, even if the effects of unisolated
LOCAs outside containment are taken into account, the
staff concludes that the final ABWR design would also
meet this health objective by a wide margin. The staff
further believes that the significant margin between the
calculated risk and this goal provides reasonable assurance
that consideration of the impact of those portions of the
analysis for which full PRA quantification was not
performed will not result in the mean value's exceeding the
goal.
Core jfomage frequency -

EPm<?oaj; < )E-5

Commission Goal;

< tfi-4

The staff concluded in the DSER that the ABWR meets
both the Commission and the EPRI goals for internal event
core damage frequency by a wide margin. The calculated
mean value was below the goal, with the upper bound of
the uncertainty distribution about 1 order of magnitude
below the Commission goal. Based on the updated PRA
and a supporting Level 1 uncertainty analysis, GE has
estimated the ABWR mean core damage frequency at
1.6E-7 per year, with an upper bound (95th percentile)
value of 4.5E-7 per year. Based on review of the ABWR
PRA, the staff concludes that the final ABWR design
meets the Commission's goal for internal events, even if
uncertainties in the calculated core damage frequency are
taken into account. The analyses performed by GE for
ABWR external and shutdown events do not lend
themselves to comparison with the Commission's core

damage frequency goals, based on methods and
assumptions used. The staff determined that this is
acceptable, since the GE analyses of external events and
shutdown events included an appropriate search for
vulnerabilities.
PrcM>Utty Offorgerelease (one or, more early fatalities) The staff concluded in the DSER that the ABWR meets the
Commission's goal for the probability of large release by
a considerable margin, recognizing that the definition of
"large" was still under Commission consideration. The
calculated mean estimate was well below the goal, with the
upper bound of the uncertainty distribution
(95th percentile) about 2 orders of magnitude below the
goal. Because the updated core damage frequency and
containment release characteristics are not significantly
different from those on which this original assessment was
based, the staff concludes that the final ABWR design
would also meet this objective by a wide margin. The
staff notes that this goal can be met as a result of the very
low calculated core damage frequency for internal events,
even without taking credit for the containment. Compliance with the Commission's containment performance goal
provides added assurance that the probability of a large
release will remain below the goal.

Conditional containment failure probability (structural
integrity definition^ -- Goal: < 0.1
The staff concluded in the DSER that the ABWR did not
strictly meet the Commission's goal for CCFP using the
structural integrity definition of containment failure. The
staffs uncertainty distribution bridged the goal with a
median value slightly above the goal, suggesting that the
bulk of the distribution was slightly above the goal.
GE's updated point estimate of CCFP based on structural
integrity definition is 0.005. The staff adjusted this value
to account for:
(1) uncertainties in DCH, and
(2) treatment of unisolated LOCAs outside containment.
These adjustments increased CCFP to about 0.026, which
is still below the Commission goal. However, the staff did
not attempt to requantify the uncertainties associated with
this estimate. It believes that if these uncertainties were
requantified reflecting the final ABWR design and
additional severe accident analyses completed since the
DSER (e.g., increased containment pressure capacity and
additional information supporting a low probability of a
flooded reactor cavity at the time of vessel failure), the
resulting CCFP estimate and associated uncertainties would
be somewhat lower than reported in the DSER, but would
still be significant.
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Conditional containment failure
definition) ~ gofll; < Qtl

probability

(dose

The staff concluded in the DSER that the ABWR did not
strictly meet the Commission's goal for CCFP using GE's
definition of containment failure (dose). The staffs
uncertainty distribution bridged the goal, with a mean
estimate above the goal and median estimate slightly below
the goal. This indicated that about half of the distribution
is below the goal.
GE's updated point estimate for CCFP (based on the dose
definition) is 0.002. The CCFP based on the dose
definition is not significantly different than the CCFP
based on the structural integrity definition (where
containment venting is not considered as a containment
failure). The reason for this is that in GE's analysis, doses
in excess of 25 rem at 0.8 km (0.5 miles) primarily occur
only when structural integrity is breached. In contrast, the
staffs consequence calculations indicate a high probability
(about 60 percent) of exceeding 25 rem at the boundary for
vented scenarios. Thus, the staffs estimate of containment
failure frequency using the dose definition of containment
failure includes essentially all of the frequency of events
leading to loss of structural integrity, plus about 60 percent
of the frequency of sequences with COPS actuation. This
results in a staff estimate of CCFP of about 0.10, which
still meets the Commission's safety goal.
The staff did not attempt to requantify the uncertainties
associated with this estimate. It expects that if these
uncertainties were requantified reflecting the final ABWR
design, additional severe accident analyses completed since
the DSER, and more deterministic estimates of source
terms for vented scenarios, the resulting CCFP estimate
and associated uncertainties would be lower than reported
in the DSER. Nevertheless, the uncertainties would still
be significant and would extend above the goal. Although
the uncertainty bands are different, the staff and GE both
concludes that the mean values of their risk estimates meet
the Commission's safety goal.
19.1.3.8.4

Comparison With Operating BWRs

The staff evaluated the ABWR design and its improved or
unique features to prevent or mitigate severe accidents such
as the three full (high and low pressure) ECCS divisions,
the COPS, and the passive flooder. The staff evaluated the
ABWR PRA and concluded that the absolute value of the
estimated core damage frequency for the ABWR is lower
than those of operating BWRs in the United States. Based
on these reviews, the staff finds that the ABWR design
represents an improvement in safety over operating BWRs
in the United States.
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19.1.3.8.5

ABWR Design Acceptability

Based on the staffs review of the ABWR PRA and ABWR
design as set forth in this section (19.1) of this report, the
staff finds that the ABWR design and the submittals made
for the ABWR in the SSAR meet the intent of the
Commission's Policy Statement on Severe Reactor
Accidents Regarding Future Designs and Existing Plants,
dated August 8, 1985, the requirement of 10 CFR
50.34(f)(l)(») to perform a plant-specific PRA that seeks
improvement in the reliability of core and containment heat
removal systems, the staffs proposed applicable regulation
for analysis of external events for the ABWR PRA, and
the requirement of 10 CFR 52.47(a)(l)(v) for an
evolutionary plant design vendor to submit a PRA.
19.1.3.9

ACRS Concerns Related to the ABWR
PRA

19.1.3.9.1

Adequacy of the ABWR PRA

The Advisory Committee on Reactor Safeguards (ACRS)
asked the staff to explain how it intends to use the ABWR
PRA in the design certification process and when PRA
guidance will be provided.
In preparing for design certification, the staff and GE used
the ABWR PRA in a number of traditional as well as new
areas. The staff expects that the PRA will continue to
prove to be useful throughout the entire process — from
design certification through the end of the life of an operating ABWR. Examples of traditional areas in which the
ABWR PRA was used include estimating core damage
frequencies and risk significance and identifying design
vulnerabilities. Innovative ways in which the PRA has
been used include the following:

•

helping to identify systems and components to be
included in the RAP, increasing the safety of the design
of the ABWR by examining design options

•

helping to identify human errors that need to be
considered when designing an advanced control room

•

identifying areas that should receive special attention
under ITAAC

•

helping to determine the balance of prevention and
mitigation capabilities

•

providing a structure for helping to determine
procedural and TS needs during modes other than full
power.
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Adequacy of GE's Treatment of the
Reactor Water Cleanup System

event trees and fault trees rather than on split fraction
arguments.

The ACRS performed a review, independent from the
staff, of the reactor water cleanup (RWCU) system. GE's
treatment of this system in the PRA was not reviewed in
detail as part of the staffs initial review. Several of the
questions raised by the ACRS review applied to the ABWR
PRA. First, the ACRS review concluded that the ABWR
PRA did not evaluate RWCU system line breaks as initiators. Second, the ACRS review concluded that GE
erroneously took credit for the RWCU system as a
potential heat removal path at high pressure during nonLOCA transients. The ACRS found credit to be
inappropriate, in part, because the RWCU system was
designed to isolate on high temperature (to protect resin
beds) and because even if the resin beds were bypassed,
the outlet temperatures of the heat exchanger piping would
have exceed the design limits of the piping.

The ACRS correctly stated that GE erroneously took credit
for the RWCU system at high pressure during transients.
GE has corrected this design deficiency by redesigning the
isolation logic of the RWCU system, realigning the isolation configuration so that only the heat-vulnerable resin
beds are isolated on high temperature, and limiting the
total isolation of the RWCU to those periods when the
containment isolation function is actuated. In addition, the
RWCU will only be put into operation by emergency
procedure after the RHR fails. Thereafter, cooling water
will be diverted by procedure from the RHR heat
exchangers to the RWCU heat exchanger to limit the
temperature increase across the RWCU heat exchanger.
GE calculates that this temperature increase is only a few
degrees above the design temperature and argues that this
is acceptable because the RWCU is a backup system that
only will have to be used in this configuration for very low
probability, beyond-design-basis events.

19.1.3.9.2

The ACRS correctly noted that GE did not treat RWCU
system line breaks, or other LOCAs outside the primary
containment, as initiating events in the PRA. Rawer, the
approach taken by GE (SSAR Section 19E.2.3.3) was to
show that the risks associated with such events constitute
a small fraction of the risk from all non-bypass paths, and
that these ex-containment LOCAs therefore need not be
included in the PRA. The ACRS questioned the validity
of this analysis, and the fact that it failed to consider that
the RWCU system line break could be the initiator for the
core damage event. Based on concerns identified by the
ACRS, the staff performed a more detailed review of GE's
treatment of the RWCU system in the PRA. After further
review of GE's treatment of ex-containment LOCAs, the
staff identified additional concerns related to flow area
assumptions on which the split fractions were based and
isolation valve failure probability assumptions in the
analysis (i.e., whether the assigned values adequately
account for environmental effects and common cause
failure).
In response to ACRS and staff concerns, GE revised its
suppression pool bypass analysis and provided additional
clarification regarding the effects of a break in the RWCU
suction line. GE indicated that the system arrangement
and emergency procedure guidelines (EPGs) provide
assurance that unisolated breaks in the RWCU suction line
will not result in core uncovery and long-term releases.
The staff required that GE develop a COL Action Item that
would have a COL applicant develop postaccident recovery
procedures for an unisolated CUW line break.
As part of its review, the staff required GE to provide an
analysis of LOCAs outside containment that was based on

19.1.4 Evaluation of the Quality of the ABWR
Probabilistic Risk Assessment
The staff has completed its review of the quality of the
ABWR PRA. It finds that the ABWR PRA is of sufficient
quality that, at a minimum, it can be used in the following
ways:
(1)

to assess (within the limits of PRA methods and
uncertainties) the risks associated with the ABWR
design

(2)

to identify strengths and weaknesses of ABWR
design features

(3)

to evaluate ABWR containment failure probabilities
for early and late failure modes

(4)

to compare the ABWR risk results with the
Commission's safety goal and the "safety margin
basis design requirements" provided in the EPRI
ALWR Requirements Document within the
limitations of the latest technology in risk
assessment

(5)

to provide an integrated perspective of the overall
risk estimates for the design

(6)

to identify major contributors to uncertainty in
estimated core damage frequency.
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The staff concludes that the quality of the ABWR PRA is
adequate for its intended functions such as supporting and
improving the ABWR design process, providing relative
importance of sequences (as well as identifying important
SSC) leading to core damage or containment failure, and
searching for design and procedure vulnerabilities that
could be eliminated on a cost-effective basis.
19.1.5 Open Item Closure
All Open and "Outstanding" Items identified in Chapter 19
of the staffs ABWR DSER and DFSER are resolved
satisfactorily. The staff is issuing a letter separate from
this report documenting the resolution of these issues. All
important issues related to containment performance are
discussed in Section 19.2.

19.2

Severe Accident Performance

19.2.1 Introduction
The purpose of this section is (1) to describe the NRC's
approach to resolution of severe accident issues for
evolutionary light water reactors as specified in
SECY-90-016, SECY-91-262, SECY-93-087, and the
corresponding SRMs and (2) to evaluate the approach
proposed by GE for resolution of severe accident issues for
the ABWR design.

The NRC also has requirements to mitigate adverse
conditions associated with transients or events considered
outside the design basis such as ATWS (10 CFR S0.62),
station blackout (SBO) (10 CFR S0.63), and combustible
gas control (10 CFR S0.44); however, a definitive set of
regulatory requirements for addressing specific severe
accident phenomenon does not exist. Existing regulations
that require conservative analyses and inclusion of
mitigative features for design-basis events, provide margin
for severe accident challenges. In addition, the staff, in
keeping with the Commission's Policy Statement on Severe
Accidents that future designs for nuclear power plants
achieve a higher standard of severe accident safety
performance, concluded that severe accidents should
be considered in the design of future nuclear power plants.
In an SRM, dated January 28,1992, on SECY-91-262, the
Commission approved the staffs recommendation to
proceed with design-specific rulemakings through
individual design certifications to resolve selected technical
and severe accident issues. The effect of these actions on
the ABWR is that the criteria specified for resolution of
severe accident issues in SECY-90-016 and SECY-93-087
will be incorporated into the ABWR design certification
rulemaking as applicable regulations. The following
discussion describes the criteria that were used for the
deterministic evaluation of severe accident issues.
19.2.2

To provide adequate protection of the public health and
safety, current NRC regulations require conservatism in
design, construction, testing, operation, and maintenance
of nuclear power plants. A defense-in-depth approach has
been mandated in order to prevent accidents from
happening and, if accidents should occur, to mitigate their
consequences. Siting of nuclear power plants in less
populated areas is emphasized. Furthermore, the NRC,
State, and local governments mandate emergency response
capabilities that provide additional defense-in-depth
protection to the surrounding population.
The reactor and containment systems design provides a
vital link in the defense-in-depth philosophy. Current
reactors and containments are designed to withstand a
LOCA and to meet the siting criteria of 10 CFR Part 100
and General Design Criteria (GDC) of 10 CFR Part SO,
Appendix A. The large-break LOCA and other accidents
analyzed in accordance with the NRC's Standard Review
Plan (NUREG-0800) and documented in Chapter IS of the
SSAR are commonly referred to as "design-basis
accidents" (DBAs) for nuclear power plants. This high
level of confidence in a defense-in-depth approach results,
in part, from stringent requirements for meeting singlefailure criterion, redundancy, diversity, quality assurance,
and utilization of conservative models.

NUREG-1503

Deterministic Assessment of Severe Accident
Prevention

19.2.2.1 Severe Accident Preventative Features
Accident initiators can be separated into two general
groups: transients and LOCAs. Transients include
planned reactor shutdowns and transients that result in
reactor scrams. Examples of transients include manual
shutdown, main steam isolation valve closure, loss of
condenser vacuum, loss of feedwater, nonisolation event
(trip with bypass), inadvertent open relief valve, and loss
of orfsite power. LOCAs generally fall within three
categories, small, medium, and large, based on the size of
the line break.
Following the accident initiator, plant systems respond to
control reactivity, reactor pressure, reactor water level,
and containment parameters within the design basis
spectrum. Ensuring sufficient heat removal from the core
to prevent overheating and subsequent fuel damage is of
paramount importance. Failure to provide this heat
removal can result in fuel overheating and the potential for
oxidation and melting of the reactor core.
Transient-induced accidents are usually accompanied by
actuation of the safety or relief valves that transfer steam
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from the reactor directly to the suppression pool, thus
limiting an increase in containment pressure. LOCAs blow
down into the drywell atmosphere until the suppression
pool horizontal vents' are uncovered, resulting in
containment pressurization lower than the containment
design pressure. In the event mat the steam from the
reactor bypasses the suppression pool and travels directly
to the wetwell atmosphere, significant pressurization of the
containment may result. The issue of suppression pool
bypass is addressed in Sections 6.2.1.8 of this report for
design-basis accident (DBA) bypass and 19.2.3.3.S for
severe accident bypass.
In response to accident initiators identified through
operating reactor experience and analyses of the results of
probabilistic safety assessment, the staff developed criteria
for evolutionary light-water reactors (LWRs) to prevent the
occurrence of such initiators from leading to a severe
accident. These criteria were specified in SECY-90-016
and SECY-93-087 and include design provisions for anticipated transient without scram (ATWS), SBO, fires, and
intersystem LOCAs.

19.2.2.1.1

Anticipated Transient Without Scram

An ATWS is an anticipated operational occurrence
followed by the failure of the trip portion of the reactor
protection system (RPS).
Anticipated operational
occurrences (transients) are those conditions of normal
operation that are expected to occur one or more times
during the life of the nuclear power plant and include, but
are not limited to, loss of power to all recirculation pumps,
tripping of the turbine generator set, isolation of the main
condenser, and loss of all offsite power. Dependent upon
the transient and its severity, the plant may recover and
continue normal operation or the plant may automatically
shut down (scram) via the RPS. The RPS is designed to
safely shutdown the reactor to prevent core damage.
These transients when coupled with a failure cf the RPS
may lead to conditions beyond the design basis of the
plant. In these cases, the reactor must be manually
scrammed in order to avoid reactor fuel damage or coolant
system damage. Subsequent failure of the manual scram
system and inadequate core cooling may lead to core
damage.
Transients with the greatest potential for significant
damage to the reactor core and containment are those
leading to an increase in reactor pressure and temperature,
a loss of heat sink, or a failure of the RPS to scram the
reactor. During an ATWS event, reactor power, pressure,
and temperature must be controlled or the potential exists
for a severe accident.

The ATWS rule (10 CFR 50.62) was promulgated to
reduce the probability of an ATWS event and to enhance
mitigation capability if such an event occurred. For
BWRs, the ATWS rule specifies inclusion of an alternate
rod insertion system, an SLCS, and equipment to trip the
reactor recirculation pumps. In Section 15.5 of this
report, the NRC concluded that the ABWR complies with
the ATWS rule.
19.2.2.1.1.1 Preventive and/or Mitigative Features
In SECY-90-016, the staff recommended that the
Commission approve its position that diverse scram
systems should be provided for evolutionary LWRs. In its
June 26, 1990 SRM, the Commission approved the staffs
position, but directed that if the applicant can demonstrate
that the consequences of an ATWS are acceptable, the staff
should accept the demonstration as an alternative to the
diverse scram system.
The ABWR has a number of design features that reduce
the risk from an ATWS event including a diverse scram
system with both hydraulic and electric run-in capabilities
for the fine motion control rod drives (FMCRD), an
automatic SLCS, and a reactor internal pump (RIP) trip
capability. In addition, the scram discharge volume has
been removed from the ABWR, eliminating some of the
potential problems that could affect the scram function
associated with older BWR designs.
The ABWR has an alternate rod insertion system that is
diverse, when compared with that of the RPS, from sensor
output to the final actuation device. The ARI system has
redundant scram air header exhaust valves and is designed
to perform its function in a reliable manner.
19.2.2.1.1.2 Basis for Acceptability
In SECY-90-016, the NRC concluded that evolutionary
LWR designs should provide diverse methods of inserting
control rods to mitigate a potential ATWS and to ensure a
safe reactor shutdown. The ABWR incorporates a diverse
method for inserting control rods. The ABWR complies
with the ATWS rule, as concluded in Section 15.5 of this
report, and the design is capable of satisfactorily mitigating
the effects of an ATWS and preventing an ATWS event
from evolving into a severe accident with core damage.
The staff concludes that the ABWR meets the criteria
specified in SECY-90-016 through incorporation of the
features discussed above.
19.2.2.1.2

Station Blackout

An SBO involves the complete loss of ac electrical power
to the essential and nonessential switchgear busses in a
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nuclear power plant (i.e., lost of oftsite electric power
system concurrent with turbine trip and unavailability of
the on-site emergency ac power system). SBO does not
include the loss of available ac power to buses fed by station batteries through inverters or by alternate ac sources,
nor does it assume a concurrent single failure or DBA.
During normal plant operation, power is supplied to the
Class IE distribution system from the main generator.
Following plant shutdown, the preferred power source is
the ofrsite grid, which provides a continuous source of ac
electric power to equipment required to maintain core
coolability. If the power from the offsite grid is not
available, the on-site distribution system will sense an
undervoltage condition and initiate a transfer to the
emergency diesel generators (EDOs) for continued power.
In the event of the loss of both the offsite grid and EDOs,
an SBO has occurred. As most DHR and containment heat
removal systems are dependent upon ac power for operation, failure to provide core cooling during an SBO will
likely result in core temperature and pressure increases and
may lead to a severe accident.

system (with its supporting systems) is designed to perform
its function without ac power for at least 2 hours and also
have an ultimate capability to function for 8 hours without
ac power. Extended blackout capabilities are also provided
by the ACIWA system. This system allows for makeup to
the reactor vessel following depressurization or to the
containment sprays from a direct-drive diesel fire pump or
by connecting an external pumping source, such as a fire
truck, to a yard standpipe into the RHR system.
19.2.2.1.2.2 Basis for Acceptability
In SECY-90-016, the NRC concluded that designers should
meet the SBO rule by including an alternate ac power
source (i.e., CFG) of diverse design capable of powering
at least one complete set of normal shutdown loads. To
cope with SBOs, the ABWR has included an alternate
CTG. Based on the preventive and mitigative features described above, the staff concludes that the ABWR has met
the criteria of SECY-90-016 and the staffs proposed
applicable regulation for station blackout.
19.2.2.1.3

The SBO rule (10 CFR 50.63) allows several design
alternatives to ensure that a plant is able to withstand an
SBO for a specified duration and recover. A complete
evaluation of the ABWR relative to the SBO rule is
provided in Section 8.3.9 of this report.
19.2.2.1.2.1 Preventive and/or Mitigative Features
In SECY-90-016, the staff stated that the preferred method
of demonstrating compliance with 10 CFR 50.63 is
through the installation of a spare (full- capacity) alternate
ac power source of diverse design that is consistent with
the guidance in Regulatory Guide (RG) 1.155 and is
capable of powering at least one complete set of normal
shutdown loads.
The staff recommended that the
Commission approve the requirement for an alternate ac
source for evolutionary LWRs. In its June 26, 1990 SRM,
the Commission approved the staffs position. Therefore,
the staffs proposed applicable regulation for an alternate
ac souce is as follows:
The standard design must provide an alternate ac
power souce for the purposes of dealing with
station blackout.
The ABWR design includes three independent electrical
divisions, each capable of providing power to a highpressure and low-pressure water injection division, each
powered by a full-capacity EDG, and each division capable
of independently shutting down the reactor. In addition,
the ABWR design includes an alternate ac combustion
turbine to back up the diesel generators. The RCIC
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The Commission concluded that fire protection issues that
have been raised through operating experience and the
external events program must be resolved for evolutionary
light water reactors.
In SECY-90-016, the staff
recommended that current NRC guidance to resolve fire
protection issues be enhanced to minimize fire as a
significant contributor to the likelihood of severe accidents
and DBAs. As indicated in SECY-90-016, the ABWR
design must ensure that safe shutdown can be achieved,
assuming that all equipment in any area will be rendered
inoperable by fire and that reentry into the fire area for
repairs and operator actions will be impossible. Because
of its physical configuration, the control room is excluded
from this approach, provided an independent alternative
shutdown capability that is physically and electrically
independent of the control room is included in the design.
The ABWR design must also provide fire protection for
redundant shutdown systems in the reactor containment
building that will ensure, to the extent practical, that one
shutdown division will be free of fire damage.
Additionally, the ABWR design must ensure that smoke,
hot gases, or fire suppressant will not migrate into other
ftre areas to the extent that they could adversely affect
safe-shutdown capabilities, including operator actions.
These fire protection measures are for both DBAs and
severe accidents.
19.2.2.1.3.1 Preventive and/or Mitigative Features
Section 9.5.1 of this report provides a description and
evaluation of the ABWR features provided to prevent and
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mitigate fires.
In particular, this section addresses
protection of safe-shutdown equipment, passive fire
protection features, fire detection, fire protection water
supply system, water fire suppression systems, gaseous fire
suppression systems, fire extinguishers, emergency
communication and lighting, emergency breathing air,
curbs and drains, smoke control, access and routes,
construction materials and combustible contents, and
interaction with other systems.
19.2.2.1.3.2 Basis for Acceptability
Based on the evaluation in Section 9.5.1 of this report and
on the discussion above, the staff concludes that the
ABWR design meets the criteria identified in
SECY-90-016 and is acceptable for preventing and
mitigating threats from fires for DBAs and severe
accidents.
19.2.2.1.4

Intersystem Loss-of-Coolant Accident

Intersystem loss-of-coolant accidents (ISLOCAs) are
defined as a class of LOCAs in which the RCS pressure
boundary is breached and coolant is lost through an
interfacing system with a lower design pressure. The
breach may occur in portions of piping located outside the
primary containment, causing a direct and potentially
unisolable discharge from the RCS to the environment.
An ISLOCA is of concern because of potential direct
releases to the environment, loss of core cooling, and loss
of core makeup.
High or low pressure interfaces occur on many lines
including low-pressure injection lines and the RHR heat
exchangers. An ISLOCA occurs when high pressure is
introduced in a low-pressure system because of valve
failure or an inadvertent valve actuation. In either case,
the overpressurization can cause the low-pressure system
or components to fail. An ISLOCA concurrent with a loss
of all core cooling may lead to core damage.
19.2.2.1.4.1 Preventive and/or Mitigative Features
In SECY-90-016, the staff recommended that evolutionary
LWR designs reduce the possibility of a LOCA outside
containment by designing (to the extent practicable) all
systems and subsystems connected to the RCS to an
ultimate rupture strength (URS) at least equal to the full
RCS pressure. The "extent practicable" phrase shows a
realization that all systems must eventually interface with
atmospheric pressure and that for certain large tanks and
heat exchangers, it would be difficult or prohibitively
expensive to design such systems to a URS equal to full
RCS pressure. The staff further recommended that
systems that have not been designed to withstand full RCS

pressure should include (1) the capability for leak testing
of the pressure isolation valves, (2) indication in the
control room of valve position when isolation valve
operators are deenergized, and (3) high-pressure alarms to
warn control room operators when rising RCS pressure
approaches the design pressure of attached low-pressure
systems and both isolation valves are not closed.

In its June 26, 1990 SRM, the Commission approved the
staff s position on ISLOCA provided that all elements of
the low-pressure system are considered (e.g., instrument
lines, pump seals, heat exchanger tubes, and valve
bonnets).
The structural capability of low-pressure piping systems
interfacing with the reactor coolant pressure boundary to
withstand the consequences of an ISLOCA is discussed in
Section 3.9.3.1.1 of this report.
In addition, OE
performed a systematic evaluation of interfacing systems
to ensure that the SECY-90-016 requirements were
satisfied. The resolution of this issue is provided in
Section 20.2.19 of this report.
19.2.2.1.4.2 Basis for Acceptability
As indicated in Chapter 20 and Section 3.9.3.1.1 of this
report, the staff concludes that OE has met the criteria
from SECY-90-016, as approved by the Commission,
regarding ISLOCA prevention and mitigation for the
ABWR.
19.2.3

Deterministic Assessment of Severe Accident
Mitigation

19.2.3.1 Overview of the ABWR Containment Design
The ABWR containment maintains the pressure
suppression design of other BWR containments. The
containment is a reinforced concrete cylindrical structure
with a steel upper drywell head and internal steel liner to
reduce leakage. The ABWR contauunent atmosphere is
made inert to preclude hydrogen combustion and a slightly
positive pressure is maintained to prevent air from leaking
in. The containment basemat is 5.5 m (18 ft) thick with
several layers of reinforcements. The top slab is an
integral part of the fuel pool. The containment wall is a
right circular cylinder 2 m (6.56 ft) thick with an inside
radius of 14.5 m (47.57 ft) and height of 29.5 m
(96.78 ft). Its internal space is divided by the diaphragm
floor and the reactor pedestal into an upper drywell
chamber, a lower drywell chamber, and a wetwell. The
upper drywell volume surrounds the RPV and houses the
steam and feedwater lines and other connections of the
reactor primary coolant system and safety/relief valves,
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and the lower drywell volume houses the reactor internal
pumps and FMCRD.

Concrete Interactions Using Molten UO2 With Zirconium
on a Basaltic Basemat.

The cylindrical RPV pedestal separates the lower drywell
from the wetwell. Ten DCVs are built into the RPV
pedestal and connect the upper drywell and lower drywell.
The DCVs are extended downward by steel pipes, each of
which has three horizontal vent outlets into the suppression
pool. The wetwell consists of an air volume and
suppression pool. Steam from a reactor vessel blowdown
or from a break in a major pipe inside the drywell
condenses in the suppression pool through the SRVs or the
DCVs. A vacuum breaker system is provided between the
drywell and wetwell to prevent excessive differential
pressures.

Severe accident progression can be divided into two
phases: an in-vessel stage and an ex-vessel stage. Theinvessel stage generally begins with insufficient DHR and
can lead to melt-through of the reactor vessel. The exvessel stage involves the release of the core debris from
the reactor vessel into the containment and resulting
phenomena such as CCI, FCI, and DCH.

The containment heat-removal system is an integral part of
the RHR system.
Suppression pool temperature is
controlled in the suppression pool cooling mode of RHR.
RHR also includes the containment spray feature to cool
the containment air space. A capability also exists to
directly connect the drywell spray header to the fire
protection system pumps, one of which is driven by a
diesel engine.
The ABWR design includes a passive flooder system.
This system consists of a group of pipes that horizontally
passes through the pedestal wall and connects the
suppression pool to the lower drywell. These pipes
terminate in the lower drywell with fusible plugs. These
plugs are designed to melt and open a connection between
the suppression pool and the lower drywell region when
the drywell airspace temperature reaches 260 °C (500 °P).
A COPS consisting of two relief rupture disks in
succession from the wetwell airspace is provided. The
inner rupture disk, which controls the actual pressure,
actuates at a pressure of 617.8 kPa gage (90 psig). This
is above the containment design basis pressure of
309.9 kPa gage (45 psig), but below the ASME Service
Level C limit of 666.9 kPa gage (97 psig).
19.2.3.2 Severe Accident Progression
This section provides a description of the processes, both
physical and chemical, that may occur during the
progression of a severe accident and how these phenomena
affect containment performance. This description is
intended to be generic in nature. However, many aspects
of severe accident phenomena depend on the specific
reactor type or on the containment design features. This
information has been extracted from NUREG/CR-5132
Severe Accident Insights Report, NUREG/CR-5597 InVessel Zircaloy Oxidation/Hydrogen Generation Behavior
During Severe Accidents, and NUREG/CR-5564 Core-
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19.2.3.2.1

In-Vessel Melt Progression

In severe accidents that proceed to vessel failure and
release of molten core material into the containment, the
in-vessel melt progression establishes the initial conditions
for assessment of the thermal and mechanical loads that
may ultimately threaten the integrity of the containment.
In-vessel melt progression encompasses the phenomena and
processes involved in a severe core damage accident;
These phenomena and processes start with uncovering of
the core and initial heat-up, and continue until either
(1) the degraded core is stabilized and cooled within the
reactor vessel, or (2) the reactor vessel is breached and
molten core material is released into the containment. The
phenomena and processes in the ABWR that can occur
during in-vessel melt progression include the following:
•

Core heat-up resulting from loss of adequate cooling

•

Metal-water reaction and cladding oxidation

•

Eutectic interactions between core materials, e.g.,
control blades and fuel assembly channel boxes,
resulting in relocation of molten material. Eutectics
are mixtures of materials with a melting point lower
than that of any other combination of the same
components.

•

Melting and relocation of cladding, structural materials,
and fuel

•

Formation of blockages near the bottom of the core
resulting from the solidification of relocating molten
materials (a wet-core scenario)

•

Drainage of molten materials to the vessel lower head
region (a dry-core scenario)

•

Formation of a melt pool, natural circulation heat
transfer, crust formation, and crust failure (a wet-core
scenario)

•

Lower head breach resulting from failure of a
penetration or from local or global creep-rupture.
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Adequate core cooling can be defined as providing enough
cooling water flow to the reactor core to remove the decay
heat produced. Or, if the decay heat is transferred to the
containment, providing enough cooling water to
containment heat removal systems to remove the decay
heat transferred from the core. The mechanisms by which
sufficient cooling is provided to the reactor core or the
containment are numerous, diverse, and redundant. These
mechanisms include both safety and non-safety systems.
Examples of safety systems include the RCIC system,
high-pressure core flooder systems, RHR system, and
ADS.
Examples of non-safety systems include the
condensate and feedwater systems, condenser, relief
valves, and the ACIWA system.

In addition to oxidation, the potential exists for the zircaloy
to interact with the UOj fuel, forming eutectics.
Formation of eutectics may decrease the effective surface
area for oxidation and the overall oxidation rate. The
melting point of zircaloy is dependent upon its oxidation
state and lattice structure. It has three melting points
which include 1,877 *C (3,410 F) (beta-Zr), 1,977 °C
(3,590 °F) (alpha-Zr(0)), and 2,677 °C (4,850 °F)
(ZrOj). When partially oxidized zircaloy is in contact with
UOj, an alpha-Zr(0)/UOt2 based eutectic will form with a
liquefaction temperature of approximately 1,897 °C
(3,446 °F). Therefore, in the presence of good fuel or
cladding contact, fuel liquefaction and melt relocation will
commence around this temperature. This has the potential
to affect the oxidation behavior of zircaloy-based melt.

In the event of failure of all safety and non-safety systems
to remove the decay heat produced, the core will heat up
to the point where damage to the fuel and fuel cladding
may occur. Decay heat is transferred through radiative,
conductive, and convective heat transfer to the steam,
other core materials, and nonfuel materials within the
reactor. The insufficient cooling supply results in coolant
boiloff and a decreasing level within the reactor vessel as
the decay heat generation exceeds the heat removal rate.
The coolant level within the core further decreases so that
the fuel rods above the coolant level are only cooled by
rising steam. The fuel rods begin to overheat and cladding
oxidation begins in the presence of steam at high
temperatures. As the cladding oxidizes in the presence of
steam, hydrogen and additional heat are generated. The
fuel cladding is made of a zirconium alloy called zircaloy.

Various severe-fuel damage (SFD) test programs discussed
in the NUREG's listed above sponsored by the NRC
indicate that oxidation of the zircaloy is largely controlled
by the availability of a steam supply and that high rates of
hydrogen generation can continue after melt formation and
relocation. Some of these experiments indicate that the
majority of the hydrogen generated occurs after onset of
zircaloy melting and fuel dissolution. In steam-rich experiments, oxidation took place over most of the fuel bundle
length, and most of the hydrogen is generated early. For
steam-starved experiments, oxidation was limited to local
regions of the fuel bundle and the majority of the hydrogen
is generated after the onset of Zr/UOj liquefaction and
relocation.

The initial zircaloy oxidation involves oxygen diffusion
through a ZrOj surface layer. As the fuel rods continue
to heat up from decay heat and the exothermic zirconium
oxidation reaction, the* materials within the reactor with
low melting points are expected to melt first and may form
eutectics.
Zircaloy with a melting point of 1,757 °C (3,194 °F)
begins to melt breaking down the protective ZrO^ layer,
exposing unoxidized zircaloy. Following this, local
melting of the fuel rods may cause changes in the core
geometry resulting in different steam flow paths. On the
one hand, this can lead to an increase in the oxidation
process as access to the unoxidized zircaloy is available.
On the other hand, the melt formation or changes in the
steam flow path could reduce the zircaloy surface available
for oxidation and thereby decrease the overall reaction
process. In some accident scenarios in which residual
amounts of water remain in the bottom of the core and
lower plenum, substantial steaming and oxidation can take
place.

d

The ABWR contains more than 72,000 kg (158,700 Ibm)
of zirconium in the active fuel region that has the potential
to generate more than 3,100 kg (6,834 lbm) of hydrogen.
Hydrogen production and accumulation may represent
challenges to the containment in numerous ways including
deflagration, detonation, ana" pressurization. The ABWR
containment will be made inert with nitrogen to prevent the
occurrence of any deflagration or detonation.
Pressurization of the containment from the generation of
hydrogen gases will not exceed ASMS Service Level C

The SFD tests indicated the potential for incoherent meltrelocation due to noncoherent temperatures within the test
bundles. This is because of the different core materials
present with a wide range of melting points and eutectic
temperatures. Formation of eutectics would result in a
nonuniform melting and relocation process. Further
differences in the melt-relocation process can be attributed
to asymmetric bundle heating that can increase because of
zircaloy oxidation. This process begins when one area of
the fuel bundle is initially at a temperature higher than the
other areas. The higher-temperature zircaloy will consume
the available steam through oxidation at a quicker rate.
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Hie oxidation reaction makes the hotter areas hotter still,
which further increases the oxidation rate and the local
temperatures.
This autocatalytic nature of zircaloy
oxidation appears to contribute to asymmetric bundle
heatup and the potential for incoherent melt-relocation.
As the temperature of the core increases, fission products
in vapor form are released. The mixing and transport of
these fission products within the primary system depend
upon flow paths set up by any existing steam or hydrogen
and any interactions with surfaces within the reactor. Such
surfaces as the upper internal structures of the reactor
vessel may act as a filter where microscopic fission
product aerosols suspended in the gas can settle on
comparatively cool surfaces by thermophorisis and
diffusiophoresis. In addition, retention mechanisms such
as turbulent deposition and gravitational settling occur.
The core melt progression, including relocation and fission
product release, becomes increasingly difficult to predict
as it continues to degrade. The core melt could relocate
into the lower reactor vessel plenum. If water is present
in the lower plenum, the potential exists for in-vessel
steam explosions, where molten fuel rapidly fragments and
transfers its energy causing rapid steam generation and
shock waves. Another possibility is that the core debris
within the lower plenum may quickly melt through the
reactor vessel or interact with available water before
melting through and entering the lower drywell.
The in-vessel core melt progression, including core
degradation, relocation, and failure of the reactor vessel,
is rather uncertain. This uncertainty includes the potential
for in-vessel steam explosion, the interaction of core debris
with internal vessel structures, the time and mode of vessel
failure, the composition of the core debris released at
vessel failure, the amount of in-vessel hydrogen
generation, the in-vessel fission product release, and the
transport and retention of fission products and other core
materials in the RCS.
19.2.3.2.2 Ex-Vessel Melt Progression
Ex-vessel severe accident progression is affected by the
mode and timing of the reactor vessel failure; the primary
system pressure at reactor vessel failure; the composition,
amount, and character of the molten core debris expelled;
the type of concrete used in containment construction; and
the availability of water to the lower drywell. The initial
response of the containment to ex-vessel severe accident
progression is largely a function of the pressure of the
RCS at reactor vessel failure and the existence of water
within the reactor cavity. If not prevented through design
features, risk consequences are usually dominated by early
containment failure mechanisms that could result from
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energetic severe accident phenomena such as HPME with
DCH and ex-vessel steam explosions. The long-term
response of the containment from ex-veasel severe accident
progression is largely a function of the containment
pressure and temperature resulting from core-concrete
interaction and the availability of containment heat removal
mechanisms.
At high RCS pressures, the molten core debris could be
ejected from the reactor vessel in jet form causing it to
fragment into small particles. The potential exists for the
core debris ejected from the vessel to be swept out of the
lower drywell and into the upper drywell.
Finely
fragmented and dispersed core debris could heat the
containment atmosphere and lead to large pressure spikes.
In addition, chemical reaction? of the core debris particulate with oxygen and steam could add to the pressurization
loads. This severe accident phenomenon is known as
HPME with DCH.
To prevent this phenomenon, the ABWR has incorporated
a reliable depressurization system to provide assurance,
that in the event of a core melt scenario, that failure of the
RPV would occur at a low pressure. Should the RPV fail
at a high pressure, the design of the ABWR containment
would provide an indirect pathway from the lower to the
upper drywell in an effort to decrease the amount of core
debris that could contribute to DCH.
The equipment tunnels are located on the periphery of the
lower drywell at a midlevel elevation. Core debris exiting
the reactor vessel or entrained from the lower drywell
during HPME has the potential to reach the tunnels. An
accumulation of core debris within the tunnels could lead
to melt-through and development of a suppression pool
bypass mechanism. GE had not addressed this issue in the
SSAR. The staff indicated that it believed that an
acceptable resolution to this issue would be for GE to
provide reasonable assurance that an appreciable amount of
core debris would not enter the tunnels. This could be
done by showing that the existing equipment within the
lower drywell provides a tortuous pathway to the lower
drywell periphery or providing an additional shield
structure over the tunnels.
This was Open
Item F19.2.3.2.2-1.
GE addressed this issue in a letter dated February 7, 1994,
which proposed a new SSAR Section 19.E.2.3.6. GE
indicated that the equipment tunnels will be partially
covered with 1.2 meters of suppression pool water at the
low water level allowed by technical specifications. In the
event core debris melts through the equipment tunnel, the
debris will enter the suppression pool and any additional
gases from the lower drywell will pass through the
indicated suppression pool level. Also, a HPME results in

19-48

Severe Accidents
core debris and elevated temperatures within the upper
drywell. In order for the containment penetrations to
withstand the elevated temperatures, the operator must
actuate the containment spray system. The water from the
containment spray system eventually accumulates in the
suppression pool, raising the water level to provide
additional water coverage of the equipment tunnels.
Therefore, the suppression pool water level covering the
lower section of the equipment tunnels is sufficient to
preclude this potential suppression pool bypass pathway.
The staff rinds this acceptable.
Therefore, Open
Item F19.2.3.2.2-1 is resolved.

pressurization. Basaltic concrete protects the containment
liner from melt-through and decreases the amount of noncondensible gases generated during CCI when compared
with limestone-based concretes. The COPS is designed to
passively relieve containment pressure to prevent gross
containment failure during severe accidents when the
containment pressure approaches ASMB Service Level C
limits. This relief pathway takes advantage of the
scrubbing capability of the suppression pool to limit any
offsite releases.
19.2.3.3

Seven Accident Mitigatire Features

RPV failure at high or low pressure coincident with water
present within the lower drywell could lead to FCI with
the potential for rapid steam generation or steam
explosions. Rapid steam generation involves the pressurization of containment compartments from nonexplosive
steam generation beyond the capability of the compartment
to relieve the pressure so that local overpressurization
failure of the compartment occurs. Steam explosions
involve the rapid mixing of finely fragmented core debris
with surrounding water resulting in rapid vaporization and
acceleration of surrounding water creating substantial
pressure and impact loads. The ABWR is designed so that
there is a very low likelihood of water within the lower
drywell at the time of reactor vessel failure.

19.2.3.3.1

Hydrogen Generation and Control

The eventual contact of molten core debris with concrete
in the lower drywell will lead to core-concrete interaction
(CCI). CCI involves the decomposition of concrete from
core debris and can challenge the containment in various
mechanisms, including (1) pressurization resulting from the
production of steam and noncondensible gases to the point
of containment rupture, (2) the transport of high
temperature gases and aerosols into the upper drywell
leading to high-temperature failure of the containment seals
and penetrations, (3) liner melt-through, (4) reactor
pedestal melt-through leading to relocation of the reactor
vessel and tearing of containment penetrations, and (5) the
production of combustible gases such as hydrogen and
carbon monoxide. CCI is affected by many factors
including the availability of water to the lower drywell, the
containment geometry, the composition and amount of core
melt, the core melt superheat, and the type of concrete
involved.
The ABWR has incorporated several design features to
mitigate the effects of CCI. These include an LDF
system, an ACIWA system, basaltic concrete for the lower
drywell floor, and the COPS. The LDF system provides
suppression pool water to assist in cooling core debris once
it has entered the lower drywell. The ACIWA system
provides for both reactor vessel injection and drywell spray
capability to cool core debris or control containment

Generation and combustion of large quantities of hydrogen
is a severe accident phenomenon that can threaten
containment integrity. The major source of hydrogen
generated is from the oxidation of zirconium with steam
when the zirconium reaches temperatures well above
normal operating levels. This reaction is commonly
referred to as the metal-water reaction.
Research indicates that in-vessel hydrogen generation
associated with core-damage can vary over a wide range.
The specific amount of oxidation is dependent on a variety
of parameters related to sequence progression. These
include the RCS pressure, the timing and flow rate of
reflooding if it occurs, and the temperature profile of the
reactor core during the course of the accident sequence.
In addition, ex-vessel hydrogen generation must be
considered. Hydrogen is produced as a result of ex-vessel
core debris reacting with steam or concrete.

19.2.3.3.1.1 Preventive and/or Mitigative Features
10 CFR 52.47(a)(l)(ii) requires applicants for a standard
design certification to provide demonstration of compliance
with any technically relevant portions of the Three Mile
Island Requirements set forth in 10 CFR 50.34(0.
10 CFR 50.34(f)(2)(ix) requires a system for hydrogen
control that can provide with reasonable assurance that
uniformly distributed hydrogen concentrations in the
containment do not exceed 10 percent during and following
an accident that releases an equivalent amount of hydrogen
as would be generated from a 100 percent fuel-clad metalwater reaction, or that the postaccident atmosphere will not
support hydrogen combustion.
In SECY-90-016, the staff recommended that the
Commission approve the staffs position that the
requirements of 10 CFR 50.34(f)(2)(ix) remain unchanged
for evolutionary LWRs. In its June 26, 1990 SRM, the
Commission approved the staffs position.
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To comply with 10 CFR 50.34(f)(2)(ix), the ABWR will
have an inert atmosphere during normal operation. The
inert containment prevents hydrogen combustion and/or
detonations from occurring.

spreadability, and the lower drywell floor area. Once on
the drywell floor, the molten corium may react with the
concrete and any available water, producing
noncondensible gases, water vapor, and heat from
exothermic reactions.

10 CFR 50.34<f)(3)(v) requires containment integrity to be
maintained below ASKf B Service Level C limits for steel
containments and the factored load category for concrete
containments during an accident that releases hydrogen
generated from 100 percent fuel-clad metal-water reaction.
OB performed an analysis in Section 19E.2.3.2 of the
ABWR SSAR of the capability of the containment to
withstand pressurization from a 100-percent, fuel-clad,
metal-water reaction coupled with a large-break LOCA.
The analysis indicated a peak containment pressure of
about 618 kPa absolute (75 psig).
The ABWR has a concrete containment with a steel upper
drywellhead. The steel upper drywell head, based on OB
structural analyses, has been shown to be the most limiting
structural component of the containment, with a Service
Level C limit of 666.9 kPa gage (97 psig). Therefore, the
containment pressurization from a 100-percent, fuel-clad,
metal-water reaction coupled with a large-break LOCA is
below the Service Level C limit.

19.2.3.3.1.2 Basis for Acceptability
The ABWR design meets the requirements of
SECY-90-016 and 10 CFR 50.34(f)(2Xix) by utilizing a
nitrogen-inerted atmosphere within its containment. The
ABWR design is capable of withstanding the pressurization
loadings resulting from a large-break LOCA and hydrogen
generation equivalent to a 100-percent fuel-clad metalwater reaction as required by 10 CFR 50.34(f)(3)(v).
19.2.3.3.2

Core Debris Coolability

Coolability and quenchability have been the subject of
extensive research over the past decade. However, much
uncertainty still exists about these phenomena, which will
most likely not be resolved in the near future. Because of
this uncertainty, the NRC decided not to address the
question of whether coolability or quenchability has been
achieved or can be achieved, but rather, what the impact
on the containment design is if they are not achieved.

CCI can challenge the containment by various mechanisms
including pressurization from noncondensible gas and
steam generated, destruction of structural support
members, and melt-through of the containment liner.
Noncondensible gases, primarily carbon dioxide, carbon
monoxide, and hydrogen, are released from the concrete
as it decomposes and are formed from reactions between
water and metals within the molten corium. The corium
and concrete are heated from the combined effects of
decay heat and exothermic chemical reactions.
19.2.3.3.2.1 Preventive and/or Mitigative Features
In SBCY-93-087, "Policy, Technical, and Licensing Issues
Pertaining to Evolutionary and Advanced Light-Water
Reactor (ALWR) Designs," the staff recommended that the
Commission approve the position that both the evolutionary
and passive LWR designs meet the following criteria:
(1) provide reactor- cavity floor space to enhance debris
spreading, (2) provide a means to flood the reactor cavity
to assist in the cooling process, (3) protect the containment
liner and other structural members with concrete, if
necessary, and (4) ensure that the best-estimate
environmental conditions (pressure and temperature)
resulting from core-concrete interactions do not exceed
Service Level C for steel containments or factored load
category for concrete containments, for approximately
24 hours.
In addition, they must ensure that the
containment capability has margin to accommodate
uncertainties in the environmental conditions from coreconcrete interactions. In its July 21, 1993 SRM, the
Commission approved the staffs position.
Therefore, the staffs proposed applicable regulation for
core debris coolability is as follows:

CCI is a severe accident phenomenon that involves the
melting and decomposition of concrete in contact with
molten corium. This phenomenon may occur following
accident sequences that result in molten corium's breaching
the reactor vessel and spreading onto the lower drywell
floor. The thickness of the corium layer within the lower
drywell depends upon the amount of core debris, its
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The standard design must include features that
reduce the potential for and effect of interactions
with molten core debris by:
(1) providing reactor cavity floor space to
enhance debris spreading;
(2) providing a means to flood the reactor cavity
to assist in the cooling process;
(3) protecting the containment liner and other
structural members with concrete, if
necessary; and
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assist in the cooling process of the corium. The water also
cools and condenses gases that evolved during CCI,
thereby limiting containment temperature and pressure
increases. The LDF is discussed in Sections 9.5.12 and
19E.2.8.2oftheSSAR.

(4) providing design features that ensure that the
best-estimate environmental conditions
(pressure and temperature) resulting from
core-concrete interactions do not exceed
service level C for steel containments or
factored load category for concrete
containments, for approximately 24 hours.
OB incorporated numerous features in the ABWR to help
mitigate the effects of core-concrete interaction. The
following features were judged by the staff as being most
important: a large lower drywell floor area with minimal
obstructions to the spreading of core debris, an LDF
system, an ac-independent water addition system, use of
sacrificial basaltic concrete for the lower drywell floor, a
thick reactor pedestal wall, and a COPS.
19.2.3.3.2.1.1

Lower Drywell Floor Area

The lower drywell is 10.6 meters (34.8 ft) in diameter,
which provides a floor area of 88 m (947.2 ft ). The
lower drywell contains embedded sump pits that could lead
to the accumulation of core debris and accelerated CCI.
To prevent this, the sumps are provided with protection to
prevent the entrance of core debris. The sump protection
is described in 19.2.3.3.8 below.
2

2

Even with the presence of the sumps, the lower drywell
will have an unobstructed floor area greater than 79 m
(8S0.4 ft ). This is sufficient floor area to satisfy the
EPRI design criterion of 0.02 m /MWt for debris coolability. This value represents the EPRI Requirements
Document estimate of what is required to adequately cool
corium debris. The staff does not support or dispute the
EPRI floor sizing criterion. Instead, the staff concludes
that an unobstructed floor area, along with the design
features mentioned above, provides measures to promote
the potential for core debris coo lability, but does not
necessarily ensure it.
2

The LDF consists of ten 100 mm (4 in.) stainless steel
piping lines from the suppression pool to the lower drywell
with thermally activated flooder valves attached to them.
The thermally activated flooder valves open when the
lower drywell air temperature reaches 260 °C (500 °F).
Each flooder valve has a minimum flow rate of 10.8 Kg
(2.77 gallons/sec) and contains four components: a
stainless steel disk, a teflon disk, a fusible metal plug, and
a plastic cap. The stainless steel disk prevents suppression
pool water from corroding the teflon disk and fusible metal
plug. The teflon disk provides an insulating barrier to
prevent the suppression pool water from contacting the
fusible metal plug. This insulating barrier is needed to
assure that the fusible metal plug is not cooled by the
suppression pool water and prevented from melting. The
teflon disk will not melt or stick in the valve because its
softening temperature is approximately 400 °C (769 °F)
and its chemical resistance is higher. It therefore will not
adhere to the stainless steel plug or to the fusible plug.
The fusible metal plug has a small, raised, annular ring
around its circumference approximately 2.0 mm (0.08 in.)
high. It is this annular ring that has to melt in order for
the LDF to actuate.

2

2

To determine whether the lower drywell meets the criteria
within SECY-93-087 relative to providing reactor cavity
floor space to enhance debris spreading, the staff evaluated
the total size of the lower drywell, the number of
obstructions present to prevent the spreading of molten
core debris, and the impact on the containment design of
requiring further modifications.
Based on minimal
obstructions on the floor area described above, the staff
concludes that the design is acceptable.

19.2.3.3.2.1.2

Lower Drywell Flooder System

An LDP was incorporated into the ABWR design to supply
water from the suppression pool to the lower drywell to

The fusible metal plug is made of an alloy mixture of two
or more metals so that the plug melts when its temperature
reaches 260 °C (500 °F). The end of the flooder valve
line is covered with a plastic cover with a low melting
point below 130 °C (266 °F). This plastic cover prevents
corrosion of the fusible metal material from intrusion of
moisture. The flooder valves are mounted in the vertical
position so that the fusible metal faces downward to
facilitate opening of the valve when the melting
temperature of the fusible metal is reached. Heat transfer
resulting in melting of the fusible plug occurs through a
combination of conduction, convection, and radiation.
Heat is conducted from the stainless steel pipe to the
fusible plug causing it to melt. This heat is received from
the atmosphere within the lower drywell through
convection. In addition, the stainless steel pipe also
receives radiative heat from the corium on the lower
drywell floor. The LDF is safety-related and seismic
Category I.
During each refueling outage, the 10 fusible plug flanges
and outlets will be inspected to ensure there is no leakage.
Once every two refueling outages, 2 of the 10 fusible plugs
will be removed, inspected, and tested to confirm their
function and verify the temperature setpoint.
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In Section 19E.2.8.2.2, OE calculated the minimum
acceptable flow rate to remove decay heat and heat
generated during CCI to be a total of 0.018 m /sec
(5 gallcns/sec) compared to the system flow rate of
.099 m /sec (26 gallons/sec) assuming the failure of one of
the ten flooder lines to open. This indicates that only two
of the flooder lines are needed to remove decay heat and
exothermic heat fronr zirconium oxidation. Opening of
additional flooder lines contributes to the flooding within
the lower drywell.
3

3

In Section 19E.2.8.2.4, OE calculated approximate values
for the minimum time (21 minutes) and maximum time
(1.3 hours) to fill the lower drywell. These times are very
sensitive to the assumptions used and are strongly
dependent upon the accident sequence selected. For
instance, the calculations assume a 100-percent core debris
at 1-percent-rated thermal power, no heat from exothermic
reactions, all heat rejection to the water, and failure of one
passive flooder valve to operate. The staff concludes that
this is acceptable as it provides a relative time frame to
judge the adequacy of the LDF design, but the actual
flooding rate and time to complete flooding are accidentsequence specific.
Based on the above discussions, the staff concludes that the
LDF meets the criteria of SECY-93-087 for providing a
means to flood the reactor cavity to assist in the cooling
process of core debris.
19.2.3.3.2.1.3

AC-Independent
System

Water

Addition

In addition to the three electrically and mechanically
independent divisions of the RHR system of the ABWR
that provide reactor vessel injection and containment spray,
an ACIWA system has been incorporated. The ACIWA
system consists of piping and manual valves connecting the
fire protection system to the loop C RHR pump discharge
line downstream of the pump's discharge check valve.
The C loop is capable of providing low-pressure injection
to the reactor vessel or containment spray to the upper
drywell. Within the fire protection system, an independent
diesel-driven pump exists that would provide the pumping
capability. Additionally, an external hookup outside the
reactor building for connection of a fire truck pump to an
alternate water source is provided. An ac-driven fire
pump is included within the fire protection system.
However, its contribution to severe accident prevention and
mitigation has been excluded because of its dependence on
electrical power. The ACIWA system is discussed in Sections 5.4.7 and 19K.11.5 of the SSAR.
Injection to the reactor vessel using the ACIWA system is
intended to prevent core damage. In the event that it is not
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initiated in time to prevent core damage and reactor vessel
melt-through, the ACIWA, when operated in the reactor
vessel injection mode, would provide water to the lower
drywell through the breech in the reactor vessel to assist in
cooling ex-vessel core debris. This flooding of the lower
drywell could be in addition to or in-place of the flooding
provided by the LDF. The actual circumstances are
accident-sequence specific. For example, if the ACIWA
provides flooding to the lower drywell immediately
following vessel breach, then the temperature within the
lower drywell may never reach the initiation temperature
for the LDF or if initiation of the ACIWA is delayed, the
LDF would open followed by the ACIWA.
Operation of the ACIWA in the containment spray mode
controls atmospheric temperatures in the upper drywell and
provides fission product scrubbing. This system is very
beneficial in delaying the time to or preventing the opening
of the COPS as is indicated in Appendix 19E to Section 19
of the SSAR.
In both the vessel injection mode or containment spray
mode, the ACIWA supplies water to the containment thus
increasing the thermal mass, which in turn slows the
overall pressure rise. Operation of the ACIWA is manual.
The diesel-driven fire pump can be operated from the
control room; the injection valves, which must be opened
or closed, are located in the same loop C ECCS valve
room. The ACIWA system can supply, from either the
diesel-driven fire pump or fire truck pump, between
0.04 m /sec (630 gpm) and 0.06 m /sec (950 gpra) for
conditions between runout and back pressure equal to the
COPS initiation setpoint. Inspection and testing of the
ACIWA system are discussed in SSAR Section 19X. 11.5.
3

3

Based on the above discussions, the staff concludes that the
ACIWA provides another means of flooding the lower drywell to assist in the cooling process of core debris, as
specified in SECY-93-087.
19.2.3.3.2.1.4

Sacrificial Basaltic Concrete

Basaltic concrete is a type of siliceous concrete used in the
construction of nuclear power plants and is found
throughout the United States. This concrete melts over a
range of 1,077 °C -1,376 °C (1970 - 2,510 °F) and
typically liberates 1.5 weight-percent carbon dioxide gas
and 5 weight-percent water vapor when heated to melting
(NUREG/CR-5564).
In Section 6.2.1.1.10.3 of the SSAR, GE stated that the
ABWR will use a 1.5 m layer of basaltic concrete above
the containment liner with a low gas content. The basaltic
concrete selected will have less than 4 weight-percent of
calcium carbonate, which results in low gas generation

19-52

Severe Accidents
rates when subjected to CCI. This concrete is designed to
protect the containment liner in the event that CCI occurs.
Basaltic concrete was chosen as it reduces the production
of noncondensible gases when compared with other forms
of concrete, such as limestone and limestone-common sand
concrete. Reduced noncondensible gas and water vapor
production from basaltic concrete has been observed during
testing (NUREG/CR-5564 and NUREG/CR-5423).
However, basaltic concrete does have a lower melting
point and quicker ablation rate when compared with limestone and limestone-common sand concrete.
Using the observations discussed above, based on
engineering judgment, the staff concludes that the 1.5 m
layer of basaltic concrete meets the criteria specified in
SECY-93-087 relating to protecting the containment liner
and provides sufficient protection for the containment liner.
19.2.3.3.2.1.5

Reactor Pressure Vessel Pedestal

The basaltic concrete discussed above protects the
containment liner from core-concrete attack in the axial
direction. Core-concrete attack in the radial direction
could affect the RPV pedestal. The cylindrical RPV
pedestal is formed from two concentric steel rings
interspaced with internal stiffeners and filled with concrete.
The RPV pedestal is rigidly connected to the diaphragm
floor and separates the lower drywell from the wetwell
while supporting the loads from the RPV and the
diaphragm floor. Built into the RPV pedestal is the
drywell-to-wetwell connecting vent system that directs
steam from the lower drywell to the suppression pool and
upper drywell.
The inner diameter of the RPV pedestal is the outer
boundary of the lower drywell. As such, the pedestal is
the radial barrier to the horizontal flow of corium. If
corium contacts the RPV pedestal, the inner steel cylinder
would be attacked and the concrete fill would be subject to
ablation. Unabated ablation could lead to failure of the
pedestal and subsequent collapse of the RPV and
diaphragm floor leading to gross containment failure.
The width of the RPV pedestal is 1.7 m (5.6 ft). The steel
rings and internal stiffeners provide the design strength for
the RPV pedestal, while the concrete strength is not
considered. In Section 19EC of the ABWR SSAR, GE
presents the results of an analysis that indicate that only the
steel outer shell and 15 cm (6 in.) of internal stiffeners are
required to maintain RPV pedestal loads below 90 percent
of yield strength.
The staff performed an estimate of the stresses in the RPV
pedestal based on the methodology in "Formulas for Stress
and Strain," by R. J. Roark and W. Young, McGraw Hill,

1982. Based on these approximate calculations, the staff
concludes that adequate margin exists to the yield strength
of the RPV pedestal following 1.5 m (5 ft) of radial
ablation and that the RPV pedestal is thick enough to
withstand the effects of radial ablation resulting from CCI.
These attributes meet the criteria specified in SECY-93-087
for protecting structural members with concrete.
19.2.3.3.2.1.6

Containment Overpressure Protection

System

The COPS passively relieves containment pressurization
before containment pressure reaches ASME Service Level
C limits. This system provides for a controlled release
through a containment vent pathway with fission product
scrubbing provided by the suppression pool. With respect
to CCI, the COPS prevents catastrophic overpressurization
failure of the containment for severe accident sequences
involving prolonged periods of CCI. The COPS ensures
that containment pressurization resulting from CCI does
not exceed the ASME Service Level C limit of 666.9 kPa
gage (97 psig), as the actuation setpoint is 617.8 kPa gage
(90 psig).
T 9.2.3.3.2.2 Analyses
In SECY-93-087, the staff concluded that the evolutionary
light water reactors should ensure that the best estimate
environmental conditions (pressure and temperature)
resulting from core-concrete interactions do not exceed
service Level C for steel containments or factored load
category for concrete containments, for approximately
24 hours. In addition, designers should ensure that the
containment capability has a margin to accommodate
uncertainties in the environmental conditions from coreconcrete interactions.

The staff concluded that twenty-four hours was an
appropriate time period based on sufficient time to allow
for decay of fission products, operator intervention,
utilization of accident management strategies, fission
product deposition in the containment through natural
mechanisms, and offsite protective measures. It was
developed as a guideline and not a strict criterion in
recognition of the uncertainties in severe accident
progression and phenomenology.
19.2.3.3.2.2.1

GE Analyses

In Section 19E.2 of the ABWR SSAR, GE provided the
results of its deterministic evaluation for several specific
accident challenges to evaluate the containments
performance. To perform this evaluation, GE used the
MAAP3.0B code modified to model the configuration of
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the ABWR. The new version of the code is referred to as
MAAP-ABWR.
Using the ABWR probabilistic safety assessment, GE
considered accident classes representing the largest
frequencies in selecting the accident sequences to be
studied. Eight accident sequences were selected for
analysis using MAAP-ABWR. These accident sequences
include loss of core cooling with the reactor vessel failing
at low and high pressure, SBO, loss of containment heat
removal, large break loss-of-coolant accident, and ATWS
at low and high pressure and ATWS concurrent with an
SBO. For each accident sequence, several mitigating
Systems could be used to prevent or reduce the release of
fission products into the environment. These mitigating
systems include in-vessel recovery, passive flooder system,
ACIWA, containment heat removal, and containment
sprays.
The results of the analyses for each accident sequence are
presented in summary form in Table 19E.2-16 of the
ABWR SSAR. These analyses generally indicate core
debris coolability and little, if any, CCI. The time-torelease of fission products ranges from 8.6 to SO hours
from the start of the transient with the most likely fission
product release location through the COPS. The COPS
prevents the containment pressure from reaching the
ASME Service Level C limit. However, for some
sequences, the time to COPS actuation is less than
24 hours. For example, the accident sequence resulting in
a release time of 8.6 hours is of extremely low probability
involving an SBO with failure of the combustible gas
turbine concurrent with an ATWS in which all reactivity
control fails. However, if credit is given to operation of
the ACIWA in the containment spray mode, the time-torelease of fission products increases to 26.4 hours.
A benchmark of the containment's passive pressure
capability is its ability to accommodate the loss of
containment heat removal sequence analyzed by OE in
section 19E.2.2.4 of the ABWR SSAR. This analysis
assumes that reactor vessel injection is maintained with all
the decay heat being transferred to the suppression pool.
Core damage does not occur. This analysis indicates that
the COPS would actuate in approximately 21.7 hours.
COPS actuation results from saturation of the suppression
pool pressurizing the containment. This sequence indicates
that the time to COPS actuation, even without the added
pressurization and energy sources from severe accidents,
cannot be extended much beyond 20 hours in the absence
of active decay heat removal.
With the addition of noncondensible gases from CCI and
heat from the exothermic metal-water reactions during a
severe accident, the time to COPS actuation will be less.
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This is an important point in that COPS actuation before
24 hours cannot be prevented unless additional heat
capacity is added to the containment or a containment heat
removal system is recovered. The ACIWA system, as
discussed above in Section 19.2.3.3.2.1.3, can provide
additional heat capacity to prolong the time to COPS
actuation.
Based on GE's analysis provided in
Table 19E.2-16 of the ABWR SSAR, the time to COPS
actuation is delayed by at least 10 hours for cases in which
additional water is added to the containment by the
ACIWA, when compared with the same sequence in which
only the LDF system actuates to cool the core debris. The
ACIWA is crucial to delaying the time to COPS actuation.
Section 19EC presents the results of an uncertainty
analyses performed by OE using MAAP-ABWR to
investigate the uncertainties associated with debris
coolability. These analyses evaluated the inmact of
parameters such as the amount of core debris, debris-towater heat transfer, amount of steel in the debris, delayed
flooding of the lower drywell, and use of the ACIWA
system on CCI, containment pressurization, COPS
actuation, and fission product release.
As discussed in Section 19.2.3.3.2.1.4 above, the ABWR
will have a 1.5 m (4.9 ft) layer of basaltic concrete above
the containment liner. This concrete layer is designed to
protect the containment liner from being breached in the
event that significant CCI occurs. In Section 19EC using
the MAAP-ABWR code, GE provided the results of an
uncertainty analyses that calculated the extent of axial
ablation. The results, provided in Table 19ED.5-2 of the
ABWR SSAR, indicate that axial ablation will not exceed
1 m (3.3 ft) in a 24-hour period.
As discussed in Section 19.2.3.3.2.1.5 above, GE
indicated that the distance the molten corium must ablate
in the radial direction is 1.55 m (5.1 ft) before the
minimum wall thickness of the pedestal is reached. In
Section 19EC using the MAAP-ABWR code, GE provided
the results of an uncertainty analyses that calculated the
extent of radial ablation by multiplying the axial ablation
depth by 1/5. GE selected the 1/5 value based on the
results of previous CCI experiments. This multiplying
factor was necessary, as MAAP assumes that radial and
axial penetration are identical. The results, provided in
Table 19ED.5-2 of the ABWR SSAR, indicate that radial
ablation does not represent a significant threat to the
containment.
19.2.3.3.2.2.2

Staff Analyses

The staff analyzed in-house the response of the ABWR
using the MELCOR code. In addition, the staffs
contractor Sandia National Laboratories (SNL) performed
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additional analyses using the MELCOR code. The results
of the SNL evaluation were sent to QE and placed on the
docket. The MELCOR results generally reproduced the
event sequences predicted by MAAP, albeit usually with
timing shifts. These timing shifts did not affect the safety
insights for the containment analyses.
19.2.3.3.2.2.3

Conclusions

The staff did not rely on any one specific sequence or
scenario performed by QE using the MAAP-ABWR code
nor by the staffs contractor (Sandia National Laboratories)
in determining whether the ABWR met the criterion in
SECY-93-087 for ensuring that containment conditions do
not exceed Service Level C for approximately 24 hours
from CCI. Rather, the staff evaluated the range of results
provided by these codes, with due consideration of the
uncertainties inherent within them, and the capability of the
design to extend the time period to COPS actuation
through intervention. The ACIWA is fundamental to
prolonging the period to COPS actuation. Once COPS is
actuated, containment pressurization is relieved through a
controlled pathway that takes advantage of scrubbing by
the suppression pool. The staff recognizes that there are
sequences in which COPS actuation in under 24 hours is
required to maintain containment stresses below ASME
Service Level C limits.
The staff concludes that the ABWR design meets the
criterion when use of the mitigation systems incorporated
into the design is factored in, such as the LDF and
ACIWA system.
19.2.3.3.2.3 Basis for Acceptability
The ABWR meets the criteria of SECY-93-087 and the
staffs proposed applicable regulation for core debris
coolability through (1) providing a lower drywell
unobstructed floor area greater than 79 m (850 ft ) to
enhance debris spreading, (2) providing an LDF system
and ACIWA system to flood the lower drywell, (3) providing a 1.5 m (4.92 ft) layer of basaltic concrete to
protect the containment liner, (4) providing a thick reactor
vessel pedestal, and (5) providing a COPS. Containment
conditions resulting from CCI can be maintained below
Service Level C for approximately 24 hours, through
incorporation of the above-listed design features.
2

19.2.3.3.3

2

DCH is the sudden heatup and pressurization of the
containment resulting from the fragmentation and dispersal
of core debris within the containment atmosphere.
19.2.3.3.3.1 Preventive and/or Mitigative Features
In SECY-90-016, Evolutionary Light-Water Reactor
(LWR) Certification Issues and Their Relationship to
Current Regulatory Requirements, the staff concluded that
evolutionary LWR designs should include a
depressurization system and cavity design features to
contain ejected core debris. In its June 26, 1990, SRM,
the Commission approved the staffs position that
evolutionary LWR designs include a depressurization
system and cavity design to contain core debris. In
addition, the Commission stated that the cavity design, as
a mitigating feature, should not unduly interfere with
operations including refueling, maintenance, or
surveillance activities.
In SECY-93-087, Policy, Technical, and Licensing Issues
Pertaining to Evolutionary and Advanced Light-Water
Reactor (ALWR) Designs, the staff recommended that the
Commission approve the general criteria that the evolutionary LWR designs provide a reliable depressurization
system and cavity design features to decrease the amount
of ejected core debris that reaches the upper containment.
In its July 21, 1993, SRM, the Commission approved the
staffs position.
Based on engineering judgment, the staff believes that
examples of cavity design features that will decrease the
amount of ejected core debris that reaches the upper
containment include ledges or walls that would deflect core
debris and an indirect path from the lower drywell to the
upper containment.
The staff position within
SECY-93-087 evolved from the staff position in
SECY-90-016 and forms tne basis for the staffs review
and evaluation.
Therefore, the staffs proposed applicable regulation for
high-pressure core melt ejection is as follows:
The standard design must provide a reliable means
to depressurize the reactor coolant system and
cavity design features to reduce the amount of
ejected core debris that may reach the upper
containment so that the potential for and effects of
interactions with molten core ejected under high
pressure are reduced.

High-Pressure Core Melt Ejection

High-pressure core melt ejection (HPME) and subsequent
DCH are severe accident phenomena that could lead to
early containment failure resulting in large radioactive
releases into the environment. HPME is the ejection of
core debris from the reactor vessel at a high pressure.

The ABWR has an ADS that is discussed in Sections 5.2.2, 6.3, 7.3, and 19D.6.2.5 of the SSAR. The
staffs evaluation of the ADS is provided in Sections 6.3
and 7.3.1.2 of this report. The ADS is a safety grade
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system that can be used to depressurize the reactor when
it is shut down and isolated. The ADS consists of
8 SRVs, which are a subset of a total of 18 SRVs. The
SRVs provide three main functions: overpressure relief
operation using pneumatic actuators, safety operation using
steam overpressure, and depressurization operation using
the ADS valves. The eight ADS SRVs can function in
either the ADS or SRV mode. All of the SRVs are located
on the main steamlines and discharge to the suppression
pool. The ADS is automatically initiated or can be
manually initiated. ADS requires dc power for the
solenoid valves and a nitrogen gas supply for the servo
valves and pneumatic actuators. Nitrogen gas is supplied
from either the high-pressure nitrogen gas supply system
or two backup safety-grade nitrogen gas supplies through
an accumulator. The SRVs of the ADS each have two
accumulators: one for the ADS function and one for the
relief function. The accumulator capacity is sufficient for
one actuation at drywell design pressure or five actuations
at normal drywell pressure.

For debris to travel from the lower cavity floor to the
upper drywell, it must travel vertically from the lower
drywell, horizontally to the downcomer vent, and then
vertically through the downcomer to the upper
containment. This tortuous path, which contains two
90-degree turns, provides an indirect path from the lower
drywell to the upper drywell and is expected to enhance
removal of core debris from the gas jet stream through
impaction. As pressurization of the lower and upper
drywell increases, the suppression pool level within the
lower downcomers will be forced down to expose the
horizontal vents to the suppression pool. Once the
horizontal vents have been cleared, the gas and debris
leaving the lower drywell will split into two paths: one to
the upper drywell and the other to the suppression pool.

The ADS SRVs must remain open during the in-vessel
phase of a severe accident to ensure that any potential
vessel failure occurs at low pressure. Once the reactor
vessel has failed, the ADS system is no longer needed.
GE indicated that the capability of the depressurization
system will not be degraded as a result of the radiation
exposure or thermal loads. The DBA radiation environment (TID-14484) is more limiting than .that predicted
through best-estimate analysis for a severe accident. The
thermal loads on the valve actuators are expected to be
similar to those used for equipment qualification, and
therefore the ADS valves will not be subject to
degradation. Nitrogen, which is used to hold the ADS
valves open, is supplied from outside of containment and
therefore will not be exposed to the harsh severe accident
environment. GE indicated that the nitrogen supply will be
adequate to assure SRV uperability over a full range of
hypothetical accidents.

The ABWR containment is inert. A postulated loading
from an HPME/DCH event results from hydrogen
generation and combustion generated from the oxidation of
metallic debris ejected with the core melt. As the ABWR
is inerted, any combustion of hydrogen and resulting
pressurization loadings is limited to the amount of residual
oxygen present within the containment atmosphere.

The design of the lower drywell of the ABWR is expected
to decrease the amount of ejected core debris that reaches
the upper drywell. This decrease is anticipated through the
following: (1) capture and trapping of some debris in the
lower drywell, (2) impaction and removal of core debris as
it is transported between the lower and upper drywell, and
(3) division of exiting core debris and gas from the lower
drywell into both the upper drywell and wetwell. The
lower drywell is a cylindrical cavity with horizontal vent
openings to the downcomers at two-thirds of the cavity
height. The upper portion of the lower drywell contains
the CRD mechanisms. Debris circulating within the lower
drywell may be trapped on the CRD mechanisms and other
stagnant areas.

The ADS of the ABWR is provided with a reliable
nitrogen supply and dc power to ensure its operability.
The containment design of the ABWR is expected to
decrease the amount of ejected core debris that reaches the
upper drywell. This decrease is anticipated through the
following: (1) capture and trapping of debris in the lower
drywell, (2) impaction and removal of core debris as it is
transported between the lower and upper drywell, and
(3) division of exiting core debris and gas from the lower
drywell into both the upper drywell and wetwell. Based
on the above, the staff concludes that the criteria of
SECY-93-087 and the staffs proposed applicable
regulation for high-pressure core melt ejection have been
met.
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The pathway alongside of the reactor vessel is closed off
by the reactor vessel skirt. This prevents core debris from
the lower drywell from being ejected alongside of the
vessel into the upper drywell.

19.2.3.3.3.2 Basis for Acceptability
In SECY-93-087, Policy, Technical, and Licensing Issues
Pertaining to Evolutionary and Advanced Light-Water
Reactor (ALWR) Designs, the staff recommended that the
Commission approve the general criteria that the evolutionary LWR designs provide a reliable depressurization
system and cavity design features to decrease the amount
of ejected core debris that reaches the upper containment.
In its July 21, 1993 SRM, the Commission approved the
staffs position.
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19.2.3.3.4

ABWR Containment Vent Design

In SECY-90-016, the staff discussed the incorporation of
a containment vent system in the ABWR. The containment
vent system is identified as the COPS. The design basis of
the COPS is discussed in Sections 6.2.5.2.6.2,19.E.2.8.1,
and 19K.11.6 of the ABWR SSAR.
The desirability of venting a BWR containment to mitigate
multiple-failure accidents beyond the design basis has been
accepted for some time. Since 1981, the BWR EPGs,
developed by the BWR Owners' Group and approved by
the NRC for existing BWRs, have called for venting the
containment wetwell airspace. The ABWR has a COPS
that is designed to avoid gross containment failure resulting
from postulated slow-rising overpressure scenarios. The
COPS vents the containment from the wetwell airspace,
thereby taking advantage of the scrubbing capability of the
suppression pool. In transient events, fission products will
be directed to the suppression pool through the SRVs. For
LOCAs and severe accident scenarios in which the reactor
vessel fails, fission products will be directed through the
DVCs to the suppression pool.
Without incorporation of the COPS, overpressurization of
the containment could lead to failure of the drywell head
and fission product releases that have not been scrubbed.
The COPS provides a controlled scrubbed vent path from
the wetwell with provisions that allow for reisolation of the
containment.
19.2.3.3.4.1 System Description
The COPS consists of two containment isolation valves
(CIVs) (F007 and F010) and two 200 mm (8 in.) diameter
overpressure relief rupture disks (D001 and D002)
mounted in succession in a 250 mm (10 in.) diameter line
that connects the wetwell airspace to the plant stack. The
CIVs are located in the reactor building as close as
practical to the containment. Downstream of the CIVs is
the first rupture disk (D001) with a pressure setpoint of
617.8 kPa (90 psig) at 93 °C (200 °F). This rupture disk
is expected to have a mean opening tolerance of
±5 percent pressure. Further downstream, before the
entrance to the plant stack, is the second rupture disk
(D002) with a pressure setpoint of approximately
0.03 MPa (4.35 psig).
The area between the rupture disks is made inert with
nitrogen to eliminate the potential for combustion within
the portion of the vent path within the reactor building.
The rationale for setting the second rupture disk setpoint
much lower than that of the first rupture disk is to
eliminate the possibility of pressurization between the
rupture disks adversely affecting the actuation pressure.

For example, if some type of in-leakage occurred between
two high- pressure rupture disks, the containment pressure
required to burst the first rupture disk could exceed the
design bursting pressure of the disk. By utilizing a highpressure rupture disk in succession with a low-pressure
rupture disk, it is expected that significant in-leakage
would pressurize the airspace and burst the low-pressure
rupture disk and thereby not affect the required
containment pressure for bursting the high-pressure rupture
disk.
The CIVs in the COPS pathway are subject to the leaktesting requirements associated with 10 CFR Part 50,
Appendix J as specified in the SSAR Section 6.2 and the
Inservice Testing Requirements as specified in the SSAR
Section 3,9. These CIVs are normally open so that the
containment atmospheric pressure is exposed to the first
rupture disk during all modes of operation. The CIVs are
intentionally not provided with an automatic isolation
signal to ensure that they remain open in the event that the
COPS is needed to mitigate the consequences of a severe
accident. With the CIVs open, the first rupture disk
provides the barrier to releases during DBA scenarios. In
addition, the CIVs are designed to fail-open upon loss of
actuating power. This failure position ensures the
availability of the COPS during severe accident scenarios
involving multiple failures.
if under design-basis
conditions, leakage past the rupture oisks occurs, the CIVs
can be remotely isolated from the conhnl room. In-line
radiation monitoring of the vent pathway co^ld be used to
detect leakage. However, no leakage is expected within
the containment design-basis spectrum 309.9 [Pa gage
(45 psig). This is based on the design pressi ire of the
rupture disk being substantially above the containment
design- basis pressure and pressures associated with a
DBA.
The rupture disks will be tested and replaced every 5 years
providing additional confidence of actuation pressure.
When the rupture disks are procured, a number will be
procured at the same time to provide uniformity in the
relief pressure.
The purpose of the CIVs is to contribute to the control of
the venting process. Following rupture disk actuation,
plant operators may decide to reclose the vent path based
upon accident management guidance or procedures to be
developed by the COL applicant. The CIVs are designed
to be capable of fully opening and closing against the
pressures associated with venting. GE indicated that the
sizing of the COPS vent path is sufficient to allow
35 kg/sec (77.2 Ibm/sec) of steam flow at the opening
pressure of 617.8 kPa gage (90 psig), which corresponds
to an energy flow of about 2.4 percent rated power. At
the time of rupture disk actuation, the decay power is
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expected to be well below 1 percent rated power. The
staff concludes that a sufficient margin exists to ensure
pressure relief once the rupture disk has been actuated.
The sizing of the COPS also prevents suppression-poollevel swell that could force water into the COPS pathway.

uncertainty of the drywell head failure pressure. Based on
this evaluation, OB concluded that there is between a
2 percent and 5 percent probability of drywell head failure
before COPS actuation, dependent upon the specific
accident scenario.

The rupture disk setpoint was selected to assure an
adequate margin prior to drywell head failure while
maximizing the time before fission product releases
through COPS. The rupture pressure of the COPS is
slightly below the containment's Service Level C capability
of 666.9 kPa gage (97 psig), which provides confidence
that the integrity of the containment will be maintained
before rupture disk actuation.

The temperature of the rupture disks has an impact on its
bursting pressure. OE evaluated a range of temperatures
from 38 to 149 °C (100 to 300 °F) for the time various
temperatures would take to the rupture disk's opening.
Higher temperatures cause a decrease in the bursting
pressure, whereas lower temperatures cause an increase.
OE concluded that for the range of the temperatures
evaluated, the time to rupture disk's opening was within
0.8 hours of the base case and the probability of drywell
head failure before rupture disk's opening varied slightly.
These results indicate that temperature variations have only
a minor effect on the COPS.

19.2.3.3.4.2

Basis for Acceptability

In SECY-90-016, the, staff recommended that the
Commission approve the use of an overpressure protection
system that used a dedicated containment vent for the
ABWR. In its June 26, 1990, SRM, the Commission
approved the staffs recommended use of the COPS on the
ABWR, subject to the results of a comprehensive
regulatory review, which should fully weigh the potential
"downside" risks with the mitigation benefits of the
system. In addition, the Commission directed the staff to
ensure that the design should provide full capability to
maintain control over the venting process.
19.2.3.3.4.2.1

Regulatory Review of the Downside
Risks and Mitigation Benefits

Hie COPS is intended to protect the containment against
sequences in which containment integrity is challenged by
overpressurization. Without the COPS, the containment
failure location is expected to be the upper drywell head
with a mean ultimate pressure capability of 1,025 kPa
absolute (134 psig). The staff concludes that COPS
actuation is preferable to failure of the upper drywell head
for the following reasons: (1) releases through the COPS
have the advantage of suppression pool scrubbing of fission
products, (2) following COPS actuation, the vent pathway
can be reisolated, and (3) the actuation setpoint and relief
capacity of COPS are selected for optimal containment
performance.
The staff evaluated the potential downside risks of COPS
on the containment failure frequency and source term.
The pressure setpoint for COPS actuation has an impact on
the containment failure frequency. If set too high, the
potential exists for failure of the upper drywell head before
COPS actuation. GE evaluated the variability in the
pressure setpoint at which COPS is actuated, as well as the
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A potential adverse impact of the COPS involves its
actuation when it might have been possible to recover a
containment heat removal system in the time period after
COPS initiation and before failure of the upper drywell
head. The recovery of the containment heat removal
system would therefore prevent the fission product release
through the COPS. GE estimated the probability of this to
be about 4 to 11 percent depending upon the accident
scenarios.
In Section 19E.2.8.1.4 of the ABWR SSAR, GE provided
a comparison of ABWR performance with and without the
use of the COPS. This included comparisons of the time
and magnitude of fission product release for the frequencydominant sequence for the ABWR, as well as an
assessment of the impact of COPS on the frequency of
core damage and drywell head failure for various accident
classes. These results indicate that for the dominant
sequence, COPS reduces the time of fission product release
from 27 to 20 hours if drywell sprays are not available and
from 35 to 31 hours if drywell sprays are available. The
cesium iodide release fractions are reduced from about
4 percent without COPS to less than 1E-7 with COPS as
a result of suppression pool scrubbing.

Table 19E.2-27 of the ABWR SSAR provides the results
of the probability of release modes with and without
COPS. The probability of drywell head failure increases
by about a factor of 40 for accident classes involving
transients and loss-of-coolant accidents without COPS.
For accident classes that include loss of containment heat
removal but successful core cooling before containment
failure, the frequency of both drywell head failure and
resulting core damage would increase by 2 orders of
magnitude without COPS.
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In summary, the major benefit of COPS is that it provides
assurance that releases from the containment are scrubbed.
This fission product scrubbing is provided by the
suppression pool. Operators can control releases via
COPS through manual isolation valves. While actuation of
COPS results in an earlier release of fission products when
compared with failure of the upper drywell head, the
magnitude of the release is significantly less. Additionally,
COPS is expected to reduce the frequency of core damage
resulting from accident sequences involving loss of core
cooling induced by containment failure.
A major concern related to COPS is that it could lead to
earlier, and perhaps unnecessary, releases. However, this
does not seem to be a significant factor for the ABWR. In
particular, the selection of the system setpoint appears to
provide a reasonable balance between the competing goals
of minimizing the probability of drywell head failure and
maximizing the time before fission product release into the
environment. The setpoint is sufficiently high that the time
of release will generally still be on the order of IS to
20 hours, yet low enough that the probability of
containment failure before COPS actuation is very small
(about 5 percent). Also, the probability of unnecessary
system actuation (when it might have been possible to
prevent a release by recovering containment heat removal
systems before containment failure) is reasonably low
(about 10 percent) and COPS is capable of being manually
isolated from the control room.
The staff concludes that the COPS has a significant net
benefit that outweighs the potential negative aspects of the
system.
19.2.3.3.4.2.2

Control Over the Venting Process

The staff reviewed the provisions provided by OE for
ensuring full capability to maintain control over the venting
process. These provisions include:
(a)

selection and justification of the containment
pressure when the COPS will actuate

(b)

provisions for reclosure of the vent pathway using
CIVs that are designed to be capable of fully
opening and closing at pressures up to the COPS
actuation pressure

(c)

providing radiation monitoring within the vent
pathway to monitor the potential for an early
release or provide guidance for accident management strategies for reclosure of the vent pathway

(d)

sizing of the vent pathway to prevent further
containment pressurization, once the venting

process is actuated, and prevent suppression-poollevel swell into the system piping.
The use of a passive rupture disk prevents the opportunity
for venting at pressures below the actuation pressure of the
rupture disks. This was a deliberate decision made by GE
to prevent early venting and maintain the integrity of the
containment as long as possible. To allow for early
venting, OE could have installed motor-operated valves
instead of a rupture disk.
The staff believes that good engineering rationale can be
developed to support either position — to allow for early
venting or to maintain containment integrity as long as
possible. The decision to provide rupture disks and
therefore prevent early venting is philosophical in nature,
with the underlying theme of maintaining an intact
containment and venting only as a last resort. The
containment is the final barrier preventing release of
radioactivity into the environment. As such, it should not
be unnecessarily or prematurely breached by plant staff.
OE evaluated severe accidents in Chapter 19 of the ABWR
SSAR. This evaluation included use of the COPS, where
needed, with the rupture disks installed. The evaluation
did not include early venting. In this Section (19.2) and
Section 19.1 of this report, the staff concludes that GE's
analysis in Chapter 19 is acceptable. This acceptability
includes the COPS as an integral part of the containment.

19.2.3.3.4.3 Conclusions
The ABWR dedicated containment vent is the COPS,
which consists of a vent path from the wetwell airspace to
the plant stack. The COPS actuates at a pressure less than
ASME Service Level C and has provisions for isolation
following actuation. Control over the venting process is
assured through selection of the actuation pressure and the
capability for vent path reclosure. The results of the
regulatory review indicate that the net benefits of the
system outweigh the potential negative aspects. Based on
the above, the staff concludes that the OE ABWR design
meets the Commission-approved staffs position in
SECY-90-016 for inclusion of a dedicated containment
vent path.

19.2.3.3.5

Suppression Pool Bypass

Although suppression pool bypass is not a severe accident
phenomenon, it can become a significant contributor to
plant risk. Suppression pool bypass is associated with the
failure of the containment system to channel steam and
fission product releases through the suppression pool.

19-59

NUREG-1503

Severe Accidents
The fundamental characteristic of a BWR pressuresuppression containment is that steam released from the
RCS will be condensed and scrubbed of radionuclides in
the suppression pool and that the pressure rise in the
containment will therefore be limited.
This is
accomplished by directing the steam from the RCS to the
suppression pool through a drywell to wetwell connecting
vent system. However, leakage paths could exist in the
pathway between the drywell and wetwell that could allow
steam to bypass the suppression pool, pressurize the
containment, and lead to a release. Potential sources of
steam bypass include leakage through the vacuum relief
valves, cracking of the drywell structure, and penetrations
through the drywell structure.

Although RHR pumps are automatically aligned for their
ECCS function, the flow can be manually diverted to the
containment sprays to mitigate the pressurization of the
wetwell airspace during suppression pool bypass.
In the event of failure of the RHR system, the aeindependent water addition (ACIWA) system can be
interconnected with the C loop of the RHR system to
provide a flow of between 2385 liters/m (630 gpm) and
3596 liters/m (950 gpm) to the upper drywell containment
spray header. The COPS prevents gross containment
failure for bypass scenarios in which the containment
pressure would exceed the rupture pressure of the rupture
disk. COPS allows for a controlled release through
reclosure of isolation valves in the vent pathway.

19.2.3.3.5.1 Preventive and/or Mitigative Features
19.2.3.3.5.2 GE Analyses
In SECY-90-016, the staff concluded that a special effort
should be made to eliminate or further reduce the
likelihood of a sequence that could bypass the containment.
In SECY-93-087, the staff stated that vendors should make
reasonable efforts to minimize the possibility of bypass
leakage and should account, in their containment designs,
for a certain amount of bypass leakage.
The bypass scenario with the greatest threat to containment
integrity in the ABWR is suppression pool bypass through
the wetwell-to-drywell vacuum breakers. The vacuum
breakers prevent the passage of steam from the drywell to
the wetwell by use of a single check valve. However,
pressure transients in the wetwell and drywell or
suppression pool swell could force the vacuum breaker
check valve to open. If the vacuum breaker disk fails to
reseat, a bypass path would be created and allow drywell
steam passage directly to the wetwell airspace. Such a
scenario allows steam to bypass the condensation function
of to the suppression pool, to pressurize the wetwell, and
challenge containment integrity. If sufficient steam bypass
occurs, containment pressurization rates would increase,
thereby decreasing the time to opening of the COPS.
OE analyzed the maximum allowable leakage path area of
the ABWR design for DBA-type scenarios. The DBA
results are in Section 6.2.1.1.5 of the SSAR. The staff s
evaluation of the DBA results are provided in Section
6.2.1.8 of this report.
To mitigate the consequences of suppression pool bypass
for both DBAs and severe accidents, the ABWR design
includes a containment spray system in the wetwell and
upper drywell. The B or C train of the RHR system
supplies the water flow to the safety-grade sprays. The
spray flow is split with about 800 m /hr (211,000 gal/hr)
going to the drywell spray header and 114 m /hr
(30,100 gal/hr) going to the wetwell spray header.
3
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In Section 19EB of the SSAR, GE performed an analysis
to determine the impact on the containment from varying
amounts of suppression pool bypass. The study examined
the effect of varying a vacuum breaker's bypass leakage
area (from zero leakage to leakage from one full open
vacuum breaker) on the time to fission product release and
the Cesium Iodine (Csl) release fraction at 72 hours for
rive different scenarios. These scenarios are as follows:

(1)

Bypass leakage begins after passive
activation; aerosol plugging is neglected.

flooder

(2)

Bypass leakage is present from the beginning of the
accident; aerosol plugging is neglected.

(3)

Bypass leakage begins after passive flooder
activation; aerosol plugging of the vacuum breaker
opening is considered.

(4)

Bypass leakage is present from the beginning of the
accident; aerosol plugging of the vacuum breaker
opening is considered.

(5)

Bypass leakage is present from the beginning of the
accident and the operator initiates the firewater
spray system.

The effective vacuum breaker area was varied from 0 to
2030 cm , the latter figure corresponding to one fully open
vacuum breaker. The time to fission product release and
the Csl release fractions were determined from MAAPABWR runs. The dominant severe accident sequence,
LCLP (loss of all core cooling with vessel failure
occurring at low pressure), was chosen to evaluate plant
performance.
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A reference point for comparison of the results of OS's
analysis is the case with zero bypass leakage and without
mefirewaterspray system. For this case, the elapsed time
before rupture disk opening is about 20 hours and the Csl
release fraction is less than 10B-07.
Csl release fractions are orders of magnitude larger for
cases with bypass leakage than for the case without bypass
leakage. For cases with effective suppression pool bypass
areas greater than 400 cm (62 in*), the 72-hour Csl
release fractions are approximately 17 percent.
2

Scenario 5 examined the effects of drywell spray from the
ACIWA on cases with bypass leakage present from the
beginning of the accident. Assuming the operator initiates
the firewater spray within 2 hours of the start of the
accident, the elapsed time to rupture disk opening can be
delayed to nearly 30 hours for bypass pathways
experiencing up to one fully open vacuum breaker.

If ,2.3.3.6.1 In-Vessel Steam Explosion
NURBG-1116, A Review of the Current Understanding of
the Potential for Containment Failure From In-Vessel
Steam Explosions, summarized the deliberations of the
Steam Explosion Review Group's (SERG's) understanding
of the potential for containment failure arising from invessel steam explosions during core melt accidents. The
consensus reached by the SERO was that the occurrence of
an in-vessel steam explosion of sufficient energetics to lead
to containment failure was sufficiently low in probability
to allow elimination as a credible threat.
This conclusion was reached despite the expression of
differing opinions on the modeling of basic steam
explosion sequence phenomenology. An opinion supported
by most members of the group is that the probability of
containment failure is reduced because of the expectation
of limited melt mass involvement in the explosion and/or
low thermal4o-mechanical energy conversion.

19.2.3.3.5,3 Basis for Acceptability
The ABWR has the containment spray system and COPS
to mitigate the effects of containment bypass and prevent
a bypass scenario from progressing to containment failure.
The containment spray system can be supplied from either
the RHR or ACIWA system. In SECY-90-016, the staff
stated that venting should be delayed for approximately
24 hours following the onset of core damage. For the
cases in which one vacuum breaker is fully open, the
ABWR meets the intent of this criterion when the initiating
of containment sprays through the ACIWA system within
2 hours (as described in scenario 5 above) is factored in.
The staff concludes that OE has performed a relatively
complete analysis to allow an understanding of the
capability of the ABWR containment to accommodate a
range of bypass conditions through the vacuum breakers.
This analysis highlights the importance of the containment
spray system to mitigating the consequences of suppression
pool bypass.
19.2.3.3.6

This conclusion was reaffirmed at the meeting of the
Committee on the Safety of Nuclear Installations (CSNI),
"Specialist Meeting on Fuel-Coolant," in January 1993.
The conclusion of the meeting was that alpha-mode failure
was highly unlikely because of the structures in the lower
reactor vessel head. These structures, such as the CRD
guide tubes, would limit the melt mass involvement by
causing incoherent relocation of the molten corium.
19.2.3.3.6.2 Ex-Vessel Steam Explosion
In SECY-93-087, the staff stated that any dynamic forces
resulting from ex-vessel FCI on the integrity of the
containment should be evaluated. One of the conditions
necessary for an ex-vessel FCI in the ABWR is for the
molten corium to be discharged from the reactor vessel
into a body of water in the lower drywell. The design of
the ABWR containment substantially reduces the
probability of a preexisting body of water in the lower
drywell at the time of reactor vessel failure.

Fuel-Coolant Interaction

The containment function can be challenged by energetic
or rapid energy releases. One such energetic or rapid
energy release is an FCI that results in a steam explosion.
The term "steam explosion" refers to a phenomenon in
which molten fuel rapidly fragments and transfers its
energy to the coolant resulting in rapid steam generation,
shock waves, and possible mechanical damage. To be a
significant safety concern, the interaction must be very
rapid and must involve a large fraction of the core mass.
Steam explosions can occur either in-vessel or ex-vessel.

The reactor vessel skirt is solid, preventing water transfer
from the upper drywell to the lower drywell. In addition,
there are no active injection systems in the lower drywell,
and the passive flooder system does not actuate until the
atmosphere within the lower drywell is approximately
260 °C (500 °F). The connection between the upper
dryweli and lower drywell is through the vertical
connecting vent system, which contains a horizontal
90-degree bend preventing water from reaching the lower
drywell.
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In Section 19EB.1.1 of the ABWR SSAR, OB stated that
only 0.3 percent (5. IE-10) of all core damage sequences
would result in water in the lower drywell at the time of
vessel failure. In Section 19.1.3.5.4 of this report, the
staff evaluated GB's estimate and concluded that the
probability of a flooded lower drywell at the time of
reactor vessel failure is extremely small.
The staff believes that the low likelihood (5. IB-10) of a
flooded lower drywell at the time of reactor vessel failure
provides a sufficient basis to conclude that the probability
of an ex-vessel steam explosion has been reduced to an
acceptably low value and is therefore acceptable.
Nevertheless, OB and the staff performed analyses to
determine the capability of the ABWR containment to
withstand ex-vessel steam explosions.
19.2.3.3.6.2.1

GE Analysis

OB provided an uncertainty and sensitivity analysis of the
FCI phenomenon in Section 19EB of the ABWR SSAR.
This analysis estimated the ability of the ABWR
containment, specifically the lower drywell, to withstand
a large energetic FCI (steam explosion). The analysis
detennined the peak pressure the ABWR pedestal is
capable of withstanding and the amount of molten corium
interacting with water that would be necessary to produce
this peak pressure.
OE calculated the peak pressure the pedestal waa capable
of withstanding during a steam explosion by determining
the average pressure of an impulse the amplitude of which
can be estimated by the maximum pressure rise expected
during an FCI. The ratio of resistance to deformation to
the average pressure of an impulse is given by a series of
curves. Using this approach, OB calculated the pedestal's
resistance to deformation to be 1.7 MPa (246.5 paia).
When an impulse duration of 5 msec is used, which
appears to be reasonable based on pulse widths observed
during FCI experiments involving corium simulates, the
ratio of resistance to deformation to the average pressure
of an impulse is approximately 1.0. This implies that the
pedestal can withstand a peak pressure of 1.7 MPa
(246.5 psia). For additional conservatism, OB eliminated
the need for a specific pulse duration by using the curve
with the largest ratio of resistance to deformation to the
average pressure of an impulse, which is 2.0. This
resulted in a peak pressure capability of 0.85 MPa
(123 psia).
To determine the amount of corium necessary to cause this
peak pressure, OE calculated the steam formation rate
assuming a mass of corium fragments into droplets of an
identical radius 2.5 mm (. 1 in.) and interacts with water.
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The mast of corium necessary to produce a peak pressure
of 0.85 MPa (123 psia) was 22,400 kg (49,383 Ibm),
which is approximately 9.5 percent of the entire corium
inventory. The peak pressure calculated by GE is at the
location of the FCI and does not account for decay of the
shock wave as it propagates towards the pedestal wall. OB
concluded that the reactor pedestal wall could withstand an
FCI involving 9.5 percent of the corium inventory.
19.2.3.3.6.2.2

Staff Analysis

The staff performed an independent assessment of the
ABWR containment to withstand a steam explosion using
the TBXAS-II computer code.
The results of the
assessment are documented in report EPRI/NRC 93-203,
An Assessment of Bx-Vessel Fuel-Coolant-lnteraction
Energetic! for the General Electric Advanced Boiling
Water Reactor (Letter dated March 12, 1993, Richard
Borchardt, NRC, to Patrick Marriott, OE).
This assessment evaluated two different possible accident
progression sequences, one based on the MAAP code and
the other based on the BWRSAR code. The MAAP code
scenario used a relatively large (540 kg/sec)
(1,190 Ibm/sec) corium release composed of a lot of
oxides; whereas, the BWRSAR code scenario is more
gradual (16.7 kg/sec) (36.8 lbm/sec) and composed of
mostly metallics. The results from the MAAP code
scenario were identified as being conservative because of
the large release rate, whereas the BWRSAR code scenario
was identified as being best estimate. The reactor pedestal
pressure loada were determined to be approximately
1.1 MPa (160 psia) for the beat estimate case and 1.6 MPa
(232 psia) for the conservative case. These estimates
correspond to local pressure impulse loads of 2.6 kPa-sec
(0.38 psia/sec) and 3.7 kPa-sec (0.54 psia/sec).
In a separate analysis, the staff concluded that the pedestal
wall could withstand an FCI-generated pressure impulse of
3.7 kPa-sec (0.54 psia/sec) using a ductility ratio of 1.6.
It also concluded that the associated radial deflection at this
ductility ratio would not compromise the integrity of the
reactor vessel and other safety-related piping and
equipment.
19.2.3.3.6.3 Basil for Acceptability
Based on the conclusions reached in NUREG-1116 and
reaffirmed in the recent CSNI meeting, the staff concludes
that in-vessel steam explosions are not a threat to the
ABWR containment.
As discussed above in Section 19.2.3.3.6.2, the ABWR
containment substantially reduces the probability of a
preexisting body of water in the lower drywell at the time
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of reactor vessel failure. The staff believes that the low
likelihood of a flooded lower drywell at the time of reactor
vessel failure provides a sufficient basis to conclude that
the probability of an ex-vessel steam explosion has been
reduced to an acceptably low value and is therefore
acceptable.
19.2.3.3.7

The standard design must include analyses, besod
on best-available methods, to demonstrate that:
Equipment, both electrical and mechanical, needed
to prevent and mitigate the consequences of severe
accidents is capable of performing its function for
the time period needed in the best-estimate
environmental conditions of the severe accident
(e.g., pressure temperature, radiation) in which the
equipment is relied upon to function.

Equipment Survivability

The purpose of this section is to discuss the survivability
of equipment, both electrical and mechanical, that is
needed to prevent and mitigate the consequences of severe
accidents. GB addressed equipment survivability in Section 19B.2.1.2.3 of the ABWR SSAR.
Design bases events are defined as conditions of normal
operation, including anticipated operational occurrences,
design basis accidents, external events, and natural
phenomena for which the plant must be designed. Safetyrelated equipment, both electrical and mechanical, must
perform its safety function during design bases events.
Section 3.11 of the ABWR SSAR defines the environmental conditions with respect to limiting design conditions
for all safety-related mechanical and electrical equipment.
The common terminology used for the level of assurance
provided for equipment necessary for design bases events
is
"environments! qualification" or "equipment
qualification."
Beyond design basis events can generally be categorized
into in-vessel and ex-vessel severe accidents.
The
environmental conditions resulting from these events are
generally more limiting than those from design bases
events. The NRC established a criterion to provide a
reasonable level of confidence that the necessary equipment
will function in the severe accident environment for the
time span for which it is needed. This criterion is
commonly referred to as "equipment survivability" and is
fundamentally different from equipment qualification.
In its SRM of June 16, 1990, relating to SECY-90-016,
the Commission approved the staff position that features
provided only (not required for design basis accidents) for
severe-accident protection (prevention and mitigation) need
not be subject to the 10 CFR 50.49 environmental
qualification requirements; 10 CFR Part SO, Appendix B
quality assurance requirements; and 10 CFR Part SO,
Appendix A redundancy/diversity requirements. The
reason for this judgement is that the staff does not believe
that severe core damage accidents should be design basis
accidents in the traditional sense that DBAs have been
treated in the past. Therefore, the staffs proposed
applicable regulation for equipment survivability ta as
follows:

Instrumentation needed to monitor plant conditions
during a severe accident is capable of performing
its function for the time period needed in the bestestimate environmental conditions of the severe
accident (e.g., pressure, temperature, radiation) in
which the instrumentation is relied upon to
function.
19.2.3.3.7.1 In-Vessel Severe Accidents
The applicable criterion for equipment, both mechanical
and electrical, required for recovery from in-vessel severe
accidents is provided in 10 CFR 50.34(f).
Part 50.34(fX2KixKC) states that equipment neceassry for
achieving and maintaining safe shutdown of the plant and
maintaining containment integrity will perform its safety
function during and after being exposed to the
environmental conditions attendant with the release of
hydrogen generated by the equivalent of a 100 percent
fuel-clad metal-water reaction including the environmental
conditions created by activation of the hydrogen control
system.
Part 50.34(0(3 )(v) states that systems necessary to ensure
containment integrity shall be demonstrated to perform
their function under conditions associated with an accident
that releases hydrogen generated from 100 percent fuelclad metal-water reaction.
Part 50.34(f)(2Xxvii) requires instrumentation to measure
containment pressure, containment water level,
containment hydrogen concentration, containment radiation
intensity, and noble gas effluents at all potential accident
release points.
Part 50.34(fX2)(xix) requires instrumentation adequate for
monitoring plant conditions following an accident that
includes core damage.
These regulations collectively indicate the need to perform
a systematic evaluation of all equipment, both electrical
and mechanical, and instrumentation to ensure its
survivability for intervention into an in-vessel severe
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particular, GE referred to experimental testa
performed at Sandia National Laboratories on actual
electrical penetration assemblies (EPAs) used in
operating plants.
The tests were performed
representative under severe accident conditions with
temperatures up to 371 °C (700 °F) and pressures
up to 965 kPa (140 psig). Using the results of this
work, GE committed to providing EPAs that will
maintain leak tightness up to containment pressure
of 924 kPa (134 psig) and a temperature of 371 °C
(700 °F). The end result of this is that the
assumptions used for equipment performance in
GE's severe accident evaluation are consistent with
the as-built plant.

accident. OE did not perform this systematic evaluation as
of SSAR Amendment 32.
The staff stated in the advance SER that it believed that an
acceptable resolution of this issue would entail the
following:
(1)

GE should perform an evaluation using bestestimate means of a degraded in-vessel core damage
accident that results in a 100 percent metal-water
reaction. The basis for the evaluation should be
included. The evaluation should identify tbe most
likely sequences resulting in substantial oxidation of
the fuel cladding as a result of the probabilistic
safety assessment (PSA). An example of an
acceptable sequence would involve accident
conditions in which ECCS performance is degraded
for a sufficient time to cause cladding oxidation but
is later recovered to ensure a safe shutdown. If the
analysis assumes an intact primary loop, the basis
for this should be supported by the results of the
PSA (i.e., LOCA does not contribute significantly
to core melt). The impact on the reactor system
and containment system from the pressure,
temperature, and radiation released should be
evaluated. As an example, the safe shutdown and
containment equipment identified below should be
evaluated. Plots showing pressure and temperature
as a function of time should be provided.

Safe shutdown equipment that should be addressed
include scram equipment, HPCF motor and pump,
HPCF isolation valves, HPCF controls, RCIC
turbine and pump, RCIC steam valves and cables,
RCIC controls, RHR, ADS, shutdown cooling, and
others.
Equipment for containment integrity should include
containment structure, CIVs - inboard and
outboard, electrical penetrations, mechanical
penetrations, hatches, sealing mechanisms (welds,
bellows, O-ring), as well as others.
(2)

If the in-vessel severe accident environment has no
effect on the equipment performance, this should be
clearly indicated along with the supporting
rationale. Examples of such instances include cases
in which the equipment has already performed its
function before the onset of the accident conditions
or the equipment is located in an area not exposed
to the environmental conditions, such as being
located outside the primary containment. For
equipment in which environmental conditions as a
result of the in-vessel severe accident are in excess
of tbe equipment qualification range, an engineering
rationale must be developed as to why the
equipment would survive the environment for the
needed time span. This rationale could include
such factors as limited time period in the
environment; the use of similar equipment in
commercial industry exposed to the same
environment; the use of analytical extrapolations; or
• the results of tests performed in the nuclear industry
or at national laboratories.
An acceptable example using this rationale is the
work that GE performed for electrical penetration
assemblies in Section 19F.3.2.2 of the SSAR. In
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With respect to instrumentation requirements, the
staff believes that sufficient instrumentation should
exist to inform operators of the status of the reactor
and the containment at all times as the in-vessel
severe accident is intended to be recoverable from
and lead to safe shutdown with containment
integrity maintained. The emergency operating
procedures (EOPs) direct specific manual operator
actions based on instrumentation readings and as
such all instrumentation should exist where manual
operator actions are specified within the EOPs. As
a minimum, the instrumentation identified below
should be evaluated.

The instrumentation is designed to survive the
environment as specified in RG 1.97. However,
RG 1.97 only ensures that the instrumentation will
survive in the worst environment resulting from a
design bases event and not a severe accident.
Therefore, engineering rationale must be developed
as to why the instrumentation would survive the
environment. This rationale could include such
factors as limited time period in the environment;
the use of similar equipment in commercial industry
exposed to the same environment; the use of
analytical extrapolations; or the results of testa
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performed in the nuclear industry or at national
laboratories.

the evaluation as outlined by SECY-90-016 as of
Amendment 32 to the SSAR. This was identified as Open
ItemF19.2.3.3.7.2-l.

Instrumentation should include neutron flux, RPV
water level, RPV pressure, sup pool temperature,
sup poo* Iwel, drywell/wetwell (CW/WW)
H concentration, DW/WW Oj concentration, DW
temperature, DW pressure, WW pressure,
WW temperature, DW water level, among others.
2

As stated in the Advance SER, the staff believed that an
acceptable resolution of this issue would entail the
following:
(1)

In response to the open item, OE provided the
environmental profiles, a table of the necessary equipment,
and the accompanying rationale for in-vessel severe
accidents in Section 19E.2.1.2.3 of SSAR Amendment 34.
The staff finds this information acceptable. Therefore,
Open Item F19.2.3.3.7.1-1 is resolved.

In addition, the specific environment profile
(pressure, temperature, radiation fields) should be
specified.
For each mitigation feature, an
assessment of survivability should be done using
ground rules similar to those specified above for invessel accidents. At least the following mitigation
features should be evaluated SRVs, containment
structure, vacuum breakers, inboard and outboard
CIVs, electrical penetrations, mechanical
penetrations, hatches, sealing mechanisms (welds,
bellows, 0-rings), passive flooders, COPS, COPS
CIVs, and others.

19.2.3.3.7.2 Ex-Vessel Severe Accidents
The applicable criteria for equipment, both electrical and
mechanical, required t6 mitigate the consequences of exvessel severe accidents is discussed in the Equipment
Survivability section of SECY-90-016. This section
indicates that features provided only (not required for
design basis accidents) for severe-accident protection
(prevention and mitigation) need not be subject to the
10 CFR 50.49 environmental qualification requirements;
10CFR Part SO, Appendix B quality assurance
requirements; and 10 CFR Part SO, Appendix A
redundancy/diversity requirements. The reason for this
judgement is that the staff does not believe that severe core
damage accidents should be design basis accidents in the
traditional sense that DBAs have been treated in the past.

OE should provide an evaluation of the dominant
accident sequences identified in Section 19E.2.2 of
the SSAR. For each accident sequence, GE should
identify the mitigation features. Mitigation features
should include ADS, ACIWA, and RCIC as
appropriate.

1

(2)

However, mitigation features must be designed to provide
reasonable assurance that they will operate in the severeaccident environment for which they are intended and over
the time span for which they are needed. In cases where
safety-related equipment (equipment provided for DBAs)
is relied upon to cope with severe accident situations, there
should be reasonable assurance that this equipment will
survive accident conditions for the period that is needed to
perform its intended function.
According to SECY-90-016, GE was to review the various
severe accident scenarios analyzed and i atify the
equipment needed to perform various functions during a
severe accident and the environmental conditions under
which the equipment must function.
Equipment
survivability expectations under severe accident conditions
should include consideration of the circumstances of
applicable initiating events (e.g., SBO and earthquakes)
and the environment (e.g , pressure, temperature and
radiation) in which the equipment is relied upon to
function. The staff concluded that GE had not performed
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With respect to instrumentation requirements, the
staff believes that sufficient instrumentation should
exist to inform operators of the status of the
containment at all times. This instrumentation
should also inform the status of the reactor during
the early stages of the accident to ensure reactor
failure at low pressure or to allow for low-pressure
injection from the ac-independent water addition
system.
As a minimum, the list of instrumentation identified
below should be evaluated. Where extended ranges
of operation of the instrumentation is needed, it
should be identified along with the environment to
which the instrumentation will be exposed.
The instrumentation is designed to survive the
environment as specified in RG 1.97. However,
RG 1.97 only ensures that the instrumentation will
survive in the worst environment resulting from a
design bases event and not from a severe accident.
Therefore, engineering rationale must be developed
as to why the instrumentation would survive the
environment. This rationale could include such
factors as limited time period in the environment;
the use of similar equipment in commercial industry
exposed to the same environment; the use of
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analytical extrapolations; or the results of tests
performed in the nuclear industry or at national
laboratories.
At least the following instrumentation should be
evaluated: RPV water level, RPV pressure, sup
pool temperature, sup pool level, DW/WW Hj
concentration, DW/WW Oj concentration, DW
temperature, WW pressure, WW temperature, and
others.
In response to the open item, GE provided the
environmental profiles, a table of the necessary equipment,
and the accompanying rationale for ex-vessel severe
accidents in Section 19E.2.1.2.3 of SSAR Amendment 34.
The staff finds mis information acceptable. Therefore,
Open Item F19.2.3.3.7.2-1 is resolved.

To prevent liner melt-through in the sump region, the
ABWR will have a protective layer of refractory bricks
(corium shield) built around each sump to prevent corium
ingression. The corium shield design is discussed in
Sections 6.2.1.1.10.4 and 19ED of the ABWR SSAR.
19.2.3.3.8.1 Sump Design Criteria
The following general criteria included in Amendment 32,
were developed by GE for designing the sumps:
•

Corium shield height greater than maximum height of
core debris bed

•

Melting point of corium shield material above initial
contact temperature

•

Corium shield material having good chemical resistance
to siliceous slags and reducing environments

•

Seismic adequacy determined during the detailed design
phase

•

Shield roofs have provisions to allow water to flow into
the sumps when the lower dryweil is flooded.

•

Shields extend to the floor of the sumps to prevent
debris tunneling.

19.2.3.3.7.3 Basis for Acceptability
GE developed a set of curves representing the bounding
environmental conditions for both in-vessel and ex-vessel
severe accidents. The environmental conditions were then
compared to the equipment capabilities to provide a
measure of confidence that the necessary equipment would
survive the expected conditions. The staff concludes that
the systematic process used by GE for assessing equipment
survivability is acceptable and consistent with the
assumptions used in GE's deterministic severe accident
assessment. Further, the staff concludes that this meets the
requirements of 10 CFR 50.34 discussed in
Section 19.2.3.3.7.1, and the staffs proposed applicable
regulation for equipment survivability.

The EDS and FDS have different functions and therefore
specific design criteria in addition to the above General
Design Criteria (GDC) were developed. The specific
design criteria are discussed below.

19.2.3.3.8

19.2.3.3.8.1.1

Protection of Containment Sumps

The lower dryweil contains two sumps: an equipment
drain sump (EDS) and a floor drain sump (FDS).
Figures 1.2-3b and 1.2-13e of the ABWR SSAR indicate
that the sumps are embedded in the lower dryweil floor
with dimensions of approximately 1 m (3 ft) wide, 2 m
(7 ft) long, and 1.25 m (4 ft) deep. Figure 1.2-3b of the
ABWR SSAR indicates that the lower drywell has approximately 1.6 m (5.75 ft) of concrete protecting the liner,
while SSAR Section 6.2.1.1.10.3 indicates that there are
1.5 m (5 ft) of concrete protecting the liner. Therefore, in
the sump region, there is approximately 0.25 to 0.35 m
(1 ft) of concrete protecting the containment liner. An
accumulation of core debris within the sumps could lead to
accelerated core-concrete interactions and, given the
decreased thickness of concrete protecting the containment
liner, the time to liner melt-through in the sump region
from core-concrete interactions could be adversely
affected.
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Equipment Drain Sump

The purpose of the EDS is to collect water leaking from
valves and piping within the containment. The water
enters and exits through piping from above the sump. As
such, the following additional design criteria were
specified in Amendment 32:
•

Solid corium shield, except for the inlet and outlet
piping through the roof

•

Corium shield walls thick enough to withstand ablation

19.2.3.3.8.1.2

Floor Drain Sump

The purpose of the FDS is to collect water that falls onto
the lower dryweil floor. The water flows across the
drywell floor and runs into the FDS at a height equal to
the lower drywell elevation. As such, the following additional design criteria were specified in Amendment 32:
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•

The corium shield will have channels, which do not
face the center of the lower drywell, at the lower
drywell elevation to allow for water collection during
normal operation.

•

The channel length must ensure that debris will freeze
before reaching the sump.

•

The width and number of channels must ensure the
required water flow rate during normal operation.

•

Corium shield walls must be thick enough to allow
residence time for debris solidification within the
channels.

•

The corium shield will extend beneath the lower
drywell floor.

•

The corium shield must be high enough to ensure longterm debris solidification.

core debris and that the channels within the FDS would
lead to freezing of debris within them. However, the
analysis provided to support the proposed shield designs in
Amendment 32 was not sufficient to reach this conclusion.
In particular, GE did not make use of existing
experimental data and analytical tools in justifying its
design in SSAR Amendment 33.
This was Open
Item F19.2.3.3.8.2-1.
In the advance SER, the staff stated that an acceptable
resolution to this issue would entail the following:
(1)

19.2.3.3.8.2 Corium Shield Design
In Section 6.2.1.1.10.4.2, OE indicated in Amendment 32
that the corium shields are made of alumina with a height
of 0.4 m (1 ft). The shield walls extend to the floor of the
sumps.
For the FDS corium shield, GE analyzed in
Amendment 32 the ability of the corium shield to initially
freeze molten debris as it enters the channels and to
transfer sufficient heat so that the debris remains solid in
the long term. This analysis was in Sections 19ED.4 and
19ED.5 of the ABWR SSAR. It was used along with the
GDC and the specific design criteria specified above to
determine the actual corium shield design. The channels
in the FDS corium shield are 1 cm (.4 in.) high and at
least 0.S m (1.64 ft) long; however, the width has not been
specified.

(2)

19.2.3.3.8.3 Discussion
The staff stated in the advance SER that it believes that the
sump shield designs proposed by GE have considerable
merit and that some conservatism exists in the specified
design criteria. For example, the design criteria are
intended to ensure that no core debris enters the sumps.
However, in actuality, the sumps could withstand limited
amounts of core debris. In addition, GE in Amendment 32
did not take into account or factor in flooding the lower
drywell with the LDF system or ac-independent water
addition system.
Based on engineering judgment, the staff believes that the
sump shields would prevent a substantial accumulation of
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GE should evaluate related experimental and
analytical work performed in this area to lend
additional credibility to its design. In particular,
GE should address how the results of its previous
work supports its design. This would include a
discussion of the prototypicality of the core debris,
important parameters, and results. The staff has
performed a quick review of related work and tools
in this area and believes that they are relevant and
readily available.
(a)

Experiments performed at (1) Kernforschungszentrum Karlsruhe (KfK) on
ingression of molten debris into small cracks
and openings, (2) Winfrith in the United
Kingdom and (3) Grenoble in France.

(b)

Analytical tools such as PLUGM computer
code (NUREG/CR-3190) and BUCOGEL
computer code developed in France.

(c)

Work performed in the forging and casting
industries.

The analysis performed by GE in Amendment 32
for sizing the FDS evaluated an oxidic melt of
around 2,227 °C (4,040 °F) and a eutectic melt of
around 1,427 °C (2,600 °F). However, GE used
the same correlations and key parameters for both,
such as thermal conductivity and latent heat of
fusion.
To account for uncertainty in the
progression of a severe accident and a range of
material properties (such as density, melting point,
and thermal conductivity), GE should perform
separate analyses for oxidic, metallic, and eutectic
melts clearly identifying the material properties and
providing suitable references. In addition, GE
should identify the parameters that the shields are
most sensitive to (e.g., freezing point, heat of
fusion, velocity of debris in channel, atmosphere
temperature, and melt superheat). GE can use the
results of its MAAP runs to identify the core debris
composition at the time it enters the lower drywell.
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(3)

(4)

(5)

In addition, GE could use the results of other code
predictions (BWRSAR, MELCOR) as documented
in NUREGs for similar BWRs.

staff finds it to be acceptable.
Item F19.2.3.3.8.3-1 is resolved.

GE should address why the velocity of the debris in
the FDS channels is not affected by the initial
velocity of debris foiling from the reactor pressure
vessel (RPV)

19.2.4 Containment Performance

GE should modify the design criteria to do the
following:
(a)

Specify that the EDS extend below the lower
drywell floor and that both shields prevent
tunneling of core debris under them.

(b)

Specify sloping of the shield roof to prevent
accumulation of core debris or show that the
long-term debris solidification in the
channels is not affected by minor amounts of
debris on the roof.

GE should provide the thickness of the EDS cerium
shield necessary to withstand ablation.

GE has addressed these 5 issues in an SSAR markup of
Sections 6.2.1.1.10.4 and Appendix 19ED dated
February 7, 1994. Specifically, GE provided a markup of
SSAR Section 19ED.6 providing an overview of related
experimental and analytical work concerning the freezing
of molten fuel in narrow channels to address Item 1. For
Item 2, GE modified the analysis of channel length in
Subsection 19ED.4 to account for three debris scenarios
covering the expected range of melt phenomena. For
Item 3, GE clarified the FDS shield design to clarify the
location of channels.
For Item 4, GE modified
Subsections 19ED.3 and 19ED.S.2 and added 19ED.5.3 to
establish that the EDS and FDS shields extend to the sump
floor to prevent debris tunneling. Further, GE modified its
long-term analysis in Subsection 19ED.5.1 to credit
flooding of the lower drywell. Lastly, for Item 5, GE
added Subsection 19ED.S.3 to address the thickness of the
EDS shield walls and the shield wall of the FDS without
channels. In addition, GE modified its general and
specific design criteria for the EDS and FDS. This
resulted in a revision to the design dimensions. Further,
GE takes credit for the lower drywell flooder in
determining the sump shield design. The staff concludes
that the sump shield design proposed by GE is acceptable.
This is based on GE's development of design criteria,
proposed analytical solution, evaluation of the shield design
to variations in key parameters, and review of existing
related experimental and analytical work. GE has included
the above information in SSAR Amendment 34 and the
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Therefore, Open

The NRC approach for ensuring containment survivability
from severe accident challenges consists of requiring
inclusion of accident prevention and consequence
mitigation features and the containment performance goal
(CPG). The CPG ensures that the containment would
perform its function in the face of most severe accident
challenges and that the design (including its mitigation
features) would be adequate if called upon to mitigate a
severe accident.
Two alternative CPGs were identified in SECY-90-016:
a conditional containment failure probability (CCFP) of 0.1
or a deterministic containment performance goal that offers
comparable protection. In its June 26, 1990, SRM, the
Commission approved the use of a 0.1 CCFP as a basis
for establishing regulatory guidance for evolutionary
LWRs. Two definitions of containment failure were
discussed in SECY-91-309, "Draft Safety Evaluation
Report on the General Electric Boiling Water Reactor
Design Covering Chapter 19 of the Standard Safety
Analysis Report, Response to Severe Accident Policy
Statement. ' These include a CCFP based on a structural
integrity definition and on a dose definition. For internal
events, Section 19.1.3.5.1 of this report provides the
results of the CCFP analyses and concludes that the
ABWR design limits the CCFP to approximately 0.1. The
treatment of external events for the ABWR is discussed in
Section 19.1.2 of this report.
1

The Commission directed that the use of a 0.1 CCFP
should not be imposed as a requirement, and that the use
of the CCFP should not discourage accident prevention.
Therefore, the staffs proposed applicable regulation for
containment performance is as follows:
The standard design must include design features to
limit the conditional containment failure probability
for the more likely severe accident challenges.
Section 19.1.3.5 of this report provides the staffs analysis
of the design features that contribute to limiting the CCFP.
The severe accident phenomena that are mitigated by these
design features are evaluated in Sections 19.2.3.3 and
19.2.6 of this report. Based on the evaluations in these
sections, the staff concludes that the acceptance criteria in
SECY-90-016, SECY-93-087, and the staffs proposed
applicable regulation for containment performance have
been met.
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19.2.S Accident Management
The staff concluded, based on PRAs and severe accident
analyses, that the risk associated with severe accidents
could be further reduced through effective accident
management (AM). AM encompasses those actions taken
during the course of an accident by the plant operating and
technical staff to (1) prevent core damage, (2) terminate
the progress of core damage if it begins and retain the core
within the reactor vessel, (3) maintain containment
integrity as long as possible, and (4) minimize offsite
releases. AM, in effect, extends the defense-in-depth
principle to plant operating staff by extending the operating
procedures well beyond the plant design basis into severe
fuel damage regimes, using existing plant equipment and
operator skills and creativity to terminate severe accidents
and limit offsite releases.
In SECY-88-147 and Generic Letter 88-20, the staff
identified the development of an "accident management
plan" by each operating reactor licensee for severe accident
"closure." A comprehensive description of the major
goals, framework, and elements of an AM plan was
subsequently provided in SECY-89-012, Staff Plans for
Accident Management Regulatory and Research Programs.
The AM plan provides a framework for evaluating
information on severe accidents, for preparing and
implementing severe accident operating procedures, and
for training operators and managers in these procedures.
An effective AM plan could reduce theriskassociated with
severe accidents by incorporating improvements in five
general areas:
•
•
•
•
•

Accident Management Strategies and Implementing
Procedures
Training in Severe Accidents
Guidance and Computational Aids for Technical
Support
Instrumentation
Delineation of Decision Making Responsibilities

In response, the nuclear industry has initiated an AM
program,
as described in SECY-90-313, Status of
Accident Management Program and Plans for Implementation. Key issues to be resolved in establishing the AM
program include industry completion and NRC review of
(1) the industry-proposed process for evaluating AM
capabilities, and (2) vendor-specific AM guidance. The
industry-proposed AM program was scheduled for
completion in 1993.
The overall responsibility for AM, including development,
implementation, and maintenance of the AM plan, lies with
the COL applicant, since the applicant is ultimately
responsible for the safety of the plant and for establishing

and maintaining an emergency response organization
capable of effectively responding to potential accident
situations.
The COL applicant should submit the AM plan as part of
the COL application. The plan should provide the
applicant's commitment to perform a systematic evaluation
of the plant's ability to deal with potential severe accidents
and to implement the necessary enhancements within the
detailed plant design and organization. The staff will
review the AM plan at the COL stage to assure that the
evaluation process and commitments proposed by the COL
applicant provide an acceptable means of systematically
assessing, enhancing, and maintaining AM capabilities,
consistent with staff expectations. The COL applicant
would later implement the plan and submit the results for
staff review before plant operation.
19.2.6

Capacity of the ABWR Primary Containment
Vessel

19.2.6.1 Introduction
In Appendix 19F to Chapter 19 of the ABWR SSAR, the
applicant (GE) discussed the ultimate capacity of its
primary containment. The pressure boundary of the
containment consists of the reinforced concrete
containment vessel (RCCV) and steel torispherical upper
drywell head (STUDH). The staffs evaluation of the
adequacy of the containment to withstand the postulated
design basis loads is provided in Sections 3.8.1 and 3.8.2
of this report. The purpose of this evaluation was to
assess the containment's capability beyond the design
basis.
19.2.6.2 Evaluation
The ABWR's containment consists of an RCCV, a right
cylindrical structure built of steel-lined reinforced concrete,
and a STUDH. In order to establish the ultimate capacity
of the containment, GE discussed in Appendix 19F of its
SSAR (Reference (Ref.) 1) the analyses performed for the
RCCV. It also provided the calculated capacity of the
STUDH and related the potential leak path under pressures
and temperatures that could represent the environment
inside the containment during severe accident conditions.
This evaluation was based on a review of the information
provided in Reference 1.
GE arrived at the following conclusions regarding the
structural capability and functionality of the containment
structure:
(1)
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The STUDH of the containment will have an
internal pressure capacity of 770.1 kPa (97 psig) at
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260.0 °C ($00 °F) when the allowable stresses in
the steel drywell head are held to the Level C
Service Limit of the ASME Code Section III,
Subarticle NE-3220 (Ref. 1, Section 19F.3.1.2).
(2)

The pressure capacity of the STUDH at the median
fragility (as defined by the conditional failure
probability at SO percent confidence level) is determined to be 1025.3 kPa (134 psig) at 260.0 °C
(500 °F), and 928.7 kPa (120 psig) at 371.1 °C
(700 °F) (Ref. 1, Section 19F.3.1.2).

(3)

The equivalent ASME Level C Service Limit of the
RCCV is 1232.1 kPa (164 psig); the ultimate
capacity of the RCCV, being higher, is not
estimated by the applicant (Ref. 1, Sections 19F.1,
19F.2, and 19F3.1.1).

(4)

Liner plate and its anchorages will maintain their
integrity when subjected to a severe accident
pressure of 1025.3 kPa (134 psig) and a
temperature of 260.0 °C (500 °F) (Ref. 1,
Section 19F.3.2.1).

(5)

The total leak area through various penetrations at
928.7 kPa (120 psig) is estimated to be 67.55 cm
(10.47 in ) (Ref. 1, Section 19F.3.2.2).

2

2

The acceptability of GE's five conclusions is discussed and
evaluated by the staff in the following sections.

19.2.6.2.1

Level C Service Limit

19.2.6.2.1.1 Steel Torispherical Upper Drywell Head

Memfrnwt? Strew Intensity
On the basis of NASTRAN analysis and the stress intensity
criterion provided in the ASME Code, Section HI,
Paragraph NE-3221, GE stated that the general primary
membrane stress controls the design at the Level C Service
Limit for an internal pressure of 832.2 kPa (106 psig) at
171.1 °C (340 °F). At 260.0 °C (500 °F), the allowable
internal pressure at the Level C Service Limit for membrane stress intensity was found to be 770.1 kPa (97 psig).
To verify GE's results concerning the stresses using
NASTRAN computer code, the staff independently
calculated the membrane stresses using ALGOR computer
code. The staff s comparison (Table 19.2-1) confirmed the
applicant's conclusion.
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Galletly (Ref. 2) developed, on the basis of the actual test
data, a simple parametric equation to calculate limiting
internal pressure that would prevent buckling of steel
torispherical heads. Based on the equation and the analysis
of the data in Reference 2, GE calculated a best-estimate
internal pressure value of 1838.8 kPa (252 psig) and a
lower bound value of 1245.9 kPa (166 psig) as values
corresponding to buckling failure values of torispherical
heads tested.
When test data are used to establish the ASME Code
Section III, NE-3222, Allowable Buckling Stress, it is
appropriate to use the best estimate test data. Accordingly,
when the best-estimate test data values are used in
NE-3222, the allowable internal pressure at the Level C
Service Limit for buckling stress is 797.7 kPa (101 psig).
An alternate method of computing the allowable buckling
stress is provided in ASME Code, Section III, Code Case
N-284. The factor of safety at the Level C Service Limit
in Code Case in N-284 (1.67) is less than that in NE-3222
(2.5). However, the factor of safety has to be applied to
the lower-bound test data. When the lower-bound test data
are used in Code Case N-284, the allowable internal
pressure at the Level C Service Limit is 783.9 kPa
(99 psig). This evaluation is based on the staffs position
on the shell buckling as a result of internal pressure (See
Appendix A to Section 3.8.1 of this report).
From the above three limiting pressure values of
770.1 kPa (97 psig) based on membrane stress intensity
criterion, 797.7 kPa (101 psig) from buckling criterion of
NE-3222, and 783.9 kPa (99 psig) from buckling criterion
of N-284, the staff finds that because the 770.1 kPa
(97 psig) is the least of the pressure values, it controls the
internal pressure capacity of STUDH corresponding to the
ASME Level C Service Limit stress criterion. Thus, the
staff finds the proposed internal pressure of 770.1 kPa
(97 psig) as an acceptable value for the STUDH.
19.2.6.2.1.2 Concrete
For the concrete portion of the RCCV, the staff considers
the factored load acceptance standards of ASME Code
Section III, Division II, Article CC-3000 as an appropriate
acceptable criterion. It should be noted that in applying
the criterion, a factor of 1.0 (instead of 1.5) should be
Table CC-3230-1 for the internal pressure generated by
severe accidents. The pressure capability estimate for the
RCCV using this criterion is discussed in the following
paragraphs.
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Table 19.2-1 GE ABWR drywell head comparison of membrane stresses
75 psig internal pressure, 0.0317S m (1.25 in.) thickness, 171 °C (340 °F)

Hoop
MPa (psi)

Longitudinal MPa (psi)

Intensity
MPa (psi)

NASTRAN

101.5 (-14,725)

59.57 (8,640)

161.1 (23,365)

5° wedge

ALGOR

101.0 (-14,650)

58.05 (8,420)

159.1 (23,070)

5° wedge
1* quadrant

ALGOR

92.91 (-13,475)

59.50 (8,630)

152.4(22,105)

10° wedge
Full model

Remarks

From NASTRAN,
Stress intensity, P :

161.1 MPa (23,365 psi) ® 0.618 MPa (75 psig) and 171 °C (340 °F)

Yield strength (S ) (SA-516, Gr. 70):

229.7 MPa (33,300 psi)

® 171 °C (340 °F)

211.7 MPa (30,700 psi)

® 260 °C (500 °F)

m

y

Allowable stress intensity (S.J (SA-516, Gr. 70): 133.1 MPa (19,300 psi)
Level C Service Limit Criteria (NE-3221):

P £ max. (1.0 S , 1.2 S^,
B

?

y

£ 229.7 MPa (33,300 psi)

@ 171 °C (340 °F)

P £ 211.7 MPa (30,700 psi)

® 260 °C (500 °F)

m

m

Allowable pressure

= (75)*(33,300)/(23,365)
= 0.832 MPa (106 psig) ® 171 °C (340 °F)
= (106)*(30,700)/(33,300)
* 0.770 MPa (97 psig) 0 260 °C (500 °F)

ALGOR is a three-dimensional finite element program for structural analysis and design and has been used
by the staff for* its independent evaluation.
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Initially, in Amendment 21 of Ref. 1, the applicant
provided the information related to the RCCV ultimate
capacity based on the scaled model test of the RCCV.
Later, in Amendment 30 of Ref. 1, to avoid inclusion of
proprietary information in the SSAR and recognizing the
differences in the model and the proposed RCCV (having
a significantly higher percentage of reinforcement) GE
decided to perform analyses of the RCCV for severe
accident conditions. The FINEL computer program
developed by Bechtel Corporation is used for the nonlinear
finite element analysis of the RCCV. In the analysis, the
RCCV and the internal structures are considered as
axisymmetric, and the reinforced concrete girders integral
with the top slab of the RCCV are represented by solid
elements with appropriate stiffness. The pressure capacity
of the top slab is calculated based on the extrapolation of
the elastic 3-D STARDYNE analysis results.
Within the elastic range of response, both codes have been
well recognized and benchmarked against the structural
integrity tests of containments. Though the FINEL
computer program permits the specification of bilinear,
brittle, and ductile material properties, it is not
benchmarked against results of any containment test with
nonlinear responses. However, within the pressure range
of interest, the RCCV responses are in the linear range and
hence the use of these codes to compute pressure capacities
of the RCCV is reasonable.
The results of the combined analyses indicate that the
weakest link in the RCCV is the top slab where the
equivalent ASME Level C Service Limit acceptance
criterion is reached at a pressure of 1232.1 kPa (164 psig).
Thus, the staff finds the containment performance under an
internal pressure of 770.1 kPa (97 psig) to be acceptable
and is aware that it is limited by the capacity of the
STUDH. The RCCV has higher capacity and does not
limit the containment performance.

From the STUDH buckling capability, the applicant
predicted a best-estimate internal pressure value of
1838.8 kPa (252 psig) and a lower bound value of
1245.9 kPa (166 psig) as values corresponding to buckling
failure of the STUDH. These values are based on the
results of the tests (Ref. 2) performed on stainless steel and
carbon steel torispherical heads fabricated using the
pressed and spun (PS) technique as well as the crown and
segment technique (CS). Out of 43 tests, six data points
were from the actual failure resulting from internal
pressure on the carbon steel CS heads. These are the most
relevant data for the drywell head. The lower-bound value
is estimated to be 1245.9 kPa (166 psig). As these values
are based on a limited data base and as they correspond to
actual buckling failure of the heads, use of them to arrive
at the actual median fragility internal pressure for the
STUDH should be made with some margin on the lower
bounds. Providing an arbitrary knockdown factor of 1.2,
the internal buckling pressure of the median fragility level
can be derived as 1052.8 kPa (138 psig). However, GE
adopts 1025.3 kPa (134 psig) as the capability pressure and
uses it as the median fragility value at 260.0 °C (500 °F).
Based on this median fragility value of 1025.3 kPa
(134 psig), a containment pressure capacity fragility curve
was provided with the following uncertainty parameters in
Appendix 19FA to Reference 1.
In Appendix 19FA to Reference 1, the applicant estimated
the uncertainties associated with the median fragility value
using engineering judgment and the results from prior
analysis. The uncertainties in the prediction of the failure
pressure generally result from uncertainties in modeling
and material strength. The lognormal distribution is
selected to characterize the fragility curve and defined in
terms of the median pressure capacity and the combined
logarithmic standard deviation. The logarithmic standard
deviations from uncertainties for modeling and material
properties of steel structures (fi and fij are estimated as
0.14 and 0.08, respectively, and the combined logarithmic
standard deviation (fl ) is estimated to be 0.16.
m

c

19.2.6.2.2

Median Fragility
Containment

Level

for

the
The use of 0.14 for fi is acceptable because it is
consistent with Reference 4 in which the coefficient of
variation (COV) [defined as (exp(fi )-l)'^] associated with
the modeling error by the use of approximate methods
including torispherical heads is 0.12.
m

19.2.6.2.2.1 Steel Torispherical Upper Diywell Head

2

GE stated that the limit pressure for plastic deformation
was found to be 940.4* kPa (121.7 psig) at 260.0 °C
(500 °F) by Shield and Drucker's proposed equation
(Ref. 3). The minimum yield strength of material SA-S16,
Gr. 70, as specified in Appendix I of ASME Section III
was increased by 10 percent for the realistic estimate of
the structural strength. Thus, the limiting internal pressure
is determined to be 1025.3 kPa (134 psig) at 260.0 °C
(500 °F) and 928.7 kPa (120 psig) at 371.1 °C (700 °F)
to account for the lower yield strength of the material.

The use of 0.08 for fi, is acceptable because the variability
associated with material strength is expected to be the same
regardless of temperature (Ref. 5). The statistical data for
SA-516, Gr. 70, show that the average yield strength of
the material is 48.62 ksi and the standard deviation is
3.525 ksi (Ref. 6). The COV is 0.073, which is less than
0.08 used for B .

i
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Therefore, the combined logarithmic standard deviation
(Be) of 0.16 ((B + B ) * ) is acceptable.
2

2

B

Based on the staffs evaluation and by taking the above
factors into account, the staff considers the median fragility
value for the STUDH of 1025.3 kPa (134 psig) at
260.0 °C(500 °F) with the combined logarithmic standard
deviation of 0.16 to be reasonable. If the temperature
reaches 371.1 °C (700 °F), the median fragility internal
pressure value is reduced to 928.7 kPa (120 psig).
19.2.6.2.2.2 Concrete
As discussed in A.2 above, the equivalent Level C Service
Limit internal pressure capacity of the RCCV is estimated
as 1130 kPa (164 psig). As this capacity is higher than the
median fragility internal pressure capacity of the STUDH,
GE decided not to spend resources in estimating the
ultimate (median fragility) pressure capacity value for the
RCCV. The staff considered this approach acceptable
provided OE demonstrated the integrity of the RCCV liner
plate and its anchorages under 1025.3 kPa (134 psig) and
260.0 °C (500 °F) temperature.
In Section 19F.3.2.1 (Ref. 1), GE provided an evaluation
of the liner plate and its anchorages under the specified
conditions. The applicant determined the maximum hoop
strain in the liner plate 'at 1025.3 kPa (134 psig) to be
0.13 percent. With a strain concentration factor of 33 to
account for a failure mode similar to that in the Sandia test
(Ref. 7), GE uses the argument that the resulting strain in
the ABWR RCCV is 4.3 percent, which is significantly
lower than the ultimate tensile strain (i.e., 21 percent) of
the liner plate material. The staff recognizes that the
geometry and type of anchors to be used for the ABWR
RCCV are quite different and the strain concentration
factors may be different between the Sandia test and the
ABWR. Nevertheless, a factor of 33 is conservative and
the staff finds it acceptable.
Additionally, GE evaluated the effects of thermal loading
on the liner and the anchorages using Bechtel's topical
report, BC-TOP-1, Rev. 1, Containment Building Liner
Plate Design Report. For this evaluation, the temperature
inside the RCCV is considered as 260.0 °C (500 °F), and
that outside the RCCV is assumed as 37.8 °C (100 °F).
The liner is shown to be buckled (because of temperatureinduced compressive stresses) between the continuous
anchorages, but the force on the anchorages is shown to be
less than its yield capacity.
Although the staff finds this approach reasonable, it should
be recognized that there is a difference in the duration and

magnitude of the temperature loading that would be applied
during a design-basis accident (DBA) (which is of a
smaller and magnitude shorter duration) compared with
that postulated to occur during a controlling severe
accident (SA) scenario. Also, the condition of the RCCV
structure would be different in the two cases. The
pressure loading during an SA would reduce the stiffness
of the structure considerably. Thus, the assumptions used
in the BC-TOP-1 report are not necessarily applicable.
However, they provided a basis for calculating an upperbound value for compressive buckling of the plate and for
the forces on the liner anchorages. Alternatively, under an
SA, the liner together with the extensively cracked
concrete can be considered to grow because of high
(260.0 °C (500 °F)) temperature.
Considering the
differential temperature of 204.4 °C (400 °F), the staff
calculated the tensile strain in the liner to be 0.24 percent.
The combined tensile strain in the general shell liner could
be as high as 0.37 percent. When the same strain
concentration factor of 33 is used again, the maximum
tensile strain in the liner at a discontinuity could be as high
as 7.9 percent. This strain is 40 percent of the ultimate
tensile strain of the liner material. Under this condition,
the continuous anchorages could detach themselves from
the cracked concrete, but, the liner would still provide the
required leaktightness.
Thus, the staff finds the median fragility internal value of
1025.3 kPa
(134 psig) at 260.0 °C (500 °F) and
928.7 kPa (120 psig) at 371.1 °C (700 °F) acceptable as
limiting values.
19.2.6.2.3

Interface Between STUDH and RCCV

GE performed the pressure capacity calculations for the
interface between the STUDH flanges and the top slab of
the RCCV and arrived at the following pressure capacities:
(a) 1176.9 kPa (156 psig) for the maximum allowable
concrete peripheral shear stress of the top slab using the
acceptance criteria of ASME Section III, Division II,
CC-3421.6, (b) 1687.1 kPa (230 psig) for anchorage steel
ring plate using the Level C acceptance criteria of ASME
Section III, Division I, NE-3221, and (c) 1528.5 kPa
(207 psig) for the anchorage steel gusset plates using the
Level C acceptance criteria of ASME Section III,
Division I, NE-3227.2. The staff finds the pressures to be
above the median fragility value of 1025.3 kPa (134 psig),
with the stresses in the interface area well within the
ASME Section III Code allowables, and thus acceptable.
Therefore, the staff agrees with GE's conclusion that the
probable leakage path would be through the STUDH
flanges. The leakage through the STUDH flanges is
discussed in Section 2D of this report.
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19.2.6.2.4

(2)

Leakage Through Penetrations

In Section 19F.3.2.2 (Ref. 1), OE discusses the leakages
through various RCCV penetrations and from the seal area
between the flanges in the STUDH under severe accident
temperatures and pressures. The assumptions and rationale
used in the discussions by the applicant are based upon the
experimental work performed at SNL and Argonne
National Laboratory (ANL). GE determined that under the
postulated SA scenarios, the leakage through the fixed
electrical and mechanical penetrations was negligible.

As discussed in 2B of the evaluation, the staff
considers the median fragility of the containment
structure of 1025.3 kPa (134 psig) at 260.0 °C
(500 °F) to be a conservative value.

RefergQcej:
1. Appendix 19F to Chapter 19 of the General Electric
Nuclear Energy, Advance Boiling Water Reactor
Standard Safety Analysis Report (up to and including
Amendment 34).

In a facsimile dated September 7, 1993, OE revised
Subsection 19F.3.2.2 of the SSAR to discuss the leakage
performance of the containment EPAs under conditions.
OE stated that the EPAs to be used in the ABWR
containment would be capable of maintaining leaktightness
up to the containment pressure of 1025.3 kPa (134 psig) at
371.1 °C (700 °F). The staff finds GE's assessment
regarding the fixed electrical and mechanical penetrations
acceptable.
OE has included this information in
Subsection 19F.3.2.2 of the SSAR.

2. Galletly, O. D. "A Simple Design Equation for
Preventing Buckling in Fabricated Torispherical Shells
Under Internal Pressure," ASME Journal of Pressure
Vessel Technology, Vol. 108, November 1986.

The containment has five operable penetrations: two
pressure-seating airlocks, two pressure unseating
equipment hatches, and the pressure-unseating STUDH.
In Section 19F.3.2.2 of Ref. 1, OE estimated the leakage
areas from the three pressure-unseating penetrations with
conservative assumptions; such as, (1) the seal is assumed
lost at 260.0 °C (500 °F), and (2) tfie springback
capability of degraded seals was not factored in. The total
leakage area is estimated as 110 percent of the leakage
areas of the three pressure-unseating penetrations to
account for the potential for small leakages through the
airlocks. The leakage areas are provided for the pressures
above the structural integrity test pressure at an interval of
170.3 kPa (10 psig). The total leakage area at 928.7 kPa
(120 psig) is estimated as 67.5 cm (10.47 in ).

5. NUREO/CR-5405, "Analysis of Shell-Rupture Failure
Due to Hypothetical
Elevated-Temperature
Pressurization of the Sequoyah Unit 1 Steel Containment Building," February 1990.

The staff considers the estimate of these leakage areas to
be reasonable.

19.3.1

2

2

19.2.6.3 Summary and Conclusion
Based on the review of the information GE provided and
the staffs evaluation as discussed above, the staff
concludes the following:
(1)

The staff evaluation indicates that the ABWR
containment structure has an internal pressure
capacity of 770.1 kPa (97 psig) and 260.0 °C
(500 °F) when the allowable stresses in the steel
drywell head are held to the Level C Service Limit.
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3. Shield, R. D., Drucker, D. C. "Design of Thin-Walled
Torispherical and Toriconical Pressure-Vessel Heads,"
Transactions of ASME, June 1961.
4. NUREG/CR-2442, "Reliability Analysis of SteelContainment Strength," June 1982.

6. NUREO/CR-2137, "Realistic Design Margins of
Pumps, Valves, and Piping," June, 1981.
7. NUREO/CR-5341, "Round-Robin Analysis of the
Behavior of a 1:6-Scale Reinforced Concrete
Containment Model Pressurized to Failure: Posttest
Evaluations," Sandia National Laboratory, October
1989.

19.3 Shutdown Risk
Introduction

Various incidents occurring at nuclear power plants during
low power and shutdown operation modes over the past
several years have raised NRC staff concerns regarding
plant vulnerability during these operating modes. The
shutdown events have caused plants to lose their ability to
maintain core cooling, provide make-up coolant to the
reactor, and to maintain electrical power to essential
equipment. The April 10, 1987, event at the Diablo
Canyon Nuclear Power Plant emphasized the sensitivity of
operating a pressurized-water reactor (PWR) with a
reduced inventory in the RCS. Following an evaluation,
the staff issued Generic Letter 88-17, "Loss of Heat Decay
Removal," on October 14,1988, requesting PWR licensees
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to address numerous generic deficiencies to improve safety
during operation at reduced inventory.
On March 20,1990, Vogtle Unit 1 experienced a complete
loss of decay heat removal (DHR) capability during
shutdown and refueling operations from a loss of the
required offsite ac source and failure of the available onsite
dieeel generator to provide and maintain power to safetyrelated buses.
In June 1990, the staff issued
NUREG-1410, Loss of Vital AC Power and the Residual
Heat Removal System During Mid-Loop Operations at
Vogtle Unit 1 on March 20, 1990. In the NUREG, the
staff discussed the loss of vital ac power and DHR capability during midloop operations and the need to manage risk
for shutdown operations.
Theue events, as well as others, prompted the staff to
begin a comprehensive review of low-power and shutdown
operations including hot shutdown, cold shutdown, and
refueling at all nuclear plants and other shutdown-related
issues identified by foreign regulatory organizations and
the NRC. The objective of the review was to assets risk
during shutdown, refueling and low-power operation. In
February 1992, the staff issued Draft NUREQ-1449,
Shutdown and Low Power Operation at Commercial
Nuclear Power Plants in the United States, for public
comment to document technical findings associated with
shutdown conditions. In September 1993, the staff issued
NUREO-1449 final report, which incorporated and
responded to comments received on draft NUREO-1449.
Th* staff is using these technical findings to prepare
appropriate regulatory actions to address shutdown risk.

reactor safety that were considered fundamental to the
agency's decisions on the acceptability of evolutionary
ALWR designs. On July 12, 1993, the staff submitted
SECY-93-190, Regulatory Approach To Shutdown and
Low-Power Operations, in which it discussed the
advantages and disadvantages of a proposed rulemaking to
establish new regulatory requirements for shutdown and
low-power operations in the following areas; outage
planning and control, TS, fire protection, and instrumentation. The proposed new regulatory requirements, which
will be developed further as part of the shutdown risk
rulemaking process, were a result of technical findings and
insights from NUREO-1449.
Based on the above, the NRC requested OB, as part of the
design review process for the ABWR, to perform a
systematic examination of ahutdown risk, including
evaluation of specific ABWR design features that minimize
shutdown risk, quantification of the reliability of the DHR
systems, identification of any vulnerabilities introduced by
new design featura and consideration of fires and floods
with the plant in modes other than full power.

1

The fundamental conclusion of NUREO-1449 is that public
health and safety have been adequately protected while
plants were in shutdown conditions. However, numerous
and significant events have indicated that substantial safety
improvements should be made in the areas of:
•
•
•
•

outage planning and control
fire protection
TS
instrumentation.

The staff utilized the technical findings and insights from
NUREO-1449 in its safety evaluation of the ABWR.

OB submitted its Shutdown Risk Evaluation on July 2,
1992, for staff review. In this report, OE stated that a
total of 70 los*of-power and over 100 loss- of-DHR
events that occurred at operating BWRs were reviewed and
evaluated from NUREO-1410, NSAC-88, Residual Heat
Removal Experience Review and Safety Analysis —
Boiling Water Reactor, Institute of Nuclear Power
Operation (INPO) reports, and NRC information notices.
OE stated that the ABWR design features would prevent or
mitigate the most safety significant of these events. OE
also addressed what it believed to be all shutdown risk
issues, concerns, and design features to minimize risk
associated with low-power and shutdown operations.
OE evaluated the ABWR design for risks associated with
plant conditions in Modes 3 (hot shutdown), 4 (cold
shutdown), and 5 (refueling), as well as areas that are
considered operational improvements for shutdown risk
operation which will be further addressed by COL holders
implementing guidance provided by the reactor vendor
(e.g., outage planning and control and operator training
and procedures). Other shutdown risk concerns, such as
DHR capability during low-power and shutdown operation,
are addressed by specific design features and TS.

19.3.2 Evaluation Scope
On January 12, 1990, the Office of the Secretary of the
Commission issued SECY-90-016, Evolutionary Light
Water Reactor (LWR) Certification Issues and Their
Relationship to Current Regulatory Requirements. In this
Commission paper, the staff identified reduced inventory
operation and a number of other issues significant to

The staff evaluated this submittal based on technical
findings and insights from NUREO-1449, a number of
studies from the international community, and PRA of
shutdown and low-power operating modes for a BWR to
screen for important accident sequences. The staff also
considered reports on operating plant events associated
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with ahutdown operation and staff-sponsored research
issues aasociated with low-power and ahutdown operation.
The purpose of the staff review is to ensure that the
ABWR design has appropriately addressed the shutdown
risk concerns based on experience with operating plants,
including appropriate vendor guidance for COL applicants
in areas of outage planning and control, fire protection,
and instrumentation. Design improvements and/or design
modifications OE identified were reviewed to ensure
insights from shutdown operation experiences were
addressed and that the design improvements reduce the
likelihood of core damage and enhance public health and
safety. Also, the staff evaluated vulnerabilities that may
result from new design features; DHR capability; treatment
of fires and floods with plant in modes other than full
power; and related technical findings discussed in
NUREG-1449.
Therefore, the staffs proposed applicable regulation for
ahutdown risk is at follows:
The application for design certification must include a
systematic examination of shutdown risk including an
assessment of:
(1) specific design features that minimize shutdown
risk;
(2) the reliability of decay heat removal systems;
(3) vulnerabilities introduced by new design features;
and
(4) flies and floods with the plant in modes other than
full power.
These items are discussed in the sections below.
19.3.3 ABWR Design Features Minimizing Shutdown
Risk
OE stated that the risks associated with shutdown
operations have been reduced in the ABWR design by such
features ss the enhanced DHR system, improved electrical
systems, instruments that give important safety parameters
during shutdown, and alternate features that maintain core
cooling in case of a loss of DHR. The applicant concluded
that ABWR TS and utility operating and maintenance
procedures will ensure that, during shutdown conditions,
the ABWR is adequately protected against accidents.
19.3.3.1 Decay Heat-Removal Capability
In NURECM449, the staff stated that DHR can be lost at
shutdown because of a loss of flow in the RHR system or
a loss of an intermediate or ultimate heat sink caused by
the loss of electric power or by valve failures. Events
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during shutdown can lead to fuel's being uncovered and
damaged. Past events have led to interrupted shutdown
cooling (SDC) at BWR operating plants because of a loss
of power to the RPS logic that caused the RHR system
isolation valves to fail closed.
The applicant described the ABWR DHR capability in
SSAR Section 19.Q.4.1 of the ABWR PRA Shutdown Risk
Pinal Report. The DHR capability consists of several
features that minimize the loss of DHR. One of these
features consists of the three independent divisions of RHR
systems and is the first line of defense in maintaining
DHR. Three suction lines for shutdown cooling will be
connected directly to the reactor pressure vessel (RPV).
This is an improvement over the current BWR designs in
which one common shutdown cooling line draws suction
from the external reactor recirculation loops. This single
suction line in current BWRs is more vulnerable to a loss
of shutdown cooling by single failure of valves in the
suction line. The RHR shutdown cooling return for RHR
subsystem A will be routed to the RPV vessel through the
feedwater system. RHR shutdown cooling returnforRHR
subsystems B and C will be routed directly to the RPV.
If a single failure occurred in the operating RHR loop
while a second loop was in maintenance, the third loop
could be placed in service. Under certain conditions, all
three RHR loops or any two RHR loops would be run in
parallel. In these cases, failure of one loop would not
result in a loss of RHR. The ABWR DHR systems
include a mode selector control for choosing among five
modes of operation: low pressure flooding, suppression
pool cooling, shutdown cooling, wetwell spray, and
drywell spray. If any one of these modes is selected, the
DHR systems will automatically align the valves as
required for the mode selected. This feature will reduce
the chance of operator error from incorrectly aligning the
required valves, thus increasing the availability of the DHR
capability during shutdown operations.
The applicant indicated that a loss of power to the RPS
will not result in isolation of the shutdown cooling (SDC)
system. A loss of power to the multiplexed safety system
logic would cause each SDC isolation valve to fail in its
current position (fail as-is), thus preventing closure of the
CIVs between the RHR system and the RCS. Shutdown
cooling is thereby maintained.
Upon receiving a low RPV water-level signal, RHR
shutdown cooling isolation valves will close to stop all
flow out of the RPV. The RPV low-level set point is
3.18 m (10.43 ft) above the top of the active fuel. If the
RPV low-level isolation feature fails, inventory loss
resulting from flow out of the RPV will stop when the
RHR suction cooling nozzle is uncovered. At this point,
1.7 m (S.58 ft) of water will remain above the top of the
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active fuel. The applicant will design rwo-out-of-four logic
to control the initiation of ABWR RPV water-level signals.
This will reduce the likelihood of a false loss-of-eoolant
accident (LOCA) signal.
The staff finds these provisions acceptable 'and concludes
that OB has appropriately addressed concerns in
NUREO-1449 related to inadvertent loss of RHR.
19.3.3.1.1

ABWR Alternate Decay Heat Removal
Features

In NURBO-1449, the staff stated that in case of a loss of
RHR, BWR operators can significantly extend the time
available for recovering the system by adding water to the
core from several sources, including the condensate system
and the CRD system, to raise water to a level that can
support natural circulation and continue to remove decay
heat, thus reducing the probability of damage to the core.
The applicant discussed the alternate DHR capability for
the ABWR in SSAR Table 19.Q-1 of the ABWR PRA
Shutdown Risk Final Report. In the event that RHR is not
available, operators can use several non-safety-related
systems as alternate methods to remove decay heat:
•

Main steam SRVs can be used to vent steam to the
suppression pool thus depressurizing the RPV and
allowing the use of other low-pressure systems.

•

During shutdown, the reactor water cleanup (CUW)
system can be used under certain conditions to remove
decay heat. Water is moved through a line attached to
the RPV bottom head, through a series of heat
exchangers and filter demineralizers and then returned
to the RPV through an attachment to the upper head or
the feedwater lines.

•

The fuel pool cooling (FPC) system can be used for
DHR during Mode 5 (refueling).

•

RPV water boiling with the vessel head off is an
effective way to remove heat but is not a preferred
method because of the potential for offsite releases.
However, it can be used as long as the RPV level can
be maintained by available make-up sources.

The staff asked OB to discuss the impact of direct RPV
water boiling to the containment as an acceptable alternate
DHR method. In a letter dated January 13, 1993, OB
stated that analysis results indicate that offsite doses from
direct boiling in the RPV during Mode 5 will be much
lower than required by regulatory limits of 10 CFR
Part 100. Component operability is ensured because the
RHR components will be qualified for a harsh

environment. Reliable components such as the CRD
pumps are expected to survive for a significant period of
time in a low-pressure steam environment to support
alternate make-up capability. Minimum operator actions
required to initiate direct boiling of RPV water with the
head removed include opening three manual valves inside
secondary containment and actuating the ACIWA system.
Since the time to reach steam boiling is several hours after
DHR cooling is lost, the operator actions to manually open
the valves are reasonably assured. The staff concludes that
direct boiling in the containment can be used as an
alternate DHR method, but should be used only after
attempts to restore other DHR methods, such as use of the
FPC system, have been unsuccessful.
The ABWR design will enable operators to cool the core
using alternate DHR methods as described above. The
loss of RHR during shutdown can be responded to as long
as non-safety-related equipment used for the alternate
methods is made available and clear procedures have been
prepared for applying the methods. Maintenance of the
decay heat capability and procedures are discussed in
Section 19.3.7.2 of this report. The staff concludes that
the applicant has sufficiently addressed concerns in
NUREO-1449 regarding the capability to provide alternate
core cooling in case of a loss of RHR.
19.3.3.2 Inventory Control
In NUREO-1449, the staff stated that loss of inventory is
more likely to occur during shutdown or refueling than
during normal operating conditions because of system
repairs, maintenance, and component replacement.
Activities such as test and maintenance during shutdown
that require seldom-used valve line-ups and plant
configurations increase the probability of operator error
associated with inventory control. Loss of inventory can
lead to fuel damage by overheating if no make-up water is
added to the core.
OB discussed the ABWR inventory control in SSAR
Section 19.Q.4.2 of the ABWR PRA Shutdown Risk Final
Report. In the event that the RPV level decreases during
shutdown conditions, Modes 4 and 5, the ABWR design
will automatically initiate, on low reactor water level, the
high-pressure core flooder (HPCF), and the low-pressure
flooder (LPFL) systems to inject water from the suppression pool. These features are part of the ECCS, and the
TS require automatic actuation of the ECCS to be operable
in these modes. Other manually initiated systems could
also be used to inject water from the main condenser
hotwell, CRD system, and ACIWA system. These
features will be part of the ABWR alternate DHR
capability and the COL applicant will develop
administrative control procedures, with appropriate

19-77

NUREG-1503

Severe Accidents
guidance from the reactor vendor, to ensure that alternate
DHR capability is available. All isolation valves used in
the shutdown cooling mode of RHR and CUW, except
those in the injection lines, will automatically close on a
low RPV water level signal to isolate the inventory losses.
If the HPCF and LPFL systems are in the test mode and
an RPV low-level signal is received, the systems will
automatically switch to the vessel injection mode.
Additionally, the ABWR design uses reactor internal
pumps that eliminate recirculation piping external to the
RPV, hence the probability of LOCAs during normal and
shutdown operations will likely be reduced.
To further reduce the likelihood of a loss of inventory,
RHR system valves will be interlocked with the reactor
system pressure to ensure that low-pressure RHR piping
will not be exposed to full system pressure. The lowpressure portions of RHR piping are designed to withstand
the full reactor pressure without rupture in the event that
the interlocks foil or are bypassed.
In NUREO-1449, it was noted that draindown of the RPV
water to the suppression pool could occur if the motoroperated valves in the RHR system inadvertently opened or
by operator errors. The ABWR design includes provisions
for preventing inadvertent draining of the RPV to the
suppression pool. Interlocks require that the RPV
shutdown cooling suction valve be fully closed before the
suppression pool return or suction valves can be opened.
In the reverse situation, interlocks require that suppression
pool return or suction valves must be fully closed before
SDC suction valve can be opened. The permanently
installed RPV level indication system will give level
indications and alarms to operators in the control room
during shutdown operations.
19.3.3.2.1

Temporary Reactor
Boundaries

Coolant System

19.3.3.2.1.1 Use of Freeze Seals in ABWR
The RCS in the ABWR design includes significantly less
piping than does the RCS in currently operating BWR
designs. For example, the design includes no external
recirculation loops, and the RHR piping connected to the
RPV will enter at a higher level than the top of the active
fuel. Therefore, inadvertent draining from these lines will
stop without exposing the fuel. The ABWR will contain
no pipes larger than 5.08 cm (2 in.) in diameter below the
core, thus allowing operators more time to recover coolant
inventory if coolant is lost as a result of maintenance,
valve failures, or pipe breaks. However, freeze seals are
sometimes used and are discussed in SSAR Section 19.Q.8
of the ABWR PRA Shutdown Risk Final Report. Freeze
teals are often used to isolate system piping for the repair
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and replacement of components such as valves, pipe
connections, pipe fittings, and pipe stops, where it is
impossible to perform the task without isolating the piping
system in such a way. The use of freeze seals to perform
such activity in the RCS boundary is of concern because a
failed seal would compromise the structural integrity of the
boundary, thus creating a loss of inventory control. In
NUREG-1449, the staff discussed events in which a freeze
seal used in secondary system equipment failed, resulting
in a loss of inventory, causing flooding, and rendering
equipment inoperable. These incidents occurred because
plant personnel failed to follow the procedures and
properly maintain the freezing media.
OB stated that the COL administrative procedures will
ensure the integrity of the temporary boundary when freeze
seals are used. Mitigative measures will be identified in
advance, and appropriate back-up systems will be made
available to minimize the effects of a loss of coolant
inventory.
The staff considers this a COL action item and will ensure
that COL applicants provide guidance on controlling and
maintaining the integrity of freeze seals. The guidance
should address the use of an engineering safety analysis on
a case-by-case basis to ensure that the use of freeze seals,
where a failure could result in loss of inventory, will not
result in any unresolved safety review questions. OB has
included this COL action item in SSAR Amendment 34
and the staff finds it to be acceptable.
19.3.3.2.1.2 Reactor Internal Pump Motor and
Impeller Replacement
The ABWR reactor internal pumps (RIPs) are used to
supply coolant circulation and to replace the external
coolant recirculation system used in the BWR designs.
This is a design improvement over the BWR designs in
which an unisolable pipe break or component repair in the
external recirculation system could result in a major loss
of inventory control. The RIP concept was adopted from
European BWRs that have been operating for more than
IS years and have had no indications of difficulty in
maintenance or in operation that resulted in a loss of
inventory. OE discussed the procedures to maintain and
to replace the RIPs in SSAR Section 19.Q.4.2 of the
ABWR PRA Shutdown Risk Final Report.
Removal of the RIP motors for maintenance is
accomplished by using integral inflatable seals that act as
backup sealing devices to' assure that no RPV water
leakage occur. Following each motor removal, a
temporary cover plate is bolted to the bottom of the
motor's housing, which forms part of the reactor vessel.
The impeller is then removed from the top. Upon the
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shaft in the event that maintenance seal is not in place,
an auxiliary hoist interlock is provided. The refueling
platform auxiliary hoist interlocks will interrupt the
hoisting power if the load exceeds a specified setpoint.
The hoist load setpoint is less than the sum of the
impeller-shaft weight and the hydrostatic head on the
impeller. To overcome the static head, the motor
housing must be pressurized, which requires the
maintenance cover plate to be secured in place, and
thus sealing is assuring.

removal of the impeller, the bolted cover plate acts as the
RPV boundary and prevents leakage of reactor water. A
plug is then installed on the RPV bottom head at the
impeller nozzle to provide additional protection against
draining the RPV.
The staff asked OE to discuss the effect the increased
temperature from a loss of DHR cooling during RIP
replacement or maintenance could have on inflatable seals.
In a letter dated January 13, 1993, OB stated that the
inflatable seals on the RIP shaft will be permanently
installed and will be designed to handle normal operating
temperatures. Increased temperatures from a loss of DHR
cooling will not affect the performance of the seals since
the coolant temperature during shutdown conditions will be
less than the design temperature of the seal.

•

The staff reviewed the RIP maintenance and replacement
sequences and found that if leakage occurred during the
removal of the RIP motor, the temporary cover plate could
be installed to eliminate RPV water leakage. The pump
internal primary and inflatable secondary seals would
minimize the potential RPV water drainage, thus making
the RIP motor removal process acceptable. However, the
staff noted that during the RIP impeller and shaft removal,
possible unisolable LOCA with an opening of about
20.32 cm (8 in.) exists in the event that operators failure
to follow the maintenance procedure or possibly as a result
of miscommunication. In addition, during pump impeller
and shaft replacement, the containment would be opened,
thus allowing a direct release path to the environment.
The staff, therefore, requires that RIP impeller and shaft
replacement be conducted only after fuel has been removed
from vessel. This was Open Item F19.3.3.2.1-1.

In a letter dated January 14, 1994, and subsequent
responses to staff questions, OE provided additional
information with regard to RIP impeller-shaft removal and
CRD replacement. During the RIP shaft and impeller
removal, the following replacement sequence, maintenance
requirements, and pump design features together with the
refueling platform auxiliary hoist design are intended to
minimize the likelihood of an unisolable LOCA.
•

Upon completion of the RIP motor removal, a
maintenance cover is bolted to the bottom of the motor
housing, which forms a temporary RPV boundary, the
motor housing is then pressurized to verify that the
maintenance cover is providing a seal. The secondary
inflatable seal is then depressurized. At this point, two
seals (internal primary,metal-to-metal, and maintenance
cover) are still provided. Upon removal of the pump
impeller-shaft, only the maintenance cover seal
remains. To protect against removal of the impeller-

When the pump impeller-shaft has been removed, a
maintenance diffuser plug is then installed over the
shaft opening. The diffuser plug provides sealing and
is the only means to prevent possible unisolable LOCA
when the motor housing is drained and the maintenance
cover plate is removed for secondary inflatable seal and
stretch tube inspection or replacement. To prevent this
potential unisolable LOCA, the diffuser plug is
designed with a break-away lifting lug. If the
maintenance cover is not secured in place and
pressurized, the lifting lug will break during the
attempted removal due to the static head pressure
exceeding the lug's design force, thus ensuring that the
diffuser plug seal is maintained. In the event that the
operator inadvertently removed the plug, abnormal or
excessive drainage will be discovered when the motor
housing is partially drained through the drain line. At
this point, RIP sealing is still provided by the
maintenance cover plate. Discontinued drainage of the
motor housing will eliminate the loss of reactor coolant
and allow corrective actions.

To further ensure that there is no leakage with the motor
bottom cover installed, OE specifically states that COL
applicant develops procedure to visually monitor for
potential leakage from the motor housing during pump
shaft lifting and maintenance plug removal. The staff finds
these provisions acceptable and that the potential unisolated
LOCA is minimized during RIP maintenance and
replacement. Therefore, Open Item F19.3.3.2.1-1 is resolved. However, the staff considers this a COL action
item and will review the COL procedures to ensure
appropriate installation and verification of motor bottom
cover, as well as visual monitoring of the potential leakage
during impeller-shaft and maintenance plug removal have
been considered. Also, the staff will ensure that COL
applicant develops a contingency plan (e.g., close
personnel access hatch, safety injection), which assures
that core and spent fuel cooling can be provided in the
event that a loss-of-coolant occurs during RIP
maintenance. OE has included this COL action item in
SSAR Amendment 34 and the staff finds it to be
acceptable.
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19.3.3.2.1.3 Control Rod Drive Replacement
CRD replacement for the ABWR is similar to that of
current BWRs, and will use the same maintenance
procedures. The CRD is withdrawn to the point where its
blade fits onto the CRD guide tube. This provides a
metal-to-metal seal that minimizes the RPV water drainage
when the CRD is removed. The staff reviewed the
replacement process and found that unisolated LOCA with
an opening of about S.08 cm (2 in.) exists at the bottom of
the vessel head if the CRD blade and drive are
simultaneously removed because of operator failure to
follow the procedures. In the DFSER, the staff stated that
its position was that TS should be included to prohibit the
removal of the blade and drive of the same assembly.
This was Open Item F19.3.3.2.1-2.
The procedure for removal of the line motion control rod
drive (FMCRD) for maintenance or replacement is similar
to cum nt BWRs. The control rod is first withdrawn until
the CRD blade is backseated onto the control rod guide
tube. This provides a metal-to-metal seal that minimizes
the RPV drainage when the FMCRD is subsequently
lowered and removed. The CRD blade normally remains
in this backseated condition at all times with the FMCRD
out. In the event that the CRD blade is required to be
removed for replacement, a temporary blind flange will be
first installed on the end of the CRD housing to prevent
draining of the reactor water.
During the FMCRD removal, personnel are required to
monitor under the RPV for water leakage out of the CRD
housing. If abnormal or excessive leakage occurs after
only a partial lowering of the FMCRD, which is the
indicative of a metal-to-metal seal that has not yet been
established, the FMCRD can then be raised back into its
installed position to eliminate the leak and allow corrective
action. In the event that the CRD blade and drive of the
same assembly were inadvertently removed due to operator
failures to follow procedures during refueling operations
with water level greater than 23 ft above the vessel flange,
the analysis results indicated that it would take
approximately 36 minutes for the water to fill the lower
drywell sump, reach the tunnel entrances, and begin
flowing into the access tunnels. With the expected flow
rate of 174 cubic meters per hour (6, 145 ft /hr) from the
CRD opening, the water in the spent fuel would drop
approximately .3 m/hr (.98 ft/hr). The high drywell sump
level and the low spent fuel level would alarm in the main
control room approximately 2 minutes and 28 minutes,
respectively, into the transient. The normally operating
non-safety-related makeup water condensate system
(MUWC) will automatically start upon receiving a low
level alarm in the spent fuel pool and transfer water to the
spent fuel pool cooling and cleanup (FPCCU) system. The
3
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RHR spent fuel cooling mode can be manually initiated to
provide makeup injection and the suppression pool cleanup
system also can provide backup if the MUWC is not
available. In the event of loss-of-offsite power, backup
water also can be provided by RHR ac independent water
addition system.
Upon identified leakages from the bottom of the RPV, it
is expected that personnel door and equipment hatch in the
lower drywell areas will be closed within 30 minutes
before the water level would reach the tunnel entrances and
begin flowing into the access tunnel. Appropriate actions
will then be taken to reinsert the CRD blade and to
mitigate the event using various water sources and
injection systems and mentioned.
Additionally, the FMCRD design also allows partial
removal of certain mechanical assemblies without the need
to withdraw the associated CRD. These mechanical
components include the stepping motor, position indication
probe (PIP), and spool piece. While these components are
removed for maintenance, the associated CRD will be
maintained in the fully inserted position by one of two
mechanical anti-rotation locking devices, which are part of
the FMCRD design. Details of the anti-rotation locking
devices and verification process are discussed in SSAR
Section 4.6.2.3.4
The staff reviewed the FMCRD and its associated antirotation locking devices design and concluded that adequate
locking mechanisms are provided to assure that control
rods remain fully inserted with the FMCRD subassemblies
removed. In addition to the locking devices, TS prohibits
removal of any two adjacent CRD subassemblies to
prevent a potential inadvertent criticality event during
refueling operation.
The staff also notes that only two or three complete
FMCRDs are required to be removed for inspection each
refueling outage. This is an improvement relative to the
CRD system design at current BWRs which have piston
seal replacement needs such that 20 to 30 drives are
typically removed each refueling outage.
The staff finds that the FMCRD design improvements,
provisions to control potential loss of reactor water, and
ample time available for operators to initiate corrective
actions in the event of coincident removal of the CRD
blade and drive of the same assembly during refueling
outage acceptable, and therefore, Open Item F19.3.3.2.1-2
is resolved. However, the staff considers this issue a COL
action item and will ensure that maintenance procedures
have provisions prohibit coincident removal of the CRD
blade and drive of the same assembly. The staff also will
ensure that COL applicant develops contingency
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procedures to provide core and spent fuel cooling
capability and mitigative actions during CRD replacement
with fuel in the vessel. GE has included this COL action
item in SSAR Amendment 34 and the staff finds it to be
acceptable.
19.3.3.2.2

Alternate
Feature

Reactor

Inventory

Control

The ABWR design includes a non-safety-related feedwater
and condensate system, consisting of three electric pumps
and associated piping, that can be used as an alternate
means for make-up during shutdown operation. The CRD
pump can also be used to provide inventory control during
shutdown by injecting water from the condensate storage
tank to the RPV through the FMCRD system. An
ACIWA system is also available to supply make-up water
to the RPV if no ECCS make-up water is available.

In NUREG-1449, the staff stated that operating BWR
alternate DHR methods provide significant depth and
diversity. For these reasons, the staff concluded that loss
of RHR in BWRs during shutdown is not a significant
safety issue as long as the equipment (pumps, valves, and
instrumentation) needed for these methods is operable and
clear procedures exist for applying the methods. As
discussed in Sections 19.3.3.1,19.3.3.1.1, and 19.3.3.2 of
this report, GE provided design features to minimize the
risk from shutdown events and ensure the availability of
DHR and reactor inventory. GE stated that ABWR TS
required that secondary containment automatically be
isolated on high radiation from a radiological boundary
breach or fuel handling accident. Also, procedures should
be developed by the COL applicant to ensure that (1) the
primary containment is available during Modes 3 and 4 (if
appropriate), and (2) the secondary containment can be
maintained functional as required, especially during higherrisk evolutions.

The staff finds these provisions acceptable and concludes
that GE has sufficiently addressed the concerns in
NUREG-1449 related to alternate make-up capability to
provide core decay heat removal. The alternate inventory
control features using the feedwater, the condensate
system, and the CRD pump will provide alternate core
cooling upon loss of normal RHR capability. The staff
also finds that an ACIWA system will further enhance the
capability of the ABWR to maintain core cooling in the
event that no ECCS make-up is available.

Based on the conclusions reached in NUREG-1449 and the
improvements, beyond that of operating BWRs, provided
in the ABWR design, the staff concludes that additional
requirements are not necessary for the primary
containment. The requirements to isolate secondary
containment on high radiation and fuel- handling accidents,
and procedures to ensure the availability of secondary
containment during high-risk evolutions could contribute to
the mitigation of a low-power and shutdown event.

19.3.3.3 Containment Integrity

19.3.3.4 Electrical Power

During refueling of the ABWR, the primary containment
head is removed and cannot be readily repositioned to
restore containment integrity. This is also the case for
operating BWR plants with Mark I and II containments.
NUREG-1449 stated that BWR secondary containments
were judged unlikely to prevent an early release following
initiation of boiling with an open RCS or during potential
severe-core-damage scenarios. This is also the case for the
ABWR.

In NUREG-1449, the staff concluded that the availability
of electrical power is vital to maintaining shutdown
cooling. A loss of power could range from the complete
loss of ac power to the loss of a dc bus or an instrument
bus. Loss of electrical power generally leads to other
events, such as a loss of SDC.

In NUREG-1449, the staff evaluated the need to reestablish
containment integrity for all operating plants under
shutdown conditions. Based on operating experience,
thermal-hydraulic analyses, and PRA assessments, it was
concluded that containment integrity under some shutdown
conditions may be necessary for pressurized water reactor
(PWR) plants. However, this conclusion was not reached
for BWR plants. This is a result in part, of the decreased
frequency and significance of precursor events involving
reduction in reactor vessel level or loss of RHR (or both)
in BWRs as compared to PWRs. In addition, BWRs do
not enter a midloop operating condition as do PWRs.

The staff reviewed the design for the electrical system
described in SSAR Section 19.Q.4.4 of the ABWR PRA
Shutdown Risk Evaluation Final Report. The ABWR
electrical system design includes three diesel generators —
one diesel generator for each safety division. A nonsafety-related combustion gas turbine is an alternate means
of supplying power. The combustion gas turbine can start
a feedwater or other pump for DHR or inventory make-up,
if required upon a loss of offsite power and diesel
generator failure.
Two independent offsite power sources, three unit
auxiliary transformers powering three Class IE and non-IE
buses, and four safety divisions of dc power would
increase the availability of power for equipment.
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The staff finds that the ABWR electrical power system
design contains redundant electrical power sources. The
availability of electrical power during shutdown is
discussed in Section 19.3.7.3 of this report.
19.3.3.5 Reactivity Control
In NUREG-1449, the staff indicated that inadvertent
criticality events at BWR plants have resulted in reactor
trips. Inadvertent reactivity is most often caused by human
error (the operator selecting the wrong control rod) and
feedwater transients. GE addressed reactivity excursion
events in SSAR Section 19.Q.4.S of the ABWR PRA
Shutdown Risk Final Report, and in Chapter IS of the
SSAR. OE stated that reactivity events during shutdown
could result in critical events by moving control rods or
making errors in handling fuel, which could jeopardize
DHR or fuel integrity. These events could result from any
the following:
•
•
•
•
•

Control rod drop
Control rod ejection
Refueling error
Rod withdrawal error
Fuel loading error.

19.3.3.5.1

Control Rod Drop

A control rod drop event could occur during control rod
testing at shutdown. The applicant discussed the control
rod drop accidents in details in Chapter 15 of the OE
ABWR SSAR. To limit the reactivity increases that would
result from a free-falling control rod, the ABWR will
include a latch mechanism to restrict the distance of rod
free-fall to an acceptable limit. The FMCRD design will
detect the separation of the CRD mechanism. A rod block
signal will prevent a second control rod from being
withdrawn, if any one control rod is fully withdrawn. The
latch mechanism would limit to 20.32 cm (8 in.) the
distance a rod could drop if (1) the rod block signal failed,
(2) the operator incorrectly selected an adjacent control rod
for withdrawal, and (3) the incorrectly selected rod became
stuck and decoupled from its drive. Two .redundant and
separate Class IE switches will detect the separation of
either the control rod from the hollow piston or the hollow
piston from the ball nut. If either the FMCRD or the
Class IE separation detection system were actuated, an
alarm would annunciate in the control room, thus reducing
the probability of rod drop accidents going undetected.
These features provide acceptable plant response as
discussed in Section 15 of the FSER.

NUREG-1503

19.3.3.5.2

Control Rod Ejection

During shutdown operation, a major break on the CRD
housing or associated CRD pipelines from RPV hydrostatic
testing of a control rod could cause a control rod to be
ejected. The FMCRD system will include redundant brake
mechanisms to prevent this accident from causing severe
consequences. The rod drop detection system also will
provide the same protection against a rod ejection accident
and will include alarms in the control room to alert
operators to this accident. Details of the control rod
ejection accidents and plant response are discussed in
Section 15 of the FSER. '
19.3.3.5.3

Rod Withdrawal Error

The staff stated that certain inadvertent criticality events
resulted in reactor trips. Inadvertent criticality is most
often caused by human error (such as the operator's
selecting the wrong control rod). GE stated that the
reactor could become critical if two adjacent control rods
were withdrawn at the same time during refueling
operations. To prevent a rod from being inadvertently
withdrawn, the ABWR design will include interlocks to
ensure that all control rods are inserted while fuel is being
handled over the core. The design also will include an
interlock to prevent more than one control rod from being
withdrawn at a time. If the interlock fails and the control
rod is withdrawn, the reactor would trip on a high-flux
signal received in the control room. Details of the rod
withdrawal errors are discussed in Chapter 15 of the
ABWR SSAR and are evaluated in Section 15 of the
FSER.
The ABWR refueling interlocks that prevent more than one
control rod from being withdrawn at a time and the highflux signal scram features will provide diverse protection
against rod withdrawal errors during shutdown operations.
The staff judged that there is only a small probability of
the coincident failures of the refueling interlock and RPS
occurring together with operator errors.
19.3.3.5.4

Refueling Error

A reactivity excursion event in an ABWR could occur
during refueling operations if a fuel bundle is inserted at
the maximum fuel grapple speed into a fueled region of the
core. Details of the refueling error events are discussed in
Chapter 15 of the ABWR SSAR. The ABWR will include
the following design features to prevent or mitigate
refueling errors:
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(1)

An interlock with a mode switch in the REFUEL
position prevents another fuel assembly from being
hoisted over the'vessel if a control blade has been
removed.

(2)

While the mode switch is in the REFUEL position,
only one rod can be withdrawn at a time. Any
attempt to withdraw a second control rod would
result in a rod block signal from the refueling
interlocks.

(3)

A refueling error will cause the start-up neutronmonitoring system to send an alarm and alert
operators to the condition.

Details of the refueling errors are discussed in Section IS
of this report.
19.3.3.5.5

Instrument features important to shutdown operations
include the following:

Fuel Loading Error

A fuel loading error is similar to a refueling error. GE
stated that if the refueling procedure were not followed,
the core reactivity would increase to a value higher than
the design value, and if the operator, in performing the
core verification process, failed to identify a misplaced fuel
bundle, subsequent control rod testing could result in an
inadvertent critical event and a power excursion. The
likelihood and acceptability of plant response to this event
is discussed in Section 15 of this report.
19.3.4

The applicant stated in letters dated January 13 and 28,
1993, that resistance temperature detectors (RTDs) in the
CUW system suction lines and the RHR pump discharge
will be used to measure reactor water temperatures. The
temperature indications and alarms will be located in the
control room to enable operators to monitor coolant
temperature during shutdown operations. Upon a loss of
offsite power, the RHR systems will be powered from the
EDOs and the CUW system can be powered by either the
EDO or an alternate onsite ac power source combustion
turbine generator (CTO). When an alarm is received from
the CUW system, the operator would retrieve the
associated system on a computer display to determine the
specific cause for the alarm condition. OE also gave
specific DHR system parameters that will be monitored in
shutdown conditions.

•

Automatic initiation of ECCS to ensure adequate RPV
make-up during Modes 4 and 5

•

Four channels of instruments to allow for bypass
during maintenance and testing while retaining the
redundancy of the system (the two-out-of-four logic
reverts to two-out-of-three during maintenance bypass)

•

Continuous monitoring to detect fires or flooding in
safety-related and other areas

•

Operability of the RPS during shutdown conditions to
mitigate any reactivity excursions

•

Interlocked refueling bridge operation to prevent
reactivity excursions

•

Automatic isolation of SDC valves (F-010 and F-011)
on low level in the RPV to prevent fuel from being
uncovered

•

Interlocked RHR valves (SDC and suppression pool) to
reduce the possibility of diverting coolant from the
RPV to the suppression pool

•

Ability to shut down the plant from the remote control
panel if the control room becomes uninhabitable

•

Ability to monitor radiation levels throughout the plant
to detect breaches in radiological barriers.

ABWR Reactor Instrumentation

In NUREO-1449, the staff stressed the importance of
dedicated shutdown annunciators and instruments used
during shutdown operation to provide RCS coolant
temperature indication, reactor water level indication, and
RHR system status.
The applicant discussed ABWR instruments in SSAR
Section 19.Q.5 of the OE ABWR PRA Shutdown Risk
Final Report. The applicant stated that, to minimize risk
during shutdown, the instrument system must monitor the
RPV level, the water temperature, the make-up sources,
and heat sinks, and must display these parameters in the
control room to the operators in a reliable manner that is
easily understood. These instruments can also supply
signals to actuate ECCS functions upon receiving a signal
for low reactor water level, to automatically insert control
rods on high flux, and to close appropriate isolation
valves.
The staff asked OE to discuss the reliability of power
available for the CUW system to measure coolant
temperatures and the adequacy of the DHR system
parameters monitored by the ABWR instrument system.

Parameters that are monitored by the instrument system
include the following:
•
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established by the referencing applicant to provide DHR
function and to mainta A safe shutdown operation.

•

Neutron flux

•

Drywell and wetwell pressure and temperature

•

Suppression pool temperature and level

•

Turbine building condenser pit and reactor component
cooling water (RCW) rooms in the control building
flooding level

•

RHR flow rate, pump motor trip, loop logic power
failure

•

Fire detection in various buildings

•

Electric power distribution system parameters (e.g.,
power, voltage, current, and frequency)

•

Operation of the fire water system

•

CUW outlet temperature high.

The staff finds these provisions acceptable and concludes
that GE has appropriately addressed concerns in
NUREG-1449 related to the importance of dedicated
shutdown annunciators and instruments used during
shutdown operations to provide RCS coolant temperature
indication, reactor water level indication, and RHR system
status.
19.3.5 Flooding and fire Protection
In NUREG-1449, the staff stated that the safety
significance of flooding or spills during shutdown depends
on the equipment affected by the spills and that such spills
are most often caused by human error. Plant activities
during shutdown and refueling operations may increase fire
hazards in safety-related systems essential to the plant's
capability to maintain core cooling. Further, Appendix R
to 10 CFR Part SO, Fire Protection Program for Nuclear
Power Facilities Operating Prior to January 1, 1979, and
current NRC fire protection philosophy do not address
shutdown and refueling conditions and the effect that a fire
may have on the plant's ability to remove decay heat and
to maintain shutdown cooling. SSAR Section 19.Q.6 of
the ABWR PRA Shutdown Risk Evaluation Final Report
addresses the capability of the plant design to protect safeshutdown equipment from fire and floods.
The physical layout of the ABWR design is the primary
means of ensuring that this requirement will be met should
these hazardous conditions occur. The ABWR design
incorporates such methods as proper plant layout, proper
system layout and operation, physical and electrical
separation, and the use of administrative controls to be
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The layout of the plant will minimize the propagation of
fires and floods by locating the control building (CB)
between the reactor building (RB) and the turbine building
(TB). Most safe-shutdown equipment will be located in
the RB and most non-safety-related equipment will be
located in the TB; therefore, failures of systems in the TB
because of fires or floods will not adversely affect safetyrelated equipment.
GE stated that the ABWR includes three independent
safety-related RHR divisions. These divisions will be
separated by 3-hour fire barriers, and divisional equipment
will be electrically isolated from redundant divisions of
equipment except for equipment in the main control room
(MCR), remote shutdown panels (RSPs), primary
containment, and several special cases in which divisional
equipment is in close proximity to equipment in another
division as described in SSAR Section 9A.S, Special
Cases. Also, there are some cases where cables of more
than one division are in relatively close proximity and
require special justification. In each of these areas, the
applicant has provided recommendations concerning fire
protection during shutdown conditions to ensure that DHR
capability remains intact.
The ABWR design and TS in Modes 3, 4, and 5 ensure
physical and electrical separation that no more than one of
the three redundant divisions of safe-shutdown equipment
can be rendered inoperable because of a fire or flood.
Physical and electrical separation of redundant safetyrelated divisions ensures that, if a division is rendered
inoperable because of fire or flood, at least one division
will be operable and available to provide DHR function.
The ABWR will not include fire walls inside primary
containment to provide divisional separation because of the
need to rapidly equalize pressure among these divisions
after a high-energy line break. In the ABWR SSAR, GB
stated that the divisions of safe-shutdown equipment will
be widely separated (at intervals of 120 degrees around the
containment) so that a single fire will not be able to render
inoperable any combination of active components that are
used to ensure maintenance of a safe-shutdown condition.
During normal plant operation, the primary containment
will be made inert, therefore, the potential for fire in the
containment is reduced substantially. During shutdown or
refueling activities, the primary containment will not be
made inert and, therefore, would be susceptible to fires
because of maintenance activities that involve increased
amounts of combustible loading and a number of ignition
sources (cutting and welding equipment). The COL
applicant referencing the ABWR design will prepare
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administrative procedures to limit storage of combustibles
and control ignition sources inside primary containment.
Although the divisions of safe-shutdown equipment located
in the primary containment will not be located in the
separated fire areas, other methods will be available to
deal with fires in the primary containment such as
minimizing the safe-shutdown components, maximizing
distance between divisional equipment, and providing
sprinkler coverage from the containment spray mode of
RHR.
Within the primary containment, check valves and
automatic depressurization system (ADS) SRVs are the
only components that need to operate to achieve safe
shutdown. A fire cannot disable the check valves or the
spring-actuated SRVs, and the high-pressure injection
pumps will provide enough pressure to lift the SRVs.
Therefore, the safe shutdown capability will not be
compromised as a result of a fire. GE stated that
containment spray can be used to mitigate the
consequences of a fire inside primary containment. The
staff does not consider this to be a primary fire mitigation
feature. It believes that the design of the SRVs and check
valves, along with the wide spaces between divisional
equipment and administrative procedurea provides
sufficient assurance that safe-shutdown equipment will
remain functional, should a fire or flood occur inside the
primary containment during shutdown conditions.
t

Although the MCR includes controls and indications for
safe-shutdown divisions, redundancy is achieved by
providing the RSP in a separate area of the RB. The MCR
and the RSP will be separated by 3-hour fire barriers and
the RSP will be hard-wired to field devices and power
supplies. Fiber optic cables from the MCR will transmit
two identical digital control signals to operate equipment.
In the event of a major fire in the MCR, the
instrumentation and control power for safety-related
cooling systems will be transferred from the MCR to the
two RSPs, each of which is capable of serving one division
of safety-related cooling systems. It is not likely that a fire
in the MCR would cause spurious operation of equipment
(barring inadvertent control switch operation) because two
simultaneous identical signals are needed at the demultiplexer for control action to be taken at the field
device (element).
The RSP rooms will be separated from each other by a fire
barrier and fire door assembly. The transfer switches will
be located in each room. GE stated that if a fire involved
one of the safe-shuMown rooms and caused inadvertent
operation of safety-related equipment, only one of the two
remaining divisions would be needed to bring the reactor
to a hot shutdown and then cold shutdown condition.

The heating, ventilating, and air-conditioning (HVAC)
systems will be used during shutdown conditions to prevent
smoke, hot gases, heat, or fire suppressant in one fire area
from migrating into other fire areas to the extent that they
could adversely affect the safe shutdown capability of
redundant equipment. When the HVAC systems are
operated in the smoke-removal mode, the system in the
area experiencing fire will be maintained at a lower
pressure than the other fire areas. This will ensure that
any leakage across a barrier will be drawn into the area
experiencing the fire and will provide a clean air space for
personnel access to the fire. The fire suppression and
detection system used in conjunction with administrative
controls will enable the COL applicant to effectively fight
the fire.
While the plant is in shutdown modes, the licensee will
commonly bring additional personnel and materials to the
site for various refueling and maintenance activities.
During this time, some safe-shutdown systems may be
inoperable for maintenance at a time when fires are more
likely to occur. Administrative controls proposed by GE
will ensure that at least one safety-related division is
operable (the operable division) and that another safetyrelated division is operable with fire and flood barriers
fully in place (the standby division). Thus while one
division may be in maintenance, another division will be
operable (although its fire or flood barriers may be
breached), and the third division will be in standby. If the
operable division is rendered inoperable by a fire or flood,
the standby division will be available to perform the DHR
function. Likewise, if a fire or flood renders the standby
division inoperable, the operable division will continue to
perform the DHR function. The COL applicant refer to
the ABWR design will establish administrative procedures
to ensure that an unanticipated breach of a fire barrier will
be discovered and compensated for in a timely manner.
The staff considers fire protection administrative
procedures a plant-specific issue. In addition, the staff will
ensure that the COL applicant has appropriately addressed
the availability of the safe-shutdown equipment using the
physical and electrical separation concept to provide DHR
function and to maintain safe-shutdown operation. The
staff also will ensure that the COL administrative
procedures provide appropriate controls of combustibles
and ignition sources during shutdown operations. GE has
included this COL action item in SSAR Amendment 34
and the staff finds it to be acceptable.
The physical and electrical separation of redundant safeshutdown equipment provides for flood protection. The
ABWR will include barriers to protect against both flood
and fires. Doors that protect against flood are watertight
with seals that will seat with increased water pressure from
outside the room. These watertight doors also will be
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alarmed so that if the door is opened (i.e., the flood
barrier is breached), security will be alerted and will take
appropriate actions. The ABWR will also reduce flood
hazards by minimizing sources of flood water near safetyrelated equipment and by alarming and isolating water
sources on indication of high water levels. Safety-related
equipment will be installed at a minimum level of 200 mm
(8 in.) off the floor with adequate drainage in the floor
spaces. OE will give COL applicants guidance on
administrative controls to effectively deal with a flood
situation.
The staff reviewed the protection philosophy for the
ABWR, the design features used to protect safe-shutdown
equipment from fires and floods and their effects, and
concludes that the design provides for adequate fire and
flood protection for systems and components required to
achieve and maintain safe-shutdown and is acceptable.

•
•
•

Outage planning and control
operator training and procedures
TS

19.3.7.1 Outage Planning and Control
In the absence of strict TS controls, licensees have
considerable freedom in planning their outage activities.
NUREG-1449 indicated that outage planning dictates what
equipment will be available and what and when
maintenance activities will be undertaken. It effectively
establishes if and when a licensee will encounter
circumstances that are likely to challenge safety functions
and the level of mitigation equipment available to deal with
such a challenge. The staff believes that a safety-oriented
approach to planning and controlling an outage is needed
and that such an approach will reduce risk during
shutdown, thereby reducing the incidence of precursor
events and improving the defense-in-depth concept.

19.3.6 Shutdown Risk Insights
In supporting the design certification of the ABWR design,
the NRC required OE to prepare a suitable, systematic risk
analysis for those operating modes other than full power.
On July 2, 1992, GE submitted its shutdown risk
evaluation for the NRC staff to review. The staff
reviewed GE's shutdown risk PRA for the ABWR design.
This PRA included discussion of dominant accident
sequences; calculation of core damage frequency from
internally initiated events in Modes 3, 4 and 5; and
vulnerabilities while operating the plant in modes other
than full power. The staff also considered human
reliability insights, important human actions, insights from
uncertainty, importance, and sensitivity analyses.
In SSAR Table 19.Q-6 of the shutdown risk evaluation
final report, OE performed a failure modes and effects
analysis (FMEA) of the ABWR new design features to
determine if any vulnerabilities were introduced by the new
technology. OE concluded that the new design features
would not introduce new vulnerability. The staff discussed
these assessments in Section 19.1.3.4 of this report.
The staff reviewed the shutdown risk PRA for the ABWR
design. It concluded that the results of the shutdown risk
evaluation provide sufficient information to determine that
there would not be a disproportionate risk of operating the
plant in modes other than full power. The staff also found
no unreported shutdown risk vulnerabilities.

In the GE ABWR PRA Shutdown Risk Final Report,
SSAR Sections 19.Q.7 and 10, GE discussed the generic
procedure guidelines for planning outages. In response to
a staff RAI regarding the guidelines for conducting and
planning outages, GE stated in a letter dated January 13,
1993, that the plant-specific operating procedures, and the
GE ABWR procedure guidelines for outages and planning
will endorse NUMARC 91-06, Guidelines for Industry
Actions to Assess Shutdown Risk Management. The staff
believes that in addition to NUMARC 91-06 guidelines,
fire protection and appropriate use of instrumentation also
should be considered. Fire protection provisions for plants
during shutdown operation and the use of plant instruments
important to shutdown to monitor and detect a loss of
DHR cooling during reduced inventory are discussed in
• Sections 19.3.S and 4 of this report, respectively. The
procedure guidelines for outage and control planning will
be based on an engineering evaluation including engineering safety analyses and will address the effective
planning and control of outages and the maintenance of
important shutdown functions: DHR capability, electrical
power availability, reactivity control, and containment
(primary/secondary) integrity.
The plant-specific guidelines for planning and controlling
outages will include the following:
•

An outage philosophy including a list of organizations
responsible for scheduling outages. These guidelines
should address both the initial outage plan and all
safety-significant changes to schedule.

•

Provisions to ensure that all activities receive adequate
resources. The plan should also consider unanticipated
changes and increases of the scope.

19.3.7 Technical Findings in NUREG-1449
In NUREG-1449, the staff identified several operationalrelated issues for regulatory action. These issues are the
following:
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•

Provisions to ensure defense in depth during shutdown
and to ensure that safety margins are not reduced. An
alternate or backup system must be made available if a
safety system is removed from service.

individual site characteristics and training program requirements. OE gave broad guidance to ensure important safety
functions are maintained during shutdown operations as
follows:

•

Provisions to ensure that all personnel involved in
outage activities are adequately trained. This should
include operator simulator training to the extent
practicable.
Other plant personnel, including
temporary personnel, should receive training
commensurate with the outage tasks they will be
performing.

•

•

Provisions for an independent safety review team that
would be assigned to perform final review and grant
approval.

Decay Heat Removal Capability. The RHR system
will be the normal method of removing decay heat.
The COL applicant will use a recovery strategy to
address loss of normal RHR including determining an
alternate DHR system and personnel responsible for
executing the recovery. In planning for an outage, the
COL applicant will emphasize the need for RHR
systems during periods of high heat decay loads and the
later maintenance of the RHR system when decay heat
loads have been reduced or when the core has been
unloaded to the spent-fuel pool. Procedures will be
provided to maintain spent-fuel cooling during core
unloading.

•

Inventory Control. The COL applicant will implement
appropriate procedures to ensure that adequate coolant
inventory is maintained at all times during shutdown.
Plant activities or configurations in which a single
failure can result in loss of inventory will be identified,
and compensatory measures will be provided. Specific
activities that could result in a loss of inventory such as
use of freeze seals, removal of control rods, CRDs,
reactor internal pumps, and RHR valve actuation or
other activities mat could lead to diversion of RPV
coolant to the suppression pool will be reviewed,
compensatory measures will be provided.

•

Electrical Power Availability. The COL applicant will
implement procedures to ensure the defense in depth of
electrical power sources. Maintenance of power
sources will reflect the current plant configurations and
conditions. GE recommended normal and alternate
power sources be made available during high-risk
conditions.
The COL applicant will review all
maintenance and switchyard activities to identify single
failures or procedural errors that could result in loss of
power to vital buses during shutdown. Procedures will
be written to govern the use of alternate sources of
power.

•

Reactivity Control. Shutdown reactivity control for the
ABWR will be maintained by core design analysis and
interlocks to restrict the movement of fuel and CRDs.
The COL applicant will provide procedures to ensure
that the core is loaded according to design requirements
and that fuel movements are not to be permitted while
a CRD mechanism is in maintenance. If a refueling
sequence must be altered, a new shutdown margin
analysis must be performed. All fuel movements will
be verified by knowledgeable trained personnel.
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The staff finds that improvement in safe operation of the
ABWR plant in low-power and shutdown modes can be
reasonably accomplished by implementing GE*s guidelines
for preparing and implementing an outage plan. It
concludes that OE has adequately addressed important
areas described in NUREG-1449 regarding outage planning
and control. The staff also notes that specific shutdown
TS requirements and guidelines for preparing and
implementing an outage plan, will significantly improve
safe shutdown operation. ABWR shutdown TS requirements are discussed in detail in Section 19.3.7.3 of this
report.
The staff considers outage planning and control a plantspecific issue and will verify that each COL applicant has
appropriately implemented GE's guidance and
recommendations to improve low-power and shutdown
operation. The staff will review the COL applicant's
outage planning and control program to ensure that the
safety principle is clearly defined and documented. The
controlled procedure should clearly define an outage
planning process and should incorporate preplanning for all
outages. GE has included this COL action item in SSAR
Amendment 34 and the staff finds it to be acceptable.

19.3.7.2 Operator Training and Procedures
In NUREG-1449, the staff stated that conditions and plant
configurations during shutdown outages for refueling can
place control room operators in an unfamiliar situation.
Personnel that is properly trained and understand the
problems that could arise during outages is essential in
reducing risk associated with the outage activities.
GE stated in SSAR Section 19.Q.10 of the GE ABWR
PRA Shutdown Risk Final Report that each utility must
prepare plant-specific operating procedures based on

Severe Accidents
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The COL applicant will
develop procedures to ensure the availability of primary
containment during Modes 3 and 4 (if appropriate). In
addition, procedures will be available to ensure that the
secondary containment function can be maintained, as
required, in all modes.

GE has recommended ways for COL applicants to maintain
key safety functions during shutdown. However, the
effectiveness of these recommendations would depend on
the procedures, characteristics and training program
requirements of each plant. The staff considers plantspecific procedures a COL action item and will require
COL applicants to appropriately address and incorporate
plant-specific safety-related issues and the vendor's
operating guidance on safe operations during shutdown.
GE has included this COL action item in SSAR
Amendment 34 and the staff finds it to be acceptable.

19.3.7.3 Technical Specifications
The TS for current operating plants are the primary
sources of operational requirements.
The standard
technical specifications (STS) include general requirements
for reactivity "ontrol, inventory control, RHR, and
containment capability during all plant conditions. The
STS also include general requirements for fire protection.
The staff asked GE to provide shutdown TS requirements
for the ABWR design. In letters of June 30 and July 9,
1993, GE submitted shutdown TS for the staff to review.
In the ABWR shutdown TS, GE established systematic
requirements for operating the plant in modes other than
full-power conditions. The staff reviewed the ABWR
shutdown TS using insights from technical findings
discussed in NUREG-1449 and the staffs proposed model
TS improvements to enhance the safe shutdown operation
of all nuclear plants. These proposed improvements were
made available for public comment and industry review in
July 1993. Table 19.3-1 of this report indicates additional
limiting conditions, beydnd those currently listed in the
improved STS (NUREG-1434), for operation during
reduced inventory that GE proposed. The staff compared
TS requirement improvements for ABWR design with the
BWR-6 TS. The ABWR shutdown TS reflects redundant
onsite AC power sources (diesel generators), one offsite
power source, and associated support systems to ensure the
DHR capability can be maintained and to minimize the loss
of DHR from a loss of electrical power. The ABWR
shutdown TS closely follows the staffs guidance on the
proposed model TS improvements. Therefore, the staff
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concludes that the ABWR shutdown TS will include
requirements needed for managing risk during shutdown
operations.
19.3.8 Summary
The ABWR design provides flexible combinations of DHR
systems, alternate features, and associated safety
parameters monitored by the ABWR instrumentation and
control system during shutdown operations.
These
combinations of safety-related systems and normally
operating non-safety-related systems ensure that the ABWR
is adequately protected against accidents during low-power
and shutdown operations.
GE considered fire and flood hazards and plant damage
that could occur during shutdown operation as evidenced
by proper plant layout, proper system layout and
operation, physical separation, and electrical separation.
GE took appropriate actions for adequate fire and flood
protection to ensure that at least one safety-related division
is operable and the standby safety-related division also is
operable with fire and flood barriers fully in place.
Outage planning and control will include specific operating
procedures to address key safety features such as DHR
capability, inventory control, electrical power availability,
reactivity control, and containment control. Specific
guidelines for planning and controlling outages will include
organizations responsible for scheduling outages.
Personnel involved in outage activities will be adequately
trained and proper safety reviews will be conducted.
Implementations of these operating procedures are COL
action items.
The ABWR design includes specific TS requirements for
operating the plant in modes other than full power. These
TS requirements will provide appropriate redundancy in
equipment during higher-risk evolutions during shutdown.
These TS are consistent with the staffs proposed model
TS developed from evaluation of shutdown and low-power
operations.
19.3.9

Conclusion

Based on the above, the staff finds the ABWR PRA
Shutdown Risk Evaluation Final Report acceptable, and
meets the staffs proposed applicable regulation for
shutdown risk. Further, the staff concludes that GE has
adequately addressed the shutdown risk concerns in
NUREG-1449 and has demonstrated that the ABWR design
will not introduce significant risk during shutdown operations.
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Table 19.3-1 Comparison of ABWR shutdown TS and BWR-6 TS

ABWR Shutdown TS

Modes

BWR-6 TS
Modes

*RCW/RSW and UHS - Shutdown

4 and 5 except when
water level £ 2 3 ft

No requirements

5 with water level
2623 ft

SSW and UHS - Refueling

Two RCW/RSW divisions and UHS operable
*RCW/RSW and UHS - Refueling
One RCW/RSW division and UHS
subsystems operable
*AC Sources — Shutdown (low level)

No requirements

4 and 5 with water
level £ 2 3 ft

AC source — shutdown one
offsite power source

4and5

One offsite power source
One DO (onsite) power source
Two diesel generator (DO) (onsite) power
sources
*AC Sources — Shutdown (high level)

4 and 5 with water
level 2s 23 ft

One offsite power source
One DO (onsite) power source
*
A new LCO has been added as a result of the shutdown risk program.
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20 GENERIC ISSUES
This chapter covers the staffs evaluation of jeveral topics:
(1) unresolved safety issues (USIs) and generic safety
issues (GSIs), (2) construction permit/manufacturing
license (CP/ML) rule compliance, and (3) incorporation of
operating experience in the advanced boiling water reactor
(ABWR) design.

As a result of the ABWR licensing review bases document
(letter from T. Murley, NRC to R. Artigas, GE, dated
August 7, 1987), GE agreed to address issues beyond the
date 6 months prior to the ABWR application. During a
conference call on January 13, 1993, the staff and GE
mutually agreed that issues identified in NUREG-0933,
with Supplements 1 through 15, would be addressed in the
ABWR design certification review. It was also agreed that
the list of issues contained in NUREG-0933, Appendix B,
"Applicability of NUREG-0933 Issues to Operating
Reactors and Future Plants," would be used as the baseline
list of issues to be addressed for the ABWR design,
excluding any issues that were shown in the list to be not
applicable to BWR vendors or to future plants. In
addition, GE agreed to address five other issues (A-17,
A-29, B-5, 29, and 82) that were resolved without the
issuance of new requirements, but for which the Office of
Nuclear Reactor Research had recommended the development of specific guidance for future plants (although action
to develop such guidance is suspended at this time). The
staff also asked GE to address one other issue (C-8), the
subject of which was an important ABWR review topic.

Since there is a large number of USIs, GSIs, and CP/ML
rule items, the staff has grouped its evaluations according
to issue type. Section 20.1 contains task action plan items,
which include both USIs and GSIs. Sections 20.2 and
20.3 address new generic issues and human factors issues,
respectively, all of which belong to the QSI category.
Section 20.4 includes items listed by Three Mile Island
(TMI) Action Plan (NUREG-0660) item number, but many
are actually evaluated in Section 20.5 since they are also
CP/ML items. TMI Action Plan items are in the OSI
category. Section 20.S deals with the CP/ML items,
which are listed by their 10 CFR 50.34(f) paragraph
number. CP/ML items can also be considered as GSIs.
All issues are listed consecutively within each section.
Because of the considerable amount of overlap among
CP/ML rule items and USIs and GSIs, Table 20-1 lists all
the USIs and OSIs that are technically relevant to the
ABWR design or that the staff needed to otherwise
address. Table 20-2 lists all the CP/ML issues. These
tables provide the issue designation, title, and a reference
to the appropriate section(s) of this report containing the
evaluation.

During the time frame of the review, several issues (113,
120, 121, and 151) were resolved by the NRC without the
issuance of new requirements. Since the staff was already
pursuing an ABWR response for those items, they were
evaluated.

Section 20.6 covers incorporation of operating experience
in the ABWR design.
Compliance with paragraph (l)(iv) of 10 CFR 52.47(a)
Paragraph (l)(iv) of 10 CFR 52.47(a) requires an application for design certification to include proposed technical
resolutions of those USIs and medium- and high-priority
OSIs identified in the version of NUREG-0933, "A
Prioritization of Generic Safety Issues," current on the date
6 months prior to appUcation and which are technically
relevant to the design.

In the draft final safety evaluation report (DFSER), the
staff required GE to modify the standard safety analysis
report (SSAR) to explicitly discuss the resolution of each
technically relevant USI and GSI per 10 CFR
52.47(a)(l)(iv) in the appropriate SSAR section for clarity
and to enable the staff to evaluate each item. These were
identified in the DFSER as Open Items 20.1-1 and 20.2-1,
respectively.

The advance safety evaluation report (SER) stated that
based on the staffs evaluation of the issues listed in
Table 20-1 of the SER and contingent on GE's
incorporation of agreed-to issue mark-ups in the SSAR, the
staff concluded that GE adequately demonstrated
compliance with or proposed a method of compUance for
the USIs and medium- and high-priority GSIs that are
technically relevant to the ABWR design as required by
10 CFR 52.47(a)(l)(iv), with some exceptions that
required further GE or staff action. These exceptions were
that (1) Issue II.F.2 was still open pending the resolution
of the differences of views between the staff and GE on
the need for diverse instrumentation for reactor pressure
vessel water level indication, and (2) Issues II.B. 1 and
II.K.3(15) required incorporation of COL action items in
the ABWR SSAR. These exceptions have been addressed
as discussed in Sections 20.5.30, 20.5.18, and 20.4.64,
respectively, of this report, and GE has incorporated
agreed-to issue mark-ups in the ABWR SSAR. Based on
this information and the staffs review of the issues listed
in Table 20-1 of this report, the staff concludes that GE
has adequately demonstrated compliance with 10 CFR
52.47(a)(l)(iv) for the ABWR design. Therefore, DFSER
Open Items 20.1-1 and 20.2-1 are resolved.
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Table 20-1 ABWR - Relevant USIi and GSIi
Tide

FSER Section/si

A-l

Water Hammer (former USI)

20.1.1

A-7

Mark I Long-Term Program (former USI)

20.1.2

A-8

Mark II Containment Pool Dynamic Loads • Long-Term Program

20.1.3

A-9

A W S (former USI)

20.1.4

A-10

BWR Feedwater Nozzle Cracking (former USI)

20.1.5

A-13

Snubber Operability Assurance

20.1.6

A-17

Systems Interaction (former USI)

20.1.7

A-24

Qualification of Class IB Safety-Related Equipment (former USI)

20.1.8

A-25

Non-Safety Loads on Class IE Power Sources

20.1.9

A-29

Nuclear Power Plant Design for the Reduction of Vulnerability to Industrial Sabotage

20.1.10

A-31

RHR Shutdown Requirements (former USI)

20.1.11

A-35

Adequacy of Offsito Power Systems

20.1.12

A-36

Control of Heavy Loads Near Spent Fuel (former USI)

20.1.13

A-39

Determination of Safety Relief Valve Pool Dynamic Loads and Temperature Limits
(former USI)

20.1.14

A-40

Seismic Design Criteria • Short-Term Program (former USI)

20.1.15

A-42

Pipe Cracks in BWR (former USD

20.1.16

A-44

Station Blackout (former USI)

20.1.17

A-47

Safety Implications of Control Systems (former USI)

20.1.18

A-48

Hydrogen Control Measures and Effects of Hydrogen Burns on Safety Equipment

20.1.19

B-5

Ductility of Two-Way Slabs and Shells and Buckling Behavior of Steel Containments

20.1.20

B-10

Behavior of BWR Mark III Containments

20.1.21

B-17

Criteria for Safety-Related Operator Actions

20.1.22

B-36

Develop Design, Testing, and Maintenance Criteria for Atmosphere Cleanup System
Air Filtration and Adsorption Units for ESF Systems and Normal Ventilation Systems

20.1.25

B-55

Improved Reliability of Target Rock SRVs

20.1.26
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Table 20-1 (Continued)
Issue
Dffjgfflltiflfl

Title

B-56

Diesel Reliability

20.1.27

B-61

Allowable ECCS Equipment Outage Periods

20.1.28

B-63

Isolation of Low-pressure Systems Connected to the Reactor Coolant
Pressure Boundary

20.1.29

B-66

Control Room Infiltration Measurements

20.1.30

C-I

Assurance of Continuous Long-Term Capability of Hermetic Seals on Instrumentation
and Electrical Equipment

20.1.31

C-8

Main Steam line Leakage Control Systems

20.1.32

C-10

Effective Operation of Containment Sprays in a LOCA

20.1.33

C-17

Interim Acceptance Criteria for Solidification Agents for Radioactive Solid Wastes

20.1.34

15

Radiation Effects on Reactor Vessel Supports

20.2.1

23

Reactor Coolant Pump Seal Failures

20.2.2

25

Automatic Air Header Dump on BWR Scram System

20.2.3

29

Bolting Degradation or Failure in Nuclear Power Plants

20.2.4

40

Safety Concerns Associated With Pipe Breaks in the BWR Scram System

20.2.5

45

Inoperability of Instrumentation Due to Extreme Cold Weather

20.2.6

51

Proposed Requirements for Improving the Reliability of Open Cycle SWSs

20.2.7

57

Effects of Fire Protection System Actuation on Safety-Related Equipment

20.2.5

67.3.3

Steam Generator Staff Actions - Improved Accident Monitoring

20.2.9

75

Generic Implications of ATWS Events at the Salem Nuclear Plant

20.2.10

78

Monitoring of Fatigue Transient Limits for RCS

20.2.11

82

Beyond Design-Basis Accidents in Spent Fuel Pools

20.2.12

83

Control Room HabitabUity

20.2.13

86

Long-Range Plan for Dealing with Stress Corrosion Cracking in BWR Piping

20.2.14

87

Failure of HPCI Steam Line Without Isolation

20.2.15

89

Stiff Pipe Clamps

20.2.16
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Table 20-1 (Continued)
Issue

FSBR StttiPttft)
103

Design for Probable Maximum Precipitation

20.2.17

105

Interfacing Systems LOCA at LWRs

20.1.29
20.2.19

106

Piping and Use of Highly Combustible

20.2.20

113

Dynamic Qualification Testing of LBHSs

20.2.21

118

Tendon Anchorage Failure

20.2.22

120

On-Line Testability of Protection Systems

20.2.23

121

Hydrogen Control for Large, Dry PWR Containments

20.2.24

124

Auxiliary Feedwater System Reliability

20.2.25

128

Electrical Power Reliability

20.2.26

142

Leakage Through Electrical Isolators in Instrumentation Circuits

20.2.28

143

Availability of Chilled Water Systems

20.2.29

145

Actions to Reduce Common Cause Failures

20.2.30

151

Reliability of RPT During an ATWS

20.2.31

153

Loss of Essential Service Water in LWRs

20.2.32

155.1

More Realistic Source Term Assumptions

20.2.33

HF 1.1

Staffing and Qualifications - Shift Staffing

20.3.1

HF 4.4

Procedures - Guidelines for Upgrading Other Procedures

20.3.2

HF 5.1

Man-Machine Interface - LCSs

20.3.3

HF 5.2

Man-Machine Interface - Review Criteria for Human Factors Aspects of Advanced
Controls and Instrumentation

20.3.4

I.A. 1.1

Operating Personnel - Operating Personnel and Staffing - STA

20.4.1

I. A. 1.2

Operating Personnel - Operating Personnel and Starring • Shift Supervisor
Administrative Duties

20.4.2

LA. 1.3

Operating Personnel ~ Operating Personnel and Staffing - Shift Manning

1.0.4.3

LA. 1.4

Operating Personnel - Operating Personnel and Staffing • Long-Term Upgrading

20.4.4
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Table 20-1 (Continued)
Issue

FSER Swtionto)

I.A.2.1

Operating Personnel - Training and Qualification of Operating Personnel Immediate Upgrading of Operator and Senior Operator Training and Qualifications

20.4.5

I. A.2.3

Operating Personnel — Training and Qualifications of Operating Personnel Administration of Training Programs

20.4.6

I. A.2.6(1)

Operating Personnel — Training and Qualifications of Operating Personnel Long-Term Upgrading of Training and Qualifications; Revise RO 1.8

20.4.7

I.A.3.1

Operating Personnel - Licensing and Requalification of Operating Personnel Revise Scope of Criteria for Licensing Examinations

20.4.8

I. A.4.1(2)

Operating Personnel — Licensing and Requalification of Operating Personnel Initial Simulator Improvement; Interim Changes in Training Simulators

20.4.9

I.A.4.2

Operating Personnel — Simulator Use and Development - Long-Term Training Upgrade

18.7.2.2
20.4.10

I.C.I

Operating Procedures - Short-Term Accident Analysis and Procedures Revision

I.C.2

Operating Procedures - Shift Relief and Turnover Procedures

I.C.3

Operating Procedures - Shift Supervisor Responsibilities

I.C.4

Operating Procedures - Control Room Access

I.C.5

Operating Procedures - Procedures for Feedback of Operating Experience to Plant Staff

I.C.6

Operating Procedures - Procedures for Verification of Correct Performance of

20.5.13
20.4.11
20.4.12
20.4.13
20.4.14
13.2
13.5
20.4.15
20.5.41
20.4.16
20.5.41

Operating Activities

20.4.17

I.C.7

Operating Procedures ~ NSSS Vendor Review of Procedures

I.C. 8

Operating Procedures — Pilot Monitoring of Selected Emergency Procedures for NTOL
Applicants
Control Room Design - Control Room Design Reviews

I.D. 1

20.4.18
18.7.2.2
20.4.20

20.5.15
I.D.2

Control Room Design - Plant Safety Parameter Display Console
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Table 20-1 (Continued)
Issue
Designation

Title

I.D.3

Control Room Design - Safety System Status Monitoring

18.7.2.2
20.4.22
20.5.17

I.D.5(2)

Control Room Design - Plant Status and Post-Accident Monitoring

20.4.23

I.D.5(3)

Control Room Design - On-Line Reactor Surveillance System

20.4.24

I.F.2

Quality Assurance - Develop More Detailed Quality Assurance (QA) Criteria

20.4.26
20.5.43

I.G.I

Preoperational and Low-Power Testing - Training Requirements

13.2
20.4.27

I.G.2

Preoperational and Low-Power Testing - Scope of Test Program

20.4.28
14.2

II.B.1

Consideration of Degraded or Melted Cores in Safety Review - RCS Vents

5.2.2
20.4.29
20.5.18

II.B.2

Consideration of Degraded or Melted Cores in Safety Review - Plant Shielding to Provide 12.3.5.1
Access ,to Vital Areas and Protect Safety Equipment for Post-Accident Operation
12.3.6
13.6.3.5
20.4.30
20.5.19

II.B.3

Consideration of Degraded or Melted Cores in Safety Review - Post-Accident Sampling

9.3.2.2
20.4.31
20.5.20

II.B.4

Consideration of Degraded or Melted Cores in Safety Review - Training for Mitigating
Core Damage

20.4.32

II.B.8

Consideration of Degraded or Melted Cores in Safety Review - Rulemaking Proceeding
on Degraded Core Accidents

6.2.5
9.3.1
20.4.33
20.5.1
20.5.21
20.5.44
20.5.45

II.D.l

RCS Relief and Safety Valves - Testing Requirements

20.4.34
20.5.22
5.2.2
3.9.3.2
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Table 20-1 (Continued)
Issue
Designation

Iitle

II.D.3

RCS Relief and Safety Valves - Relief and Safety Valve Position Indication

20.4.35
20.5.23
6.3.3
5.2.2

II.E. 1.3

System Design - AFW System - Update the SRP and Develop Regulatory Guidance

20.4.38

II.E.4.1

System Design — Containment Design - Dedicated Penetrations

20.4.40
20.5.46
6.3.5

II.E.4.2

System Design — Containment Design - Isolation Dependability

20.4.41
20.5.26
6.2.4.1

II.E.6.1

System Design - In-Situ Testing of Valves - Test Adequacy Study

20.4.44

II.F.l

Instrumentation and Controls (I&C) - Additional Accident Monitoring Instrumentation

20.4.46
20.5.29
12.3.6
12.3.4
11.5.2
11.5.1

II.F.2

I&C - Identification of and Recovery from Conditions Leading to Inadequate Core Cooling 20.4.47
20.5.30
6.3

II.F.3

I&C - Instruments for Monitoring Accident Conditions

20.4.48
20.5.31

II.J.4.1

General Implications of TMI for Design and Construction Activities - Revise Deficiency
Reporting Requirements

20.4.51

ILK. 1(5)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents - IE Bulletins Safety-Related Valve Position Description

20.4.52
18.7.2.2

U.K. 1(10)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents - IE Bulletins Review and Modify Procedures for Removing Safety-Related Systems from Service

20.4.53

ILK. 1(13)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents - IE Bulletins Proposed TS Changes Reflecting Implementation of All Bulletin Items

20.4.54

FSE^ Sectjonfg)
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Table 20-1 (Continued)
Issue
Designation

Title

II.K.1.(22)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents - IE Bulletins Describe Automatic and Manual Actions for Proper Functioning of Auxiliary Heat
Removal Systems When Feedwater System Not Operable

20.4.55
20.5.33
5.4.6

ILK. 1(23)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents - IE Bulletins Describe Uses and Types of Reactor Vessel Level Indication for Automatic and Manual
Initiation Safety Systems

20.4.56

ILK.3(3)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents - Final
Recommendations of Bulletins and Orders Task Force - Report Safety and Relief Valve
Failures Promptly and Challenges Annually

20.4.61

ILK.3(11)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents - Final
Recommendations of Bulletins and Orders Task Force - Control Use of Power-Operated
Relief Valves Supplied by Control Components, Inc., Until Further Review Complete

20.4.62

n.K.3(13)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents — Final
Recommendations of Bulletins and Orders Task Force - Separation of HPCI and
RCIC System Initiation Levels

20.4.63
20.5.5
5.4.6

II.K.3(15)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents — Final
Recommendations of Bulletins and Orders Task Force - Modify Break Detection
Logic to Prevent Spurious Isolation of HPCI and RCIC Systems

20.4.64

ILK.3(16)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents — Final
Recommendations of Bulletins and Orders Task Force - Reduction of Challenges and
Failures of Relief Valves; Feasibility Study and System Modification

20.4.65
20.5.6
5.2.2

II.K.3(17)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents — Final
Recommendations of Bulletins and Orders Task Force - Report on Outage of ECCSs;
Licensee Report and TS Changes

20.4.66

ILK.3(18)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents — Final
Recommendations of Bulletins and Orders Task Force - Modification of ADS Logic;
Feasi bility Study and Modification for Increased Diversity for Some Event Sequences

20.4.6?
20.5.7
6.3.3

ILK.3(21)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents — Final
Recommendations of Bulletins and Orders Task Force - Restart of Core Spray and
LPCI Systems on Low Level; Design and Modification

20.4.68
20.5.8
6.3

H.K.3(22)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents — Final
Recommendations of Bulletins and Orders Task Force - Automatic Switchover of RCIC
System Suction; Verify Procedures and Modify Design

II.K.3(24)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents — Final
Recommendations of Bulletins and Orders Task Force - Confirm Adequacy of
Space Cooling for HPCI and RCIC Systems
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Table 20-1 (Continued)
Issue
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II.K.3(25)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents Final Recommendations of Bulletins and Orders Task Force - Effect of Loss of
ac Power on Pump Seals

20.4.72
20.5.3
5.4.1

II.K.3(27)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents Final Recommendations of Bulletins and Orders Task Force - Provide Common
Reference Level for Vessel Level Instrumentation

20.4.73

II.K.3(28)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents Final Recommendations of Bulletins and Orders Task Force - Study and Verify
Qualification of Accumulators on ADS Valves

20.4.74
20.5.10
7.3
6.3
5.2.2
3.11

n.K.3(30)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents Final Recommendations of Bulletins and Orders Task Force • Revised SBLOCA
Methods to Show Compliance with 10 CFR Part 50, Appendix A

20.4.75

U.K.3(31)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents Final Recommendations of Bulletins and Orders Task Force - Plant-Specific
Calculations to Show Compliance with 10 CFR 50.46

20.4.76
6.3

U.K.3(44)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents Final Recommendations of Bulletins and Orders Task Force - Evaluation of Anticipated
Transients with Single Failure to Verify no Significant Fuel Failure

20.4.77
15.1

U.K.3(45)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents Final Recommendations of Bulletins and Orders Task Force - Evaluate Depressurization
with Other Than Full ADS

20.4.78
20.5.11
9.6.3
6.3.3

ILK.3(46)

Measures to Mitigate SBLOCAs and Loss-of-Feedwater Accidents - Final
Recommendations of Bulletins and Orders Task Force - Response to List of
Concerns from ACRS Consultant

20.4.79

III.A. 1.1(1)

Emergency Preparedness and Radiation Effects - Improve Licensee Emergency
Preparedness - Short Term; Upgrade Emergency Preparedness, Implement Action Plan
Requirements for Promptly Improving Licensee Emergency Preparedness

20.4.80

III. A. 1.2

Emergency Preparedness and Radiation Effects - Improve Licensee Emergency
Preparedness - Short Term; Upgrade Emergency Preparedness

20.4.81
20.5.37
13.3

III.A.2.1

Emergency Preparedness and Radiation Effects - Improve Licensee Emergency
Preparedness - Long Term; Amend 10 CFR Part 50 and 10 CFR Part 50, Appendix E

20.4.82

III.A.2.2

Emergency Preparedness and Radiation Effects - Improve Licensee Emergency
Preparedness - Long Term; Development of Guidance and Criteria

20.4.83
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Table 20-1 (Continued)
Issue
PffiiflHtfjon

litis

in.A.3.3

Emergency Preparedness and Radiation Effects ~ Improving NRC Emergency
Preparedness - Communications

III.D. 1.1

Radiation Protection - Radiation Source Control - Primary Coolant Sources
Outside the Containment Structure

III.D.3.3

Radiation Protection -Worker Radiation Protection Improvement - Inplant
Radiation Monitoring

III.D.3.4

Radiation Protection -Worker Radiation Protection Improvement - Control Room
Habitability

NUREG-1503
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Table 20-2 ABWR - CP/ML Rule Items
10 CFR 50.34(f)

XMLftem

litlfi

n.B.8

Consideration of Degraded or
Melted Cores in Safety Review Rulemaking Proceeding on Degraded
Con Accidents, "Design Alternatives from PRA"

20.5.1

dKii)

II. E. 1.1

System Design - AFWS - AFWS
Evaluation

20.5.2
20.4.36

dKiii)

II.K.2(16)

Measures to Mitigate SBLOCAs and
Loss-of-Feedwater Accidents —
Commission Orders on B&W Plants Impact of RCP Seal Damage Following SBLOCA With Loss of Oflfeite
Power

20.5.3
20.4.59
5.41

dXiiO

H.K.3(25)

Measures to Mitigate SBLOCAs and
Loss-of-Feedwater Accidents ~
Final Recommendations of Bulletins
and Orders Task Force - Effect of
Loss of ac Power on Pump Seals

20.5.3
20.4.72
5.4.1

(D(iv)

H.K.3(2)

Measures to Mitigate SBLOCAs and
Loss-of-Feedwater Accidents —
Final Recommendations of Bulletins
and Orders Task Force - Report on
Overall Safety Effect of PowerOperated Relief Valve Isolation

20.5.4
20.4.60

dKv)

II.K.3(13)

Measures to Mitigate SBLOCAs and
Loss-of-Feedwater Accidents -Final Recommendations of Bulletins
and Orders Task Force - Separation
of HPCI and RCIC System Initiation
Levels

20.5.5
20.4.63
5.4.6

(D(vi)

H.K.3(16)

Measures to Mitigate SBLOCAs and
Loss-of-Feedwater Accidents —
Final Recommendations of Bulletins
and Orders Task Force • Reduction
of Challenges and Failures of
Relief Valves; Feasibility Study and
System Modification

20.5.6
20.4.65
5.2.2

Paragraph
(1K0

FSER Swti9Pft)
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Table 20-2 (Continued)
10 CFR 50.34(f)

TMJ Item

litis

(l)(vii)

II.K.3(18)

Measures to Mitigate SBLOCAs and
Loss-of-Feedwater Accidents Final Recommendations of Bulletins
and Orders Task Force - Modification of ADS Logic; Feasibility
Study and Modification for Increased Diversity for Some Event
Sequences

20.5.7
20.4.67
6.3.3

(D(viii)

II.K.3(21)

Measures to Mitigate SBLOCAs and
Loss-of-Feedwater Accidents ~
Final Recommendations of Bulletins
and Orders Task Force - Restart of
Core Spray and LPCI Systems on Low
Level; Design and Modification

20.5.8
20.4.68
6.3

(D(ix)

ILK 3(24)

Measures to Mitigate SBLOCAs and
Loss-of-Feedwater Accidents -Final Recommendations of Bulletins
and Orders Task Force - Confirm
Adequacy of Space Cooling for HPCI
and RCIC Systems

20.5.9
20.4.71
6.2.5
5.4.6

(DOO

ILK. 3(28)

Measures to Mitigate SBLOCAs and
Loss-of-Feedwater Accidents —
Final Recommendations of Bulletins and Orders Task Force Study and Verify Qualification of
Accumulators on ADS Valves

20.5.10
20.4.74
7.3
6.3
5.2.2

Paragraph

F?ER $ecti9»(ff)

3.11

(D(*i)

II.K.3(45)

Measures to Mitigate SBLOCAs and
Loss-of-Feedwater Accidents —
Final Recommendations of Bulletins and Orders Task Force Evaluate Depressurization with
Other Than Full ADS

20.5.11
20.4.78
9.6.3
6.3.3

(l)(xii)

N/A

Evaluation of Alternative Hydrogen Control Systems

20.5.12

(2)(i)

I.A.4.2

Operating Personnel — Simulator
Use and Development - Long-Term
Training Upgrade

20.5.13
20.4.10
18.7.2.2

(2)(ii)

I.C.9

Operating Procedures - Long-Term
Program Plan Procedures for Upgrading of Procedures

20.5.14
20.4.19
18.7.2.2
13.5

NUREG-1503
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Table 20-2 (Continued)
10 CFR 50.34(f)

Puiflwh

IMUieffi

(2Xiii)

I.D.I
(2X*v)
I.D.2

litis

FSER SectivUfr)

Control Room Design - Control
Room Design Reviews

20.5.15
20.4.20
18.7.2.2

Control Room Design - Plant
Safety Parameter Display Console

20.5.16
20.4.21
18.7.2.2
7.5.2

(2Kv)

I.D.3

Control Room Design - Safety
System Status Monitoring

20.5.17
20.4.22
18.7.2.2

(2)(vi)

n.B.l

Consideration of Degraded or
Melted Cores in Safety Review RCS Vents

20.5.18
20.4.29
5.2.2

(2)(vu)

n.B.2

Consideration of Degraded or
Melted Cores in Safety Review Plant Shielding to Provide
Access to Vital Areas and Protect Safety Equipment for PostAccident Operation

20.5.19
20.4.30
13.6.3.5
12.3.6
12.3.5.1

(2)(viii)

II.B.3

Consideration of Degraded or
Melted Cores in Safety Review Post-Accident Sampling

20.5.20
20.4.31
9.3.2.2

(2)(ix)

II.B.8

Consideration of Degraded or
Melted Cores in Safety Review Rulemaking Proceeding on Degraded Core Accidents, "Hydrogen
Control System"

20.5.21

(2)(x)

II.D.l

RCS Relief and Safety Valves Testing Requirements

20.5.22
20.4.34
5.2.2
3.9.3.2

(2)(xi)

II.D.3

RCS Relief and Safety Valves Relief and Safety Valve Position
Indication

20.5.23
20.4.35
6.3.3
5.2.2

(2)(xii)

II.E.1.2

System Design -- AFWS - AFWS System Automatic Initiation and Flow
Indication

20.5.247
20.4.37
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Table 20-2 (Continued)
10 CFR 50.34(0

FSER Sectionft)

XMLItem

Title

(2Kxii»)

n.E.3.1

System Design — Decay Heat Removal - Reliability of Power Supplies for Natural Circulation

20.5.25
20.4.39

(2)(xiv)

U.E.4.2

System Design - Containment
Design - Isolation Dependability

20.5.26
20.4.41
6.2.4.1

(2)(xv)

II.E.4.4

System Design - Containment
Design - Purging

20.5.27
20.4.42
6.2.5

(2X*vi)

n.E.5.1

System Design - Design Sensitivity of B&W Reactors - Design
Evaluation

20.5.28
20.4.43

(2)(xvii)

H.F.1

I&C - Additional Accident Monitoring Instrumentation

20.5.29
20.4.46
12.3.6

Paragraph

12.3.4

11.5.2
11.5.1
(2)(xvui)

H.F.2

I&C - Identification of and
Recovery from Conditions Leading
to Inadequate Core Cooling

20.5.30
20.4.47
6.3

(2)(xix)

II.F.3

I&C - Instruments for Monitoring
Accident Conditions

20.5.31
20.4.48

(2)(xx)

II.G.l

Electrical Power - Power Supplies
for Pressurizer Relief Valves,
Block Valves, and Level Indicators

20.5.32
20.4.49

(2)(xxi)

II.K.1(22)

Measures to Mitigate SBLOCAs and
Loss-of-Feedwater Accidents ~
IE Bulletins - Describe Automatic
and Manual Actions for Proper Functioning of Auxiliary Heat Removal
Systems When Feedwater System Not
Operable

20.5.33
20.4.55
5.4.6

(2)(xxii)

n.K.2(9)

Measures to Mitigate SBLOCAs and
Loss-of-Feedwater Accidents —
Commission Orders on B&W Plants
- Analysis and Upgrading of Integrated Control System

20.5.34
20.4.57

NUREG-1503
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Table 20-2 (Continued)
10 CFR 50.34(0

TMI Item

Tjtle

(2)(xxiii)

II.K.2(10)

Measures to Mitigate SBLOCAs and
Loss-of-Feedwater Accidents Commission Orders on B&W Plants
- Hard-Wired Safety-Grade Anticipatory Reactor Trips

20.5.35
20.4.58

(2)(xxiv)

;II.K.3(23)

Measures to Mitigate SBLOCAs and
Loss-of-Feedwater Accidents —
Final Recommendations of Bulletins
and Orders Task Force - Central
Water Level Recording

20.5.36
20.4.70

(2)(xxv)

III. A. 1.2

Emergency Preparedness and Radiation Effects - Improve Licensee
Emergency Preparedness - Short
Term; Upgrade Emergency Preparedness

20.5.37
20.4.81
13.3

(2)(xxvi)

III.D.1.1

Radiation Protection — Radiation
Source Control - Primary Coolant
Sources Outside the Containment
Structure

20.5.38
20.4.85

(2)(xxvii)

III.D.3.3

Radiation Protection —Worker
Radiation Protection Improvement
- Inplant Radiation Monitoring

20.5.39
20.4.86
12.5.1

(2)(xxviii)

III.D.3.4

Radiation Protection —Worker
Radiation Protection Improvement
- Control Room Habitability

20.5.40
20.4.87
9.4.1.1
6.4

(3X0

I.C.5

Operating Procedures - Procedures
for Feedback of Operating Experience to Plant Staff

20.5.41
20.4.16

(3)(ii)

I.F.I

Quality Assurance (QA) - Expand
QA List

20.5.42
20.4.25

(3)(iii)

I.F.2

Quality Assurance - Develop More
Detailed QA Criteria

20.5.43
20.4.26

(3)(iv)

II.B.8

Consideration of Degraded or
Melted Cores in Safety Review Rulemaking Proceeding on Degraded
Core Accidents, ".91 -Meter
(3-Foot) Diameter Equivalent
Dedicated Containment Penetration"

20.5.44

Paragraph

FSER Sectic-n(s)
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Table 20-2 (Continued)
10 CFR 50.34(0

Paragraph

TMI Item

Title

(3Xv)

II.B.8

Consideration of Degraded or
Melted Cores in Safety Review Rulemaking Proceeding on Degraded
Core Accidents, "Containment Integrity During an Accident Involving
100-Percent Fuel Clad Metal-Water
Reaction"

20.5.45

(3)(vi)

II.E.4.1

System Design - Containment
Design - Dedicated Penetrations

20.5.46
20.4.40
6.3.5

(3)(vii)

II.J.3.1

General Implications of TMI for
Design and Construction Activities
- Management for Design and Construction - Organization and Staffing to Oversee Design and
Construction

20.5.47
20.4.50

NUREG-1503
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Compliance with paragraph (l)(ii) of 10 CFR 52.47(a)
Paragraph (l)(ii) of 10 CFR 52.47(a) requires an
application for a design certification to include a
demonstration of compliance with any technically relevant
portions of the TMI requirements identified in 10 CFR
50.34(f). often called the CP/ML rule.
GE addressed the TMI requirements of paragraph (l)(ii) of
10 CFR 52.47(a) in SSAR Appendix 19A and in other
SSAR sections. In the DFSER, the staff provided evaluations for the majority of GE's submittal relating to
compliance with this regulatory requirement and indicated
that the additional items not included in the DFSER would
be included in the final safety evaluation report (FSER).
A number of the staffs evaluations contained open items,
combined operating license (COL) action items, and/or
technical specification (TS) items that needed to be
addressed by GE. The closure of these items for the
ABWR design certification review is discussed in the
appropriate issue evaluations.
The advance SER stated that based on the staffs evaluation
of the issues listed in Table 20-2 of the SER and
contingent on GE's incorporation of agreed-to issue markups in the SSAR, the staff concluded that GE adequately
demonstrated compliance with or proposed a method of
compliance for the technically relevant portions of 10 CFR
50.34(0 as required by 10 CFR 52.47(a)(l)(ii) for the
ABWR design, with some exceptions that required further
GE or staff action.
These exceptions were that
(1) 10 CFR50.34(f)(2)(xviii) (TMI Item II.F.2) was still
open pending the resolution of the differences of views
between the staff and GE on the need for diverse
instrumentation for reactor pressure vessel water level
indication, and (2) 10 CFR 50.34(f)(2)(vi) (TMI
Item II.B.l) required incorporation of a COL action item
in the ABWR SSAR. These exceptions have been
addressed as discussed in Sections 20.5.30 and 20.5.18,
respectively, of this report, and GE has incorporated
agreed-to issue mark-ups in the ABWR SSAR. Based on
this information and the staffs review of the issues listed
in Table 20-2 of this report, the staff concludes that GE
has adequately demonstrated compliance with 10 CFR
52.47(a)(l)(ii) for the ABWR design.
Incorporation of operating experience in the ABWR
design
In a staff requirements memorandum dated February 15,
1991, on SECY-90-377, "Requirements for Design
Certification Under 10 CFR Part 52," the Commission
directed the staff to ensure that the design certification
process preserves operating experience insights in the
certified design. As discussed in Section 20.6 of this

report, the staff concludes that GE has adequately
considered operating experience identified by generic
letters or bulletins issued since 1980 in the ABWR design.

20.1 Task Action Plan Items
This section addresses staff evaluation of USIs and GSIs
that are categorized as "task action plan items" in
NUREG-0933.
All the following issues, with
the exception of Issues B-29 and B-32, are relevant to the
ABWR design. Issues B-29 and B-32 were evaluated in
the DFSER and are discussed here for continuity only.
20.1.1 Issue A-l: Water Hammer (former USD
Water hammer is defined as a rapid change in pressure
caused by a change in velocity of a fluid in a closed
volume. Water hammer occurs in various piping systems,
such as emergency core cooling, residual heat removal
(RHR), containment spray, service water, and feedwater
and in steam lines. Water hammer may be caused by
rapid condensation of steam pockets, steam-driven slugs of
water, pump startup with partially empty lines, and rapid
valve motion. Regardless of the cause, water hammer may
result in a rapid acceleration of the fluid and may affect
the piping system. Severity of the damage from water
hammer may range from overstressing of pipe hangers to
major damage of restraints, piping, and components.
The review criteria for this issue are stated in the
following sections of NUREG-0800, "Standard Review
Plan" (SRP): 5.4.7, 6.3, 9.2.1, 9.2.2, and 10.4.7 and
Branch Technical Position (BTP) ASB 10-2. Specifically,
the feedwater system, containment spray system, shutdown
cooling, and other safety-related systems that may be
adversely affected by water hammer should be designed to
withstand the dynamic loads associated with water
hammer. BTP ASB 10-2 requires that the feedwater
system be subjected to preoperational testing to
demonstrate the effectiveness of the design and operating
procedures to mitigate the effects of water hammer.
SSAR Section 19B.2.2 indicates that all of the ABWR
systems having potential for water hammer have been
analyzed. Different forms of initiating events that could
occur and which cause water hammer were considered,
such as steam condensation, steam-driven slugs of water,
pump startup with partially empty lines, and rapid valve
cycling. Section 19B.2.2 states that GE has evaluated
various systems for potential water hammer, including the
condensate and feedwater system, main steam lines, and all
components of the main steam supply system.
With regard to leak before break, GE states that feedwater
lines were demonstrated to be immune to failure from
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water hammer effects. Reactor core isolation cooling
(RCIC), high pressure core flooder (HPCF), and RHR
systems are precluded from water hammer by keep-full
features and the absence of fast-acting valves.

the safety-relief valve (SRV) loads in the ABWR design,
they are used as a data base for definition of the SRV
loads that are specified in Issue A-39 as discussed in
Section 20.1.14 of this report.

GE also states that the systems susceptible to water
hammer effects will be kept full of water, thus preventing
water hammer when pumps are started from a steady
condition. These systems include the reactor service water
(RSW); turbine service water; RHR; HPCF; RCIC; and
heating, ventilation, and air conditioning (HVAC)
emergency cooling water system. Based on the above, the
staff concludes that the ABWR design meets the guidelines
in the SRP sections listed above with respect to the
dynamic effects associated with possible fluid flow
instabilities, such as water hammer. The staff further
concludes that GE adequately addressed this issue for the
ABWR design.

20.1.3 Issue A-8: Mark II Containment Pool Dynamic
Loads - Long-Term Program

20.1.2 Issue A-7: Mark I Long-Term Program
(former USD
During testing for an advanced BWR containment system
design (Mark III), OE identified suppression pool
hydrodynamic loads that had not been considered in the
original design of the Mark I containment system. To
address this issue, a Mark I Owners Group was formed
and the assessment was divided into a short-term and a
long-term program.
The long-term program was
conducted to provide a generic basis to define suppression
pool hydrodynamic loads and the related structural
acceptance criteria so that a comprehensive reassessment
of each Mark I containment system would be performed.
A series of experimental and analytical programs was
conducted by the Mark I Owners Group. The program
proposed to the NRC and reviewed and modified by the
staff was to be used to perform plant-unique analyses and
identify modifications, as necessary.
The review criteria for this issue are to establish designbasis, conservative loads that are appropriate for the
anticipated life of each Mark I BWR containment and to
restore the originally intended design margin of safety for
the containment system. The principal thrust of the longterm program has been the development of generic
methods for the definition of suppression pool
hydrodynamic loadings and the associated structural
assessment techniques for the Mark I configuration.
It is recognized that the Mark I torus pool and vent
configuration is different from the ABWR annular pool and
vent design. Therefore, the local loads evaluated within
the issue are not applicable to the ABWR design.
However, while the results of the Mark I Owners Group
investigation cannot be directly applicable tor definition of

NUREG-1503

This issue deals with the new containment loads associated
with the postulated loss-of-coolant accidents (LOCAs) that
were identified as a result of tests by GE. These loads
result from the dynamic effects of drywell air and steam
being rapidly forced into the suppression pool during a
postulated LOCA event. These loads, as well as the loads
from actuation of SRVs in the Mark II containment, had
not been previously accounted for.
The review criteria for this issue are contained in
NUREG-0808, "Mark II Containment Program Evaluation
and Acceptance Criteria," and SRP Section 6.2.1.1C and
Appendices A and B. SRP Section 6.2.1.1C, Appendix A
pertains to steam bypass from the drywell to the suppression pooi air volume in the Mark I, II, and III containment
designs and states that the system used to quench steam
bypassing the suppression pool should be designed so that
the steam bypass capability for small breaks satisfies the
specified criteria. It also states that the bypass leakage
should not substantially increase over the life of a plant.
SRP Section 6.2.1.1C, Appendix B summarizes the
generic loads acceptable to the NRC and provides
information regarding load identification, a summary of the
load specification, load specification clarifying criteria, and
a reference to the NRC NUREG section that describes the
NRC-specific load evaluation.

SSAR Section 3B.4.2.1 states that pool swell response
calculations to quantify pool swell loads were based on a
simplified, one-dimensional analytical model (described in
NEDE-21544-P, "Mark II Pressure Suppression Containment Systems: Analytical Model of the Pool Swell
Phenomenon"), which is the same as that reviewed and
accepted by the staff in NUREG-0808 for application to
Mark II plants. This analytical model was qualified
against Mark II full-scale test data. It is recognized that
although ABWR wetwell airspace is similar to that of the
Mark II design, its vent system design is quite different.
Therefore, recognizing the difference in vent system
design, additional studies comparing model versus Mark III
horizontal vent test data were performed to assure
adequacy of the model for application to the ABWR. The
staff concludes that this approach adequately addresses this
issue for the ABWR since the differences between the
ABWR design and the Mark II and Mark III containments
have been taken into account in the analysis.

20-18

J3
Association for Information and Image Management
1100 Wayne Avenue, Suite 1100
Silver Spring, Maryland 20910
301/587-8202

Centimeter
1

2

3

4

5

6

7

8

9

10

11

hjillillllliltlltllll^
l

Inches

1.0 "fis
• 63

:r

I.I

6>

7.

S u. HIM

V

1.8

11.6

*y
/

» • •
<«

2.2

13.6

L25 III 1.4

7

2.5

/ ;/

0/

MANUFACTURED TO R U M STANDARDS
BY APPLIED IMAGE. INC.

12

13

14

15 mm

of

Generic Issues
20.1.4 Issue A-9: Anticipated Transient Without
Scram (ATWS) (former USD

generator set) and RPV Level 2 (RIPs connected to the
motor-generator set).

This issue deals with the problem of occurrence of
transients that require scram but for which scram does not
occur. It involves devising measures, both design and
operational, that can be taken to avoid or compensate for
such occurrences.

The ABWR design provides recirculation runback for all
scram signals, feedwater runback on reactor high pressure
and startup range neutron monitoring system ATWS
permissive for 2 minutes.

The staffs technical findings on this issue were
documented in NUREG-0460, "Anticipated Transients
Without Scram for Light Water Reactors," and the requirements for resolution are contained in 10 CFR 50.62 (also
known as the ATWS rule). For BWRs, 10 CFR 50.62
requires the reactor to have an alternate rod injection
(ARI) system that is diverse (from the reactor trip system)
from the sensor output to the final actuation device. This
system is also required to have redundant scram air header
exhaust valves and must be designed to perform its
function reliably and be independent of the existing reactor
trip system from sensor output to final actuation device.
The ATWS rule also requires that each BWR have a
standby liquid control system (SLCS) that has the
capability of injecting a borated water solution into the
reactor pressure vessel (RPV). The borated water must be
of such flow rate, boron concentration, and boron-10
isotope enrichment that, when accounting for the RPV
volume, the resulting reactivity control is equivalent to that
resulting from the injection of 326 Lpm (86 gpm) of
13 weight percent sodium pentaborate decahydrate solution
at the natural boron-10 isotope abundance into a 638 cm
(251 in.) internal diameter reactor pressure vessel for a
given core design. The SLCS must be automatically
initiated and the system and its injection location must be
designed to perform their functions in a reliable manner.
Each BWR must also have equipment designed to reliably
trip the reactor coolant recirculation pumps under
conditions indicative of an ATWS.
SSAR Sections 15.8 and 19B.2.5 indicate that there are
two ways to provide scram in the ABWR design: a motordriven way and a hydraulic way. In response to a scram
signal, the control rods are inserted hydraulically, by the
stored energy in the scram accumulator, similar to the
current operating BWRs. A scram signal is given
simultaneously to insert the fine motion control rod drives
(FMCRDs) electrically, via the FMCRD motor drive.
This diversity (hydraulic and electric methods of
scramming) provides a high degree of assurance that
control rods will be inserted when needed.
The ABWR has equipment to trip the reactor internal
pumps (RIPs) automatically under ATWS conditions. The
RIPs are automatically tripped on reactor high pressure
7860 kPa (1125 psig) (RIPs not connected to the motor-

In SSAR Appendix 15E, GE provides ATWS performance
evaluation for fuel integrity, containment integrity, primary
system, and long-term shutdown cooling. GE states that
all requirements of satisfactory performance in the case of
an ATWS are met.
As discussed in Section 15.5.2 of this report, the staff
performed audit calculations to verify that the ABWR
design is satisfactory to mitigate the effects of an ATWS.
The review focused on the consequences of manual SLCS
actuation and no recirculation pump runback on scram
signals other than reactor high pressure and reactor low
level. Under some circumstances, a problem was
identified regarding the power shift to the top of the core.
The staff concluded that the new design of recirculation
runback on any scram signal and any ARI FMCRD run-in
signal ensure that there is no potential for any unacceptable
power shift to the top of the core.
Based on the information provided by GE and the staff
evaluation cited above, the staff concludes that GE has
adequately addressed this issue for the ABWR. The
ABWR complies with the ATWS rule (10 CFR 50.62), as
discussed in Section 15.5 of this report.
20.1.5 Issue A-10: BWR Feedwater Nozzle Cracking
(former USI)
Inspections of operating BWRs conducted up to April 1978
revealed cracks in the feedwater nozzles of 20 reactor
vessels. These cracks ranged in depth from 1.3-1.90 cm
(0.5-0.75 in.), including cladding. One crack penetrated
the cladding to the base metal for a total depth of
approximately 3.8 cm (1.5 in.). It was determined that
cracking resulted from high-cycle thermal fatigue caused
by fluctuations in water temperature within the vessel in
the nozzle region. These fluctuations occurred during
periods of low feedwater circulation when the flow was
unsteady and intermittent. Once started, the cracks grew
because of thermal cycling during startups and shutdowns.
The review criteria for this issue are stated in
NUREG-0619, "BWR Feedwater Nozzle and Control Rod
Drive Return Line Nozzle Cracking." This document
states that the thermal fatigue and crack initiation of
feedwater nozzles are caused by the incoming feedwater,
which is considerably colder than the water in the reactor
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vessel. This is especially true during reactor startup
(before feedwater heaters are in service) and during
shutdown (after heaters are taken out of service).
Turbulent mixing of the hot water returning from the
steam separators and dryers and the incoming cold
feedwater causes thermal stress cycling of the nozzle
unless it is protected by a thermal sleeve.
The proposed design for the ABWR will require that an
inner thermal sleeve leading the cooler feedwater to the
feedwater sparger be welded to the nozzle safe end. The
welded thermal sleeve will assure that there is no leakage
of cold feedwater between the thermal sleeve and the safe
end. A secondary thermal sleeve is to be placed
concentrically in the annulus between the inner thermal
sleeve and the nozzle bore to prevent cold water that may
be shedding from the outside surface of the inner sleeve
from impinging on the nozzle bore and the inside nozzle
corner. This proposed double-sleeve design gives a low
fatigue usage factor in the nozzle bore and at the inner
nozzle corner.
The material of the nozzle forging is SA-508, Class 3,
low-alloy steel and the material of the safe end is SA-508,
Class 1, carbon steel. The carbon steel safe end is welded
to the nozzle forging with a carbon steel weld.
The double thermal sleeve as applied to the ABWR has not
been used in earlier plants, although the Monticello (U.S.)
and Tsuruga (Japan) plants are using similar designs. A
telephone conference with Northern States Power, owner
of the Monticello Power Plant, disclosed that the double
thermal sleeve performs satisfactorily.

should ensure that the reactor vessel nozzles will perform
in service as designed.
On the basis of the above, the staff concludes that GE
adequately addressed this issue for the ABWR design.
20.1.6 Issue A-13: Snubber Operability Assurance
In May 1978, the Advisory Committee on Reactor
Safeguards (ACRS) staff observed that there are many
licensee event reports (LERs) related to the malfunction of
snubbers. The most common LERs involve (1) seal
leakage in hydraulic snubbers and (2) high rejection rate
during functional testing of snubbers. Snubbers are used
as seismic and pipe whip restraints at operating plants.
Their safety function is to provide supports to systems or
components under dynamic load conditions such as
earthquakes and severe hydraulic transients, e.g., pipe
breaks. When snubbers are used as vibration arresters,
their fatigue strength must be considered.
The review criteria for this issue are contained in SRP
Section 3.9.3. This section states that systems and
components that utilize snubbers as shock and vibration
arresters must be analyzed to ascertain their interaction
with the systems and components to which they are
attached. Snubbers used as shock arresters do not require
fatigue evaluation if it can be demonstrated that certain
conditions are satisfied. The criteria for inspection and
testing of snubbers are also provided.

• Ultrasonic examination from the external surface of the
nozzle ends, nozzle bores, and nozzle blend radius
every second outage. If indications are found in the
safe ends, the indications will be evaluated per the
American Society of Mechanical Engineers Boiler and
Pressure Vessel Code (ASME Code), Section XI.

SSAR Section 19B.2.7 refers to Section 3.9.3.4.1(3),
which in turn, provides the information pertinent to
snubber operability assurance. The information consists of
the design parameters regarding the required load capacity
and snubber location, inspection, testing, replacement,
design and testing, installation requirements, and
preservice examination. As discussed in Section 3.12.6.6
of this report, the staff concluded that the information
provided by GE is consistent with applicable portions of
SRP Section 3.9.3 and, therefore, is acceptable. On the
basis of the above, the staff concludes that GE adequately
addressed this issue for the ABWR design.

•

20.1.7 Issue A-17: Systems Interaction (former USI)

GE proposed an inservice inspection (ISI) program
consisting of the following:

Visual inspection of flow holes and welds in sparger
arms and sparger tees every fourth outage.

• Visual inspection of accessible areas of the nozzles
from the inner diameter surface on the ASME Code,
Section XI, schedule as core internal components.
The ISI program described above is acceptable to the staff
because the reactor feedwater nozzles will be ultrasonically
and visually examined in service according to ASME
Code, Section XI, schedules and inspection criteria. This
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Nuclear power plants contain many structures, systems,
and components (SSCs), some of which are safety related.
Some of these SSCs are designed to interact to perform
their intended functions and are usually well recognized
and accounted for in the evaluation of plant safety by
designers and in plant safety assessments. Several
significant, plant-specific events have involved unintended
or unrecognized dependencies among various SSCs. Some
of these events have involved subtle dependencies between
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safety-related and non-safety-related SSCs and some have
even involved subtle dependencies between redundant and
supposedly independent SSCs. These dependencies have
been termed "adverse systems interactions" (ASIs). This
issue was instituted to investigate the potential that these
ASIs have remained hidden and could lead to safetysignificant events.
Seismically induced systems
interactions, originally covered in Issue A-46 (which
applies only to operating plants), is covered for the ABWR
in current licensing requirements.

decay heat removal capabilities, and operator action
capabilities. Also, the ABWR has more redundant faulttolerant I&C protection and a more secure and protected
ESF housing from fire and flood.

The staffs technical findings are documented in
NUREG-1174, "Evaluation of Systems Interactions in
Nuclear Power Plants," and the regulatory analysis in
NUREG-1229, "Regulatory Analysis for Resolution of USI
A-17." The staff informed the Commission of the resolution in SECY-89-230, "Unresolved Safety Issue A-17,
'Systems Interactions in Nuclear Power Plants'." These
documents provide adequate guidance on this issue,
although it was resolved by the staff without the
establishment of new requirements. Generic Letter (GL)
89-18 was issued to licensees and applicants on September
6, 1989, to inform them about the resolution of this issue.

20.1.8 Issue A-24: Qualification of Class IE SafetyRelated Equipment (former USI)

SSAR Section 19B.2.59 describes the studies on the
subject of ASIs that were carried out over the last 10 years
and the ABWR design features that could prevent and/or
mitigate them. These studies were performed by various
organizations, such as NRC's Office of Analysis and
Evaluation of Operational Data (AEOD), the Institute of
Nuclear Power Operations (INPO), nuclear steam supply
system (NSSS) vendors, and the NRC staff based on the
operating experience that is available in various
publications, such as generic letters, information notices,
and bulletins. These studies allowed plant system designers to formulate certain attributes that could be incorporated into design of the ABWR. These attributes consist
of the separation criteria, consideration of failure aspects
(such as fail safe, diversity, redundancy), protective
actions (such as auto versus manual), and so on.
GE states that consideration of ASIs has resulted in
designing the ABWR to explicitly avoid unwanted,
unacceptable, or unknown ASIs.
This has been
accomplished through such features as multiple fission
barriers, inherent shutdown features and mechanisms, a
redundant and diverse engineered safety features (ESFs)
network, and a redundant and diverse instrumentation and
controls (I&C) protection network.
The SSAR also compares the ABWR-unique features that
are designed to prevent, mitigate, and accommodate ASIs
with the features of other BWRs. These features include
more redundant, diverse and independent power sources,
RPV and containment makeup and cooling capabilities,

Based on review of the design aspects of the ABWR
described above, the staff concludes that the ABWR
reflects the proven technology and accepted design requirements and that GE adequately addressed the concerns of
this issue.

Construction permit (CP) applicants for which SERs were
issued after July 1974 were required by the NRC to qualify
all safety-related equipment in accordance with IEEE 3231974, "Qualifying Class IE Equipment for Nuclear Power
Generating Stations." From the time that this standard was
originated, methods to qualify equipment to IEEE 323
were developed by the industry, but some of them, such as
testing margins, aging effects, and the simulation of the
worst-case environments, have not been accepted by the
NRC.
All major NSSS vendors and architect engineers submitted
topical reports that describe their methods of qualification.
These reports were reviewed by the NRC and the results
documented in NUREG-0588, "Interim Staff Position on
Environmental Qualification of Safety-Related Electrical
Equipment." These requirements were later established in
10 CFR 50.49 and revised Regulatory Guide (RG) 1.89,
"Environmental Qualification of Certain Electric
Equipment Important to Safety for Nuclear Power Plants,"
which describes acceptable methods for complying with
10 CFR 50.49. Dynamic and seismic qualification of
Class IE electrical equipment was not included in the
scope of 10 CFR 50.49. Guidance on dynamic and
seismic qualification is contained in RG 1.100 (Rev. 2),
"Seismic Qualification of Electric and Mechanical
Equipment for Nuclear Power Plants."
The criteria for this issue are contained in NUREG-0588
and in 10 CFR 50.49 for environmental qualification and
RG 1.100 (Rev. 2), for dynamic and seismic qualification
of Class IE electrical equipment.
Dynamic and seismic qualification testing and analysis of
the electrical equipment identified in SSAR Appendix 31
are addressed in SSAR Section 3.10, except for pump
motors and valve motor operators which are addressed in
Section 3.9. The tests and analyses are to be performed in
accordance with IEEE-344, "IEEE Recommended
Practices for Seismic Qualification of Class IE Equipment
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for Nuclear Power Generating Stations," as modified and
endorsed by RG 1.100.
Environmental qualification of safety-related mechanical
and electrical equipment is described in SSAR
Section 3.11. ABWR Class IE electrical equipment,
including pump and valve motors and electrical
accessories, will be environmentally qualified by the
methods documented in the NRC-approved report,
NEDE-24326-1-P, "General Electric Environmental
Qualification Program." These methods are in accordance
with the guidance of IEEE 323-1974, NUREG-0588,
RG 1.89 (Rev. 1), and the generic requirements of
10 CFR 50.49. Typical environmental conditions (temperature, pressure, humidity, integrated radiation dose, and
exposure to chemicals) are provided in SSAR Appendix 31
and cover the design lifetime. Conditions are tabulated for
normal operation in and outside of containment and for
LOCAs and HELBs inside containment.
Environmental qualification tests and analyses are
addressed in SSAR Section 3.11.2. The safety-related
equipment in the areas of SSAR Appendix 31 is required
to remain functional in the environmental conditions
expected at the equipment location during and after the
limiting DBA. Qualification tests and analyses of electrical
equipment for the effects of aging, radiation, temperature,
humidity, chemical spray, submergence, and power supply
variation, as applicable,* are to be performed and the
results documented in accordance with NEDE-24326-1-P.
The proposed qualification program for ABWR electrical
equipment is acceptable as discussed further in
Sections 3.10 and 3.11 of this report. Therefore, the staff
concludes that GE adequately addressed this issue for the
ABWR design.
20.1.9 Issue A-25: Non-Safety Loads on Class IE
Power Sources
Class IE power sources provide the electric power for the
plant systems that are essential to reactor shutdown,
containment isolation, reactor core cooling, and
containment heat removal, and are otherwise essential in
preventing significant release of radioactive material to the
environment. In some cases, non-safety loads are supplied
from the Class IE power sources and if this is allowed, it
is possible that the non-safety loads may cause degradation
of the Class IE power system by introducing loss of
redundancy or by other failure mechanisms.
Resolution of this issue required that non-safety-related
electrical equipment connected to the Class IE power
systems be limited and, if connected, conform to
requirements (for example, independence, electrical
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isolation, and physical separation) so that the Class IE
system to which the non-safety-related equipment is
connected continues to meet the capacity, capability,
independence, redundancy, and testability requirements of
GDC 17.
The ABWR design incorporates three independent
Class IE diesel generators and a non-Class IE combustion
turbine generator. The combustion turbine generator is
designed to automatically assume the majority of nonsafety-related electrical equipment independently from the
Class IE diesel generators. Therefore, it is not necessary
for non-safety-related electrical equipment to be connected
to the Class IE system.
The ABWR design excludes non-safety-related electrical
equipment from the Class IE system, with the exception of
the fine-motion control rod drive subsystem and a portion
of the lighting subsystem. . The fine motion control rod
drive subsystem meets Class IE requirements from the
Class IE system buses to and including zone-select
interlocks (isolation devices). In addition, the fine motion
control rod drive subsystem is restricted to Division I in
order to assure that the Class IE subsystems do not violate
their independence requirements. The lighting subsystem
meets Class IE requirements from the Class IE system
buses to and including the subsystem load. Because
lighting fixtures and bulbs are not seismically qualified in
accordance with Class IE requirements, protective devices
(breakers or fuses) and their coordination is provided to
assure that Class IE systems meet their independence and
redundancy requirements. The Class IE system is also
sized with sufficient capacity to accommodate operation
and failure of the connected non-safety-related subsystems.
The staff concludes that the connection of non-safetyrelated electrical equipment to the Class IE system has
been appropriately limited. It also concludes that the
Class IE system (with the limited number of connected
non-safety-related electrical subsystems) meets the
capacity, capability, independence, redundancy, and
testability requirements of GDC 17. Therefore, the staff
concludes that GE adequately addressed this issue for the
ABWR design.
20.1.10 Issue A-29: Nuclear Power Plant Design for
the Reduction of Vulnerability to Industrial
Sabotage
Reduction of the vulnerability of reactors to radiological
sabotage is currently treated as a plant physical security
function and not as a plant design requirement. Although
present reactor designs provide a great deal of inherent
protection against industrial sabotage, extensive physical
security measures are still required to provide an
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acceptable level of protection. An alternative approach
would be to consider more fully reactor vulnerabilities to
sabotage during the preliminary design phase. Because
emphasis is being placed on standardizing plants, it is
especially important to consider measures that could reduce
the vulnerability of reactors to sabotage. Any design
features to enhance physical protection must be consistent
with system safety requirements.
The staff resolved this issue without the establishment of
new requirements. However, future plants may decrease
vulnerability to sabotage by several means. Each division
of safety system functions should be totally independent
and separated, both mechanically and electrically. Each
division should also include 3-hour fire barriers, physical
protection of each division from flooding, and physical
protection from pipe breaks, both inside and outside the
containment. The site security system requirements should
be compatible with the plant arrangement and safety
system design, definition of vital systems, layout of vital
components, security barriers, intrusion detection systems,
isolation zone requirements, security alarms, access
control, security communications, power supply, and data
management. Since there exists a potential for sabotage by
a "knowledgeable insider" with authorized access or for
acts of sabotage that could occur during maintenance
activities, advanced light water reactor (ALWR) plant
designers should also analyze the vulnerability of their
designs to insider sabotage before finalizing the designs.
SSAR Section 19B.2.4 contains a summary that describes
this issue, the Electric Power Research Institute (EPRI)
ALWR requirements document, and the proposed
resolution of Issue A-29 for the ABWR. It states that the
ABWR design will comply with the ALWR requirements
document as defined in the SSAR. It also indicates that
the ABWR design will mitigate the acts of sabotage
through physical separations in the plant arrangement of
engineering safety systems and the design and location of
barriers to resist threats.
In SSAR Section 19B.2.4, GE states that a sabotage
vulnerability analysis will be conducted before the design
is finalized. The staff verified that GE established a COL
action item in Table 1.9-1 to perform this analysis. This
is an acceptable approach. Based on the above, the staff
concludes that GE adequately addressed this issue for the
ABWR design.
20.1.11 Issue A-31: RHR Shutdown Requirements
(former USI)
This issue addresses the safe shutdown of the reactor
following an accident or abnormal condition other than a
LOCA from a hot standby (that is, the reactor is shut

down, but the primary system temperature and pressure
are still at or near normal operating values) to a cold
shutdown condition. Considerable emphasis has been
placed on long-term cooling, which is achieved by the
RHR system. The RHR starts to operate when the reactor
coolant system (RCS) pressure and temperature are
substantially lower than their hot-standby condition values.
Even though it may generally be considered safe to
maintain a reactor in a hot-standby condition for a long
time, experience has shown that there have been events
that required eventual cooldown and long-term cooling
until the reactor coolant is cool enough to perform
inspection and repairs. For this reason, the ability to
transfer heat from the reactor to the environment after a
shutdown is an important safety function. It is essential
that a power plant be able to go from hot-standby to a
cold-shutdown condition after any abnormal occurrence.
The review criteria for this issue are contained in SRP
Section 5.4.7, Revision 3. Specifically, the RHR system
should meet the intent of the following:
•

The design should be such that the reactor can be taken
from normal operating to cold shutdown using only
safety-grade systems that satisfy the criteria of GDC 1
through 5 of 10 CFR Part 50, Appendix A.

•

The system(s) should have suitable redundancy in
components and features, and suitable interconnections,
leak connections, and isolation capabilities to assure
that for onsite electrical power system operation
(assuming that offsite power is not available), the
system function can be accomplished assuming a single
failure.

•

The system is capable of being operated from the
control room with either onsite or offsite power
available.

•

The sy stem(s) should be capable of bringing the reactor
to a cold shutdown condition, with either onsite or
offsite power available, within a reasonable time
following a shutdown, assuming the most limiting
single failure.

In SSAR Section 19B.2.10, GE stated that the RHR system
consists of three electrically and mechanically independent
divisions, except for the outboard containment isolation
valves, which are in different electrical divisions than the
inboard valves. The system will be redundant so that its
functional integrity will be assured for onsite electrical
power system operation, when offsite power is not
available, assuming a single failure. The RHR shutdown
cooling subsystem will be activated manually by the
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operator from the control room following insertion of the
control rods and normal blowdown to the main condenser.
For eme.gency conditions, when one of the RHR loops has
failed, the RHR system will be capable of bringing the
reactor to the cold shutdown condition, i.e., 100 °C
(212 °F), within 36 hours following reactor shutdown with
two divisions. When all three RHR loops are functioning
together, the RHR can remove residual heat (decay and
sensible) from the reactor vessel water at a rate sufficient
to cool it to 60 °C (140 °F) within 24 hours after the rods
are inserted.
The ABWR RHR design does not meet SRP Section 5.4.7,
BTP RSB 5-1, Sections B.l(b) and (c), which require the
RHR suction side isolation valves to have independent
diverse interlocks to prevent the valves from being opened
unless RCS pressure is below the RHR system design
pressure. Instead, the pressure signal that provides the
interlock function is supplied from a 2-out-of-4 logic,
which has four independent pressure sensor and transmitter
inputs, each of which is in a separate instrument division.
The staff concluded in Section 5.4.7 of this report that they
satisfy the intent of BTP RSB 5-1. Therefore, the staff
concludes that GE adequately addressed this issue for the
ABWR design.
20.1.12 Issue A-35:
Systems

Adequacy of Offsite Power

GDC 17 of 10 CFR Part 50, Appendix A, requires
provisions be included in the design to minimize the
probability of losing electric power from any of the
remaining supplies as a result of, or coincident with, the
loss of power generated by the nuclear power unit, the loss
of power from the transmission network, or the loss of
power from the onsite electric power supplies.
To meet these requirements of GDC 17, the NRC, in the
past, depended on (1) the results of transient and steadystate stability analyses documented in the safety analysis
reports for license applications which indicated that the
offsite power source remained stable and (2) on design
provisions for the disconnection of the offsite power source
on its loss of voltage. However, abnormal occurrences at
several operating plants indicated that a sustained
undervoltage condition of the offsite power can occur and
not be detected by the existing loss of voltage design
provisions. Failure to disconnect from the undervoltage
condition could cause redundant safety-related equipment
to be exposed to voltage levels below that for which they
are designed. The sustained undervoltage condition could
thus result in failure of redundant safety-related equipment.
To resolve this issue, the NRC evaluated the power
systems of operating plants to determine the susceptibility
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of safety-related electrical equipment to: (1) sustained
undervoltage condition on the offsite power source,
(2) interaction of the offsite and onsite power sources, and
(3) adequacy of the existing testing requirements. From
this evaluation, the NRC developed an additional
requirement for a second level of loss of voltage
protection. This second level of protection assures
disconnection from offsite power when there is a sustained
undervoltage condition on the offsite power source. This
additional requirement for a second level of protection was
imposed on all operating and future plant designs. In
order to assure implementation on future plant designs,
Appendix A to SRP 8.3.1 was revised to incorporate this
requirement as BTP PSB-1, "Adequacy of Station Electric
Distribution System Voltages." In the advance SER, the
staff also stated that in resolving A-35 it evaluated the
susceptibility of safety-related electrical equipment to the
rapid rate of decay of the offsite power source. The
advance SER stated that the staff determined this was not
a significant safety concern. Details of this determination
may be found in an NRC memorandum for K. Kniel from
M. Srinivasan dated July 31, 1981.
The review guideline for this issue is that the design of the
undervoltage protection schemes for the Class IE buses of
the onsite power system conform to the requirements of
BTP PSB-1. Specifically, a second level of voltage
protection should be provided for Class IE equipment, in
addition to the existing protection based on detecting the
complete loss of offsite power to the Class IE buses. The
second level should have two separate time delays: one
before alerting the control room operator and the other
automatically separating the Class IE buses from the
offsite power source. The time delays should be long
enough to ensure protection from sustained low voltage
while avoiding disconnection from the offsite source
because of short-term transients such as motor starting.
The undervoltage protection scheme should have the
capability to be tested and calibrated during power
operation. Voltage levels at the safety-related buses should
be optimized for the maximum and minimum load
conditions that are expected throughout the anticipated
range of offsite power source voltage variations. TS are
to include limiting conditions of operation, surveillance
requirements, and protection equipment set points.
The ABWR design provides two levels of protection for
independence of offsite and onsite systems during loss of
or degraded voltage conditions. During loss of voltage
condition, that is, when the bus voltage decays to less than
70 percent of its normal rated value, a bus transfer to the
diesel generator is initiated by the first level of protection.
During degraded voltage conditions, that is, when the bus
voltage decays to between 70 and 90 percent of its normal
rated value for a sustained period of time, the bus is
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tripped by the second level of protection. With the bus
tripped, bus transfer to the diesel generator is initiated by
the first level of protection. Equipment will be qualified
for voltages below 90 percent for the period of time the
equipment will be subjected to these voltage conditions.

• The major heavy-load-handling equipment components
(such as cranes and hoists) will be provided with an
operating instruction and maintenance manual, in
conformance with the guidelines of NUREG-0612, for
reference and utilization by operation and maintenance
personnel.

The staff reviewed the ABWR design for a second level of
protection in accordance with the guidelines of BTP
PSB-1, and concluded in Section 8.2.3.2 of this report that
the design meets the requirements of GDC 17 defined
above. Therefore, the staff concludes that GE adequately
addressed this issue for the ABWR design.

• Crane inspections and testing will comply with the
requirements of American National Standards Institute
(ANSI) B30.2, "Overhead Gantry Cranes," and
NUREG-0612, Section 5.1.1(6).

20.1.13 Issue A-36: Control of Heavy Loads Near
Spent Fuel (former USI)
Overhead cranes are used at all nuclear plants to lift heavy
objects in the vicinity of spent fuel. If a heavy object such
as a spent fuel shipping cask or shielding block were to fall
onto spent fuel in the storage pool or reactor core during
refueling and damage the fuel, radioactivity could be
released to the environment. Such an occurrence also has
the potential of overexposing plant personnel to radiation.
If the dropped object were large and the damaged fuel
contained a considerable amount of undecayed fission
products, radiation releases could exceed the guidelines of
10 CFR Part 100. With the advent of increased and
longer-term storage of spent fuel, the NRC determined that
there is a need for a systematic review of requirements,
facility designs, and TS regarding the movement of heavy
loads to assess safety margins and improve them where
necessary.
The review criteria for this issue are stated in
NUREG-0612, "Control of Heavy Loads at Nuclear Power
Plants." They provide for the safe path of the load,
training of die operators, inspection and tests of the
equipment involved, safety interlocks, and limit switches,
etc. The review of the proposed resolution of this issue
consists of determining incorporation of the guidelines
provided in NUREG-0612 in the ABWR design.

• The equipment-handling components used over the
spent fuel pool are designed to meet the single-failureproof criteria, according to the guidelines of
NUREG-0554, "Single Failure Proof Crances for
Nuclear Power Plants." Safety interlocks and limit
switches are provided to prevent transporting heavy
loads, other than spent fuel by the refueling platform
crane, over any spent fuel that is stored in the spent
fuel storage pool.
• The reactor vessel head lifting strongback and the
dryer/separator lifting strongback are designed in
accordance with the guidelines of NUREG-0612 and
ANSI N14.6, "Standard fo. Special Lifting Devices for
Shipping Containers Weighing 10,000 Pounds
(4500 Kg) or More for Nuclear Materials."
• The design bases of the system will conform to the
requirements of GDC 2, as it relates to the ability of
structures, systems, and mechanisms to withstand the
effects of earthquakes; GDC 4 as it relates to
protection of safety-related equipment from the effects
of internally generated missiles (i.e., dropped loads);
and GDC 61 as it relates to the safe handling and
storage of fuel.
The staff verified that GE established a COL action item
in Table 1.9-1 to provide design details for the load
handling equipment. This approach is acceptable to the
staff. Based on the above information, the staff concludes
that GE adequately addressed this issue for the ABWR
design.

SSAR Section 19B.2.12 states that a number of measures
are required to preclude an accident involving heavy loads,
in general, and in the vicinity of the storage pool, in
particular. These measures include the following:

20.1.14 Issue A-39: Determination of Safety Relief
Valve Pool Dynamic Loads and Temperature
Limits (former USI)

• The COL applicant will perform a study on all planned
heavy-load-handling moves to evaluate and minimize
safety risks. The study will establish the heavy-loadshandling paths and routing plans. The COL applicant
will also be required to provide the NRC a confirmatory structural evaluation of the spent fuel racks.

Operation of BWR primary system pressure relief valves
can result in hydrodynamic loads on the suppression pool
retaining structures or those structures located within the
pool. These loads result from initial vent clearing of relief
valve piping and steam quenching because of high local
pool temperatures. Overall, the definition methodology
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used for the ABWR containment is similar to that used for
prior BWR containment designs. In spite of the unique
features in the ABWR, such as pressuiization of the
wetwell gas space, the presence of a lower drywell, the
smaller number of horizontal vents (30 in the ABWR
versus 120 in the Mark III containment), and extension of
horizontal vents into the pool, the hydrodynamic loads
addressed in this issue are similar to those in other BWR
designs.
The review criteria pertinent to this issue are contained in
SRP Section 6.2,1.1.C, Appendix B, which lists the
generic loads acceptable to the NRC, including load
identification, a summary of load specification, load
specification clarifying criteria, and reference to the NRC
NUREG section that describes the NRC-specific load
evaluation. The staff considers that this issue summarizes
and incorporates the pertinent results of the studies
described in Issues A-7 and B-10, Sections 20.1.1 and
20.1.21, respectively of this report.
SSAR Appendix 3B describes containment hydrodynamic
loads, such as those resulting from the SRVs, quencher
discharge loads, pressure and temperature transients, and
submerged structure loads. The ABWR containment
design has some unique features that differ from previously
approved designs, such as the Mark III containment.
These unique features include pressurization of the wetwell
airspace, the presence of a lower drywell, the smaller
number of horizontal vents into the pool, vent
submergence, and suppression pool width. GE states in
the SSAR that SRV discharge is completely condensed in
the pool and steam condensation loads are low compared
to those of other submerged structures loads because of
SRV line air clearing and LOCAs. Consequently, dynamic
loads on submerged structures during quencher steam
condensation will not be defined and considered for
containment evaluation. This is appropriate for the
dynamic loads associated with the SRV.
Based on this information and the staffs evaluation of the
ABWR containment analysis in Section 6.2.1.6 of this
report, the staff concludes that GE adequately addressed
this issue for the ABWR design.
20.1.15 Issue A-40:
Seismic Design Criteria Short-Term Program (former USI)
Seismic design of nuclear plants is reviewed in accordance
with the provisions of SRP Sections 2.5.2, 3.7.1, 3.7.2,
and 3.7.3. Over the years, there has been an evolution of
seismic design requirements and technology. The objective
of this issue was to investigate selected areas of the seismic
design sequence to determine their conservatism for all
types of sites, to investigate alternative approaches where
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desirable, to quantify the overall conservatism of the
design sequence, and to modify the NRC criteria in the
SRP where justified. Studies were conducted and the
results were documented in NUREG/CR-1161,
"Recommended Revisions to Nuclear Regulatory
Commission Seismic Design Criteria," with specific
recommendations for changes in seismic design
requirements.
SRP sections were then revised with the following
principal areas of change: Section 2.S.2 was updated to
reflect the current NRC staff review practice;
Section 3.7.1, to reflect design time history criteria;
Section 3.7.2, to reflect development of floor response
criteria, damping values, soil-structure interaction
uncertainties, and combination of modal responses; and
Section 3.7.3, to reflect seismic analysis of above-ground
tanks and Category 1 buried piping.
The review criterion for the resolution of this issue is
conformance with the seismic design acceptance criteria of
Revision 2 to SRP Sections 2.5.2, 3.7.1,3.7.2, and 3.7.3.
Specifically, these SRP sections cover review of the site
characteristics and earthquake potential, the parameters to
be used in seismic design, methods to be used in seismic
analysis of the overall plant, and methods to be used in
seismic analysis of individual systems and components.
SSAR Section 19B.2.14 states that the design ground
motions, site parameters, and system and subsystem
analyses criteria and methods described in SSAR
Sections 2.3.2.22, 3.7.1, 3.7.2, and 3.7.3 meet the intent
of the corresponding SRP sections, except that the
operating-basis earthquake (OBE) requirement is not a
requirement for the ABWR. Elimination of the OBE from
the ABWR design is consistent with the Commissionapproved staff position on the policy issue regarding
elimination of the OBE addressed in SECY-93-087,
"Policy, Technical, and Licensing Issues Pertaining to
Evolutionary and Advanced Light Water (ALWR)
Designs," April 2, 1993.
Based on this information, the staff concludes that GE
adequately addressed this issue for the ABWR design.
20.1.16 Issue A-42: Pipe Cracks in BWR (former USD
Pipe cracking has occurred in the heat-affected zones of
welds in primary system piping in BWRs since mid-1980.
These cracks have occurred mainly in Type 304
unstabilized austenitic stainless steel, which is the pipe
material used in most operating BWRs. The major
problem is recognized to be intergranular stress corrosion
cracking (IGSCC) of austenitic stainless steel components.
These components have been made susceptible to this
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failure by being exposed to a sensitizing temperature range
427-816 °C (800-1500 °F) during welding or post-weld
heat treatment.
The review criteria for this issue are contained in
NUREG-0313, Revision 2, "Technical Report on Material
Selection and Processing Guidelines for BWR Coolant
Pressure Boundary Piping."
The ABWR design complies with RG 1.44, "Control of
the Use of Sensitized Stainless Steel," and with the guidelines of NUREG-0313, Revision 2. These documents
specify that low-carbon austenitic stainless steels are used
in the construction of BWR piping and that low carbon
(with a minimum of 8 percent ferrite) weld metal as
deposited, is utilized in the fabrication of BWR piping.
This will ensure that sensitization of ABWR components
will be avoided. Based on this information, the staff
concludes that GE adequately addressed this issue for the
ABWR design.

20.1.17 Issue A-44: Station Blackout (former USD
The complete loss of ac electrical power to the essential
and nonessential switchgear buses in a nuclear power plant
is referred to as a "station blackout" (SBO). Because
many safety systems required for reactor core decay heat
removal are dependent on ac power, the consequences of
an SBO could lead to a severe core damage accident. This
issue involves the likelihood and duration of the loss of all
ac power and the potential for severe core damage after a
loss of all ac power.
The issue arose because of experience with the reliability
of ac power supplies. Numerous reports of standby diesel
generators failing to start and run had been received and a
number of operating plants had experienced a total loss of
offsite electrical power. In almost every one of these latter
events, the onsite ac power supplies were available to
supply power to the safety equipment. However, in some
instances, one of the redundant onsite ac power supplies
had not been available and, in a few cases, ac power was
completely lost (although during these latter events, ac
power was restored in a short time and no serious
consequences resulted).
The results of WASH-1400/NUREG-75/014, "Reactor
Safety Study, An Assessment of Accident Risks in
U.S. Commercial Nuclear Power Plants," showed that for
one of the evaluated plants, an SBO could be an important
contributor to the total risk from nuclear power plant
accidents. Although the total risk was found to be small,
the relative importance of an SBO was established.

To resolve this issue, the NRC designated SBO as an
unresolved safety issue and implemented a task action plan
to determine the need for additional safety requirements.
The results, described in N U R E G - 1 1 0 9 ,
"Regulatory/Backfit Analysis for the Resolution of
Unresolved Safety Issue A-44, Station Blackout," indicated
that actions could be taken to reduce the risk from SBO
events. The NRC amended its regulations in 10 CFR
Part $0 to include the SBO rule (10 CFR 50.63) and issued
an associated regulatory guide (RG 1.155, "Station
Blackout") that provides guidance on an acceptable means
to comply with the SBO rule.
Paragraph (a) of 10 CFR 50.63 requires that each lightwater-cooled nuclear power plant be able to withstand and
recover from an SBO of a specific duration. The specified
SBO duration must be based on (1) the redundancy of the
onsite standby ac power sources, (2) the reliability of the
onsite standby ac power sources, (3) the expected
frequency of loss of offsite power, and (4) the probable
time needed to restore offsite power. During the specified
SBO duration, the reactor core and associated coolant,
control, and protection systems, including station batteries
and any other necessary support systems, must provide
sufficient capacity and capability to ensure that the core is
cooled and appropriate containment integrity is maintained.

Paragraph (c)(2) of 10 CFR 50.63 allows an alternate ac
(AAC) source to be used to meet the above defined
requirements of 10 CFR 50.63(a) provided that:
•

Either the AAC source can be demonstrated by test to
be available within 10 minutes to supply power to
switchgear buses that are capable of supplying power
to required shutdown equipment, or the reactor core
and associated coolant, control, and protection systems,
including station batteries and any other necessary
support systems, have sufficient capacity and capability
to ensure that the core is cooled and appropriate
containment integrity is maintained from the onset of
SBO until the AAC source and required shutdown
equipment are started and lined up to operate,

•

The time required for startup and alignment of the
AAC source and shutdown equipment is demonstrated
by test, and

•

The AAC source, as a minimum, has the capacity and
capability to ensure the plant can be brought to and
maintained in safe shutdown.

To meet the SBO rule, GE has provided a combustion
turbine generator (CTG) as an AAC source. The CTG has
the capability of being aligned with any one of the three
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Class IE divisions within 10 minutes. The CTG has
sufficient capacity and capability to supply the loads that
can be connected to one Class IE division. Each of the
three Class IE divisions has sufficient capacity and
capability to ensure the plant can be brought to and
maintained in safe shutdown. The capability of aligning
the CTG with a Class IE bus within 10 minutes can be
demonstrated by test. In addition, the time required for
startup and alignment of the CTG and shutdown equipment
can be demonstrated by test.
The staff reviewed the ABWR design for its ability to
withstand and recover from an SBO in accordance with the
guidelines of RG 1.155, and concluded in Section 8.3.9 of
this report that the design meets the above defined requirements of 10 CFR 50.63(c)(2). Therefore, the staff
concludes that GE adequately addressed this issue for the
ABWR design.
20.1.18 Issue A-47: Safety Implications of Control
Systems (former USD
Concerns have been raised regarding the potential for
accidents or transients being made more severe as a result
of control system failures, including control and
instrumentation power supply faults. During the licensing
review process, the staff performs an audit review of the
non-safety-grade control systems to ensure that an adequate
degree of separation and independence is provided between
these non-safety-grade systems and the safety systems. On
this basis, it is generally believed that control system
failures are not likely to result in safety function losses that
could lead to serious events or result in conditions that the
safety systems are not able to mitigate. However, in-depth
studies for all non-safety-grade systems have not been
performed.
Generic Letter 89-19, "Request for Action Related to
Resolution of Unresolved Safety Issue A-47, 'Safety
Implication of Control Systems in LWR Nuclear Power
Plants'," recommended that all GE BWR plant designs
provide (1) automatic reactor vessel overfill protection to
mitigate main feedwater (MFW) overfeed events and
(2) plant procedures and TS to periodically verify the
operability of overfill protection during power operation.
The ABWR reactor vessel overfill protection is described
in SSAR Section 7.7.1.4(9). The level control system
provides interlocks and control functions to other systems.
When the reactor water level reaches the Level 8 trip set
point, the feedwater control system (FWCS)
simultaneously (1) annunciates a control room alarm,
(2) sends a trip signal to the turbine control system to trip
the turbine generator, and (3) sends trip signals to the
condensate, feedwater, and condensate air extraction
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(CF&CAE) system to trip all feed pumps and to close the
MFW discharge valves. This interlock is enacted to
protect the turbine from damage from high moisture
content in the steam caused by excessive carry over while
preventing the reactor water level from rising any higher.
In the event that the feedwater pump discharge valves fail
to close following the Level 8 trip signal, the FWCS
automatically issues another signal to the CF&CAE system
to trip all condensate pumps in order to avoid overpressurization of the vessel.
Based on the information above and in SSAR
Section 19B.2.17, which states that the COL applicant will
develop plant procedures including reactor vessel overfill
considerations as shown in SSAR Figure 7.7-8,
"Feedwater Control System IED," the staff finds that the
proposed Issue A-47 resolutions are acceptable.
Therefore, the staff concludes that GE adequately
addressed this issue for the ABWR design.
20.1.19 Issue A-48: Hydrogen Control Measures and
Effects of Hydrogen Burns on Safety
Equipment
This issue concerns the control of large quantities of
hydrogen in reactors with small volume containments. As
a result of the accident at TMI-2, the Commission issued
requirements on hydrogen control in 10 CFR 50.34(f) and
50.44. 10 CFR 50.34(f) requires a hydrogen control
system. This system must be based on a 100-percent, fuel
clad metal-water reaction and a hydrogen concentration
limit of 10 percent on uniformly distributed hydrogen in
the containment or on a post-accident atmosphere that will
not support hydrogen combustion.
Provision of a noncombustible containment atmosphere
(inciting) is an acceptable approach to addressing this issue
and is mandated for those reactors with a Mark I or II type
of containment. These plants must also have hydrogen
recombiners, either internal or external. Reactors with a
Mark III type of containment are required to provide a
hydrogen control system.
During the TMI-2 accident, it became apparent that metalwater reactions generated hydrogen in excess of the
amounts specified in 10 CFR 50.44. In June 1990, the
Commission approved the staffs recommendations in
SECY-90-016 as the requirements for evolutionary LWRs.
These requirements are set forth in 10 CFR
50.34(f)(2)(ix).
The plant-specific design must also comply with 10 CFR
50.34(f) for combustible gas control.
10 CFR
50.34(f)(2)(ix) requires that a hydrogen control system be
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based on a 100-percent, fuel clad metal-water reaction and
a hydrogen concentration limit of 10 percent on uniformly
distributed hydrogen in the containment or on a postaccident atmosphere that will not support hydrogen
combustion.
10 CFR 50.34(f)(3)(v) requires that
containment integrity be maintained below Service Level
C limits for steel containments and the factored load
category for concrete containments during an accident that
releases hydrogen generated from a 100-percent, fuel clad
metal-water reaction.
This issue was resolved by the requirements contained in
10 CFR 50.34(f) and 10 CFR 50.44.
SSAR Section 19B.2.18 states that there are no design-basis events
for the ABWR that result in core uncovery or core heatup
sufficient to cause significant metal-water reaction. It
further states that this is equivalent to the reaction of the
active clad to a depth of 0.00058 cm (0.00023 in.) or
0.72 percent of the active clad. SSAR Section 6.2.5.3
states that the atmospheric control system (ACS) is
designed to maintain the containment in an inert condition,
except for nitrogen make-up needed to maintain a positive
containment pressure and prevent air leakage from the
secondary into the primary containment.
GE analyzed consequences of hydrogen release and
concluded that for 100-percent, fuel clad metal-water
reaction, the resulting peak containment pressure would be
about 517 kPa (75 psig). The ABWR has a concrete
containment with a steel upper drywell head. This head,
based on GE structural analysis, has been shown to be the
most limiting structural component of the containment,
with a Service Level C limit of 669 kPa (97 psig).
Therefore, the containment pressurization resulting from a
100-percent, fuel clad metal-water reaction, coupled with
a large-break LOCA, is Below the Service Level C limit.
On the basis of this information and the staffs evaluation
of ABWR compliance with 10 CFR 50.34(f)(2)(ix), as
discussed in Sections 20.5.21 and 19.2.3.3.1 of this report,
the staff concludes that GE adequately addressed this issue
for the ABWR design.
20.1.20 Issue B-5: Ductility of Two-Way Slabs and
Shells and Buckling Behavior of Steel
Containments
This issue addresses two concerns relating to containment
design: (1) that sufficient information is not available to
predict the behavior of two-way reinforced concrete slabs,
and (2) that the structural design of a steel containment
vessel subjected to unsymmetrical dynamic loadings may
be governed by the instability of the shell. The safety
significance of the first concern is that in the event of the
collapse of a floor that may be caused by an earthquake or

a LOCA, there would be a possibility that other portions
of the RCS or safety-related systems could be damaged.
The damage could lead to an accident sequence resulting
in the release of radioactivity to the environment.
The other concern, identified in NUREG-0471, "Generic
Task Problem Descriptions (Categories B, C, and D)," is
over the lack of a uniform, well-defined approach to
design evaluation of steel containments. The structural
design of a steel containment vessel subjected to
unsymmetrical dynamic loadings may be governed by the
instability of the shell. For these types of loads, the
current criteria and the current analytical techniques may
not be as comprehensive as they should be.
The review criterion for the first concern is mat the design
code, American Concrete Institute code ACI 349, "Code
Requirements for Nuclear Safety Related Structures,"
contains sufficient information pertaining to the design of
two-way slabs subjected to dynamic loads and biaxial
tension to enable a reasonably accurate analysis. ACI 349
should be used in conjunction with the pertinent regulatory
documents such as SRP Section 3.5.3, Appendix A, and
RG 1.142, "Safety-Related Concrete Structures for Nuclear
Power Plants (Other than Reactor Vessels and
Containments)."
The review criterion for the second concern is that all
applied loads must be adequately addressed by the steel
containment design. RG 1.57, "Design Limits and
Loading Combinations for Metal Primary Reactor
Containment System Components," recommends a
minimum factor of safety of 2 against buckling for the
worst loading condition, provided that a detailed, rigorous
analysis that considers inelastic behavior is performed.
Also, the allowable stress values for buckling are contained
in the ASME Code, Section III, Subsection NE-3222.

SSAR Sections 3.8.3, 3.8.4, and 19B.2.61 state that the
design of the ABWR safety-related structures (other than
the containment vessel), including consideration of the
ductility requirements for the two-way slabs, is based on
the ACI 349-80 Code. The approach used by GE for the
design of two-way reinforced concrete slabs meets the
guidelines of SRP Sections 3.8.3 and 3.8.4 and is,
therefore, acceptable.
The applicant indicated that the ABWR containment is a
concrete structure and the steel component not backed by
concrete, that is, the ABWR reactor closure head, is
designed in accordance with the ASME Code, Section III,
Subsection NE. This approach meets the guidelines of
SRP Section 3.8.2 for shell buckling and, therefore, is
acceptable.
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Based on the above discussions, the staff concludes that
GE adequately addressed this issue for the ABWR design.
20.1.21 Issue B-10: Behavior of BWR Mark III
Containments
This issue deals with the dynamic loads present in the
Mark III containment following a postulated LOCA when
escaping steam forces the suppression pool water out of the
drywell and into the wetwell. This action results in pool
swell and loads from vent clearing, jets, chugging, impact
of water, impact of froth impingement, pool fallback,
condensation, and containment pressure. The concern is
that these loadings may damage structures and components
located within the wetwell. Although many of these
structures (e.g., walkways) are by themselves not related
to safety, the various emergency core cooling systems
(ECCSs) take suction from the wetwell and, therefore,
damage in the wetwell may affect the performance of the
ECCSs.
The review criteria for this issue are provided in
NUREG-0978, "Mark III LOCA-Related Hydrodynamic
Load Definition," Appendix C. These criteria have been
developed on the basis, of large-scale tests conducted
between 1973 and 1979' by GE in order to define the
LOCA-related hydrodynamic loads for use in the design of
the standard Mark III containment.
The ABWR horizontal vent confirmatory test program was
performed to obtain data that could be used to determine
condensation oscillation and chugging loads for design
evaluation of containment structures. The test matrix
included tests at conditions that produce bounding loads
and additional tests to examine the sensitivity of the loads
to system parameters. The test specifically documents
work performed, including general evaluation of the test
data and the specification of procedures that can be used to
define containment loads.
The ABWR design utilizes a horizontal vent system, which
is similar to that of the Mark III containment design, but
includes some ABWR-unique design features. These
unique features include pressurization of the wetwell
airspace, the presence of a lower drywell, a smaller
number of horizontal vents (30 in the ABWR containment
versus 120 in the Mark III containment), extension of
horizontal vents into the pool, vent submergence, and
suppression pool width.
The ABWR horizontal vent test program has been based on
resolution of several other issues (A-7, A-8, and B-10),
which produced test data to confirm and define
condensation oscillation and chugging loads for design
application. SSAR Section 3B.2.2 describes a spectrum of
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postulated LOCAs that was considered in assessing the
design adequacy of the ABWR containment system. The
results obtained from small-scale tests conducted within the
scope of the ABWR design confirmed the applicability of
Issue B-10 test data.
Based on this information and the staffs evaluation of the
ABWR containment analysis in Section 6.2.1.6 of this
report, the staff concludes that GE adequately addressed
this issue for the ABWR design.
20.1.22 Issue B-17:
Criteria for Safety-Related
Operator Actions
Current plant designs are such that reliance on the operator
to take action in response to certain transients is necessary.
Consequently, it becomes necessary to develop appropriate
criteria for safety-related operator actions (SROAs). The
criteria would include a determination of actions that
should be automated rather than manual and dev^npn^n!
of a time criterion for SROAs.
The review criteria for this issue are contained in
ANSI/American Nuclear Society (ANS) 58.8-1984, "Time
Response Design Criteria for Nuclear Safety Related
Operator Actions," and ANSI/ANS 52.2-1983, "Nuclear
Safety Criteria for the Design of Stationary Boiling Water
Reactor Plants." Plants should perform task analysis,
simulator studies, and analysis and evaluation of
operational data to assess ESF and safety-related control
system designs for conformance to the criteria. Where
nonconformance is identified, modification of the design
and hardware may be required.
SSAR Appendix 18E describes the program of humanfactors-related activities conducted throughout the
development of the ABWR plant system designs, including
the development of the main control room (MCR) and
remote shutdown system (RSS) designs. Appendix 18E
describes the process through which the MCR and RSS
human-system interface (HSI) design implementations will
be conducted and evaluated through the application of
human factors engineering (HFE) practices and principles.
Hie COL applicant is responsible for addressing B-17 as
part of the detailed design implementation. The staff
verified that GE has established a general COL action item
in SSAR Section 18.8 (Item 18.8.1) to conduct the detailed
HFE design according to design and implementation as
defined by the ABWR certified design material (CDM)
Table 3.1 Inspection, Tests, Analyses, and Acceptance
Criteria (ITAAC) and SSAR Appendix 18E. The staff
considers the SSAR to include commitments for the COL
applicant to conduct the necessary analyses of the critical
operator tasks. In addition, the staff verified that GE
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established another COL action item in SSAR Section 18.8
(Item 18.8.15) to evaluate the adequacy of the HSI to
provide the necessary controls, displays, and alarms for the
timely performance of critical tasks. This approach is
acceptable to the staff as discussed in Section 18.7.2.2 of
this report.
Based on this information, the staff concludes that GE
adequately addressed this issue for the ABWR design.
20.1.23 Issue B-29: Effectiveness of Ultimate Heat
Sinks
This issue addressed the adequacy of existing NRC
mathematical models for the prediction of the ultimate heat
sink (UHS) performance by comparing model performance
with field data. The issue also addressed the selection of
site-specific meteorological data for use as UHS design
basis meteorology.
The DFSER stated that the design of the UHS is not within
the scope of the ABWR design. GE provided several
interface requirements to be used as guidance for the
design of systems not within the ABWR design scope.
The DFSER contained a lengthy discussion of these
interface requirements and concluded that GE provided
sufficient information to allow the COL applicant to
provide a plant-specific response to Issue B-29. The plantspecific response was identified in the DFSER as COL
Action Item 20.1-1.
Issue B-29 is categorized in NUREG-0933 as a licensing
issue and as such, is not required to be considered in
meeting the requirements of 10 CFR 52.47(l)(a)(iv). The
purpose of the issue was to confirm the validity of the
NRC models used to make an independent assessment of
UHS design safety. NRC's studies have confirmed that
the capability of NRC's models and existing guidance are
adequate. The determination of the adequacy of a specific
UHS design is to be made by the staff during the review
process using the models and guidance. The design of the
UHS for the ABWR will be provided by the COL
applicant as part of the COL application in accordance
with the interface requirements discussed in Section 9.2.5
of this report. The UHS design will be reviewed at the
COL application stage. This approach is acceptable to the
staff.
Upon further consideration, the staff determined that
because Issue B-29 is a licensing issue and not required to
be considered in meeting the requirements of 10 CFR
52.47(1 )(a)(iv) as discussed above, no specific response to
Issue B-29 is necessary from either GE or the COL
applicant. On this basis, the staff concludes that DFSER

COL Action Item 20.1-1 was not warranted and need not
be addressed.
20.1.24 Issue B-32: Ice Effects on Safety-Related
Water Supplies
;

This issue addressed the potential effects associated with
extreme cold weather and ice buildup on the reliability of
various plant water supplies. Of particular concern are
events that could affect safety-related water systems and
affect the ability of the plant operations staff to safely shut
down the plant and provide adequate core cooling.
The DFSER contained a discussion of interface
requirements for the UHS necessary to the reliability of
this water source. The evaluation concluded that GE
needed to require the COL applicant to use site weather
conditions to establish the severe weather design envelope
for the site. This was identified in the DFSER as COL
Action Item 20.1-2.
The staffs evaluation in the DFSER also identified that the
interface requirements for the UHS did not explicitly
include the RSW system, portions of which have exposed
piping that may be vulnerable to the adverse effects of ice,
and required GE to address this concern. This was
identified in the DFSER as Open Item 20.1-2. The
DFSER stated that subject to the acceptable resolution of
DFSER Open Item 20.1-2, the staff could conclude that
the ABWR design addresses the concerns of Issue B-32.
In the DFSER, the staff also required GE to establish a
requirement for the COL applicant to address the capability
of the plant-specific RSW system and UHS designs to
address the concerns of Issue B-32. This was identified in
the DFSER as COL Action Item 20.1-3.
NUREG-0933 shows that Issue B-32 was subsumed by
Issue 153 (discussed in Section 20.2.32 of this report). As
such, Issue B-32 is not required to be considered
separately in meeting the requirements of 10 CFR
52.47(a)(l)(iv). The UHS design and the out-of-scope
portions of the RSW will be provided by the COL
applicant as part of the COL application in accordance
with the interface requirements discussed in Sections 9.2.5
and 9.2.15 of this report. The UHS design and the out-ofscope portions of the RSW will be reviewed at the COL
application stage. This approach is acceptable to the staff.
In addition, GE has included a COL action item in SSAR
Section 2.3.2.14 for the COL applicant to demonstrate that
safety-related facilities and water supply are not affected
by ice flooding or blockage.
Because Issue B-32 was subsumed by Issue 153, upon
further consideration of this information, the staff
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determined that &o specific response to Issue B-32 is
necessary from either GE or the COL applicant. On this
basis, the staff concludes that
(1)

DFSER Open Item 20.1-2 was not warranted and
need not be addressed. Therefore, DFSER Open
Item 20.1-2 is resolved.

(2)

DFSER COL Action Items 20.1-2 and 20.1-3 were
not warranted and need not be addressed.

See Section 20.2.32 of this report for the staffs evaluation
of Issue 153.
20.1.25 Issue B-36: Develop Design, Testing, and
Maintenance Criteria for Atmosphere Cleanup
System Air Filtration and Adsorption Units for
Engineered Safety Features Systems and
Normal Ventilation Systems
This issue involves developing revisions to current
guidance and staff technical positions regarding ESF and
normal ventilation system air filtration and adsorption
units. Any technological advances leading to better
methods and/or standards for the design, testing, and
maintenance for these systems in light water-cooled nuclear
power plants need to be documented for NRC staff
guidance and technical positions.
Guidance on controlling the release of gaseous radioactive
effluents to the environment is contained in Revision 1 to
RG 1.140, "Design, Testing, and Maintenance Criteria for
Normal Ventilation Exhaust System Air Filtration and
Adsorption Units of Light-Water-Cooled Nuclear Power
Plants," and Revision 2 to RG 1.52, "Design, Testing and
Maintenance Criteria for Postaccident Engineered-SafetyFeature Atmosphere Cleanup System Air Filtration and
Adsorption Units of Light-Water-Cooled Nuclear Plants."
RG 1.52 provides guidance relating to the design, testing,
and maintenance of post-accident ESFs, whereas RG 1.140
applies to the normal ventilation exhaust features.
GE provided the information pertinent to this issue in
SSAR Sections 6.4 and 6.5. SSAR Section 6.5.1 states
that the filter systems required to perform safety-related
functions following a design-basis accident are the standby
gas treatment system (SGTS) and the control room portion
of the HVAC system.
The SGTS has the capacity to filter the gaseous effluent
from the primary containment or from the secondary
containment, when required, to limit the discharge of
radioactivity to the environment to meet the guidelines of
10 CFR Part 100. GE described the SGTS power
generation design basis, safety design basis, system design,
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SGTS operation (automatic and manual), and the design
evaluation. Compliance with RG 1.52 is also discussed.
SSAR Sections 9.4.1 and 6.4 and Appendices 6A, 6B, 9C,
and 9D describe the HVAC system pertinent to control
room habitability. The system is designed in conformance
with the requirements of GDC 19 and guidelines of
RG 1.52 related to the design, testing, and maintenance of
post-accident ESFs and ASME N509 and N510.
The radwaste building incinerator offgas exhaust is
directed to a separate monitored vent, as described in
SSAR Section 9.4.6.5.3. The COL applicant is to provide
conformance with RG 1.140 for the radwaste building
HVAC system.
Based on this information, the staff concludes that GE
adequately addressed this issue for the ABWR design.
20.1.26 Issue B-55: Improved Reliability of Target
Rock Safety-Relief Valves
The majority of valves in BWR pressure-relief systems are
Target Rock SRVs. A significant number of failures of
these valves have occurred, which include valves that
(1) failed to open properly on demand, (2) opened spuriously and then failed to reseat properly, and (3) opened
properly and then failed to reseat properly. The performance of these valves is under continual surveillance and
the consequences of their failures are subject to review.
SSAR Section 19B.2.22 states that Target Rock SRVs are
not to be used in the ABWR design. The SRVs to be used
in the ABWR do not have a pilot stage such as that present
in the Target Rock pilot-operated SRVs. The ABWR will
use a direct-acting SRV design. Therefore, the mechanisms that cause the pilot valve to fail to open properly
have been eliminated from the ABWR design.
Based on this information, the staff concludes that GE
adequately addressed this issue for the ABWR design.
20.1.27 Issue B-56: Diesel Reliability
If a loss of normally available ac power from the offsite
preferred systems occurs at a nuclear power plant,
redundant onsite standby ac power sources (diesel
generators) provide power for necessary safety functions,
which include reactor core decay heat removal, emergency
core cooling, and containment heat removal. Therefore,
the reliability of the diesel generators is a major factor in
ensuring acceptable plant safety.
This issue was promulgated by a review of licensee event
reports (LERs) which indicated that the diesel generators
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at operating plants were demonstrating an average starting
reliability of about 0.94 per demand. The NRC's goal for
new plants, as expressed in Regulatory Guide 1.108,
"Periodic Testing of Diesel Generator Units Used as
Onsite Electric Power Systems at Nuclear Power Plants,"
is a diesel generator starting reliability of 0.99 per
demand. As part of the resolution of Issue A-44 on station
blackout (see Section 20.1.17 of this report), diesel
reliability was considered one of the main factors affecting
plant risk from station blackout. Thus, attaining and
maintaining high diesel generator reliability was a
necessary part of the resolution of Issue A-44. The
Federal Register notice (S3 FR 23217) which accompanied
10 CFR 50.63 (station blackout rule) indicated that the
resolution of Issue B-56 would provide specific guidance
for diesel generator reliability consistent with the resolution
of Issue A-44. The specific guidance (the resolution of
B-56) has been included as part of Revision 3 of RG 1.9,
"Selection, Design, and Qualification of Diesel-Generator
Units Used as Standby (Onsite) Electric Power Systems at
Nuclear Power Plants" and as part of RG 1.160, "Monitoring the Effectiveness of Maintenance at Nuclear Power
Plants."
RG 1.160 endorses the guidelines in
NUMARC 93-01, "Industry Guideline for Monitoring the
Effectiveness of Maintenance at Nuclear Power Plants"
(May 1993) as an acceptable method for meeting the
requirements of 10 CFR 50.65 (the maintenance rule).
With regard to systems and components such as diesel
generators, 10 CFR 50.65 requires that:
•

the performance or condition of diesel generators be
monitored against established goals in a manner
sufficient to provide reasonable assurance that the
diesel generators are capable of fulfilling their intended
functions,

•

goals be established commensurate with safety and to
take into account industry wide operating experience,

•

appropriate corrective action be taken when the
performance or condition of the diesel generators do
not meet established goals,

•

diesel generator performance and condition monitoring
activities and associated goals and preventive
maintenance activities be periodically evaluated, taking
into account industry wide operating experience, and

•

Revision 3 of RG 1.9 integrated into a single regulatory
guide guidance previously addressed in other documents
such as Revision 2 of RG 1.9, Revision 1 of RG 1.108,
and Generic Letter 84-15.
With respect to diesel generator reliability (compliance
with Issue B-56), the ABWR SSAR indicates the
following:
a. Diesel generators will be required to be capable of
reaching full speed and voltage within 20 seconds after
the signal to start (Section 8.3.1.1.8.2(4) of SSAR
Amendment 34).
b. For the COL license, the COL applicant will be
required to have appropriate plant procedures for
periodic testing of diesel generator start capability
(Section 8.3.4.36 of SSAR Amendment 33). In
particular,
•

Appropriate plant procedures will include the
requirement that the interval between periodic start
test for diesel generators will be no longer than
31 days (Section 6.5.1 of IEEE 387-1984), and

•

Diesel generator start testing may, once per
6 months, be replaced with a modified diesel
generator start involving idling and gradual
acceleration to synchronous speed as recommended
by the manufacturer (Technical Specification
guidelines in Section 16.3.8 (SR 3.8.1.2) of SSAR
Amendment 34).

c. As part of the COL license, the COL applicant will be
required to demonstrate the start reliability of the diesel
generators (Section 8.3.4.2 of SSAR Amendment 34).
Specifically,

adjustments be made where necessary to ensure that the
objective of preventing failure of diesel generators
through maintenance is appropriately balanced against
the objective of minimizing unavailability of diesel
generators due to monitoring or preventive
maintenance.
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•

The preoperational test program will demonstrate
the required reliability by means of 25 start
demands without failure on each installed diesel
generator unit (Section 14.2.12.1.45.3(1) of SSAR
Amendment 34 and Position C.2.3.1 of RG 1.9
(Rev. 3)).

•

Periodic testing at intervals of no longer than
31 days will commence within 31 days following
completion of preoperational testing for diesel
generator start reliability (Position C.2.3.2.1 of
RG 1.9, Rev. 3)).

•

Performance criteria and goals for diesel generator
start and loading reliability will be set at 0.975 per
demand as part of the COL licensee's program for
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assuring diesel generator reliability.
indicates:

The SSAR

- Diesel generator start reliability of 0.986 per
demand can be achieved as shown by industry
experience (Section 19B.2.23 of SSAR
Amendment 34).
- A diesel generator reliability of 0.975 per demand
was assumed for station blackout considerations
(Table 1C-1 of SSAR Amendment 32).
- A diesel generator reliability of 0.975 per demand
was used in the ABWR PR A analysis (Table 1C-1
of SSAR Amendment 32).
•

Performance criteria for both diesel generator
reliability and unavailability will be established to
assure mat the performance or condition of the
diesel generators is being effectively controlled
through the performance of appropriate preventive
maintenance, such that the diesel generator remains
capable of performing its intended function
(Section B of RG 1.160). The SSAR states:
- Performance criteria for reliability will be met by
the absence of a maintenance-preventable failure,
or the occurrence of a single maintenancepreventable failure, followed by appropriate root
cause determination and corrective action.
- Performance criteria for unavailability will be met
by having fewer unavailable hours, on a rolling
1-year basis, than required by the established
performance criteria.

•

•

If performance criteria is not met or a second diesel
generator maintenance-preventable failure occurs,
diesel generator performance goals will be
established and the performance or condition of the
diesel generators will be monitored in a manner
sufficient to provide reasonable assurance that the
diesel generators are capable of fulfilling their
intended functions consistent with an appropriate
balance between diesel generator reliability and
unavailability (Section B of RG 1.160).
Periodic adjustments will be made where necessary
to ensure that the objective of preventing failures of
the diesel generator through maintenance will be
appropriately balanced against the objective of
minimizing unavailability of the diesel generator
due to monitoring or preventive maintenance
(Section B of RG 1.160).
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The staff concludes that a diesel generator testing and
reliability program which meets the above described
commitments will assure an acceptable level of diesel
reliability in accordance with the objectives of Issues B-56
and A-44 and will meet the above defmed requirements of
10 CFR 50.65. Because COL applicants will be required
to have a diesel generator test and reliability program for
their license which meets the above described
commitments, or an acceptable alternative method, the
staff concludes that GE adequately addressed this issue for
the ABWR design.
20.1.28 Issue B-61:

Outage Periods

Allowable ECCS Equipment

This issue concerns establishing surveillance test intervals
and allowable equipment outage periods, using analytically
based criteria and methods for TS. The present TS
allowable equipment outage intervals and test intervals
were determined primarily on the basis of engineering
judgement. Studies performed by the NRC on operating
reactors indicated that from 30 to 80 percent of the ECCS
system unavailability was a result of testing, maintenance,
and allowed outage periods. Therefore, by optimizing the
allowed outage period and the test and maintenance
interval, the equipment unavailability and public risk can
be reduced.
The review criteria for this issue consist of the techniques
and methods available and the modeling from the Interim
Reliability Evaluation Program (IREP) and the National
Reliability Evaluation Program (NREP), the optimum
equipment test intervals and allowable equipment
downtimes. Also, since the ABWR evolved primarily
from the BWR/6 design, most of the ABWR TS that
control the ECCS outage periods, were modeled after
NUREG-1433, "Standard Technical Specifications General
Electric Plants, BWR/6." Furthermore, the criteria for
resolution of this issue incorporated the accumulated
experience from currently operating light water reactors.
SSAR Section 19B.2.24 states that the ABWR design
incorporates many design enhancements to improve the
operation and safety of the plant, and the most significant
advances are in the area of ESFs. Based on the review of
the information provided in the SSAR, the staff agreed
with GE that the ABWR design includes redundancy for
the ESF systems beyond that for currently operating BWR
plants. This added redundancy allows for extending the
associated completion times (CTs) beyond those specified
for ESF systems on currently operating BWR plants,
thereby facilitating maintenance on certain subsystems.
This relaxation ranges from 8 hours to 14 days, and is
based on probabilistic risk analysis (PRA), engineering
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evaluation, operating experience, and judgement for
various components and combinations of components.

On the basis the above discussion, the staff concludes that
GE adequately addressed these issues for the ABWR.

The PRA performed by GE used a system fault tree
approach to quantify system accident sequences that result
in severe core damage. Data related to the ESF used in
the quantification included:

20.1.30 Issue B-66:
Measurements

•
•
•
•

Component failure rates
Component repair times and maintenance frequencies
Component inspection and test times and frequencies
Allowable equipment completion times

The data used were in accordance with the guidance in
NUREG/CR-2815,
"Probabilistic Safety
Analysis
Procedures Guide," and basic failure rate data were
obtained from the FPRI ALWR Requirements Document,
supplemented by other nuclear sources.
The staff
reviewed the ABWR TS and concluded that the CTs contained therein are considered appropriate by the staff. The
staff concludes that GE adequately addressed this issue for
the ABWR design.
20.1.29 Issue B-63: Isolation of Low-Pressure Systems
Connected to the Reactor Coolant Pressure
Boundary
These generic issues, combined with Issue 96, "RHR
Suct«on Valve Testing," (subsumed by Issue 105,
"Interfacing Systems LOCA at LWRs") concern the
common area of the ABWR, namely, the systems
connected to the RCS pressure boundary that are considerably below the RCS operating pressure. The NRC has
required that valves forming the interface between these
high and low systems and the associated piping have
sufficient redundancy to assure that the low-pressure
systems are not subjected to pressure that exceeds their
design limits.
Issue B-63 was resolved by the staff and implemented by
MPA B-45, "Event V, Primary Coolant System Pressure
Isolation Valves," which required leak testing of these
check valves in accordance with plant-specific technical
specifications. For the ABWR, SSAR Section 19B.2.2S
states that test requirements for these valves are in SSAR
Section 3.9.6, "Testing of Pumps and Valves." SSAR
Table 3.9-9 provides a list of all the ABWR reactor
coolant system pressure isolation valves. Section 3.9.6
states that all of the valves in this table will be periodically
leak tested in accordance with the surveillance requirements in SSAR Chapter 16, "Technical Specifications."
As discussed in Section 3.9.6.2.4 of this report, the staff
reviewed the applicable information in SSAR Section 3.9.6
and concluded that it is acceptable.

Control

Room

Infiltration

This issue addresses the concerns that the control room
may not be in a safe, habitable condition under accident
conditions and may not provide adequate protection for the
plant operators against the effects of accidental releases of
airborne radioactivity and toxic gases. The rate of air
infiltration into the control room is a significant factor in
maintaining habitability, and the NRC measured air
exchange rates in selected operating reactor plant control
rooms to improve the data base for evaluating its effects.
No new design requirements were established by the NRC
as a result of this and other work related to control room
habitability in an accident. However, more specific review
procedures were incorporated in SRP Sections 6.4, 6.S.1,
and 9.4.1, including the habitability review provisions of
TMI Action Plan Item III.D.3.4 (see Section 20.4.87 of
this report) regarding analyses of toxic gas concentrations
and operator exposures from airborne radioactive material
and direct radiation, to ensure more effective implementation of existing requirements.
The review criterion for the resolution of this issue is that
the control room ventilation and air conditioning systems
be designed to maintain the room's environment within
acceptable limits for the operation, testing, and maintenance of the unit controls and the uninterrupted safe
occupancy during normal and accident conditions.
SSAR Sections 9.4.1, 6.4, and 19B.2.26 state that the
systems incorporated in the design of the control room
ventilation and air conditioning will meet the intent of the
guidance given in SRP Sections 6.4, 6.5.1, and 9.4.1.
More specifically, these systems are designed to meet the
intent of the guidance given in SRP Sections 6.4, 6.5.1,
9.4.1, and 15.6.5.5 (all Rev. 2). Under normal operation,
the control room HVAC provides HVAC functions and
pressurization inside the main control area envelope
(MCAE) using a combination of filtered outdoor air and
recirculated indoor air.
The emergency recirculation system consists of an electric
heating coil, a prefilter, pre-high-efficiency particulate
(HEPA) filter, charcoal absorber, post-HEPA, and two
100-percent capacity circulating fans. Independent and
separate discharge to and return from the MCAE to each
filtration unit is provided. All control room HVAC
equipment, including the ductwork (which is termed ESF),
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and surrounding structures are seismic Category I design
and operable during loss of offsite power supply.
ABWR design features regarding control room habitability
and the HVAC are described in the SSAR Sections 9.4.1
and 6.4. The filtration units conform to the guidance of
RG 1.52, and the requirements of ANSI ASME N509 and
ASME N510, "Testing of Nuclear Air-Cleaning Systems."
SSAR Appendices 9C and 9D provide detailed information
regarding ABWR conformance with RO 1.52 and SRP Table 6.5.1-1.
In Amendment 32, OE revised SSAR Sections 9.4.1.1.4
and 9.4.1.1.5 to state that the galvanised steel (American
Society for Testing and Materials (ASTM) A526 or A527)
is used for outdoor air intake and exhaust ducts and all
other ducts (CRHS HVAC system) are welded, black steel
ASTM A570, Grade A or Grade D. In Amendment 34,
GE revised SSAR Section 9.4.1.1.5 to stats that unfiltered
in-leakage testing will be periodically performed on all
ductworks and housing outside the MCAE in accordance
with ASME N510. Based en the information provided in
SSAR Sections 19B.2.26, 9.4.1, and 6.4 and Appendices 9C and 9D that the appropriate plant-specific procedures will be developed to address MCR infiltration
measurements, to preclude any unfiltered in-leakage not
credited in dose analysis, in accordance with the above
requirements.
On the basis of this information, the staff concludes that
GE adequately addressed this issue for the ABWR design.
20.1.31 Issue C-l: Assurance of Continuous LongTerm Capability of Hermetic Seals on
Instrumentation and Electrical Equipment
This issue concerns the long-term capability of
hermetically sealed instruments and equipment that must
function in post-accident conditions. More specifically,
certain classes of instrumentation that are equipped with
seals are sensitive to steam and vapor. If the seals become
defective as a result of personnel error in the maintenance
of such equipment, such errors could lead to the loss of a
seal and of equipment functionality. The objective of this
issue is to establish confidence that sensitive equipment has
an effective seal for the lifetime of the plant.
The review criterion for this issue is compliance with the
review criteria of SRP Section 3.11 for environmental
qualification of electrical equipment.
SSAR Section 19B.2.17 refers to SSAR Section 3.11,
"Environmental Qualification of Safety-Related Mechanical
and Electrical Equipment," which defines the
environmental conditions with respect to limiting design
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conditions for all safety-related mechanical and electrical
equipment. Safety-related equipment located in a harsh
environment must perform its proper safety function during
normal, abnormal, test, DBA, and post-accident
environments, as applicable. A list of all safety-related
electrical and mechajiical equipment required for safe
shutdown that is located in a harsh environment area will
be included in the Environmental Qualification Document
as stated in SSAR Section 3.11.6.1.
Environmental conditions for the zones where safetyrelated equipment is located are calculated for normal,
abnormal, test, accident, and post-accident conditions and
are documented in SSAR Appendix 31, "Equipment
Qualification Environmental Design C *teria."
Environmental conditions are tabulated by zones contained
in the referenced building arrangements.
Safety-related electrical equipment that is located in a harsh
environment is qualified by test or other methods, as
described in IEEE 323 and permitted by 10 CFR 50.49(f).
The qualification methodology is described in detail in the
NRC-approved report, NEDE-24326-1-P. This report also
addresses compliance with the applicable portions of
10 CFR Part 50, Appendix A and the quality assurance
criteria of 10 CFR Part 50, Appendix B. Additionally, the
report describes conformance to NUREG-0588 and the
RGs and IEEE standards referenced in SRP Section 3.11.
Based on the above discussion, since safety-related
electrical equipment for the ABWR will be qualified in
accordance with applicable guidance, including NUREG0588, the staff concludes that GE adequately addressed this
issue for the ABWR design.
Details on the staffs evaluation of environmental
qualification of safety-related electrical equipment are
provided in Section 3.11 of this report.
20.1.32 Issue C-8: Main Steam Line Leakage Control
Systems
Dose calculations in 1975 by NRC's former Accident
Analysis Branch indicated that operation of the main steam
isolation valve leakage control system (MSIVLCS)
required for some BWRs could result in higher offsite
accident doses than if the system were not used and the
integrity of the steam lines and condenser was maintained.
This issue was initiated to investigate whether the
MSIVLCS recommended in RG 1.96, "Design of Main
Steam Isolation Valve Leakage Control Systems for Boiling
Water Reactor Nuclear Power Plants," was desirable.
This issue was resolved without the establishment of new
requirements. The main steam system of BWR designs is
expected to meet GDC 54. RG 1.96 describes a means
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acceptable to the staff for implementing GDC 54 with
regard to the design of an MSIVLCS that ensures that total
radiological effects do not exceed the guidelines of 10 CFR
Part 100 in the event of a postulated design-basis LOCA.
Since this issue was resolved without the establishment of
new requirements, it does not need to be addressed in the
ABWR design certification review. A discussion of the
ABWR approach to the MSIVLCS issue is provided here
for information purposes only.

controlled by the SGTS, which has the redundancy and
capability to filter the gaseous effluent from the primary
and secondary containment. However, the drywell sprays
off the RHR system also function to provide removal of
fission products during a LOCA, as well as in the event of
failure of the drywell head. The drywell spray is initiated
by operator action post-LOCA in the presence of high
drywell pressure ana is terminated by operator action. It
is also terminated automatically as the RHR injection valve
starts to open.

The ABWR design does not incorporate a MSIVLCS, but
utilizes an alternative approach as permitted by RG 1.96.
RG 1.96 indicates that an LCS is not required if the main
steam line leakage path can be relied on to remain intact
and capable of providing significant dose reduction factors
for postulated accident conditions. A description and the
staffs evaluation of the ABWR's method of containing and
holding up MSIV leakages following a design-basis LOCA
are addressed in Section 10.3.1 of this report. Evaluation
of the seismic and radiological analyses of the main steam
and condenser systems' capability to perform this postLOCA function is provided in Sections 3.2.1 and 15.4.4.2,
respectively, of this report.

The water in the 304L stainless-steel-lined suppression
pool is maintained at high purity by the suppression pool
cleanup (SPCU) system. The pH range is maintained
between 5.3 and 8.6 to minimize any corrosive attack on
the pool liner over the life of the plant. The protective
epoxy coatings applied on the carbon steel containment
liner, internal steel structures and equipment inside the
drywell and wetwell meet the guidance of RG 1.54,
"Quality Assurance Requirements for Protective Coatings
Applied to Water-Cooled Nuclear Power Plants," and are
qualified using the tests in accordance with ANSI N101.4,
"Quality Assurance for Protective Coatings Applied to
Nuclear Facilities."

20.1.33 Issue C-10:
Effective Operation
Containment Sprays in a LOCA

of

On the basis of this information, the staff concludes that
GE adequately addressed this issue for the ABWR design.

This issue deals with the effectiveness of various
containment sprays to remove airborne radioactive
materials that could be present within the containment
following a LOCA. This concern includes the possible
damage to equipment located inside the containment
because of inadvertent actuation of the sprays.

20.1.34 Issue C-17: Interim Acceptance Criteria for
Solidification Agents for Radioactive Solid
Wastes

The review criteria for this issue are mat the containment
spray system will be designed to meet the requirements of
GDC 41, 42, and 43 of 10 CFR Part 50, Appendix A,
related to fission product removal, periodic inspection, and
functional testing, respectively, by conforming to the
guidance of SRP Section 6.5.2, Revision 2.

The review criteria for this issue are contained in 10 CFR
Part 61, which was published in the Federal Register on
December 27, 1982, and includes Section 61.56, which
addresses waste characteristics. Also, BTP ETSB-11-3,
"Design Guidance for Solid Radioactive Waste
Management Systems Installed in Light-Water-Cooled
Nuclear Power Plants," was developed under TMI Action
Plan Item IV.C.l before the issuance of 10 CFR 61.56.
Evaluation of this issue is based on these documents.

SSAR Section 19B.2.28 states that the RHR system
provides two independent containment spray cooling
systems (on loops B and C), each having a common header
in the wetwell and a common spray in the drywell, and
sufficient capacity for containment depressurization by
removing heat and condensing steam in both the drywell
and wetwell air volumes following a LOCA.
All
components of the RHR containment spray system can be
inspected and tested during normal plant operation or
during refueling and maintenance outages. The ABWR
design does not take credit for any fission product removal
provided by the drywell and wetwell spray portion of the
RHR system.
The removal of fission products is

This issue concerns lack of criteria for acceptability of
solidification agents for radioactive solid wastes.

SSAR Section 19B.2.29 states that the ABWR design will
comply with the requirements of the 10 CFR 61.56
regarding waste characteristics. The establishment and
implementation of a process control program (PCP) for
solidifying the evaporator concentrates (the applicable plant
waste will be solidified) using an approved solidification
agent is dependent on the as-procured equipment for the
ABWR standard design. Therefore, the staff will review
the PCP on a plant-specific basis. The staff verified that
GE established a COL action item in SSAR
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Section 11.4.3.1 to provide a PCP for solidifying the
evaporator concentrates using an approved solidification
agent and to demonstrate that the wet solidification process
will result in a product that complies with 10 CFR 61.56
regarding waste characteristics. The staff finds this
approach acceptable, and therefore, concludes that GE adequately addressed this issue for the ABWR design.
20.1.35

Other Issues

20.1.35.1

Issue A-43: Containment Emergency
Sump Performance

This issue concerns the availability of adequate
recirculation cooling water following a LOCA when longterm recirculation of cooling water (from the PWR
containment sump or the BWR RHR system suction intake)
must be initiated to prevent core melt. This water must be
sufficiently free of LO£A-generated debris and potential
air ingestion so that pump performance is not impaired,
thereby seriously degrading long-term recirculation flow
capability. Issue A-43 was resolved with the issuance of
RG 1.82 (Rev. 1), "Water Sources for Long-Term
Recirculation Cooling Following a Loss-of-Coolant
Accident."
I
NUREG-0933, Appendix B indicates that this issue is not
applicable to BWRs, therefore, GE did not specifically
address it in SSAR Appendix 19B. However, the staff
evaluated GE's compliance with RG 1.82 (Rev. 1) and
supplemental staff positions and found it to be acceptable.
Refer to Sections 6.2.1.9 and 6.2.2 of this report for the
staffs evaluation.

20.2

New Generic Issues

This section addresses staff evaluation of GSIs that are
categorized as "new generic issues" in NUREG-0933. All
the following issues, with the exception of Issue 130
(which was evaluated in the DFSER) are relevant to the
ABWR design. Issue 130 is discussed here for continuity
only.
20.2.1

Issue 15: Radiation Effects on Reactor
Vessel Supports

This issue addresses the potential problem of radiation
embrittlement of reactor vessel support structures.
Neutron damage of structural materials causes
embrittlement mat may increase the potential for
propagation of flaws that might exist in the materials. The
potential for brittle fracture of these materials is typically
measured in terms of the material's nil ductility transition
temperature (NDTT), which is the lowest temperature at
which the material would not be susceptible to failure by
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brittle fracture. As long as the operating environment in
which the materials are used has a higher temperature than
the material's NDTT, no failure by brittle fracture would
be expected. Recent studies of steel materials indicate that
the NDTT may shift upwards (towards the operating
temperature) as a result of exposure to neutron irradiation.
For a structural material to be susceptible to a brittle
failure, several conditions must be met simultaneously.
These conditions are that (a) there must be a flaw of
critical size, (b) there must be a load that develops a
tensile stress, and (c) the service temperature must be at or
below the NDTT of the material. This last condition is
affected by the neutron flux to which the element is
exposed. Thus, the evaluation of the resolution of this
issue depends on the assessment of the conditions stated
above.
The ABWR RPV support consists of a support skirt bolted
to the support pedestal. The skirt is located below the core
beltline and slightly below the core support plate. It
follows that the skirt is in a low neutron flux area because
it is located below the core beltline. Additional shielding
is provided by water flow between the vessel shroud and
the vessel wall. In this situation, the effects of neutron
flux would be negligible. Based on this information, the
staff determined that this issue is not applicable to the
ABWR design and concludes that GE adequately addressed
this issue for the ABWR design.
20.2.2

Issue 23:
Failures

Reactor Coolant Pump Seal

This issue concerns the high rate of reactor coolant pump
(RCP) seal failures that challenge the makeup capacity of
the ECCS in pressurized water reactors (PWRs) which
could result in a small-break loss-of-coolant-accident
(SBLOCA) and possibly in core damage. RCP seal
failures in BWRs occur at a frequency similar to that
experienced in PWRs, but the operating experience
indicates that the problem in BWRs is mitigated by smaller
leak rate, larger RCIC, high-pressure coolant injection
(HPCI), and feedwater makeup capabilities.
The review criteria for RCP seal acceptability is to limit
the possibility of an SBLOCA (which might lead to core
damage) resulting from an RCP shaft seal failure. In
particular, susceptibility of the auxiliary systems to failure
because of an SBO should be addressed.
SSAR Section 1A.2.30 states that the ABWR wet motor

RIPs do not include seals. During a loss of preferred

power (LOPP), the RIPs shutdown automatically. There
are no shaft seals which require cooling water restoration.
Based on this information, the staff determined that this
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issue does not apply to the ABWR design and concludes
that GE adequately addressed this issue for the ABWR
design.
20.2.3 Issue 25: Automatic Air Header Dump on
BWR Scram System
This issue concerns the slow loss of control air pressure in
the scram system of BWRs. Air pressure dropping at a
certain rate will first allow some of the control rod drive
(CRD) scram outlet valves to open slightly, thus filling the
scram discharge volume (SDV) with water, but allowing
little or no control rod movement. Eventually, the rods
will try to scram but the scram will be impaired.
Meanwhile, the dropping air pressure may cause a
transient (e.g., via controller lockup), which would
normally call for a scram.
i

The review criteria for this issue are stated in an NRC
memorandum for G. Lainas, et al., from P. Check, "BWR
Scram Discharge System Safety Evaluation," dated
December 1, 1980.
SSAR Section 19B.2.32 states that the ABWR is different
from other BWRs in that there is no SDV employing the
locking piston control rod drive in this design. For the
ABWR fine motion control rod drive (FMCRD) design,
scram water is discharged directly into the reactor vessel,
instead of the discharge volume, as was done in previous
BWR designs. The ABWR has no SDV as does previous
BWR designs.
Two other features are incorporated in the design of the
ABWR:
* A scram air header low-pressure alarm to alert the
operator of a low pressure in the header. The pressure
in the header is maintained higher than that at which
the scram valves start to open and the set point is set
at a sufficient margin to alert the operator to take
corrective action.
•

A rod block and alarm initiated by low pressure and a
scram initiated by low-low pressure in the common
header supplying the charging water to the scram
accumulators. The accumulators have sufficient water
volume to scram the associated control rods as long as
the CRD system pump maintains the pressure in the
charging header above the minimum required
accumulator charging pressure. If pressure in the
header drops below the acceptable level, the
instrumentation located in the charging header will
initiate an immediate scram. Thus, the accumulator

charging header low pressure causes the automatic
shutdown before the accumulator is depleted.
The ABWR design incorporates two features to prevent the
loss or impairment of the scram function because of slow
loss of control air in the system: (1) a low pressure alarm
to alert the operator to trouble in die scram air header and
(2) an accumulator charging header low pressure scram to
automatically shut down the plant before the accumulator
is depleted. Based on this information, the staff concludes
that GE adequately addressed this issue for the ABWR
design.
20.2.4 Issue 29: Bolting Degradation or Failure in
Nuclear Power Plants
This issue addresses degradation of bolts in nuclear power
plants, especially those constituting an integral part of the
primary pressure boundary, such as closure studs and bolts
on reactor vessels, reactor coolant pumps, and other
safety-related equipment and components. Failure of these
bolts or studs could result in a loss of reactor coolant and
thus jeopardize the safe operation of a plant. There is also
a concern regarding bolts used as component supports or
embedment anchor bolts that are essential for withstanding
transient loads resulting from abnormal or accident
conditions.
This issue was resolved without the
establishment of any new requirements.
The review criteria used for evaluating this issue are taken
from NUREG-1339, "Resolution of Generic Safety
Issue 29: Bolting Degradation or Failure in Nuclear
Power Plants." More specifically, proven bolting designs
and selection of proper materials and fabrication techniques
should be employed to assure acceptable performance of
bolts and studs used in vital areas of nuclear power plants.
In SSAR Section 19B.2.62, GE states that for the ABWR
designs only proven materials for the specific application
and environment will be employed. The materials will be
selected after evaluation of the potential for corrosion
wastage and IGSCC. Also, the RCPB components and
their integral bolts, including the reactor vessel, reactor
coolant pumps, and piping will be fabricated, tested, and
installed in accordance with the requirements of the ASME
Code, Sections III and XI. The ABWR design will also
comply with the guidelines of NUREG-1339; EPRI
NP-5769, "Degradation and Failure of Bolting in Nuclear
Power Plants;" and GL 91-17, "Generic Safety Issue 29,
'Bolting Degradation of Failure in Nuclear Power Plants'."
This approach is acceptable to the staff and, therefore, the
staff concludes that GE adequately addressed this issue for
the ABWR design.
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20.2.5 Issue 40: Safety Concerns Associated With
Pipe Breaks in the BWR Scram System
This issue is concerned with a possibility of a break or
leak in the scram discharge volume (SDV) during a reactor
scram. If such a leak or break develops, it would result in
the release of water and steam at 100 °C (212 °F) into the
reactor building at a maximum flow rate of 2,082 Lpm
(550 gpm) and it is postulated to result in 100-percent
relative humidity in the reactor building. This could be
mitigated by closing the scram exhaust valves that are
located on the hydraulic control units, but this depends
upon ability to reset the scram, which cannot be absolutely
assured immediately following the scram. Therefore, a
rupture of the SDV could result in an unisolable break
outside of primary containment This break is postulated
to threaten emergency core cooing equipment by flooding
areas in which this equipment is located and by causing
ambient temperature and relative humidity conditions for
which this equipment is not qualified.
The review criteria for this issue are stated in the
NU REG-0803, "Generic Safety Evaluation Report
Regarding Integrity of BWR Scram System Piping," which
provides guidance to ensure pipe integrity, detection
capability, mitigation capability, and qualification of the
emergency equipment to the expected environment.
This issue is not applicable to the ABWR design. SSAR
Sections 4.6 and 19B.2.33 state that for the FMCRD
design, scram water is discharged through the drive
directly into the reactor vessel. There are no CRD
withdraw lines or SDV as used in previous BWR designs
employing the locking piston control rod drive.
Consequently, the safety concerns associated with pipe
break are not applicable to the ABWR. The staff
concludes that GE adequately addressed this issue for the
ABWR design.
20.2.6 Issue 45: Inoperability of Instrumentation Due
to Extreme Cold Weather
This issue was raised after an event at Arkansas Nuclear
One, Unit 2, in which all four refueling water storage tank
(RWST) instrumentation channels were lost when the level
transmitters froze. The system heat-tracing circuit was
deenergized because the main line fuse was removed. This
situation would have prevented the automatic changeover
of the ECC from the injection to the recirculation mode
under LOCA conditions, that is, a loss of safety function
could have occurred. Typical safety-related systems
employ pressure and level sensors that use small bore
instrumentation lines.
Most operating plants contain
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safety-related equipment and systems, parts of which are
exposed to the ambient environment. These lines contain
liquid that is susceptible to freezing. Where systems or
components and their associated instrumentation are
exposed to subfreezing temperatures, heat tracing and/or
insulation should be used to mitigate the effects of cold
temperatures.
The review criterion for this issue is that the fluid in
safety-related instrument sensing lines must be protected
from freezing and maintained above the precipitation point.
Guidance on the design of protective measures against
freezing in instrument lines of safety-related systems are
stated in the RG 1.151, "Instrument Sensing Lines."
RG 1.151 endorses and augments the Instrument Society of
America (ISA) standard ISA-S67.02 (1980), "NuclearSafety-Related Instrument Sensing Line Piping and Tubing
Standards for Use in Nuclear Power Plants." RG 1.151
augments ISA-S67 by indicating that freezing temperatures
be added to the environmental and installation conditions
of the standard and that special considerations in the design
of instrument sensing lines include freezing temperatures.
Further guidance is provided in SRP Sections 7.1,
Revision 3; Section 7.1, Appendix A, Revision 1;
Section 7.5, Revision 3; and Section 7.7, Revision 3. SRP
Section 7.1 provides for identification of the I&C systems
important to safety. The acceptance criteria consist of the
GDC (identified is SRP Table 7.1) and IEEE 279,
"Criteria for Protection Systems for Nuclear Power
Generating Stations." SRP Section 7.5 provides that the
information systems important to safety provide the
operator with the information on the status of the plant to
allow manual safety actions to be performed when
necessary. SRP Section 7.7 provides that the control
systems used for normal operation, that are not relied upon
to perform safety functions, but which control plant
processes having a significant impact on plant safety, be
acceptable and meet the relevant requirements of GDC 13
and 19.
As a proposed resolution of this issue, SSAR
Section 19B.2.34 states that all safety-related systems and
components used in the ABWR design, including
instrument sensing lines, will be located in temperaturecontrolled environments. These environments will be
maintained above the freezing (or precipitation) point of
the contained fluid. SSAR Appendix 31 demonstrates that
the temperature of these environments is not expected to be
below 10° C (50 °F). The section also states that the
ABWR will meet the guidance of RG 1.151.
Based on this information, the staff concludes that GE
adequately addressed this issue for the ABWR design.
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20.2.7 Issue 51:
Proposed Requirements for
Improving the? Reliability of. Open Cycle
Service Water Systems
'
This issue addresses the subject of service water system
(SWS) fouling at operating plants by aquatic bivalves. The
SWS is the UHS that, during an accident or transient,
cools the reactor building component cooling water heat
exchangers, which in turn cool the RHR heat exchangers,
as well as provide cooling for safety-related pumps and
area cooling coils. Fouling of the safety-related SWS
either by mud, silt, corrosion products, or aquatic bivalves
has led to plant shutdowns, reduced power operation for
repairs and modifications, and degraded modes of
operation.
The review criteria for this issue consist of elimination of
the possible effects of fouling of SWS and UHSs.
SSAR Section 19B.2.35 indicates that the COL applicant
is given specific requirements and guidance on achieving
this goal, including instructions to consider designs and
new requirements that further mitigate the fouling effects.
Additionally, the COL applicant is directed to investigate
the problem with ice as aflowblockage mechanism and to
dispose of and/or dissolve such ice, as required.
The staff studied the conditions that allow fouling and
compared alternative surveillance and control programs to
minimize SWS fouling. The staffs technical findings were
published in NUREG/CR-5210, "Technical Findings
Document for Generic Issue 51: Improving the Reliability
of Open-Cycle Service-Water Systems."
SSAR Section 19B.2.3S states that the design basis for the
SWS is in accordance with the EPRI ALWR Requirements
Document and RG 1.27, "Ultimate Heat Sink for Nuclear
Power Plants" (Rev. 2). The specifics of the design basis
are given in SSAR Section 19B.2.3S as follows. Section 19B.2.35 states that the direct service water will not
be used for component cooling. A closed-loop component
cooling system will be used to transfer heat from the
component heat loads via a heat exchanger to the SWS and
ultimate heat sink. This design will minimize the number
of pieces of equipment that could be in contact with the
problem-causing service water. Additionally, the COL
applicant will treat raw service water to reduce the effects
of mud, silt and/or organisms, will select the materials for
piping, pumps, and heat exchangers to offer greater
resistance to the probable water chemistry, and will
provide for inspections and replacements of piping during
plant life. The COL applicant will also provide sufficient
redundancy of makeup pumps for the UHS to allow for
malfunction of one of them according to the guidelines of
RG 1.27 (Rev. 2) and provide the safety-related portions

of the systems to meet the design bases during a loss of
power. These systems will be designed to perform their
cooling function assuming a single active failure in any
mechanical or electrical system.
GE identified this issue as a COL applicant action in SSAR
Section 9.2.15.2.2, "Power Generation Design Bases
(Interface Requirements)," and in SSAR Section 9.2.15.2.3, "System Description (Conceptual
Design)." The staff verified that GE established a COL
action item (Item 9-12) in SSAR Table 1.9-1. The staff
also verified that SSAR Section 9.2.17.2, "COL License
Information, Reactor Service Water System
Requirements," addresses measures that will be used to
prevent organic fouling, erosion, and corrosion. This
approach is acceptable to the staff. However, the staff will
review the COL applicant's proposed resolution of this
issue on a case-by-case basis.
Based on this information, the staff concludes that GE
adequately addressed this issue for the ABWR design.
20.2.8 Issue 57: Effects of Fire Protection System
Actuation on Safety-Related Equipment
This issue addresses fire protection system (FPS)
actuations that have resulted in adverse interactions with
safety-related equipment at operating nuclear power plants.
Events have shown that safety-related equipment subjected
to FPS water spray could be rendered inoperable and that
numerous spurious actuations of the FPS have been
initiated by operator testing errors or by maintenance
activities, steam, or high humidity in the vicinity of FPS
detectors. The NRC issued Office of Inspection and
Enforcement (IE) Information Notice 83-41, "Actuation of
Fire Suppression System Causing Inoperability of SafetyRelated Equipment," to alert licensees and provide recent
examples in which FPS actuations caused damage or
inoperability of systems important to safety. In addition,
the staff is considering the need for modifying FPS
requirements or licensing review procedures.
The review criterion for this issue is to verify, per GDC 3
of 10 CFR Part 50, Appendix A, that a fire detection and
fighting system of appropriate capacity shall be provided
and designed to minimize the adverse effects of fires on
structures, systems, and components important to safety.
It further states that fire fighting systems shall be designed
to assure that their rupture or inadvertent operation does
not significantly impair the safety capability of those
structures and components. Criteria in BTP CMEB 9.5-1,
Section C.7.1, state that automatic fire suppression should
be installed to combat any diesel generator or lubricating
oil fires; such systems should be designed for operation
when the diesel is running without affecting the diesel.
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SSAR Section 19B.2.36 states that the ABWR incorporates
design features that prevent the inadvertent actuation of fire
protection systems and limit the effects of water spray onto
safety-related equipment. The automatic fire suppression
systems protecting the safety-related equipment are of the
preaction automatic type that require the detection of a fire
by infrared and/or rate-of-rise heat detectors, and that
require the opening of the fusible link sprinkler heads.
Furthermore, each division has its own dedicated detection
and actuation equipment for the control of the automatic
closed head sprinklers in that divisional area. The first of
the iwo actuation signals required to initiate the fire
suppression system will annunciate an alarm to alert the
operator to any potential problem. The operator has the
capability of terminating the flow of fire suppressant
locally by manual isolation valve.
The safety-related equipment that could be damaged
because of flooding discharge of a sprinkler system is
further protected by being elevated and by providing
adequate drainage.
Based on this information, the staff concludes that GE
adequately addressed this issue for the ABWR design.
20.2.9 Issue 67.3.3: Steam Generator Staff Actions Improved Accident Monitoring
This issue addresses several weaknesses in accident
monitoring that were observed at the Ginna Nuclear Plant.
More precisely, they included (1) non-redundant
monitoring of RCS pressure, (2) failure of the position
indication for the steam generator relief and safety valves,
and (3) the limited range of the charging pump flow
indicator for monitoring charging flow during accidents.
Under these conditions, it is difficult for the operating
personnel to decide what corrective action they should take
in situations when such an action is needed.
The review criteria used for this issue are those contained
in the RG 1.97, (Rev. 3), "Instrumentation for LightWater-Cooled Nuclear Power Plants to Assess Plant
Conditions and Environs During and Following an
Accident." RG 1.97 describes the methods acceptable to
the NRC staff for complying with the Commission's
requirements to provide instrumentation to monitor plant
variables and systems during and following an accident in
a nuclear plant. It describes the parameters that are
necessary for the operating personnel to be monitored so
that an appropriate corrective action could be taken. It
also sets the requirements for the instrumentation to be
functional in case of an emergency.
SSAR Section 19B.2.37 states that the ABWR has
implemented into its basic design the guidance of RG 1.97
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and the TMI Action Plan requirements of NUREG-0737
and NUREG-0737, Supplement 1. Section 19B.2.37 refers
also to Section 7.5.1.1, Table 7.5.2, and SSAR
Section 18.2. Section 7.5.1.1 describes the design features
of the plant that indicate its conformance to the provisions
ofRG 1.97. Plant variables are defined in conform&ice to
the definitions contained in the RG and consist of five
"types" and three "categories," also according to the RG.
SSAR Table 7.5-3 lists 12 Type A "variables," such as
neutron flux, RPV water level, and RPV pressure.

SSAR Section 18.2 states that during all phases of normal
plant operation, abnormal events, and emergency
conditions, the ABWR will be operable by two reactor
operators. In addition, the operating crew will include one
assistant control room shift supervisor, one control room
shift supervisor, and two or more auxiliary equipment
operators. Four licensed operators will be on shift at all
times, consistent with the staffing requirements of 10 CFR
50.54(m). The main control room staff size and roles will
be evaluated and implemented by the COL applicant. The
staff verified that GE established a COL action item in
SSAR Section 18.8.2 regarding the adequacy of control
room staffing.
The design acceptance criteria
(DAQ/ITAAC will further ensure compliance with the
HFE design and implementation process with regard to the
control room and the remote shutdown station.
Based on this information, the staff concludes that GE
adequately addressed this issue for the ABWR design.

20.2.10 Issue 75: Generic Implications of ATWS
Events at the Salem Nuclear Plant
On two occasions in 1983, Salem Unit 1 failed to scram
automatically because both reactor trip breakers (RTBs)
failed to open on receipt of an actuation signal. In both
cases, the unit was successfully tripped manually. The
failure of the breakers was attributed to excessive wear
from improper maintenance of the undervoltage relays that
receive the trip signal from the protection system and
result in the breaker's opening mechanically.
Three separate actions were initiated to address this
problem. One was plant specific and was addressed before
restart of Salem Unit 1. The second action was an
investigation of the Salem events and the circumstances
leading to them. The third action was the formation of an
NRC task force to study the overall generic implications of
this event. The results of the task force's work were
reported in NUREG-1000, Volume 1, "Generic
Implications of ATWS Events at the Salem Nuclear Power
Plant."
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The results of investigations of the Salem Generic
Implications Task Force published in NUREG-1000,
Volume 1, were later outlined in proposed actions for
licensees, applicants, and the NRC staff in SECY-83-248,
"Generic Actions for Licensees and Staff in Response to
the ATWS Events at Salem Unit 1." Furthermore, in July
1983, NRC issued the required actions for licensees and
applicants in GL 83-28, "Required Actions Based on
Generic Implications of Salem ATWS Events," and the
internal staff actions as NUREG-1000, Volume 2.
SSAR Section 19B.2.38 describes acceptable criteria
pertinent to the issue that would satisfy the regulatory
requirements. These criteria state that:
•

The plant must have a program for a post-trip review
of unscheduled reactor shutdowns.

•

The plant must have a program for safety-related
equipment classification and vendor interface.

•

The plant must have a program for post-maintenance
operability testing.

•

The plant must have a program to control vendorrelated modifications, preventive maintenance, and
surveillance for reactor trip breakers.

SSAR Section 19B.3.1 indicates that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR indicates that issues are
identified for COL action because they pertain to operating
personnel issues, operating procedures, and other topics
beyond the scope of the ABWR design certification review.
SSAR Section 19B.1.1 lists specific documentation the
COL applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis.

actual number of transient occurrences. For newer operating reactors, it is required that the licensees keep account
of the number of transient occurrences to ensure that
transient limits, based on design assumptions, are not
exceeded. Additionally, the staff determined that the
fatigue curves used in ASME Code, Section III, may not
be adequate in taking into account environmental effects.
Recent data indicated that the existing code fatigue curves
may have less margin than originally intended when the
effects of fatigue induced by the operating environment
were considered.
The review criteria for this issue are that plants implement
TS to monitor plant transients and environmental effects on
the fatigue life of ASME Code, Section III, Class I carbon
steel piping. For ASME Code, Class 2 and 3 or Quality
Group D components that are subjected to cyclic loading,
an appropriate analysis is required.
SSAR Section 19B.2.39 states that the ABWR TS 5.7.2.9
requires that the monitoring of plant transients be
performed to ensure that RCPB components are maintained
within design limits, and that environmental effects will be
included in the design bases for materials. The calculated
core damage frequency (CDF) includes the environmental
effects on fatigue resistance of materials.
The tentative procedure to evaluate the environmental
effects on material fatigue that is currently used for a
foreign BWR plant design was presented to the staff during
an audit at the GE offices in San Jose, California, on
March 23 through 26,
1992.
In SSAR
Section 3.9.3.1.1.7, GE commits to perform additional
evaluations for environmental effects on the fatigue design
of ASME Code, Section III, Class 1 carbon steel piping in
accordance with GE document 408HA414 (nonproprietary). As discussed in Section 3.12.5.7 of this
report, the staff found that the conditions and the
methodology proposed by GE constitute supplemental
guidelines that enhance the design margins beyond the
requirements of the ASME Code, Section III, for fatigue
evaluation and are acceptable.
Based on this information, the staff concludes that GE
adequately addressed this issue for the ABWR design.

20.2.11 Issue 78: Monitoring of Fatigue Transient
Limits for Reactor Coolant System

20.2.12 Issue 82: Beyond Design-Basis Accidents in
Spent Fuel Pools

This issue concerns the fact that repeated thermal cycling
of RCS components produces some degree of fatigue
degradation of the material that could lead to failure,
thereby increasing the likelihood of a LOCA. The staff
expressed the concern that for many older operating
reactors, no TS requirements exist for monitoring the

A typical spent fuel storage pool with high-density storage
racks can hold about five times the fuel in the core. If the
pool were to be drained of water, the discharged fuel from
the last two refuelings might still be "fresh" enough to
melt under decay heat. Additionally, the zircaloy cladding
of this fuel could be ignited during the heatup. The
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on both the fuel pool cooling and cleanup system and
SPCU system to allow continued flow of cooling and
makeup water to the spent fuel pool.

resulting fire, in a pool equipped with high-density storage
racks, could spread to most or all of the fuel in the pool.
This could cause a release of fission products from the fuel
matrix.
•

Spent fuel is protected against heavy loads, including
the fuel cask, by means of interlocks that prevent travel
of the reactor building crane over the spent fuel storage
pool.

•

The SGTS limits the potential release of radioactive
iodine and other radioactive materials because it is
located inside the reactor building.

•

No inlets, outlets, or drains are provided that might
permit the pool to be drained below a safe shielding
level.

The review criteria for this issue are contained in SRP
Sections 9.1.2 through 9.1.S and RG 1.13, "Spent Fuel
Storage Facility Design Basis." The highlights of the
guidelines contained in these documents are as follows:
•

The spent fuel pool should be a seismic Category I
structure.

•

The spent fuel pool should be designed to withstand
heavy load drops without pool leakage that would
uncover the top of the fuel. The spent fuel pool will
be arranged to prevent cask movement over die pool.

•

There should be no connections to the pool that could
allow the pool to be drained below the minimum level
over the spent fuel.

In addition to the above features, SSAR Section 9.1.3
states the following:

Although the likelihood of the complete draining of the
spent fuel pool is low, the use of high-density storage
racks does increase the probability of a zircaloy cladding
fire as compared with the use of low-density or open frame
racks. The use of low-density storage racks, for the most
recently off loaded fuel, as a minimum, is justified by a
favorable value-impact ratio for new designs.

Fire protection is provided by means of standpipes in
the reactor building and the water supplies of which are
seismically designed. GE states that an analysis
indicates that under the maximum abnormal heat load
with the pool gates closed and no pool cooling taking
place, the pool temperature will reach about 100 °C
(212 °F) in about 16 hours. This provides sufficient
time for the operator to hook up fire hoses for the pool
makeup.

In SSAR Section 19B.2.63, GE listed several design
features that have been incorporated into the ABWR to
provide the degree of safety for the spent fuel pool
required for resolution of the issue. These features are as
follows:

Based on the above information, the staff determined that
the ABWR meets the guidelines or the pertinent regulatory
documents listed above. Based on this information, the
staff concludes that GE adequately addressed this issue for
the ABWR design.

•

20.2.13 Issue 83: Control Room Habitability

The spent fuel pool is located inside the reactor
building, a seismic Category I structure, and is,
therefore, protected against seismic loads, tornadic
winds and the associated missiles, as well as turbine
missiles. It is also protected from other type of
missiles because of the absence of non-seismic systems,
high- or moderate-energy piping, and rotating
machinery in the vicinity of the spent fuel pool. Also,
connections from the RHR system to the fuel pool
cooling and cleanup (FPC) and suppression pool
cleanup (SPCU) systems provide a seismic Category I,
safety-related makeup capability to the spent fuel pool.
In SSAR Section 9.1.3.3, GE states that following an
accident or seismic event, the filter-demineralizers are
isolated from the cooling portion of the fuel pool
cooling and cleanup system and the SPCU system by
two block valves in series at both the inlet and outlet of
the common filter-demineralizer portion. Seismic
Category I Quality Group C bypass lines are provided
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•

This issue emphasizes the significant discrepancies found
during a survey of axisting plant control rooms. These
discrepancies highlighted deficiencies in the maintenance
and testing of ESFs designed to maintain control room
habitability. They also provided examples of design and
installation errors, including degradation of control room
leak tightness, and pointed out a shortage of NRC and
licensee personnel knowledgeable about HVAC systems
and nuclear air-cleaning technology.
Loss of control room habitability following an accidental
release of external airborne toxic or radioactive material or
smoke can impair or cause loss of the control room
operator's capability to safely control the reactor and could
lead to a core damaging accident. Use of the remote
shutdown station outside the control room following such
events in unreliable since this station has no emergency
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habitability or r&diation protection provisions similar to the
control room's.

20.2.14 Issue 86: Long-Range Plan for Dealing with
Stress Corrosion Cracking in BWR Piping

The review criterion for this issue is to verify that the
control room is designed to provide adequate protection to
the operating personnel during and following an accident.
The design must meet the guidance given in the SRP
Sections 6.4, 6.5.1,9.4.1, and 15.6.5.5. The design must
be in accordance with the requirements of GDC 2, 4, and
19 of 10 CFR Part 50, Appendix A, and ASME AG-1,
"Code on Nuclear Air and Gas Treatment" (1991) and the
ASME AG-la-92 Addenda, ASME 509, and ASME N510.

This issue addresses leaks that were detected in the heataffected zones of the safe-end-to-pipe welds in two of the
71-cm (28-in.) diameter recirculation loop safe ends at
Nine Mile Point Unit 1.
Subsequent ultrasonic
examination revealed extensive cracking at many weld
joints in the recirculation system. The cause of the
cracking was determined to be IGSCC. Addressing
existing power plants, this issue offers four possible
solutions for preventing or mitigating the effects of
IGSCC.
These recommendations are contained in
NUREG-0313, Revision 2, "Technical Report on Material
Selection and Processing Guidelines for BWR Coolant
Pressure Boundary Piping."

SSAR Sections 9.4.1 and 6.4 describe control room
habitability. The control room is designed to withstand the
effects of natural phenomena, missiles, and postulated
accidents in accordance with GDC 2 and 4. Design of the
ambient conditions (HVAC system) permits safe occupancy
during abnormal conditions. Radiation exposure of control
room personnel during any of the postulated design-basis
accidents does not exceed the requirements of GDC 19,
that is, 0.05 Sv (5 rem) whole-body radiation exposure.
Smoke and toxic gas protection will be provided by the use
of noncombustible materials, purging by the HVAC,
individual respirators, and site-specific considerations of
potential chemical releases. SSAR Section 9.4.1.1.7 states
that ESF filter trains comply with the design, testing, and
maintenance provisions of RG 1.52. SSAR Appendices 9C
and 9D provide information on how the ABWR design
meets RG 1.52 and SRP Table 6.5.1-1, respectively. The
staffs review of this section found that the ABWR
conforms with the design, testing, and maintenance
provisions of RG 1.52.,
Based on this information, the staff finds that the ABWR
is adequately designed to ensure the habitability of the
control room under normal and accident conditions and
meets the requirements of GDC 2 regarding the systems
being capable of withstanding the effects of earthquakes;
GDC 4 as it relates to maintaining environmental
conditions in the control room compatible with the design
limits of essential equipment located therein during normal,
transient, and accident conditions; and GDC 19 with
regard to providing adequate protection to permit access
and occupancy of the control room under accident
conditions. Therefore, the staff concludes that GE
adequately addressed this issue for the ABWR design.
Three other issues are related to this issue: B-36, B-66,
and HI.D.3.4. They are discussed in Sections 20.1.25,
20.1.30, and 20.4.87, respectively, of this report.

The ABWR design meets RG 1.44, "Control of the Use of
Sensitized Stainless Steel," and NUREG-0313. This will
ensure that significant sensitization in ABWR components
will be avoided. Further, the ABWR design does not
utilize recirculation piping and, therefore, the issue as it
relates to cracking of the recirculation loop piping in
BWRs does not apply to the ABWR. Based on this
information, the staff concludes that GE adequately addressed this issue for the ABWR design.
20.2.15 Issue 87: Failure of High Pressure Coolant
Injection Steam Line Without Isolation
This issue addresses a postulated break in the HPCI steam
supply line and the uncertainty regarding the operability of
the HPCI steam supply line isolation valves under those
conditions. A similar situation can occur in the RWCU
system. The HPCI steam supply line has two containment
isolation valves in series (one inside the containment and
one outside), both of which are normally open in most
plants (two plants do operate with the outboard isolation
valve normally closed). An HPCI supply valve located
adjacent to the turbine and the turbine stop valve are
normally closed. The RWCU system also has two
normally open containment isolation valves that must
remain open if the system is to function.
At the valve manufacturers' facilities, only the opening
characteristics are tested under operating conditions
(because of flow limitations). Although the operation of
the valves is tested periodically without steam, the
capability of the valves to close against the forces created
by the steam flow resulting from a downstream line break
has not been demonstrated. The valve type is not under
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GE's (BWR vendor) scope of control, but is selected by
the plant architect-engineer. This results in a diversity of
valves and valve types (Y-type globe valves and gate
valves) and increases the difficulty of demonstrating valve
operating capability.
This issue is addressed in GL 89-10, "Safety-Related
Motor-Operated Valve Testing and Surveillance," dated
June 28, 1989, with Supplements 1-4. The staffs specific
concern is the adequacy of testing, maintenance, and
inspection of motor-operated valves (MOVs) so as to
assure that they will remain functional when subjected to
the design-basis conditions that are to be considered during
both normal operation and abnormal events within the
design basis of the plant.
SSAR Section 3.9.6.2.2 provides commitments for the
design, qualification, testing, and inspection of MOVs.
The details of the staffs evaluations are contained in
Section 3.9.6.2.2 of this report. The staffs evaluation
concludes that the commitments as described in SSAR
Section 3.9.6.2.2 provide reasonable assurance for
demonstrating the adequacy of the MOV isolation
capability for the design-basis conditions and are,
therefore, acceptable. Furthermore, SSAR Section 3.9.7.3
also states that the COL applicant will address the design
qualification and testing for MOVs as discussed in SSAR
Section 3.9.6.2.2 prior to plant startup.
Based on this information, the staff concludes that GE
adequately addressed this issue for the ABWR design.

clamp design requirements ould experience interaction
effects that need to be evaluated to determine the
magnitude of pipe stresses induced.
The ASME Code, Section III, requires that the effects of
attachments in producing thermal stresses, stress concentrations, and restraints on pressure-retaining members be
taken into consideration in checking for compliance with
stress criteria. The review criteria for this issue are that
the effects of stiff clamps on piping stresses should be
included in the piping system design. That is, in designing
a piping system, cumulative stress contribution, such as
due to thermal expansion of the pipe and clamp, discontinuity stresses in the pipe, stresses from thermal gradient
through the pipe wall, and the external loads from dynamic
events such as earthquake should also include the stresses
attributed to the stiff clamps.
SSAR Section 19B.2.43 states that a study was performed
in 1980 for typical stiff pipe clamps on BWR main steam
and recirculation piping systems. For each system, the
stiff clamps were installed on straight pipe or on bends
with a radius of at least five pipe diameters. The purpose
of these analyses was to evaluate the additional stresses at
clamp locations resulting from the following:
•
•
•
•

20.2.16 Issue 89: Stiff Pipe Clamps

Differential thermal expansion of the pipe and clamp
Discontinuity stresses in the pipe from internal pressure
restraint
Thermal gradient through the pipe wall in the vicinity
of the pipe clamp
External loads resulting from dynamic events such as
earthquakes.

Stiff pipe clamps were installed because of requirements
for piping systems to withstand dynamic loads such as
SRV discharges to suppression pools, LOCA-induced
loads, and seismic loads. A preloading of pipe clamp
U-bolts or straps, which imposes a constant compressive
load on the piping, is necessary to prevent stiff pipe
clamps from lifting under dynamic loading. In addition to
the large preloading of the clamps, four other design
features were identified as requiring additional analyses
because of their differences from conventional pipe
clamps. Those were (1) use of high-strength or nonASME- approved materials; (2) local surface contact on
the pipe; (3) uncommonly thick and/or wide design of
clamp; and (4) clamp applications to piping components
other than straight pipe, such as pipe elbows.

The results of these calculations showed that the total
primary and secondary stresses, including clamp-induced
stresses, were less than 70 percent of code-allowable
stresses. GE states that the governing stress locations
occurred at pipe branch connections, elbows, and shear
lugs, and that they did not occur at stiff clamp locations.
GE says this indicates that the stress intensification that
occurs at elbows, branch connections, and shear lugs is
greater than that occurring at stiff pipe clamps. Based on
these calculations GE concluded, and the staff concurred,
that explicit consideration of clamp-induced piping stresses
is not required when the clamps are installed on straight
pipe or on bends with a radius of at least five pipe
diameters.

It was found that piping designers often assumed that the
clamp effects on piping systems were negligible and did
not warrant any explicit consideration. Although this
assumption was acceptable for most clamp applications, in
some cases, piping systems coupled with specific pipe

GE states in the SSAR section referred to above that the
stiff clamp pipe analysis described above will be extended
to the ABWR design and the pipe design specifications on
other than NSSS piping will also consider these stress
requirements.
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Based on this information, the staff concludes that OE
adequately addressed this issue for the ABWR design.
20.2.17 Issue 103: Design for Probable Maximum
Precipitation
This issue concerns the use of the most recent National
Oceanic and Atmospheric Administration (NOAA)
procedures for determining probable maximum precipitation (PMP). More specifically, the issue was centered
upon the NRC use of NOAA Hydrometeorological Reports
(HMRs) Nos. 51 and 52, published in June 1978 and
August 1982, respectively. The PMP values are used in
estimating design flood levels at reactor sites. Objections
were raised against use of these reports because by using
HMR-52, higher values of flood levels were obtained than
those when earlier reports were used. That would constitute unauthorized backfit under NRC procedures.
The procedures for estimating PMP and, therefore, the
probable maximum flood (PMF) acceptable to the NRC are
given in Appendices A and B of KG 1.59, "Design Basis
Floods for Nuclear Power Plants," (Appendix A has since
been superseded by ANSI N170-1976, "Standards for
Determining Design Basis Flooding at Power Reactor
Sites."
ANSI N170-1976 defines the PMF as a
hypothetical flood that is considered to be t|ie most severe
reasonably possible, based on comprehensive
hydrometeorological application of PMP and other
hydrologic factors favorable for maximum flood runoff.
Thus, PMP is an integral component of PMF
determination.
GDC 2 of 10 CFR Part 50, Appendix A, requires that the
design bases for floods reflect consideration of the most
severe historical flood data, with sufficient margin for the
limited accuracy, quantity, and period of time in which the
data have been accumulated. Additional guidance for
estimating PMP and PMF is contained in SRP
Sections 2.4.2, Revision 3, and 2.4.3 Revision 3, and in
GL 89-22, "Potential for Increased Roof Loads and Plant
Area Flood Runoff Depth at Licensed Nuclear Plants Due
to Recent Change in Probable Maximum Precipitation
Criteria Developed by the National Weather Service."
SSAR Section 19B.2.44 states that the ABWR design
meets the requirements of GDC 2. In SSAR Table 2.0-1,
GE provides the envelope of the ABWR site design
parameters, among which is the maximum precipitation
(for roof design) expressed in terms of a maximum rainfall
rate of 49.3 cm/hr (19.4 in./hr), and a maximum snow
load of 2.354 kPa (.341 psi). In Section 4.5.2.2 of the
EPRI Evolutionary SER (NUREG-1242, "NRC Review of
Electric Power Research Institute's Advanced Light Water
Reactor Utility Requirements Document"), the staff stated

that a 5-minute PMP is reasonable and that the 49.3 cm/hr
(19.4 in./hr) PMP, together with 2.6 km (1.0 mi ),
5-minute PMP of 15.7 cm (6.2 in.) appears to be
acceptable to the staff. However, that might exclude a
number of sites in the Great, Lakes area. GE further states
that the ABWR meets the intent of SRP Sections 2.4.2,
Revision 3 and 2.4.3, Revision 3 and GL 89-22. Detailed
site characteristics based upon historical site environmental
data will be provided by the site owner-operator for any
specific applications.
The staff verified that GE
established a COL action item in SSAR Section 2.3 to
provide site characteristics information. This approach is
acceptable to the staff.
2

2

Based on this information, the staff determined that the
ABWR is designed in accordance with the requirements of
GDC 2 for the most severe environmental conditions,
including floods, tornadoes, and hurricanes, that are
expected and meets the intent of SRP Section 2.4.2
Revision 3, SRP Section 2.4.3 Revision 3, andGL 89-22.
Therefore, the staff concludes that GE adequately
addressed this issue for the ABWR design.
20.2.18 Reserved.
20.2.19 Issue 105:
LWRs

Interfacing Systems LOCA at

To protect against an intersystem LOCA (ISLOCA),
designers of future ALWR plants should reduce the
possibility of a LOCA outside containment by designing,
to the extent practicable, all systems and subsystems connected to the RCS to an ultimate rupture strength (URS) at
least equal to the normal RCS operating pressure.
Enhancements of isolation capability or the number of
intersystem barriers (e.g., three isolation valves) are not
considered to be adequate alternatives in systems that can
be practically designed to the URS criteria. For example,
piping runs should be designed to meet the URS criteria,
as should all associated flanges, connectors, and packing,
including valve stem seals, pump seals, heat exchanger
tubes, valve bonnets, and RCS drain and vent lines. The
designer should also make every effort to minimize the
pressure loading experienced by each system and
subsystem connected to the RCS should an ISLOCA occur.
The staff does recognize, however, that all systems must
eventually interface with atmospheric pressure and that it
would be difficult or prohibitively expensive to design
certain large tanks and heat exchangers to an URS equal to
normal RCS operating pressure.

Applicants must provide justification demonstrating that it
is not practicable to reduce the pressure challenge any
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further for each interfacing system and component that
does not meet the RCS URS. This justification must be
based upon an engineering feasibility analysis and not
solely on the ratio of risk to benefit. Applicants must also
demonstrate a compensating isolation capability for each
interface for which it submits acceptable justification on
the impracticability of normal RCS operating pressure
capability. This would include a discussion of how the
degree and quality of isolation or the reduced severity of
the pressure challenges compensate for the low-pressure
design of the interfacing system or component. The
vendor may also need to consider the adequacy of pressure
relief and piping of relief back to primary containment. In
SECY-90-016, the staff stated that systems that have not
been, designed to full RCS pressure must include the
following protection measures:
•

the capability for leak testing of the pressure isolation
valves,

•

valve position indication that is available in the control
room when isolation valve operators are deenergized,
and

•

high-pressure alarms to warn control room operators
when rising RCS pressure approaches the design
pressure of the attached low pressure systems and both
isolation valves are not closed.

In the DFSER, the staff reported on its review of GE's
preliminary evaluation of the RHR, HPCF, SLC, and
RCIC systems and indicated that it would complete its
review of Issue 105 upon receiving and reviewing
additional information from GE. This was identified in the
DFSER as Open Item 20.2-3.
In the original ABWR design, low-pressure piping that
indirectly interfaces with the RCS (such as the RHR
system suction piping) was designed to 1,277 kPa
(200 psig). This design pressure was not considered to be
acceptable since the piping was susceptible to pipe break
because of ISLOCA. The staff required GE to upgrade the
pressure rating of the piping that interfaces with the RCS.
GE provided its implementation of the issue resolution in
a submittal dated October 8, 1992, from J. Fox to
C. Poslusny (NRC), "Proposed Resolution of ISLOCA
Issue for ABWR." The staff reviewed the GE submittal
and concluded that the design pressure for the low-pressure
piping systems that interface with the RCS pressure
boundary should be equal to 0.4 times the normal reactor
operating pressure of 6,965 kPa (1025 psig), that is,
2,786 kPa (410 psig), and the minimum wall thickness of
the low-pressure piping should be no less than that of a
standard weight pipe. The staff concluded that this
minimum pressure will ensure reasonable protection
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against burst failure should the low-pressure system be
subjected to full pressure.
GE agreed with the staff position and made the necessary
design changes as described below. All the low-pressure
piping was changed to 2,786 kPa (410 psig).
Furthermore, the staff will continue to require periodic
surveillance and leak rate testing of the pressure isolation
valves per TS requirements as a part of the ISI program.
The details of the staff position on this issue is given in
Section 3.9.3.1.1 of this report.
The following items form the basis of what constitutes
practicality and set forth the test of practicality used to
establish the boundary limits of URS for ABWR.
It is impractical to construct large tank structures to the
URS design pressure that are vented to the atmosphere and
have a low design pressure. Tanks included in this
category are:
•
•
•
•
•
•
•

Condensate storage tank
SLCS main tank
Low-conductivity waste receiving tank
High-conductivity waste receiving tank
FPC skimmer surge tank
FPC spent fuel storage pool and cask pit
Condensate hotwell.

Also included as impractical to upgrade were the
suppression pool and primary containment.
The
suppression pool provides a low-pressure sink,
approximately -96.31 kPa (0.75 psig) for its interfacing
systems, and the first closed valve is rated to at least
2,786 kPa (410 psig). The ABWR containment is designed
to 209 kPa (45 psig) and is designed to seismic Category I.
GE upgraded the design pressure of the following small
tanks as a result of the review:
•
•

SLCS test tank
RCIC turbine barometric condenser tank.

Based on the staff guidance described above, GE evaluated
in SSAR Appendix 3MA the following systems that
interface with the RCS to verify that they are designed for
an ISLOCA "to the extent practicable":
•
•
•
•
•
•
•
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RHR system
HPCF system
Standby liquid control system
RCIC
Control rod drive (CRD) system
Reactor water cleanup system
FPC system

Generic Issues
•
•
•
•
•
•
•

hydrogen at hydrogen water chemistry (HWC) installations
at BWRs or liquified petroleum gases (which are covered
under Licensing Issue 136).

Nuclear boiler system (NBS)
Reactor recirculation system (RRS)
Makeup water (condensate) (MUWC) system
Makeup water (purified) (MUWP) system
Radwaste system
Condensate and feedwater (CFS) system
Sampling (SAM) system

The pressure of each system piping boundary was
reviewed to identify where changes were needed to provide
the URS protection. Where low-pressure piping interfaces
with higher-pressure piping that is connected to the RCS,
design pressure values were increased to 2,786 kPa
(410 psig). The low-pressure piping boundaries were
upgraded to URS pressures and extended to the last closed
valve connected to the piping interfacing a low-pressure
sink, such as the suppression pool or the condensate
storage tank. For some systems, with low-pressure piping
and normally open valves, the valves were changed to
locked-open valves to ensure a pathway from the last URS
boundary to the tank or low-pressure sink. Also, the
minimum wall thickness for all the piping was changed to
the standard weight pipe.
It is the staffs position that components such as heat
exchangers, flanges, and pump seals should also be
designed to a pressure of 2,786 kPa (410 psig). These
changes have been implemented and are indicated in the
SSAR by revised boundary symbols in the P&IDs. A
stated parameter (e.g., design pressure) of a boundary
symbol on the P&ID applies to all the piping and
components on the P&ID that extend away from the
boundary symbol, including any branch line, until another
boundary symbol occurs on the P&ID.
GE upgraded the design pressure of piping in 14 systems
that interface with the RCS and changed the design
pressure of two tanks as the result of the ISLOCA review.
Based on the above, the staff concludes that using the staff
guidance, GE has modified the ABWR systems design "to
the extent practicable" and, hence, has adequately
addressed this issue for the ABWR design. Therefore,
DFSER Open Item 20.2-3 is resolved.
Based on the above discussions, the staff concludes that the
ABWR design meets the criteria of SECY-90-016
regarding ISLOCA prevention and mitigation.
20.2.20 Issue 106:
Piping and Use of Highly
Combustible Gases in Vital Areas
Issue 106 addresses the risk associated with the use of
hydrogen and other combustible gases, such as propane
and acetylene, during normal plant operation. This issue
does not cover the use of large quantities of liquid

The review criteria for this issue are taken from EPRI
Report NP-5283-SR-A, "Guidelines for Permanent BWR
Hydrogen Chemistry Installations," and SRP Section 9.5.1.
The current SRP Section 9.5.1, with the BTP
CMEB 9.5-1, Part C.5.d(5), should be modified as
follows: "Hydrogen lines in safety-related areas should
follow the guidance of RG 1.29, "Seismic Design Classification," Section C.2. The lines should (1) be equipped
with an excess flow valve or equivalent protection located
outside the building so that in case of a line break, the
hydrogen concentration in affected areas does not exceed
2 percent volume or (2) be sleeved with the outer pipe
vented directly to the outside." The criteria should be
applied to systems that supply hydrogen for cooling of the
electric generators.
The system design should comply with the following
general guidance:
•

Design features and administrative controls should be
provided to prevent inadvertent bypass of small or
normally isolated hydrogen supplies.

•

Flow limiting devices should be used to limit hydrogen
releases to a leak or pipe break.

•

Equipment and controls to mitigate the consequences of
a hydrogen fire or explosion should be accessible and
remain functional during an event.

•

Design features and administrative controls should be
provided to isolate the hydrogen supply if normal
building ventilation is lost.

•

Backflow to a leak or line break of hydrogen contained
in components (e.g., generator) should be considered
in evaluating the consequences of leaks or breaks and
measures taken to mitigate these consequences.

•

Threaded joints in the hydrogen distribution lines
within safety-related areas should be back welded.

EPRI Report NP-5283-SR-A provides guidelines for HWC
installations. With the exception of information dealing
specifically with the HWC application (e.g., certain trips,
injection points, and main steam line radiation), most of
the EPRI guidelines dealing with hydrogen are applicable
to these other uses. The guidelines give a number of
system design features and administrative controls that are
in addition to, or more restrictive than, those in SRP
Section 9.5.1. In addition, safety-related equipment should
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not be located in the turbine building because of the
hazards associated with hydrogen fires or explosions and
large oil fires and the large uncertainties in estimating the
consequences.
According to SSAR Section 9.3.9.1.2, hydrogen is used in
the ABWR design to reduce the dissolved oxygen in the
reactor water in order to mitigate the potential for IOSCC
of sensitized austenitic stainless steels. Hie amount of
hydrogen required is in the range of 1.0 to l.S ppm, but
the exact amount, which depends on many factors,
including for instance, incore recirculation rates, will be
determined by tests performed during initial operation of
the plant.
SSAR Section 19B.2.48 states that the ABWR design uses
hydrogen for HWC and the main generator bulk hydrogen
supply system. These systems are non-nuclear and nonsafety-related and are located in the turbine building,
which is a non-safety-related structure in a nonvital area.
SSAR Section 10.2.2.1 states that there are no safetyrelated systems or components located within the turbine
building, hence any local failure associated with the
turbine-generator (T-O) unit will not affect any safetyrelated equipment. It further states that failure of T-O
equipment cannot preclude safe shutdown of the RCS.
SSAR Sections 9.3.9.1.2 and 10.2.2.2 state that the HWC
system and the bulk hydrogen system, respectively, utilize
the guidelines given in EPRI Report NP-5283-SR-A with
respect to those portions of the guidelines involving
hydrogen which do not deal specifically with the HWC
system. Specifically, the bulk hydrogen system and HWC
system piping and components will be located to reduce
risk from their failures. The bulk hydrogen storage is
located outside but near the turbine building. The
arrangement of buildings at the facility and location of
building doors and the bulk hydrogen storage tanks will be
designed to ensure that damage to buildings containing
safety-related equipment due to combustion of hydrogen or
an explosion is unlikely.
Hydrogen lines are provided with a pressure-reducing
station before the piping enters the turbine building which
limits the maximum flow of hydrogen to less than
100 standard cubic meters per minute (3530 scfm). The
hydrogen piping inside the turbine building will be
designed in accordance with the guidance of RG 1.29,
Position C.2, regarding the seismic design of non-safetyrelated equipment whose failure could affect safety-related
equipment. This is in order to comply with the modified
BTP CMEB 9.5-1, Part C.5.d(5). Additionally, all
threaded joints in the hydrogen distribution piping will be
back welded. Equipment and controls used to mitigate the
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consequences of a hydrogen fire or explosion will be
designed to be accessible and remain functional during the
postulated post-accident condition. Design features and/or
administrative controls will be provided to ensure that the
hydrogen supply is isolated when normal building
ventilation is lost.
Based on this information, the staff concludes that GE
adequately addressed this issue for the ABWR design.

20.2.21 Issue 113: Dynamic Qualification Testing of
Large Bore Hydraulic Snubbers
Large bore hydraulic snubbers (LBHSs) have a load rating
greater than 22.68 tonnes (50 kips). They are active
mechanical devices used to restrain safety-related piping
and equipment during seismic or other dynamic events
(e.g., high-energy line breaks), yet also allow sufficient
piping and component flexibility to accommodate system
expansion and contraction resulting from thermal
transients, such as normal plant heatups and cool downs.
Dynamic qualification testing and periodic functional
testing are important to verify that the LBHSs are properly
designed and maintained for the life of the plant.
Issue 113 addresses the need for requirements for dynamic
testing of LBHSs.

SSAR Section 19B.2.64 states that for the ABWR design,
LBHSs will only be used for piping systems when dynamic
supports are required at locations where large thermal
displacements prohibit the use of rigid supports. They will
not be used in applications other than piping restraints.
Section 19B.2.64 refers the reader to SSAR
Section 3.9.3.4.1(3) for information on design, testing,
installation, and pre-service examination of mechanical and
hydraulic snubbers, including LBHSs. To assure snubber
functionality under various normal and abnormal
conditions, snubbers are to be designed in accordance with
provisions of the ASME Code, Section III, Subsection NF.
This design requirement includes analysis for normal,
upset, emergency, and faulted loads. These calculated
loads are then compared with the allowable loads to verify
that the stresses are below the code-allowable limits.
GE described the tests that the snubbers will be subjected
to, and they will consist of the following:
•

Force or displacement versus time loading at
frequencies within the range of significant modes of the
piping system.

•

Dynamic cyclic tests to determine the operational
characteristics of the snubber control valve.
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•

Displacement tests to determine
performance characteristics.

the

specified

The snubbera will be tested for various abnormal
environmental conditions.
Upon completion of the
abnormal environmental transient test, the snubbers will be
tested dynamically at a frequency within a specified
frequency range.
Based on this information, the staff concludes that GE
provided acceptable commitments to dynamically test
LBHSs, and therefore, adequately addressed this issue for
the ABWR design.
20.2.22 Issue 118: Tendon Anchorage Failure
An inspection of a PWR prestressed concrete containment
structure showed that three lower vertical tendon anchor
heads were broken. The failures appeared to be caused by
stress corrosion cracking. Quantities of water ranging
from a few milliliters (oz.) to about S.7 liters (1.5 gals.)
were found in the grease caps.
A reinforced concrete containment for BWRs will be used.
Since a prestressed concrete containment is not specified,
no specific requirements for tendon anchorage are
provided.
SSAR Sections 3.8.1 and 19B.2.48 state that the primary
containment of the ABWR standard plant is designed as a
reinforced concrete structure. Since the technique of
prestressed concrete design has not been used by GE, the
issue of tendon anchorage failure is not applicable for the
containment structure design of the ABWR standard plant.
Therefore, the staff concludes that GE adequately
addressed this issue for the ABWR design.

20.2.23 Issue 120: On-Line Testability of Protection
Systems
During its 1985 review of several plant TS, the staff
discovered that the design of protection systems of some
plants did not provide as complete a degree of on-line,
at-power surveillance testing capability as did other plants
undergoing staff reviewed evaluation at that time. This
raised questions about the on-line testability of protection
systems and the possibility that some nuclear power plants
might not provide complete testing capability. Issue 120
was established to examine these questions. Protection
systems consist of the reactor protection system (RPS) and
the engineered safety features actuation system (ESFAS).
The main concern of this issue, however, is the on-line
testability of the actuation subgroup (slave) relays in the
ESFAS.

The requirements for at power testability of components
are included in GDC 21 of 10 CFR Part 50, Appendix A.
RGs 1.22, "Periodic Testing of Protection System
Actuation Functions," ind 1.118, "Periodic Testing of
Electric Power and Protection Systems," and
IEEE 338-1977, "Criteria for the Periodic Testing of
Nuclear Power Generating Station Safety Systems,"
provide supplemental guidance. This guidance is intended
to ensure that protection systems (including logic, actuation
devices, and associated actuated equipment) will be
designed to permit testing while a plant is operating at
power without adversely affecting the plant's operation.
The scope of testing covered consists of functional tests,
checks, calibration verifications, and time- response
measurements. Criteria are provided for determining
system operational availability, status, and necessary
documentation, and for establishing test intervals and test
procedures during operation.
The review criteria applied for this issue included an
assessment of the capability for periodic functional testing
of the systems. This periodic testing should be manually
initiated, but automatically performed once initiated, and
should meet the guidance of RGs 1.22 and 1.118 and
IEEE 338. Automatic initiation of periodic testing may be
provided where the testing does not degrade the system
functionality.
Built-in, automated test features are
expected to be provided for periodic, functional testing, as
necessary, to eliminate physical reconfiguration of systems
(e.g., adding jumpers, lifting leads, swapping cables) to
perform the required tests. The safety-related systems are
to have automatic test features that are sufficient to meet
TS requirements for periodic surveillance of the system's
functionality as defined by RGs 1.22 and 1.118 and
IEEE 338.
This issue was resolved during the staffs USI-GSI review
for the ABWR without the establishment of new requirements. Nevertheless, the staff evaluated the capability of
the ABWR for continuous on-line self-testing of hardware
and system integrity as detailed above.
SSAR Sections 7.1.2.1.6 and 19B.2.49 indicate that the
ABWR design's RPS and ESFAS can be tested at power
during reactor operation by six separate tests. The first
five tests are primarily manual tests and although each
individually is a partial test, combined with the sixth test
they constitute a complete system test. The sixth test is the
self-test of the system logic and control that automatically
tests the complete system excluding sensors and actuators.
The sixth test is an integrated self-test provision built into
the microprocessors within the safety system logic and
control (SSLC). It consists of on-line, continuously
operating, self-diagnostic, monitoring network and an off-
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line semi-automatic (operator initiated, but automatic to
completion), end-to-end surveillance program. This testing
includes the following:
•

On-line continuous testing, which is a self-diagnostic
program monitoring each signal-processing module
from input to output (actuation of the trip functions is
not performed during this test)

•

Off-line semi-automatic end-to-end testing, which
exercises the trip outputs of the SSLC logic processors.

All testing features adhere to the single-failure criterion.
Since the design of the systems permit periodic testing of
their functioning when the reactor is in operation,
including a capability to test channels independently to
determine failures and losses of redundancy that may have
occurred, the staff determined that the ABWR meets the
requirements of GDC 21 of 10 CFR Part SO, Appendix A.
Therefore, the staff concludes that OE adequately
addressed this issue for the ABWR design.
20.2.24 Issue 121: Hydrogen Control for Large, Dry
PWR Containments
As a result of the TMI-2 accident, the Commission
promulgated regulatory requirements on hydrogen control
in 10 CFR 50.34(f) and 50.44. 10 CFR 50.34(f) requires
a hydrogen control system based on 100-percent, fuel-clad
metal-water reaction and hydrogen concentration limit of
10 percent on uniformly distributed hydrogen in the
containment or on a post-accident atmosphere that will not
support hydrogen combustion.
The review criterion for this issue is that the control of
hydrogen generated in the containment in a degraded core
accident shall meet the requirements of 10 CFR 50.34(f)
on limiting the distributed hydrogen concentration to
10 percent, on limiting the combustible concentration, and
on maintaining safe-shutdown equipment and containment
integrity.
This issue is relevant to large, dry containments, such as
those used in PWRs. Therefore, this issue does not apply
to the ABWR design. Additionally, the ABWR primary
containment is incited and is, therefore, protected from
hydrogen combustion regardless of the amount or rate of
hydrogen generation.
Based on this information, the staff concludes that GE
adequately addressed this issue for the ABWR design. See
also the staffs evaluation of 10 CFR 50.34(f)(2)(ix) in
Section 20.5.21 of this report.

NUREG-1503

20.2.25 Issue 124:
Reliability

Auxiliary Feedwater

System

In 1985, it was observed by the NRC staff and industry
that the auxiliary feedwater systems (AFWSs) continued to
fail at a high rate. These studies also indicated that plants
with similar AFWS reliabilities (as calculated in
accordance with the SRP guidance) did not necessarily
exhibit similar AFWS availabilities. Based on these
studies and on engineering judgement, the staff concluded
that the PWR AFW system reliabilities calculated in accordance with the SRP guidance may have represented the
relative reliability of AFW system hardware configurations
for various plants, but did not represent the real
availability of the system.
A function of the AFWS in most cases is to supply water
to the secondary side of the steam generator during system
fill, normal plant heatup, normal plant standby, and normal
plant cold shutdown. The AFWS also functions following
loss of normal feedwater flow, including loss because of
offsite power supply failure, and provides emergency
feedwater (EFW) following such postulated events as main
feedwater line break or main steam line break.
The AFWS reliability criterion has been specified in SRP
Section 10.4.9. For the ABWR, SSAR Section 19B.2.51
states that the acceptance criteria for resolution of this
issue will be that the AFWS will be designed for a high
degree of reliability (that is, using reliability analyses the
system will attain 0.0001 to 0.00001 unavailability per
demand).
As it has been pointed out above, the function of the
AFWS in most cases is to supply water to the secondary
side of the steam generator under various conditions.
Since this condition does not exist in case of the ABWR,
this issue is not applicable to the ABWR.

20.2.26 Issue 128: Electrical Power Reliability
Concerns have been raised regarding the dependence on
Class IE power, especially dc power, of the decay heat
removal systems required for long-term heat removal.
Failure of one division would generally result in a reactor
scram, which would then require removal of decay heat.
The frequency of reported failures of single dc divisions
gives rise to the concern that the second dc division may
not be available. This issue combines three interrelated
issues, namely, A-30, "Adequacy of Safety-Related DC
Supplies;" 48, "LCOs for Class IE Vital Instrument Buses
in Operating Reactors;" and 49, "Interlocks and LCOs for
Redundant Class IE Tie Breakers."
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Issue A-30 involves the power source to the inverters for
the vital 120-Vac instrument power supplies that are
related to Issues 48 and 49. It is also related to Issue 76,
"Instrumentation and Control Power Interactions, * because
a loss of 120-Vac vital instrument power could challenge
emergency safeguards systems and could cause reactor
trips, loss of foedwater, loss of emergency core and
containment cooling systems, and loss of post-accident
monitoring instrumentation.

The plant designs will have three independent divisions for
the core coolant inventory control and DHR systems and
each division will have its own independent ac and dc
power source.

Issue A-48 concerns the fact that in some plants, there are
no administrative controls governing operational
restrictions for their Class IE 120-Vac vital instrument
buses (VIBs) and associated inverters. Without such
restrictions, these power sources could be out of service
indefinitely and might place certain safety systems in a
situation where they could not meet the single-failure
criterion. This is of particular concern during the period
before the start and load of diesel generators following a
loss of offsite power. In this condition, some VIBs may
be subjected to power failure modes that may not have
been considered during the safety analysis of the plant.

Non-safety-related loads will be placed on power supplies
that are completely separate from those on which safetyrelated loads are placed.

Issue A-49 arises from the fact that in some plants there is
lack of adequate procedural and administrative controls that
are used to monitor and provide assurance that the tie
breakers between redundant Class IE divisions of electrical
power and multi-units are always open during plant
operation.
Such controls are necessary to provide
assurance that the Class IE power buses are not
compromised. There is also a related concern, when a tie
breaker is closed, involving electrical interlocks to prevent
out-of-synchronization interconnections of a diesel
generator to either the off-site power source or another
diesel generator.
The review criteria for this issue are contained in
NUREG/CR-5414, "Technical Findings for Proposed Integrated Resolution of Generic Issue 128, Electric Power
Reliability." Generally, mis document states that the plant
design should provide for the separation and isolation of
electrical power systems to preclude interactions that could
adversely affect such functions as diesel generator loading
and offsite to diesel generator power transfers.
Each division of the ESFs requiring electric power will be
provided with an onsite source of ac and dc power. At
least two separate and independent connections will be
provided to offsite power sources capable of starting and
running all Class IE loads required for safe shutdown.
The specified functions of the ESFs will be met by the use
of redundant divisions and that the divisions will be totally
independent and separated both mechanically and
electrically. The DHR systems will be redundant and
safety grade.

Separation of electrical power systems will be such as to
preclude interactions that could adversely affect the
functioning of the dc power systems. Specifically, the use
of bus ties between safety divisions is prohibited.

The loss of any plant battery or dc bus concurrent with a
single independent failure in any other system required for
shutdown cooling will not result in a total loss of reactor
cooling capability.
Each reactor protection channel will be normally powered
from a dedicated Class IE source that is normally
independent of other dc sources.
SSAR Section 19B.2.S2 describes the ABWR design
features pertinent to the resolution of Issues 128, A-30,48,
and 49.
For Issue A-30, the dc buses for the safety-related dc
power system meet the acceptance criteria because of the
following:
•

The safety-related dc power system does not supply
power to any non-Class IE loads.

•

Consists of four separate and independent dc battery
systems.

•

Does not contain any direct bus tie between dc battery
systems. However, it does contain two standby battery
charges, each of which is capable of supplying one of
the divisional dc systems. Redundant key-locked
breakers are provided to prevent manual paralleling
between divisions, and no automatic connections are
provided between dc divisions.

The ABWR design meets the acceptance criteria for the
resolution of Issue 48 by the system design and TS. The
ABWR design consists of four separate and independent
Class IE 120-Vac vital instrument buses with their
respective inverters. TS contain the appropriate operating
restrictions, to assure the onsite Class IE ac and dc power
distribution system availability and thus, an uninterruptable
power source for safety-related systems and components.
The TS contain specific requirements regarding a periodic
evaluation of the onsite power system bus condition which

20-53

NUREG-1503

Generic Issues
addresses such availability items as correct breaker and bus
alignment and bus voltage.
The AfiWR meets the acceptance criteria with regards to
Issue 49. The ABWR Class IE system design does not
contain bus tie breakers between Class IE divisions, but it
is possible to manually cross-connect the Class IE diesel
buses through the CTO connections, since the power to
each diesel bus can be provided from the CTO. Each
diesel generator is provided with a synchronizing
equipment for paralleling offsite supplies. The normal and
alternate offsite feeder breakers to Class IE buses are
interlocked to prevent paralleling offsite circuits.
Based on this information, the staff concludes that OE
adequately addressed this issue for the ABWR design.

20.2.27 Issue 130: Essential Service Water Pump
Failures at MulUpUuit Sites
This issue addresses shared essential service water (ESW)
systems between PWR units located on the same site.
Specifically, this issue deals with multiplant sites that have
only two ESW pumps per plant with cross-tie capability
and the impact of such sharing on the availability of the
ESW pumps. The safety concern is that the needed ESW
pumps may not be available during all possible operating
conditions for the multiple units, thereby increasing the
core melt and radiological risks at the site. Other
multiplant and single plant configurations may also contain
similar ESW system vulnerabilities.
Therefore, the
concern of this issue is equally applicable to other
multiplant and single plant PWR sites. According to
Appendix B to NUREG-0933, Issue 130 is not applicable
to BWR vendors.
Issue 130 was resolved with the issuance on September 19,
1991, of OL 91-13, "Request for Information Related to
the Resolution of Generic Issue 130, 'Essential Service
Water System Failures at Multi-Unit Sites,' Pursuant to
10CFR 50.54(f)."
This letter contained TS and
emergency procedures improvements for seven specific
multiplant PWR sites.
Although this issue is not applicable to BWR plants, the
staff included an evaluation of the concerns as related to
the ABWR RSW design in the DFSER. In the DFSER,
the staff said that the SSAR stated that the AfeWR has been
designed as a single unit with no specific consideration of
possible shared systems. (Note that in all system analysis
reviews, the requirements of GDC 5 have been identified
as not being applicable to the ABWR design.) Shared
systems are, therefore, not a concern for the ABWR
design.
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The staff reported in the DFSER that SSAR
Appendix 19B, "Resolution of Applicable Unresolved
Safety Issues and Generic Safety Issues," Sections 19B.2.10 and 19B.3.5, allowed for the possible
modification of the ABWR design by plant-specific
applicants. The guidelines provided by GE to assure that
the modified design would address the concerns of
Issue 130 included reference to two design requirements
from the EPRI ALWR Requirements Document. The first
requirement was for limiting the number of shared systems
to the "test programs which have been made" and further
states that these systems "shall incorporate the pertinent
results into the design of the ALWR." The second
requirement can be interpreted to address shared systems
at multiplant sites stated that each division of any ESW
system must have two heat exchangers and two pumps
sized so that each division can provide the capacity to
absorb the system heat loads* generated by the plant during
all operational (normal and emergency) modes.
The staff stated in the DFSER that the requirements
mentioned above did not provide sufficient guidance to an
applicant referencing the ABWR design for a multiplant
site to design ESW systems for the units that reflect an
acceptable resolution of the concern of Issue 130. Specifically, the staff indicated that the first EPRI requirement as
identified by GE is confusing. The subject requirement
as stated in the Requirements Document (see Volume 2,
Chapter 1, Section 6.2.B.1) limits the number of shared
systems to auxiliary support systems such as sewer,
auxiliary steam, or site security. Further, another EPRI
requirement (see Requirements Document, Volume 2,
Chapter 8, Item B. 1.4.2) clarifies the above EPRI
requirement by specifically ruling out sharing of ESW
pumps between divisions and between units of a multiplant
site and by requiring the ESW system for each unit to be
designed to the same requirements as for a single unit.
The EPRI requirement as identified by GE, on the other
hand, implies that the ESW system can be shared between
the units, provided certain conditions are satisfied.
However, the staff related that the ABWR SSAR provided
little or no guidance regarding whether the ESW system
pumps will be shared between the units and if so, how they
will be shared, the number of shared as well as non-shared
ESW pumps for each unit, the capacity of each ESW
pump, and the operational limitations required to minimize
system misoperation (human errors associated with the
wrong train or the wrong plant identification). In addition,
the staff said that GE should address the applicable
reliability concerns of Issue 130 for single-plant units.
In the DFSER, the staff required GE to address all the
above concerns and modify the two identified interface
requirements accordingly to provide sufficient guidance to
the applicants referencing the ABWR design. The staff
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stated that such guidance is needed so that each plantspecific applicant will be able to provide supporting
documentation and analysis to justify modifications to the
ABWR essential cooling water systems if a multi-unit site
is to incorporate shared cooling water systems in the
modified designs. The staff indicated that the analysis and
documentation should demonstrate that the revised plant
design meets the concerns identified in Issue 130, as well
as the requirements of GDC 5 with regard to the sharing
of structures, systems, and components at multi-unit sites.
This was identified in the DFSER as Open Item 20.2-4.
Further, the staff required in the DFSER that the COL
applicant address the plant-specific resolution of Issue 130.
This was identified as COL Action Item 20.2-3. The staff
stated that it would review the plant-specific response to
the concerns of Issue 130 and that the review would
include, among other things, the available redundancy in
ESW pumps within a division to achieve any licensingbasis requirement, available flexibility for needed recovery
actions, and specific measures to preclude potential
operator errors.
GE revised the SSAR to delete the discussion of Issue 130,
because it is not applicable to BWR plants. The SSAR
discussions and EPRI requirements that are the subject of
DFSER Open Item 20.2-4 no longer exist in SSAR Sections 19B.2.10 and 19B.3.5. SSAR Section 1.1.6 still
states that the ABWR has been designed as a single-unit
plant, therefore, the staff need not be concerned with
specific consideration of possible shared systems and with
addressing Issue 130. Because Issue 130 is not applicable
to BWR plants and based on the subsequent revisions to
the SSAR discussed above, the staff concludes that DFSER
Open Item 20.2-4 is resolved.

electrical transients might damage or seriously degrade the
performance of Class IE components. Or, this energy
could cause the isolation devicet to give false output, or
the electrically generated noise on the circuit might cause
the isolation device to give a false output.
The review criteria for this issue are contained in a letter
from T. Murley (NRC) to R. Artigas (OE), "Advanced
Boiling Water Reactor Licensing Review Bases," dated
August 7, 1937.
This letter contains the staffs
expectations regarding isolation devices.
The letter
describes the design and environmental qualifications that
insulators must satisfy. It requires that description of tests
be provided, as well as other requirements, as appropriate.
The letter also addresses guidance for fiber-optic cable,
and states that the staff is working to develop
comprehensive guidance on this subject, and that it will be
based on the existing IEEE cable standards, such as
IEEE 323 and 384, and applicable ANSI standards.
Therefore, the review criteria for this issue must contain
guidance for:
•

Inspection and testing of all electrical insulation devices
between Class IE and non-Class IE systems.

•

Replacement or repair of isolators that fail the tests,
including description of acceptable hardware fixes to
the isolators.

•

Implementation of an annual program to inspect and
test all electrical isolators between Class IE and nonClass IE systems.

20,2.28 Issue 142:
Leakage Through Electrical
Isolators in Instrumentation Circuits

SSAR Appendix 7A and Section 19B.2.S3 state that the
isolating devices used in the ABWR design are similar to
those in Group 1 referred to in NUREG/CR-34S3,
"Electronic Isolators Used in Safety Systems of U.S.
Nuclear Power Plants."
Review of this reference
confirmed that test results demonstrated that only minor
amounts of high-frequttscy energy pass through the barrier
during testing. These isolators, though they provide the
best isolation and are recommended as the safest units,
they are the most susceptible to damage. The report
indicates that they are so fragile that some were damaged
during the electromagnetic interference (EMI) tests.

This issue addresses electrical isolators used to maintain
electrical separation between safety-related and non-safetyrelated electrical systems in nuclear power plants,
preventing malfunctions in the non-safety-related systems
from degrading the performance of safety-related circuits.
The primary concern is that the amount of energy that
could pass through certain types of isolation devices (and
be transmitted to safety-related circuitry) during certain

GE indicates that the ABWR design will use a fiber-optic
system for electrical isolation of logic and analog signals
between protection divisions and from protection divisions
to non-safety equipment. This selection of isolation
devices appears to be acceptable, in view of the statement
in the referenced report that "optical-fiber isolators are the
newest of the isolators and consist of both analog and
digital types."

Because this issue is not applicable to the ABWR and
based on the above discussion of the ABWR design as a
single-unit plant without any shared systems, the staff
concludes that the COL applicant need not prepare a plantspecific response to the issue. On this basis, the staff
concludes that DFSER COL Action Item 20.2-3 was not
warranted and need not be addressed.
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Another positive feature of the design is the fact that the
ABWR RPS and ESF functions are not supplied directly
from a commercial power source, but from different plant
power sources. Thus, the low voltage dc supplies fed
from these sources are regulated and filtered. This is
important, because as the reference states, when power is
supplied from commercial sources to the input power
supply through the common ac power line, as it is in most
PWRs, power surge appears to be high.
The advance SER stated that as part of the resolution of
this issue, there should be a requirement stated in the
acceptance criteria in SSAR Section 19B.2.53 that the
following will be implemented:

functioning of air cooling systems may not have been
considered. Thus, plants with similar inherent deficiencies
may not be aware of these problems.
Operability of some safety-related components is dependent
upon operation of HVAC and chilled water systems to
remove heat from the rooms containing the components.
If chilled water and HVAC systems are unavailable to
remove heat, the functionality of the equipment within the
rooms may be destroyed.
The review criterion for this issue is to assure that the
equipment can be functional during the period of loss of
room cooling.

•

Annual inspection and testing of all electrical isolation
devices between Class IE and non-Class IE systems.

SSAR Section 19B.2.S4 states the following criteria as the
acceptable ABWR design:

•

Repair or replacement of insulators that fail the tests.

•

An evaluation of the dependencies or nondependencies
of safety-related equipment on HVAC cooling will be
performed. This evaluation will include assessment of
room heat load and heatup rates, and establish
equipment operating conditions. Equipment ability to
withstand these conditions without loss of function will
be established.

•

For equipment found to be significantly dependent on
the HVAC cooling, an assessment of the HVAC system
reliability will be performed. PRA analyses will be
carried out to assess plant risk and determine whether
any modifications are necessary.

•

Corrective design measures will be identified where
necessary to reduce plant risk.

These changes were incorporated in SSAR Amendment 34.
In the advance SER, the staff concluded that GE provided
an acceptable system of isolators to resolve this issue,
assuming that the testing, inspection, and replacement of
isolators, when needed, would be incorporated in
resolution of this issue. The staff verified that OE
established a COL action item in SSAR Section 19B.3.2
and Table 1.9-1 addressing testing, inspection, and replacement of isolators. On the basis of this information, the
staff concludes that GE adequately addressed this issue for
the ABWR design.
20.2.29 Issue 143:
Systems

Availability of Qulled Water

This issue concerns partial or complete loss of the HVAC
system. Many of these problems exist because of the
desire to provide increased fire protection and the need to
avoid severe temperature changes in equipment control
circuits. The improvements in this area, which started
after the Browns Ferry fire, consist mainly of enclosing the
affected equipment in small, isolated rooms. This resulted
in a significant reduction in room cooling rate. Plant
control and safety have improved with the introduction of
electronic integrated circuits. However, these circuits are
more susceptible to damage from severe changes in
temperature caused by the loss of room cooling.
It is believed that failures of air cooling systems for areas
housing key components, such as RHR pumps, switchgear,
and diesel generators, could contribute significantly to
core-melt probability in certain plants. Because corrective
measures are often taken at the affected plants once such
failures occur, the impact of these failures on the proper
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SSAR Section 19B.2.54 states that the following features
have been incorporated into the ABWR design to satisfy
the criteria stated above:
•

RCIC pump and turbine are designed to operate for at
least 8 hours without room cooling. This system will
provide core cooling during a prolonged loss of HVAC
cooling.

•

Operation of other injection systems (HPCF, LPFL,
RHR) is more dependent on the availability of room
cooling. However, these systems are designed to
operate for at least 10 minutes without room cooling.
The equipment in question is designed to be operational
at the highest temperature expected during that time.

•

Detailed design specifications for ABWR safety-related
equipment will specify the room conditions under
which equipment must operate without room cooling.
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Room heat assessment will be performed to establish
environmental conditions for equipment specification.

Implementation of 10 CFR 50.65 is an effective and
practical way to prevent or reduce CCFs.

Potential modifications including procedure changes or
hardware changes will be evaluated through PRA
analyses to ensure acceptable risk.

SSAR Section 19B.2.55 states that compliance with
10 CFR 50.65 will be responsibility of the COL applicant.
This approach is acceptable to the staff.

OB also listed the safety-related HVAC systems that will
provide room cooling under most circumstances. These
include the secondary containment safety-related HVAC,
reactor building safety-related electrical equipment HVAC,
reactor building safety-related diesel generator HVAC, and
HVAC emergency cooling water (three divisions).

In addition, the ABWR capability to respond to system
interactions and CCFs is described in the SSAR Section 19.2.3.4.
Five factors are considered and
incorporated in the analysis of system interactions and
CCFs:

•

•

Component commonality at the system level, such as
common initiating signal.

•

Common divisional services, such as common electric
power buses or common service water loops.

•

System dependency, such as automatic depressurization
system (ADS) dependency on the operability of at least
one of the five (two high-pressure and three
low-pressure) ECCS pumps.

•

Past experience of losing onsite power.

•

Human errors.

The staff concludes that OE adequately addressed this issue
for the ABWR design.

20.2.30 Issue 145: Actions to Reduce Common Cause
Failures
This issue concerns the fact that common cause failures
(CCFs) can be a major cause of a system failure.
Testing of equipment has its limitations; in fact, testing can
be an important cause of CCF that occur when the testing
does not reflect true demands of the equipment under
operating conditions. For example, MOVs may work
during a test but not during a true demand when there
exists a high differential pressure across them. Much
design-basis testing cannot be performed in situ.
Prototypical testing, on the other hand, is expensive and
the application of it to equipment in plants is sometimes
not practical. Effective maintenance is important to ensure
that design assumptions and margins in the original design
bases are maintained. In the design of nuclear plants, an
important safety margin is the redundancy of equipment to
perform safety functions. This redundancy, however, can
be degraded by CCFs. Thus, measures are needed to
identify CCF precursors before they occur so that
corrective measures can be taken.

The review criterion for the resolution of Issue 145 is to
demonstrate compliance with the maintenance rule,
10 CFR 50.65, which requires that a program of
performance and condition monitoring activities be
evaluated at least every refueling cycle (provided the
interval between evaluations does not exceed 24 months)
and that industry-wide experience be incorporated in the
program. When monitoring and preventive maintenance
activities are performed, an assessment of the total plant
equipment that is out of service should be taken into
account to determine the overall effect on performance of
safety functions.

Actions to reduce CCFs fall into the Owner/Operator's
Reliability Assurance Process (O-RAP), described in SSAR
Section 17.3.10 and which has been reviewed by the staff
and found to be acceptable as discussed in Sections 17.3.9
and 17.3.10 of this report. The COL applicant will
specify the policy and implementation procedures for the
O-RAP and submit it for staff review. The staff verified
that OE established a COL action item in SSAR Section 17.9.13 to make use of information provided by OE
to help the owner/operator determine activities that should
be included in the O-RAP. This approach is acceptable to
the staff.
Based on this information, the staff concludes that OE
adequately addressed this issue for the ABWR design. The
staff will evaluate compliance with 10 CFR 50.65 as part
of its inspection activities during plant operations.
20.2.31 Issue 151: Reliability of Recirculation Pump
Trip During an ATWS
This issue concerns reliability of breakers used to trip the
recirculation pumps at high pressure or low-water-level
signals during ATWS mitigation in BWRs.
If a plant transient requiring a reactor scram occurs and
the scram function does not occur, then an ATWS event
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exists. To lessen the effects of an ATWS event, negative
reactivity must be added to the reactor core by tripping the
recirculation pumps. Negative reactivity is added as a
result of the ensuing steam voiding in the core area as the
core flow decreases, thereby decreasing the power
generation and limiting the power or pressure disturbance.
If the recirculation pu ap trip (RPT) fails to trip on
demand, the reactor could experience continued power
generation resulting in a high suppression pool
temperature.

been tripped, the remaining six RIPs will be tripped. The
implementation of the second RPT function is similar to
that of the first RPTs, using 2-out-of-4 confirmation logic.

Plants equipped with GE AKF-25 circuit breakers have
experienced failures of the field breakers in the RPT
system that were caused by binding of the trip latch
mechanism and misadjustment of the breakers' mechanical
linkage.

The staff determined that the system described above
appears to be more reliable than the previously used
AKF-2-25 breaker hardware and method and, therefore,
provides reasonable assurance that in the event of an
ATWS, the RIPs will be tripped, thus lessening the effect
of the ATWS. Based on this determination, the staff
concludes that GE adequately addressed this issue for the
ABWR design.

The review criterion for this issue is determining the use
of reactor RPT hardware or a RPT method that is more
reliable than the previously used AKFj-2-25 breaker
hardware or RPT method.
Since the design for the ABWR reactor recirculation
system and RPT method is completely different from the
previously designed BWR reactor recirculation systems and
RPT trip methods, resolution of this issue was evaluated
on the basis of the ABWR RPT information about the new
design for the recirculation pump system provided by GE
in SSAR Sections 7.7.1.3(7) and 7.7.1.3(8). A summary
of the important design changes is provided in the
following paragraphs.
GE states that the ABWR reactor recirculation system and
the RPT design is completely different from the previously
designed BWR reactor recirculation systems and RPT
methods. They state that it is more diverse and more
redundantly reliable. The ABWR uses 10 pumps and
multiple pump and RPT trip logic, circuits and hardware,
rather than only two recirculation pumps, as has been
generally used in BWRs. The recirculation flow control
(RFC) system consists of three redundant process
controllers, adjustable-speed drives (ASDs), switches,
sensors, and alarm devices provided for operational
manipulation of the 10 RIPs and the surveillance of the
associated equipment. RFC is achieved either by manual
operation or by automatic operation if the power level is
above 70 percent of rated power.
In the event of (a) a turbine trip or generator load rejection
when reactor power is above a predetermined level, (b) the
reactor pressure exceeds the high dome pressure set point,
or (c) the reactor water level drops below the Level 3 set
point, the RPT logic will automatically trip off a group of
four RIPs. If the reactor water level continues to drop and
reaches Level 2 after the first group of four RIPs have
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It is known that plants with GE AKF-25 circuit breakers
have experienced failures of the field breakers in the RPT
system. In the ABWR design, instead of using AKF-25
breaker switching hardware to provide an RPT, RFC
controller switching and ADS gate inverter turn-off circuit
hardware provide the RPT.

20.2.32 Issue 153: Loss of Essential Service Water in
LWRs
This issue concerns reliability of the ESW supply that is
critical in the transfer of heat from various safety-related
and non-safety-related systems and equipment to the UHS.
The ESW is needed in every phase of plant operations and,
under accident conditions, supplies adequate cooling water
to systems and components mat are important to safe plant
shutdown or to mitigate consequences of an accident.
Under normal operating conditions, the ESW provides
component and room cooling (mainly via the component
cooling water system). During shutdowns, it also ensures
that the residual heat is removed from the reactor core,
cooling towers, and water treatment systems at a plant. A
complete loss of the ESW system could lead to a core-melt
accident, posing a significant risk to the public.
Loss of ESW can be caused by a number of reasons:
various fouling mechanisms (sediment decomposition,
biofouling, corrosion acd erosion, foreign materials, and
debris intrusion), ice effects, single failures and other
design deficiencies, flooding, multiple equipment failures,
and personnel and procedural errors. Additionally, the
design and operational characteristics of the ESW system
differ significantly from plant to plant within each reactor
type. For these reasons, it is practically impossible to
formulate generic ESW design criteria that would be
universally applicable. The design bases of the system will
conform to the requirements of GDC 2 relating to the
ability of structures, systems, and mechanisms to withstand
the effects of earthquakes; GDC 4 regarding the protection
of safety-related equipment from the effects of internally
generated missiles, pipe whip, and environmental
conditions resulting from high and moderate energy line
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breaks and the dynamic effects associated with flow
instabilities and loads (e.g., water hammer); GDC 5
relating to shared systems and components; and GDC 44
as is relates to transferring heat from structures, systems,
and components important to safety, to an ultimate heat
sink. More specific review criteria are contained in SRP
Section 9.2.1.
The ABWR RSW system removes heat from the reactor
building cooling water (RCW) and transfers it to the UHS.
The RSW system is provided in three divisions. Each
division has two pumps that send cooling water to three
heat exchangers. Normally, one pump 'and two heat
exchangers are operating in each division. The remaining
pump and the third heat exchanger are automatically put in
operation when heat-removal requirements increase.
In case of failure of any of the three RSW divisions, the
remaining two divisions are sufficient to meet safe shut
down requirements for the plant. The ABWR RSW
system is protected from common-cause effects by the fact
that the three divisions are separated both physically and
electrically from each other.
Degradation of the RSW system is prevented by periodic
inspection and testing to ensure integrity and functional
capability. All three divisions of the RSW system are
designed to allow periodic inservice inspection of ail the
system components. This testing capability consists of
structural and leak-tightness visual inspection, entire
system operability, and system component operability and
performance.
SSAR Section 19B.2.57 lists the design features for the
portions of system that are not within the ABWR standard
plant scope that will be provided by the COL applicant.
Based on the above, the staff concludes that GE adequately
addressed this issue for the ABWR design.
20.2.33 Issue 155.1:
Assumptions

More Realistic Source Term

This issue is a result of the study conducted by the TMI-2
Safety Advisory Board, and is one of the seven recommendations forwarded to the NRC. The subject issue deals
with the fact that during the TMI-2 accident, fission
products did not behave as predicted by the analytical
methods and assumptions used in the licensing process at
the time and delineated in RG 1.3, "Assumptions Used for
Evaluating the Potential Radiological Consequences of a
Loss-of-Coolant Accident for Boiling Water Reactors,"
RG 1.4, "Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss-of-Coolant Accident
for Pressurized Water Reactors," and TID-14844,

"Calculation of Distance Factors for Power and Test
Reactor Sites." Contrary to the original predictions that
during the TMI-2 accident major core damage had occurred, NRC determined that approximately 50 percent of
the core was in a molten state, and only about 55 percent
of the highly volatile fission products and noble gases were
released from the reactor vessel with a major portion
retained in the reactor building. There is also evidence
that less than 5 percent of the medium- and low-volatile
fission products were released from the reactor vessel.
The review of this issue consists of determining that the
plant is designed to ensure that the dose commitment to the
public, in the event of a licensing design-basis accident,
will be within those limits prescribed by existing
regulations based upon the guidelines of 10 CFR Part 100.
SSAR Section 19B.2.58 states that in view of lack of
adequate guidance as to acceptance methods and
conditions, i.e., revised RGs and SRP, it is premature for
the ABWR to use the revised source terms. It also states
that the ABWR design has been analyzed in accordance
with the current RGs, SRP, and the GDC, all of which are
ha ed on TID-14844. The staff evaluated offsite radiological consequences using the TID-14844 source term
procedures that are consistent with the guidelines provided
in the applicable SRP sections and RGs.
(See
Section 15.4.3 of this report.) Two deviations from the
current staff position were noted: (1) credit was given for
radioactive iodine removal in the main steam lines and in
the main condensers by holdup for decay and deposition
and (2) the staff accepted She ABWR design without an
MSIV leakage control system.
The advance SER indicated that in response to the staffs
concern, the BWR Owners' Group (BWROG) performed
further studies to determine the consequences, if any, of
the ABWR design regarding radioactive offsite releases.
The staff subsequently evaluated the results of the BWROG
and GE proposals and found them to be acceptable. In
particular, in SSAR Chapter 15, GE performed
radiological consequence assessments of certain DBAs and
concluded that the ABWR design, using TID-14844 source
terms with the two deviations stated above, will meet the
dose reference values established in 10 CFR Part 100 and
the dose limits given in GDC 19 of 10 CFR 50,
Appendix A. To verify GE's conclusion, the staff
independently assessed the radiological consequences
resulting from DBAs, also using TID-14844 and the
deviations discussed earlier, and found GE's assessments
to be acceptable. The staff assessments and conclusion are
discussed further in Section 15.4 of this report.
Based on this information, the staff concludes that GE
adequately addressed this issue for the ABWR design.
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20.3

Human Factors Issues

This section addresses staff evaluation of GSIs categorized
as "human factors issues" in NUREG-0933. All the
following issues are relevant to the ABWR design.
20.3.1 Issue HF 1.1: Staffing and Qualifications Shift Staffing
The purpose of this issue is to assure that the number and
capabilities of the staff at nuclear power plants are
adequate to provide safe operation. To meet this goal,
consideration should be given to: (1) the number and
functions of the staff needed to safely perform all required
plant operations, maintenance, and technical support for
each operational mode; (2) the minimum qualifications of
plant personnel in terms of education, skill, knowledge,
training experience, and fitness for duty; and
(3) appropriate limits and conditions for shift work
including overtime, shift duration, and shift rotation.
More specifically, this issue refers to determination of the
minimum appropriate shift crew staffing composition.
The review criteria for this issue are contained in the
10 CFR 50.54, SRP Section 13.1.2-13.1.3, and RG 1.114,
"Guidance on Being Operator at the Controls of a Nuclear
Power Plant."
This issue is beyond the scope of the ABWR design
certification review and the COL applicant will be
responsible for addressing it. The staff verified that GE
established a general COL action item (Item 18.1.1 in
SSAR Section 18.8) to conduct the detailed HFE design
according to design and implementation. The staff
considers this to include the resolution of Issue HF 1.1.
This approach is acceptable to the staff as discussed in
Section 18.7.2.2 of this report.
20.3.2 Issue HF 4.4: Procedures - Guidelines for
Upgrading Other Procedures
The objective of this issue is to provide assurance that
plant procedures are adequate and can be used effectively
and to guide operators in maintaining plants in a safe state
under all operating conditions. This latter includes the
ability to control upset conditions without first having to
diagnose the specific initiating event. This objective is to
be met by: (1) developing guidelines for preparing and
criteria for evaluating emergency operating procedures
(EOPs), normal operating procedures, and other
procedures that affect plant safety and (2) upgrading the
procedures, training the operators in their use, and
implementing the upgraded procedures.
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The review criteria for this issue are contained in SRP
Sections 13.5.1 and 13.5.2 and NRC Information Notice
86-64, "Deficiencies in Upgrade Programs for Plant
Emergency Operating Procedures."
The development of detailed procedures and training
materials is beyond the scope of the ABWR design
certification review and the COL applicant will be
responsible for addressing this generic issue. The staff
verified that GE established a COL action item in SSAR
Section 13.5.3 for procedure development.
SSAR
Section 13.5.3.1 indicates that the methods and criteria for
the development, verification and validation (V&V),
implementation, maintenance, and revision of procedures
will include considerations of Issues I.C.I, I.C.5, and
I.C.9. The staff considers this to also include the
resolution of Issue HF 4.4. This approach is acceptable to
the staff as discussed in Section 13.5 of this report.
20.3.3 Issue HF 5.1: Man-Machine Interface - Local
Control Stations
The objective of this issue is to ensure that the manmachine interface is adequate for the safe operation and
maintenance of nuclear power plants. The regulatory
guidance has been limited to the control room and the
remote shutdown panel. Further guidance is necessary
regarding local control stations and auxiliary operator
interfaces. To accomplish this task, analyses of control
room crew and local control activities should be conducted
to establish and describe communication and control links
between the control room and the auxiliary control
stations.
The review criteria for this issue are contained in SRP
Section 18.2, Appendix A.
This issue is beyond scope of the ABWR design
certification review and the COL applicant will be
responsible for addressing it. The staff verified that GE
established a COL action item (Item 18.8.11 in SSAR
Section 18.8) to analyze this issue. This approach is
acceptable to the staff as discussed in Section 18.7.2.2 of
this report.
20.3.4 Issue HF 5.2: Man-Machine Interface Review Criteria for Human Factors Aspects of
Advanced Controls and Instrumentation
With the outcome of advanced technologies utilizing
improved annunciator systems, guidelines for evaluation of
these longer-term annunciator improvements are necessary.
These guidelines will be based upon evaluations of results
from advanced concept activities being performed by the
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The existing HFE guidelines for nuclear power plant
control rooms primarily address the control, display, and
information concepts and technologies that are now being
used in process control systems. While these guidelines
were adequate in the past, they may not be sufficient for
advanced and developing technologies that are being
introduced in more advanced designs.
The review criteria for this issue are contained in SRP
Section 18.2, Appendix A.
In SSAR Section 18.3, GE described an integrated design
implementation process to incorporate HFE principles.
The process includes an integrated design of control and
instrumentation systems and HSI of the ABWR. The
design implementation process facilitates selection of
design features that satisfy the top level requirements and
goals of individual systems and the overall plant.
In its review of GE's detailed control room design process,
the staff found that this issue is beyond the scope of the
ABWR design certification review and that it is to be
addressed by the COL applicant as part of the detailed
design implementation.
The staff verified that GE
established a general COL action item in SSAR
Section 18.8 (Item 18.8.1) to conduct the detailed HFE
design according to the design and implementation as
defined by the HFE ITAAC and DAC described in ABWR
CDM Table 3.1 and SSAR Appendix 18E. The staff
considers this to include the analysis of this generic issue.
This approach is acceptable to the staff as discussed in
Section 18.7.2.2 of this report.

20.4 TMI Action Plan Items
This section addresses staff evaluation of GSIs that are
categorized as "TMI Actipn Plan items" in NUREG-0933.
Except as noted, all the following issues are relevant to the
ABWR design.
20.4.1 Issue I.A.1.1:
Operating Personnel Operating Personnel and Staffing - Shift
Technical Advisor
This issue requires the provision of an on-shift technical
advisor, with specific education and training, to the shift
supervisor.
SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR states that issues are identified

for COL action because they pertain to operating personnel
issues, operating procedures, and other topics beyond the
scope of the ABWR design certification review. SSAR
Section 19B.1.1 lists specific documentation the COL
applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis.
20.4.2 Issue I.A. 1.2:
Operating Personnel
Operating Personnel and Staffing - Shift
Supervisor Administrative Duties
This issue requires review of the administrative duties of
the shift supervisor by the senior officer responsible for
plant operations. It also requires that when administrative
functions detract from or are subordinate to the
management responsibility for assuring the safe operation
of the plant, they are to be delegated to other operations
personnel not on duty in the control room.
SSAR Section 19B.3.1 indicates that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR indicates that issues are
identified for COL action because they pertain to operating
personnel issues, operating procedures, and other topics
beyond the scope of the ABWR design certification review.
SSAR Section 19B.1.1 lists specific documentation the
COL applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis.
20.4.3 Issue I.A. 1.3:
Operating Personnel Operating Personnel and Staffing - Shift
Manning
This issue requires adherence to the shift manning and
overtime requirements for normal plant operation
established by the NRC.
SSAR Section 19B.3.1 indicates that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
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Appendix 19B. The SSAR indicates that issues are
identified for COL action because they pertain to operating
personnel issues, operating procedures, and other topics
beyond the scope of the ABWR design certification review.
SSAR Section 19B.1.1 lists specific documentation the
COL applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis.
20.4.4 Issue I.A.1.4:
Operating Personnel
Operating Personnel and Staffing - Long-Term
Upgrading
The purpose of this jssue was to develop changes to
10 CFR S0.S4 concerning shift staffing with licensed
operators and their working hours.
The resolution of this issue is beyond the scope of the
ABWR design certification review and the COL applicant
will be responsible for addressing it. This was identified
in the DFSER as COL Action Item 18.7.2.2-8. The staff
verified that GE established a general COL action item
(Item 18.1.1 in SSAR Section 18.8) to conduct the detailed
HFE design during design and design implementation.
The staff considers this to include the resolution of
Issue LA. 1.4. This approach adequately addresses DFSER
COL Action Item 18.7.2.2-8 as discussed in Section 18.7.2.2 of this report.

20.4.5 IssueI.A.2.1: Operating Personnel - Training
and Qualification of Operating Personnel Immediate Upgrading of Operator and Senior
Operator Training and Qualifications
This issue requires that, effective December 1, 1980, all
senior reactor operator (SRO) applicants must have been
a licensed operator for at least 1 year.
SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR indicates that issues are
identified for COL action because they pertain to operating
personnel issues, operating procedures, and other topics
beyond the scope of the ABWR design certification review.
SSAR Section 19B.1.1 lists specific documentation the
COL applicant is to provide for resolution of such issues.
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GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis.
20.4.6 Issue I. A.2.3: Operating Personnel - Training
and Qualifications of Operating Personnel Administration of Training Programs
This issue requires that, subject to the accreditation of
training institutions, licensees and applicants assure that
training center and facility instructors who teach systems,
integrated responses, transients, and simulator courses
demonstrate SRO qualifications and be enrolled in
appropriate requalification programs.
SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR indicates that issues are
identified for COL action because they pertain to operating
personnel issues, operating procedures, and other topics
beyond the scope of the ABWR design certification review.
SSAR Section 19B.1.1 lists specific documentation the
COL applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis.
20.4.7 Issue I.A.2.6(1):
Operating Personnel Training and Qualifications of Operating
Personnel - Long-Term Upgrading of Training
and Qualifications; Revise Regulatory
Guide 1.8
This issue required NRC development of a revised RG 1.8
to incorporate recommendations on upgrading personnel
training and qualifications.
SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR indicates that issues are
identified for COL action because they pertain to operating
personnel issues, operating procedures, and other topics
beyond the scope of the ABWR design certification review.
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SSAR Section 19B.1.1 lists specific documentation the
COL applicant is to provide for resolution of such issues.
OE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that CE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis, evaluating compliance with
the version of RG 1.8 current at the time of the review.
20.4.8 Issue I.A.3.1:
Operating Personnel
Licensing and Requalification of Operating
Personnel - Revise Scope of Criteria for
Licensing Examinations
This issue requires the inclusion of simulator examinations
as part of the licensing examinations.
SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing) resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR states that issues are identified
for COL action because they pertain to operating personnel
issues, operating procedures, and other topics beyond the
scope of the ABWR design certification review. SSAR
Section 19B.1.1 lists specific documentation the COL
applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis.
20.4.9 Issue I.A.4.1(2):
Operating Personnel Simulator Use and Development - Initial
Simulator Improvement; Interim Changes in
Training Simulators
This issue requires the following capabilities for
simulators: modeling saturation conditions; providing
multiple-failure accident training, including incorrect
instrument responses; providing training for both active
and passive failure of ESF components; providing training
on natural circulation operation under solid water
conditions; and other simulator weaknesses that may have
been identified under I.A.2.6 and I.A.4.2.
SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR

Appendix 19B. The SSAR states that issues are identified
for COL action because they pertain to operating personnel
issues, operating procedures, and other topics beyond the
scope of the ABWR design certification review. SSAR
Section 19B.1.1 lists specific documentation the COL
applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis.
20.4.10 Issue I.A.4.2:
Operating Personnel Simulator Use and Development - Long-Term
Training Upgrade
Refer to the evaluation of 10 CFR 50.34(f)(2)(i) in
Section 20.5.13 of this report.
20.4.11 Issue I.C.I: Operating Procedures - ShortTerm Accident Analysis and Procedures
Revision
The objective of this issue was to improve the analysis of
design-basis and off-normal transients and accidents and
the procedures for handling them. Actions to address this
issue include the performance of analyses of small-break
LOCAs, inadequate core cooling, transients, and ace dents;
preparation of emergency procedure guidelines (BPGs);
implementation of appropriate emergency procedures; and
training of operators.
The development of detailed procedures and training
materials is beyond the scope of the ABWR design
certification review and the COL applicant will be
responsible for addressing this TMI item. The staff
verified that GE established a COL action item in SSAR
Section 13.5.3 for procedure development.
SSAR
Section 13.5.3.1 states that the methods and criteria for the
development, V&V, implementation, maintenance, and
revision of procedures will include considerations of I.C. 1.
This approach is acceptable to the staff as discussed in
Section 13.5 of this report.
20.4.12 Issue I.C.2: Operating Procedures - Shift
Relief and Turnover Procedures
This issue requires that plant procedures include provisions
to assure that shift and relief turnover is adequately
prescribed to ensure that each oncoming shift is aware of
critical plant status information and system availability
prior to assuming duties.
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SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR states that issues are identified
for COL action because they pertain to operating personnel
issues, operating procedures, and other topics beyond the
scope of the ABWR design certification review. SSAR
Section 19B.1.1 lists specific documentation the COL
applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that OB
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis.
20.4.13 Issue I.C.3: Operating Procedures - Shift
Supervisor Responsibilities
This, issue requires review and revision of plant procedures
and directives to assure that duties, responsibilities, and
authority are properly defined to establish a definite line of
command and clear delineation of the command decision
authority of the supervisor in the control room relative to
other plant management personnel. It also requires
training programs for shift supervisors to emphasize and
reinforce the responsibility for safe operation and the
management function of the shift supervisor to assure safe
operation of the plant.
SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR states that issues are identified
for COL action because they pertain to operating personnel
issues, operating procedures, and other topics which are
beyond the scope of the ABWR design certification review.
SSAR Section 19B.1.1 lists specific documentation the
COL applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis.
20.4.14 Issue I.C.4: Operating Procedures - Control
Room Access
This issue requires that the authority and responsibilities of
the person in charge of control room access and clear lines
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of authority and responsibility in the control room in the
event of an emergency be established in conformance with
item 2.2.2.a of NUREG-0578, "TMI-2 Lessons Learned
Task Force Status Report and Short-Term Recommendations," dated July 1979.
SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR states that issues are identified
for COL action because they pertain to operating personnel
issues, operating procedures, and other topics beyond the
scope of the ABWR design certification review. SSAR
Section 19B.1.1 lists specific documentation the COL
applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis.
20.4.15 Issue I.C.5:
Operating
Procedures for Feedback
Experience to Plant Staff

Procedures of Operating

Refer to the evaluation of 10 CFR 50.34(f)(3)(i) in
Section 20.S.41 of this report.
20.4.16 Issue I.C.6:
Operating Procedures Procedures for Verification of Correct
Performance of Operating Activities
This issue requires review and revision, as necessaiy, of
procedures to assure that an effective system of verifying
the correct performance of operating activities is provided
as a means of reducing human errors and improving the
quality of normal operations. Such a verification system
may include automatic system status monitoring and human
verification of operations and maintenance activities
independent of the people performing the activity.

SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR states that issues are identified
for COL action because they pertain to operating personnel
issues, operating procedures, and other topics beyond the
scope of the ABWR design certification review. SSAR
Section 19B.1.1 lists specific documentation the COL
applicant is to provide for resolution of such issues.
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GE identified this issue for COL applicant action in the
"Safety Issues Index."
The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis.
!

20.4.17 Issue I.C.7: Operating Procedures - NSSS
Vendor Review of Procedures
This issue requires that applicants for near-term operating
licenses (NTOLs) obtain the NSSS vendor's review of the
low-power and power-ascension test and emergency
procedures to further verify the adequacy of the
procedures.
SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR states that issues are identified
for COL action because they pertain to operating personnel
issues, operating procedures, and other topics beyond the
scope of the ABWR design certification review. SSAR
Section 19B.1.1 lists specific documentation the COL
applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis.

GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. However,
the COL applicant's responsibility for resolution of this
issue extends only to providing the necessary procedures
to the task force, accommodating the task force review,
and addressing the review findings to the satisfaction of the
NRC.
20.4.19 Issue I.C.9: Operating Procedures - LongTerm Program Plan Procedures for Upgrading
of Procedures
Refer to the evaluation of 10 CFR 50.34(f)(2)(ii) in
Section 20.S. 14 of this report.
20.4.20 Issue I.D.I: Control Room Design - Control
Room Design Reviews
Refer to the evaluation of 10 CFR 50.34(f)(2)(iii) in
Section 20.5.15 of this report.
20.4.21 Issue I.D.2: Control Room Design • Plant
Safety Parameter Display Console
Refer to the evaluation of 10 CFR 50,34(f)(2)(iv) in
Section 20.5.16 of this report.
20.4.22 Issue I.D.3: Control Room Design - Safety
System Status Monitoring
Refer to the evaluation of 10 CFR 50.34(f)(2)(v) in
Section 20.5.17 of this report.

20.4.18 Issue I.C.8: Operating Procedures - Pilot
Monitoring of Selected Emergency Procedures
for NTOL Applicants

20.4.23 Issue I.D.5(2): Control Room Design - Plant
Status and Post-Accident Monitoring

This issue requires an interdisciplinary and interoffice
NRC task force review of emergency procedures received
from NTOL applicants and of the training related to the
symptoms of the postulated transients.

The objective of this issue is to improve the ability of
nuclear power plant control room operators to prevent,
diagnose, and properly respond to accidents and
concentrates on the operator's information needs.

SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR indicates that issues are
identified for COL action because they pertain to operating
personnel issues, operating procedures, and other topics
beyond the scope of the ABWR design certification review.
SSAR Section 19B.1.1 lists specific documentation the
COL applicant is to provide for resolution of such issues.

The review criteria for this issue are contained in RG 1.97
(Rev. 3). This document provides guidance for the design
of instrumentation to help the operators (1) to determine
the nature of an accident and whether the reactor trip and
engineered safety features are functioning properly, (2) to
provide information regarding the potential for breaching
the barriers to radioactivity release, and (3) furnish data
for deciding on the need to take manual action if an
engineered safety feature malfunctions.

20-65

NUREG-1503

Generic Issues
SSAR Section 19B.2.6S states that the ABWR information
system provides information for manual initiation and
control of safety systems.
These systems provide
information sufficient for the operators to take an appropriate action when needed. Section 19B.2.6S refers to SSAR
Section 7.5, "Information Systems Important to Safety,"
which describes safety-related display systems that provide
information for the safe operation of the plant during
normal operation, anticipated operational occurrences, and
accidents.
SSAR Section 7.5.2.1, "Post Accident
Monitoring System," describes Type A Variables, which
are plant-specific parameters needed to alert the control
room operators to take actions manually, initiating a
system or function that otherwise would not be automatically initiated in the course of an event. In conformance
with the guidelines provided in RO 1.97, SSAR Table 7.5-2 lists post-accident monitoring variables which are
common to BWR designs. The staff concludes that the
features discussed above adequately address this issue for
the ABWR design.
20.4.24 Issue I.D.5(3): Control Room Design - OnLine Reactor Surveillance System
This issue addresses noise surveillance and diagnostic
techniques associated with the on-line reactor surveillance
system. More specifically, it focuses on neutron noise
monitoring in BWRs to detect the impact of instrument
tubes against fuel channel boxes or detect other loose
internal reactor parts.
The review criteria for this issue are addressed in
RG 1.133, "Loose Parts Detection Program for the
Primary System of Light-Water Cooled Reactor." SSAR
Section 4.4.4, "Loose-Parts Monitoring System, "describes
the ABWR design features to provide detection of loose
metallic parts within the RPV. The loose-parts monitoring
system (LPMS) is designed to provide detection and
operator warning of loose parts in the RPV to avoid or
mitigate damage to or malfunction of reactor components.
Additional design considerations provide for the inclusion
of electronic features to minimize operator interfacing
requirements during normal LPMS operation. These
electronic features improve the LPMS capability when
operator action is required. GE provided a general
description of the LPMS, including the design bases,
system description, system operation, safety evaluation,
test, inspection, and application. The LPMS includes sensors (accelerometers located at neutral loose parts collection regions, e.g., steam outlet nozzle, feedwater inlet
nozzle, control rod drive housings), signal conditioning,
signal analysis, alarms, and calibration.
The staff
reviewed the LPMS description and concluded in Section 4.4.4.2 of this report that it conforms with RG 1.133
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and, therefore, concludes that GE adequately addressed
this issue for the ABWR design.
20.4.25 Issue I.F.I: Quality Assurance (QA) - Expand
QAList
Refer to the evaluation of 10 CFR 50.34{f)(3)(ii) in
Section 20.5.42 of this report.
20.4.26 Issue I.F.2: Quality Assurance - Develop More
Detailed QA Criteria
Refer to the evaluation of 10 CFR 50.34(f)(3)(iii) in
Section 20.5.43 of this report.
20.4.27 Issue I.G.I: Preoperational and Low-Power
Testing - Training Requirements
The objective of this issue is to increase the capability of
shift crews to operate facilities in a safe and competent
manner by assuring that training for plant changes and offnormal events is conducted.
The review criterion for this issue is the definition of
training plans prior to fuel loading and the conduct of
training prior to full-power operation for each operating
shift. The resolution of this issue is beyond the scope of
the ABWR design certification review, and the COL
applicant will be responsible for addressing it. SSAR
Section 13.2 discusses training requirements for reactor
operators. The staff verified that GE established a COL
action item in SSAR Section 13.2.3.2 to include training
requirements for preoperational and low-power testing
activities. This approach is acceptable to the staff as
discussed in Section 13.2 of this report.
20.4.28 Issue I.G.2: Preoperational and Low-Power
Testing - Scope of Test Program
The objective of this issue is to review the
comprehensiveness of test programs to identify anomalies
in a plant's response to transients.
The review criteria for resolution of this issue are specified
in SRP Chapter 14, "Initial Test Program • Final Safety
Analysis Report," and RG 1.68, "Initial Test Programs for
Water-Cooled Reactor Power Plants." SRP Section 14.2
sets forth the acceptable test procedures to establish the
degree of conformance with the applicable tests identified
in RG 1.68. RG 1.68, in turn, describes the general scope
and depth of initial test programs acceptable to the NRC
staff for light-water cooled reactors.
RG 1.68,
Appendix A provides a representative listing of plant
structures, systems, and components design features and
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performance capability tests that should be demonstrated
during the initial test program.
The staff reviewed the test program proposed
the ABWR and concludes in Section 14.2 of
that it conforms to SRP Chapter 14 and
Therefore, the staff concludes that GE
addressed this issue for the ABWR.

issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a caee-by<case basis.

by GE for
this report
RG 1.68.
adequately

20.4.33 Issue n.B.8: Consideration of Degraded or
Melted Cores in Safety Review - Rulemaking
Proceeding on Degraded Core Accidents

20.4.29 Issue n . B . l : Consideration of Degraded or
Melted Cores in Safety Review - Reactor
Coolant System Vents

Refer to the evaluations of 10 CFR 50.34(0(1X0*
50.34(fX2Xix), 50.34(fX3Xiv), and 50.34(fX3Xv) in Sections 20.5.1,20.5.21,20.5.44, and 20.5.45, respectively,
of this report.

Refer to the evaluation of 10CFR 50.34(f)(2Kvi) in
Section 20.5.18 of this report.

20.4.34 Issue D.D.1: Reactor Coolant System Relief
and Safety Valves - Testing Requirements

20.4.30 Issue n.B.2: Consideration of Degraded or
Melted Cores in Safety Review - Plant
Shielding to Provide Access to Vital Areas and
Protect Safety Equipment for Post-Accident
Operation

Refer to the evaluation of 10 CFR 50.34(f)(2)(x) in
Section 20.5.22 of this report.

Refer to the evaluation of 10 CFR 50.34(f)(2)(vii) in
Section 20.5.19 of this report.
20.4.31 Issue D.B.3: Consideration of Degraded or
Melted Cores in Safety Review - Post-Accident
Sampling
Refer to the evaluation of 10 CFR 50.34(f)(2Xviii) in
Section 20.5.20 of this report.
20.4.32 Issue D.B.4: Consideration of Degraded or
Melted Cores in Safety Review - Training tor
Mitigating Core Damage
This issue requires development and implementation of a
training program to teach the use of installed equipment
and systems to control or mitigate accidents in which the
core is severely damaged.
SSAR Section 19B.3.1 indicates that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR states that issues are identified
for COL action because they pertain to operating personnel
issues, operating procedures, and other topics which are
beyond the scope of the ABWR design certification review.
SSAR Section 19B.1.1 lists specific documentation the
COL applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety

20.4.35 Issue II.D.3: Reactor Coolant System Relief
and Safety Valves - Relief and Safety Valve
Position Indication
Refer to the evaluation of 10 CFR 50.34(f)(2)(xi) in
Section 20.5.23 of this report.
20.4.36 Issue H.E.1.1: System Design - Auxiliary
Feedwater System - Auxiliary Feedwater
System Evaluation
This issue is not applicable to the ABWR as discussed in
the evaluation of 10 CFR 50.34<fXl)(ii) in Section 20.5.2
of this report.
20.4.37 Issue II.E.1.2: System Design - Auxiliary
Feedwater System - Auxiliary Feedwater
System Automatic Initiation and Flow
Indication
This issue is not applicable to the ABWR as discussed in
the evaluation of 10 CFR 50.34(f)(2)(xii) in
Section 20.5.24 of this report.

20.4.33 Issue II.E.1.3; System Design - Auxiliary
Feedwater System - Update the Standard
Review Plan and Develop Regulatory Guidance
This issue requires the NRC to update SRP Section 10.4.9
and issue a regulatory guide on AFWSs.
The staff determined that this issue is not applicable to the
ABWR, since a BWR plant does not incorporate an
AFWS. Therefore, this issue is not technically relevant to
the ABWR design and does not need to be addressed.

20-67

NUREG-1503

Generic Issues
20.4.39 Issue H.E.3.1: System Design - Decay Heat
Removal - Reliability of Power Supplies for
Natural Circulation
This issue is not applicable to the ABWR as discussed in
the evaluation of 10 CFR 50.34<fX2Xxiii) in
Section 20.5.25 of this report.
20.4.40 Issue H.E.4.1: Systtm Design - Containment
Design - Dedicated Penetrations
Refer to the evaluation of 10 CFR 50.34(D(3)(vi) in
Section 20.5.46 of this report.
20.4.41 Issue n.E.4.2: System Design - Containment
Design - Isolation Dependability
Refer to the evaluation of 10 CFR 50.34(fX2Xxiv) in
Section 20.5.26 of this report.
20.4.42 Issue H.E.4.4: System Design - Containment
Design - Purging
Refer to the evaluation of 10 CFR 50.34(fX2Xxv) in
Section 20.5.27 of this report.
20.4.43 Issue D.E.5.1: System Design - Design
Sensitivity of Babcock & Wilcox (B&W)
Reactors - Design Evaluation
This issue is not applicable to the ABWR as discussed in
the evaluation of 10 CFR 50.34<fX2X*vi) in
Section 20.5.28 of this report.
20.4.44 Issue O.E.6.1: System Design - In-SUu
Testing of Valves - Test Adequacy Study
The objective of this issue is to establish the adequacy of
current requirements for safety-related valve testing. It
recommends a study that would result in recommendations
for alternate means of verifying performance requirements.
This issue was divided into four parts during its resolution:
(1) pressure isolation valves (PIVs), (2) check valves,
(3) revaluation of thermal-overload protection provisions
of RG 1.106, "Thermal Overload Protection for Electric
Motors on Motor-Operated Valves," for MOVs, and
(4) in-situ testing of MOVs.
Relative to in-situ testing of PIVs, SSAR Section 3.9,6
requires that all the PIVs listed in Table 3.9-9 be leak
tested in accordance with the ABWR TS. This approach
is an acceptable way of addressing this part of the issue.
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Regarding in-situ testing of check valves, SSAR
Section 3.9.6.2.1 indicates that the COL applicant i»
responsibleforperforming in-situfoil-flowtesting of check
valves, in addition to the ASME Section XI inservice
testing requirements. Advanced, nonintrusive techniques
will be used to assess degradation and performance
characteristics of the check valves. In addition, the COL
applicant is to develop a program to establish the
frequency and extent of disassembly and inspection of
check valves. This approach is responsive to the
applicable guidelines of SECY-90-016 regarding inservice
testing of pumps and valves and is an acceptable means of
addressing this part of the issue.
For reevaluation of MOV thermal-overload protection,
SSAR Tables 1.8-20 and 1.8-22 state that the ABWR
design complies with RO 1.106 and NUREO-1296,
"Thermal Overload Protection for Electric Motors on
Motor-Operated Valves • Generic Issue II.E.6.1,"
respectively. In addition, SSAR Section 3.9.6.2.2 states
that the guidelines of GL 89-10 will be implemented.
Since the staff determined that the guidelines of RG 1.106
adequately address thermal-overload protection and
GL 89-10 addresses control switch settings, which include
thermal overload, the staff concludes that GB's approach
to this part of the issue is acceptable.
With respect to in-situ testing of MOVs, SSAR
Section 3.9.6.2.2 discusses implementation of the
guidelines of GL 89-10 in sufficient detail for the staff to
conclude in Section 3.9.6.2 of this report, that the staffs
positions in SECY-90-016 as an applicable regulation
regarding inservice testing of pumps and valves are
addressed and that GE took an acceptable approach to this
part of the issue.
20.4.45 Reserved.
20.4.46 Issue O.F.1: Instrumentation and Controls Additional A c c i d e n t Monitoring
Instrumentation
Refer to the evaluation of 10 CFR 50.34(f)(2)(xvii) in
Section 20.5.29 of this report.
20.4.47 Issue n.F.2: Instrumentation and Controls Identification of and Recovery from Conditions
Leading to Inadequate Core Cooling
Refer to the evaluation of 10 CFR 50.34(f)(2)(xviii) in
Section 20.5.30 of this report.
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20.4.41 Issue II.F.3: Instrumentation and Controls Instruments for Monitoring
Accident
Conditions
Refer to the evaluation of 10 CFR 50.34<0(2Xxix) in
Section 20.5.31 of this report.
20.4.49 Issue n.G.l:
Electrical Power - Power
Supplies for Prctsuriaer Relief Valves, Block
Valves, and Level Indicators
This issue is not applicable to the ABWR as discussed in
the evaluation of 10 CFR 50.34(f)(2)(xx) in
Section 20.S.32 of this report.
20.4.50 Issue II.J.3.1: General Implications of TMI
for Design and Construction Activities Management for Design and Construction Organization and Staffing to Oversee Design
and Construction
Refer to the evaluation of 10 CFR 50.34(Q(3Xvu) in
Section 20.5.47 of this report.
20.4.51 Issue H.J.4.1: General Implications of TMI
for Design and Construction Activities - Revise
Deficiency Reporting Requirements
This issue requires the NRC to improve the event-reporting
requirements of 10 CFR 50.55(e) and 10 CFR Part 21 to
ensure that all reportable items are reported promptly and
that information submitted is complete.
SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR states that issues are identified
for COL action because they pertain to operating personnel
issues, operating procedures, and other topics beyond the
scope of the ABWR design certification review. SSAR
Section 19B.1.1 lists specific documentation the COL
applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. However,
the COL applicant's responsibility for resolution of this
issue extends only to complying with the current
regulations. The staff will review the COL applicant's
proposed resolution of this issue on a case-by-case basis,
evaluating compliance with the versions of 10 CFR
50.55(e) and 10 CFR Part 21 current at the time of the
review.

20.4.82 Issue H.K.1(5): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-of-

Feedwater Accidents - IE Bulletins - SafetyRelated Valve Position Description

The objective of this issue is to have plants (1) review all
valve positions and positioning requirements and positive
controls, along with all related test and maintenance
procedures, to assure proper ESF functioning, if required,
and (2) verify that AFW valves are in the open position.
The verification that AFW valves are in the open position
is applicable to PWRs only, since a BWR design does not
include an AFWS. Therefore, this portion of the issue it
is not technically relevant to the ABWR design and does
not need to be addressed.
The review of valve positions and positioning requirements
and positive controls is beyond the scope of the ABWR
design certification review, and the COL applicant will be
responsible for addressing this portion of the TMI item.
This was identified in the DFSER as COL Action
Item 18.7.2.2-7. The staff verified that GE established a
COL action item (Item 18.8.7) in SSAR Section 18.8 for
an evaluation of the indication of local valve position.
This approach adequately addresses DFSER COL Action
Item 18.7.2.2-7 as discussed in Section 18.7.2.2 of this
report.
20.4.53 Issue ILK. 1(10): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - IE Bulletins • Review
and Modify Procedures for Removing SafetyRelated Systems from Service
Between April 1, 1979, and July 26, 1979, the former
NRC Office of Inspection and Enforcement (IE) issued
nine bulletins to various operating plant licensees. This
issue requires compliance with the requirements of the IE
Bulletins related to operability determination and criteria
needed to be met before removing safety-related equipment
from service.

The DFSER reported that the SSAR stated that the COL
applicant will review ail maintenance and test procedures
during the preoperational test phase. It also stated that the
COL applicant will ensure that the maintenance and test
procedures require verification of operability of redundant
safety-related systems before removing the safety system
from service. The SSAR also stated that the COL
applicant will verify the operability of safety-related
systems after performing maintenance or tests as part of
the test to restore a system to service. The staff concluded
that these requirements satisfied this TMI item, but stated
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that compliance with the TMI item was DFSER COL
Action Item 20.3.1-2.
The staff verified that GH established a COL action item
in SSAR Section 1A.3.2 for reviewing and modifying, as
required, the procedures for removing safety-related
systems from and restoring them to service to assure that
their operability status is known. (The staff will verify
that the procedures satisfy these requirements, which
correspond to Item 8 of IE Bulletin 79-08, while reviewing
the preoperational testing.) The staff concludes that this
approach adequately addresses DFSER COL Action
Item 20.3.1-2 and OE adequately addressed this TMI item
for the ABWR design.
20.4.54 Issue n.K.l(13): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - IE Bulletins - Proposed
Technical Specification Changes Reflecting
Implementation of All Bulletin Items
Between April 1, 1979, and July 26, 1979, IE issued nine
bulletins to various operating plant licensees. This issue
requires operating plants to propose TS changes reflecting
implementation of all bulletin items, as required.
Since 1969, there has been a trend to include in TS not
only those requirements derived from safety analyses and
evaluations, but also many other Commission requirements
governing the operation of nuclear power reactors.
Therefore, to make TS more operator oriented and to focus
on the more important requirements, in its interim
"Commission Policy Statement on Technical Specifications
Improvements for Nuclear Power Plants," (52 FR 3788
dated February 6, 1987), the Commission established
criteria to determine which requirements should remain in
TS and which requirements could be relocated to licenseecontrolled documents. Based on these criteria and with
industry input, the staff developed improved standard
technical specifications (STS). The bulletin items covered
by this TMI item were considered in the development of
the improved STS.
Future TS, including those for advanced reactors such as
the ABWR, are to be based on the improved STS.
Consequently, this approach supersedes the need to
specifically address the bulletin items covered by this issue
for the ABWR. Section 16 of this report discusses the
development and acceptability of the ABWR TS.
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20.4.55 Issue O.K. 1.(22): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - IE Bulletins - Describe
Automatic and Manual Actions for Proper
Functioning of Auxiliary Heat Removal
Systems When Feedwater System Not Operable
Refer to the evaluation of 10 CFR 50.34(f)(2)(xxi) in
Section 20.5.33 of this report.
20.4.56 Issue H.K.K23): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - IE Bulletins - Describe
Uses and Types of RV Level Indication for
Automatic and Manual Initiation Safety
Systems
Between April 1, 1979, and July 26,1979, IE issued nine
bulletins to various operating plant licensees. This issue
requires the performance of systems reliability analyses
and changes in EOPs and operator training to improve the
capability of plants to mitigate the consequences of the
SBLOCAs and loss-of-feedwater events.
The review criterion for this issue is that the reactor water
level must be known to the operators under all normal and
abnormal conditions. The instrumentation that serves this
purpose must be functional under all conditions, and must
provide the operators all the information necessary to
assess the state of the plant and what corrective action to
be taken when needed.
SSAR Section 1A.2.21, describes the instrumentation that
give the operator the information necessary to assess plant
status.
It provides information for the following
conditions:

•

Shutdown water level range - used to monitor the
reactor water level during shutdown conditions when
the reactor is flooded for maintenance and head
removal.

•

Narrow water level range - RPV taps at the elevation
above the main steam outlet nozzle and a tap at an
elevation near the bottom of the dryer skirt. This
range is used for the water-level control and indication
inputs of the feedwater control system.
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•

Wide water level range - RPV taps at the elevation
above the main steam outlet nozzle and taps at the
elevation near the top of the active fuel. These
instruments provide inputs to various safety systems
and ESFs.

•

Fuel zone, water level range - RPV taps at the
elevation above the main steam outlet nozzle and taps
just above reactor internal pump deck. These
instruments provide input to water-level indication
only.

The instrumentation described above will improve the
capability of the plant to mitigate the consequences of the
SBLOCAs and loss-of-feedwater events, which is the
objective of this issue. Therefore, the staff concludes that
OE adequately addressed the requirements of this TMI
item for the ABWR design.
20.4.57 Issue II.K.2(9): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - Commission Orders on
B&W Plants - Analysis and Upgrading of
Integrated Control System
This issue is not applicable to the ABWR as discussed in
the evaluation of 10 CFR 50.34(fX2)(xxii) in
Section 20.5.34 of this!report.
20.4.58 Issue U.K.2(10): Measures to Mitigate SmallBreak Loss-of-Cooiant Accidents and Loss-ofFeedwater Accidents - Commission Orders on
B&W Plants - Hard-Wired Safety-Grade
Anticipatory Reactor Trips

20.4.(0 Issue II.K.3(2): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - final Recommendations
of Bulletins and Orders Task Force - Report on
Overall Safety Effect of Power-Operated Relief
Valve (PORV) Isolation
This issue is not applicable to the ABWR as discussed in
the evaluation of 10 CFR 50.34(f)(l)(iv) in Section 20.5.4
of this report.
20.4.(1 Issue D.K.3(3): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - Final Recommendations
of Bulletins and Orders Task Force - Report
Safety and Relief Valve Failures Promptly and
Challenges Annually
This issue requires all operating plants and operating
license applicants to report safety and relief valve failures
promptly and challenges annually.
In the DFSER, the staff reported that SSAR Section 1.9
committed the COL applicant to report the failures of
safety and relief valves in the annual report to the NRC in
accordance with the requirement of this TMI item and that
this approach was acceptable. COL applicant compliance
with the requirement was identified as DFSER COL
Action Item 20.3.1-3.
The staff verified that GE
established a COL action item in SSAR Section 1A.3.4.
This approach adequately addresses DFSER COL Action
Item 20.3.1-3.

This issue is not applicable to the ABWR as discussed in
the evaluation of 10 CFR 50.34<fX2Xxxiii) in
Section 20.5.35 of this report.

20.4.62 Issue II.K.3(11): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - Final Recommendations
of Bulletins and Orders Task Force • Control
Use of PORV Supplied by Control
Components, Inc., Until Further Review
Complete

20.4.59 Issue II.K.2(16): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - Commission Orr **? on
B&W Plants - Impact of RCP Seal Damage
Following SBLOCA With Loss of Offsite Power

This issue requires all plants to justify the use of PORVs
supplied by Control Components, Inc., that had failed
during testing.

1

This issue is not applicable to the ABWR as discussed in
the evaluation of 10 CFR 50.34(Q(lXiu) in Section 20.5.3
of this report.

SSAR Chapter 15 demonstrates the ABWR's capability to
respond to the full spectrum of line breaks and loss-offeedwater accidents without loss of containment or
ignificant core damage. SSAR Section 5.2 describes the
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overpressure protection provided by the SRVs performing
an overpressure relief valve function, an overpressure
safety valve function, or an ADS function. SSAR
Section 19B.2.70 states that the SRV for the ABWR is not
a PORV by Control Components, Inc. For the safety
valve function, the ABWR will use a spring-loaded safety
valve with a pneumatic cylinder or piston for power operation in the ADS and relief function. Further, SSAR
Section 3.9.3.2.4.2 describes the qualification by type test
of the SRVs to IEEE 344, "Recommended Practice for
Seismic Qualification of Class IE Equipment for Nuclear
Power Generating Stations," for operability during a
dynamic event.
Hie staff concludes that since the ABWR design does not
use Control Components, Inc. PORVs and that the safety
valve for the ABWR design will be appropriately qualified,
this issue is adequately addressed for the ABWR design.
20.4.63 Issue U.K.3(13): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - Final Recommendations
of Bulletins and Orders Task Force Separation of HPCI and RCIC System
Initiation Levels
Refer to the evaluation of 10 CFR 50.34(f)(l)(v) in
Section 20.5.5 of this report.
20.4.64 Issue II.K.3(15)\- Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents -FinalRecommendations
of Bulletins and Orders Task Force - Modify
Break Detection Logic to Prevent Spurious
Isolation of HPCI and RCIC Systems
The HPCI and RCIC systems use differential pressure
sensors on elbow taps in the steam lines to their turbine
drives to detect and isolate pipe breaks in the systems. In
NUREG-0737, the staff stated that the pipe-break-detection
circuitry has resulted in spurious isolation of the HPCI and
RCIC systems because of the pressure spike that
accompanies the actuation of the systems. This TMI item
requires applicants to modify the pipe-break-detection
circuitry so that pressure spikes resulting from HPCI and
RCIC system initiation will not cause inadvertent system
isolation.
SSAR Section 1A.2.23 states that the ABWR design will
maintain the high-pressure inventory using the motordriven HPCF system rather than the turbine-driven HPCI
system. Therefore, this TMI item only applies to the
turbine-driven RCIC system of the ABWR.
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SSAR Section 1A.2.23 states that the ABWR high leak
detection and isolation system processes the differential
pressure signals that isolate the RCIC turbine. Spurious
trips are avoided because the RCIC has a bypass startup
system controlled by valves F037 and F045. Upon receiving RCIC start signals, bypass valve F045 opens to
pressurize the line downstream and accelerate the turbine.
The bypass line through F045 is small (diameter of 1 in.)
and naturally limits die initial flow surge to prevent a
differential pressure spike in the upstream pipe.
After approximately 5 to 10 seconds, steam supply valve
F037 opens to admit full steam flow to the turbine. At this
stage, the line downstream is already pressurized. This
design feature will reduce the possibility that a pressure
spike would occur during any phase of the normal startup
process. In the DFSER, the staff concluded that the
ABWR design adequately addresses the requirements of
this TMI item. However, the staff stated that the COL
applicant should test the RCIC bypass startup system
during plant startup and designated this as DFSER [COL]
Action Item 20.3.1-4. In the advance SER, the staff
concluded mat since GE had not yet included a COL action
item in the SSAR addressing this test, DFSER COL Action
Item 20.3.1-4 would remain open until OE had done so.
In Amendment 34, GE provided revised SSAR Section 1A.2.23 and provided a new Section 1A.3.8 that
establish a COL action item for the COL applicant to test
the RCIC bypass startup system during plant startup. This
approach adequately addresses DFSER COL Action Item
20.3.1-4.
20.4.65 Issue II.K.3(16): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents -FinalRecommendations
of Bulletins and Orders Task Force - Reduction
of Challenges and Failures of Relief Valves;
Feasibility Study and System Modification
Refer to the evaluation of 10 CFR 50.34(f)(l)(vi) in
Section 20.5.6 of this report.
20.4.66 Issue II.K.3(17): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - Final Recommendations
of Bulletins and Orders Task Force - Report on
Outage of ECC Systems; Licensee Report and
Technical Specification Changes
This TMI item required all GE plants to review data on
ECC system outages to determine if cumulative outage
time limitations should be incorporated in TS. It also
required submittal of a report detailing outage dates,
lengths of outages, and causes of the outages for all
ECCSs.
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The DFSER reported that the STS permit several
components of the ECCS to have substantial outage times
(e.g., 72 hours for one diesel generator; 14 days for the
HPCF system). The ABWR TS contain limits on
allowable outage times for ECCSs and ECC components
but do not specify cumulative outage time limitations for
the ECCSs. This was identified in the DFSER as
TS Item 20.3.1. The advance SER stated that cumulative
outage times were not required to be in the ABWR TS, but
would be implemented in plant administrative procedures
as discussed in Chapter 16 of the SER. The DFSER, also
reported that SSAR Section 1.9 established an action item
for the COL applicant to report ECCS outages in annual
summary reports to the NRC. The staff also reported in
the DFSER that it would review compliance with this
requirement during the COL review. This was identified
in the DFSER as COL Action Item 20.3.1-5.
The staff verified that GE established a COL action item
in SSAR Table 1.9-1 (Item 1.9) to prepare and submit
annual reports on ECCS unavailability that also include
information on outage dates, lengths, and causes; ECCSs
or ECC components involved; and any corrective action
taken. SSAR Section 1A.2.25 also states that operating
license applicants will establish a plan to meet these
reporting requirements. This is approach adequately
addresses DFSER COL Action Item 20.3.1-5.
20.4.(7 Issue H.K.3(18): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - Final Recommendations
of Bulletins and Orders Task Force Modification of ADS Logic; Feasibility Study
and Modification for Increased Diversity for
Some Event Sequences
Refer to the evaluation of 10 CFR 50.34(f)(l)(vii) in
Section 20.5.7 of this report.

20.4.(9 Issue H.K.3(22): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - Final Recommendations
of Bulletins and Orders Task Force Automatic Switchover of RCIC System
Suction; Verify Procedures and Modify Design
This TMI item required that until the automatic switchover
of RCIC system suction from the condensate storage tank
to the suppression pool when the condensate storage tank
level is low was implemented in BWRs, licensees and
applicants would need to verify that clear and cogent
procedures existed for the manual switchover of the RCIC
system suction.
The RCIC system in the ABWR design includes an
automatic switchover feature to change the pump suction
source from the RCIC condensate storage tank to the
suppression pool. The safety-grade switchover will
automatically occur when the RCIC system receives a lowlevel signal from the condensate storage tank or a highlevel signal from the suppression pool. The staff
concludes that since the ABWR design incorporates this
automatic switchover, there is no need for verification of
the manual switchover procedures and that GE's approach
adequately addresses the requirements of this TMI item for
the ABWR design.
20.4.70 Issue II.K.3(23): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - Final Recommendations
of Bulletins and Orders Task Force - Central
Water Level Recording
Refer to the evaluation of 10 CFR 50.34(f)(2)(xxiv) in
Section 20.5.36 of this report.

20.4.68 Issue n.K.3(21): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - Final Recommendations
of Bulletins and Orders Task Force - Restart of
Core Spray and LPCI Systems on Low Level;
Design and Modification

20.4.71 Issue U.K.3(24): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents -FinalRecommendations
of Bulletins and Orders Task Force - Confirm
Adequacy of Space Cooling for HPCI and
RCIC Systems

Refer to the evaluation of 10 CFR 50.34(f)(l)(viii) in
Section 20.5.8 of this report.

Refer to the evaluation of 10 CFR 50.34(f)(l)(ix) in
Section 20.5.9 of this report.
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20.4.72 Issue n.K.3(25): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - Final Recommendations
of Bulletins and Orders Task Force - Effect of
Loss of ac Power on Pump Seals
Refer to the evaluation of 10 CFR 50.34(f)(l)(iii) in
Section 20.5.3 of this report.
20.4.73 Issue D.K.3(27): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents -FinalRecommendations
of Bulletins and Orders Task Force • Provide
Common Reference Level for Vessel Level
Instrumentation
This issue required all reactor vessel level instruments on
GE plants to be referenced to the same point to avoid
potential confusion of operators if different reference
points were used for various reactor vessel water level
instruments. It recommended the use of either the bottom
of the vessel or the active fuel as reasonable common
reference points.
The review criterion for this issue is to confirm that the
ABWR design has a common zero reference for all water
level indications.
SSAR Section 19B.2.71 states a
common reference for the reactor vessel water level has
been set at the top of the active fuel level as described in
SSAR Section 7.7.
The staff confirmed that SSAR
Section 7.7.1.1 (6)(c) indicates that the zero of the reactor
vessel water level instruments has been set at the top of the
active fuel and the instruments are calibrated to be accurate
at the normal power operating point. Therefore, the staff
concludes that the ABWR design adequately addresses the
requirements of this TMI item.

20.4.74 Issue n.K.3(28): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents ~ Final Recommendations
of Bulletins and Orders Task Force - Study
and Verify Qualification of Accumulators on
ADS Valves
Refer to the evaluation of 10 CFR 50.34(f)(l)(x) in
Section 20.S.10 of this report.
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20.4.75 Issue n.K.3(30): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - Final Recommendations
of Bulletins and Orders Task Force - Revised
SBLOCA Methods to Show Compliance with
10 CFR Part 50, Appendix A
This issue requires all licensees and applicants to revise,
document, and submit for NRC approval the analyses used
by NSSS vendors and/or fuel suppliers for SBLOCA
analysis in compliance with 10 CFR Part 50, Appendix K.
The revised analyses were to account for comparisons with
experimental data, including data from the loss-of-fluid test
(LOFT) and Semiscale test facilities.
In response to this issue, the BWROG conducted a study
that was later endorsed by OE as being applicable to the
ABWR within this area. In a letter from R.H. Buchholz
(OE) to D.G. Eisenhut (NRC) dated June 26, 1981, OE
submitted information on the results of its study and
NRC's concerns with the small-break model. The GE
information consisted of modeling in SAFE, treatment of
pressure variation, and overall model assessment. The
staff reviewed this information and concluded that it was
acceptable. The staff concluded that the SBLOCA model
need not be changed because the test data comparisons and
other information submitted by GE acceptably demonstrate
that its small-break model complies with the analysis
requirements in 10 CFR Part 50, Appendix K.
The staff also reviewed the applicability of the BWROG
evaluation to the ABWR design. It concurs that no model
changes are required for the ABWR, because it is similar
in design to the current BWRs and thus will respond
similarly to SBLOCAs. Therefore, the staff concludes that
the requirements of this TMI item have been adequately
addressed for the ABWR SBLOCA model.
20.4.76 Issue n.K.3(31): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents -FinalRecommendations
of Bulletins and Orders Task Force - PlantSpecific Calculations to Show Compliance with
10 CFR 50.46
This issue requires licensees and applicants to submit for
NRC approval plant-specific calculations, using NRCapproved models for SBLOCAs, to show compliance with
10 CFR 50.46.
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The ABWR-specinc SBLOCA calculations in SSAR
Section 6.3 show compliance with 10 CFR 50.46, as
discussed in Section 6.3 of this report. Therefore, the
staff concludes that GE has adequately addressed the
requirements of this TMI item for the ABWR design.
20.4.77 Issue U.K.3(44): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - Final Recommendations
of Bulletins and Orders Task Force Evaluation of Anticipated Transients with
Single Failure to Verify no Significant Fuel
Failure
This issue requires licensees and applicants of GE plants
to demonstrate that the core remains covered or provide
analysis to show that no significant fuel damage results
from core uncovery for anticipated transients combined
with ithe worst single failure and proper operator actions.
This category includes transients that result from a stuckopen relief valve.
GE has endorsed the results of the BWROG study
(NEDO-24708, "Additional Information Required for NRC
Staff Generic Report on Boiling Water Reactors," which
had been accepted by the staff) as applicable to ABWR in
this area. In a letter dated December 29, 1980, from
D.B. Walters (BWROG) to NRC, the BWROG enclosed
an evaluation (NEDO-24708) in which it stated that the
worst-case transient with single failure combination for
BWR/2-6 plants is the loss-of-feedwater event with a
failure of the high-pressure ECCS. However, since the
ABWR design includes three high-pressure core injection
systems, the probability of a loss of all high-pressure
ECCS is low. GE also considered an event with a stuckopen relief valve, and a high-pressure ECCS failure, and
concluded that the core remained covered throughout the
transient either because the RCIC system operated or
because the RCS was depressurized by automatic or
manual means, permitting low-pressure inventory makeup.
GE also assumed the operator would manually depressurize
the vessel to permit low-pressure injection.
The staff has reviewed the results of the BWROG's study
and its applicability to ABWR and finds that GE has shown
that the ABWR design can keep the core covered and have
no fuel damage from core uncovery for transients
combined with the worst single failure. Therefore, GE
adequately addressed the requirements of this TMI item for
the ABWR design.

20.4.78 Issue H.K.3(45): Measures to Mitigate SmallBreak Loss-of-Cooiant Accidents and Loss-ofFeedwater Accidents - Final Recommendations
of Bulletins and Orders Task Force - Evaluate
Depressurization with Other Than Full ADS
Refer to the evaluation of 10 CFR 50.34(f)(l)(xi) in
Section 20.5.11 of this report.
20.4.79 Issue II.K.3(46): Measures to Mitigate SmallBreak Loss-of-Coolant Accidents and Loss-ofFeedwater Accidents - Final Recommendations
of Bulletins and Orders Task Force - Response
to List of Concerns from ACRS Consultant
This TMI item includes 16 questions, developed by
Mr. C. Michaelson of the ACRS staff, most of which
pertain to PWRs, to which all licensees and applicants
were required to respond.
GE responded to
Mr. Michaelson's concerns as they related to BWRs in a
letter dated February 21, 1980.
The staff required GE to review each of Mr. Michaelson's
questions and verify that the responses given for BWRs in
its February 21, 1980, letter were valid for the ABWR
design. In SSAR Table 1A-1, GE responds to all
16 questions. One question pertains to the adequacy of the
net positive suction head (NPSH) since the ABWR RCIC
and HPCF systems share a common suction line from the
condensate storage tank.
It is an ABWR design
requirement that adequate NPSH be available to the RCIC
and HPCF pumps for simultaneous operating modes of
these systems. Other questions pertain to the isolation of
small breaks, the adequacy of auxiliary feedwater, the
recirculation mode of HPCI pumps at high pressure, and
the simultaneous operation of HPCI and RHR pumps.
The staff reviewed the responses in SSAR Table 1 A-l and
found them to be similar to GE's responses to
Mr. Michaelson's questions for operating BWRs that it
previously accepted. This approach is acceptable for the
ABWR design. Therefore, the staff concludes that GE
adequately addressed the requirements of this TMI item for
the ABWR design.
20.4.80 Issue ID.A. 1.1(1): Emergency Preparedness
and Radiation Effects - Improve Licensee
Emergency Preparedness - Short Term;
Upgrade Emergency Preparedness, Implement
Action Plan Requirements for Promptly
Improving Licensee Emergency Preparedness
This issue requires approval of the overall state of
preparedness, primarily with respect to the capability of
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offsite agencies to take appropriate emergency actions in
the event of nuclear power plant accidents, i
SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR states that issues are identified
for COL action because they pertain to operating personnel
issues, operating procedures, and other topics beyond the
scope of the ABWR design certification review. SSAR
Section 19B.1.1 lists specific documentation the COL
applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. However,
the COL applicant's responsibility for resolution of this
issue extends only to providing support to the review and
approval process and addressing the review findings to the
satisfaction of the NRC.
20.4.81 Issue III.A. 1.2: Emergency Preparedness and
Radiation Effects Improve Licensee
Emergency Preparedness - Short Term;
Upgrade Emergency Preparedness
Refer to the evaluation of 10 CFR 50.34(f)(2)(xxv) in
Section 20.5.37 of this report.
20.4.82 Issue UI.A.2.1: Emergency Preparedness and
Radiation Effects -- Improve Licensee
Emergency Preparedness -LongTerm; Amend
10 CFR Part 50 and 10 CFR Part 50,
Appendix E
This issue required the NRC to revise 10 CFR Part 50, as
appropriate, to upgrade the emergency preparedness of
nuclear power plants and to revise the inspection program
to cover the upgraded requirements.
SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR states that issues are identified
for COL action because they pertain to operating personnel
issues, operating procedures, and other topics beyond the
scope of the ABWR design certification review. SSAR
Section 19B.1.1 lists specific documentation the COL
applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
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Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. However,
the COL applicant's responsibility for resolution of this
issue extends only to complying with the current
regulations. The staff will review the COL applicant's
proposed resolution of this issue on a case-by-case basis,
evaluating compliance with the version of the emergency
preparedness requirements of 10 CFR Part 50, as well as
10 CFR Part 50, Appendix E, current at the time of the
review.
20.4.83 Issue m.A.2.2: Emergency Preparedness and
Radiation Effects ~ Improve Licensee
Emergency Preparedness - Long Term;
Development of Guidance and Criteria
This issue requires the emergency plans to include
information on meteorological criteria, means for promptly
notifying the population, and emergency response facilities
as detailed in Revision 1 to NUREG-0654 (FEM A-REP-1),
"Criteria for Preparation and Evaluation of Radiological
Emergency Response Plans and Preparedness in Support of
Nuclear Power Plants."
SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR states that issues are identified
for COL action because they pertain to operating personnel
issues, operating procedures, and other topics beyond the
scope of the ABWR design certification review. SSAR
Section 19B.1.1 lists specific documentation the COL
applicant is to provide for resolution of such issues.
GE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis.
20.4.84 Issue UI.A.3.3: Emergency Preparedness and
Radiation Effects
Improving NRC
Emergency Preparedness - Communications
This issue requires the availability of communication
means that will enable the NRC, in the event of a nuclear
accident, to (1) monitor and evaluate the situation and
(2) potentially advise the plant operating staff, as needed,
and (3) in extreme cases, be able to issue orders governing
such operations.
SSAR Section 19B.3.1 states that the COL applicant is
responsible for providing resolutions of issues identified as
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"COL Applicant" in the "Safety Issues Index" of SSAR
Appendix 19B. The SSAR states that issues are identified
for COL action because they pertain to operating personnel
issues, operating procedures, and other topics beyond the
scope of the ABWR design certification review. SSAR
Section 19B. 1.1 lists specific documentation the COL
applicant is to provide for resolution of such issues.
OE identified this issue for COL applicant action in the
"Safety Issues Index." The staff verified that GE
established a COL action item (Item 19-28) in SSAR
Table 1.9-1 to address unresolved generic and TMI safety
issues. This approach is acceptable to the staff. The staff
will review the COL applicant's proposed resolution of this
issue on a case-by-case basis.
20.4.85 Issue OLD. 1.1:
Radiation Protection Radiation Source Control - Primary Coolant
Sources Outside the Containment Structure
Refer to the evaluation of 10 CFR 50.34(f)(2)(xxvi) in
Section 20.5.38 of this report.
20.4.86 Issue
ffl.D.3.3:
Radiation Protection Worker Radiation Protection Improvement Inplant Radiation Monitoring
Refer to the evaluation of 10 CFR 50.34(f)(2)(xxvii) in
Section 20.5.39 of this report.
20.4.87 Issue m.D.3.4:
Radiation Protection Worker Radiation Protection Improvement Control Room Habitability
Refer to the evaluation of 10 CFR 50.34(f)(2)(xxviii) in
Section 20.5.40 of this report.

20.5 10 CFR 50.34(0,
Requirements

Additional

TMI

This section addresses staff evaluation of paragraphs (1X0
through (3)(vii) of 10 CFR 50.34(f).
20.5.1 10 CFK 50.34(f)(D(i):
Consideration of
Degraded or Melted Cores in Safety Review Rulemaking Proceeding on Degraded Core
Accidents (TMI Item II.B.8), "Design
Alternatives from PRA"
Paragraph (l)(i) of 10 CFR 50.34(0 requires the applicant
to "perform a plant/site specific probabilistic risk
assessment, the aim of which is to seek such improvements
in the reliability of core and containment heat removal
systems as are significant and practical and do not impact
excessively on the plant."

20.5.1.1 Introduction
OE has made extensive use of the results of the PRA to
arrive at a final ABWR design. As a result, the estimated
core damage frequency and risk calculated for the ABWR
is very low both relative to operating plants and in absolute
terms. The low core damage frequency and risk for the
ABWR is a reflection of GE's efforts to systematically
minimize the effect of initiators or sequences that have
been important contributors to core damage frequency in
previous BWR PRAs. This has been done largely through
the incorporation of a number of hardware improvements
in the ABWR design. These include the provision of:
three separated divisions of ECCSs, a diverse and
independent combustion gas turbine capable of providing
ac power to any of the three divisions, an ac-independent
water addition system, and an FMCRD system as a backup
to the hydraulic drive system. Several improvements have
also been incorporated in the ABWR design to mitigate the
consequences of a core damage event, including inerting of
the containment atmosphere, inclusion of a lower drywell
flooder system and a containment overpressure protection
(vent) system, the use of basaltic concrete in the lower
drywell, and an increased ultimate pressure capacity.
These and additional ABWR design features which
contribute to low core damage frequency and risk for the
ABWR are discussed further in FSER Section 19.1.
In response to 10 CFR 50.34(0(1X0. GE provided an
initial evaluation of further ABWR design improvements
in a February 25, 1992 submittal. This submittal was
based on the original PRA results, and included
consideration of risk from both internally and seismically
initiated events. Based on this evaluation, GE concluded
that none of the design improvements considered were cost
beneficial.

The initial evaluation was subsequently revised to reflect
the results of the updated Level 1 PRA and containment
analyses, and was resubmitted on June 30, 1992. The
revised assessment was based on the risk reduction
potential for internal events only, in contrast to the original
evaluation which considered both internally and seismically
initiated events.
This more limited scope was a
consequence of GE's change in methodology from a
quantitative treatment of seismic risk to a qualitative,
margins-type analysis of seismic events. The net result of
the new analysis was an order of magnitude reduction of
estimated risk from severe accidents — from 0.047 pf** onSv to 0.0048 person-Sv (4.7 person-rem to 0.48 personrem) over a 60-year plant life — largely due to removal of
seismic events from the risk profile. The reduced risk in
the revised analysis further strengthened GE's original
conclusion that none of the design improvements, beyond
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those already incorporated in the ABWR design, were cost
beneficial.

to totally eliminate the severe accidents or their
consequences.

In response to staff comments, GE further modified their
evaluation of design improvements to include additional
discussion of selected design alternatives, further
clarification of the basis for risk-reduction estimates, and
additional factors in estimating costs for the modifications.
The risk estimates were also adjusted to reflect the results
of the final Level 2 analysis and the updated offsite
consequence calculations performed as part of the Level 3
portion of the PRA. The final evaluation was submitted as
SSAR Appendix 19P.

The staff notes that the frequencies of core damage
accidents and release bins on which GE based its
evaluation of design alternatives are slightly different than
those reported in SSAR Section 19D.5. However, these
differences are minor and would not alter the essential
conclusions of the analysis.

GE's evaluation of potential design improvements was
submitted in response to the requirements of 10 CFR
50.34(f)(l)0). The staffs review of GE's filial evaluation
of potential ABWR design improvements is presented
below.
20.5.1.2

Estimate of Risk for ABWR

20.5.1.2.1

GE Risk Estimates

GE estimated offsite consequences at five different sites,
each representing a different geographic region of the U.S.
Offsite consequences were calculated for each release class
or case from the Level 2 analysis using the CRAC2 code.
The meteorological and population data were obtained
from previously developed information contained in
NUREG/CR-2239, "Technical Guidance for Siting Criteria
Development." The source terms were determined using
the MAAP code for each of the release categories as
discussed in Section 19.1 of the FSER. The results of the
five sets of consequence calculations were averaged
together, to represent a typical site in the U.S.
GE's estimate of the cumulative offsite risk to the
population within 80 km (50 miles) of the site is provided
in SSAR Table 19P-1. The total cumulative exposure
calculated by GE is about 0.003 person-Sv (0.3 personrem), assuming a 60-year plant life. The extremely small
level of risk calculated by GE is primarily due to the low
estimated core damage frequency for the ABWR
(1.6E-7 per reactor year). As a case in point, even if all
core damage accidents resulted in the worst release, based
on GE's core damage frequency estimates for internal
events, the total exposure would only be about
0.3 person-Sv (30 person-rem).
As a result of the low estimated core damage frequency
and associated risk levels for the ABWR, any potential
modifications which cost more than a few dollars would
not be cost-effective, even if the design modification were
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20.5.1.2.2

Staff Review of GE's Risk Estimates

The staff independently estimated the risk associated with
severe accidents in the ABWR. A comparison of GE and
staff estimates of the person-Sv (person-rem) exposure for
each of GE's release classes is provided in FSER Table 20.5.1-1 for internally initiated events. GE's estimates
are based on the use of the MAAP and CRAC2 computer
codes, and meteorology for five different sites, as
described previously. The staff estimates of person-Sv
(person-rem) are based on use of the 50th percentile source
terms developed during the initial staff review of the
ABWR (FSER Table 20.5.1-2), the MACCS offsite
consequence code, and meteorology for the Zion site. The
staff estimates of the frequency of occurrence of each
release class are as reported in FSER Section 19.1.
The GE and staff estimates of person-Sv (person-rem)
exposure per event are generally consistent for the large
release classes (Cases 7, 8, and 9). The staffs dose
estimate is significantly higher for vented scenarios
(Case 1) due to the higher fission product release fractions
used in the staffs assessment. Similarly, the staffs
estimate is much lower for sequences with normal containment leakage (NCL) due to a significantly smaller staff
source term for this case. The differences between staff
and GE estimates for both these release classes are
insignificant, however, since these release classes do not
contribute appreciably to total risk.
The estimated total risk over a 60-year reactor operating
lifetime is extremely small in both the GE and staff
assessment. GE's analysis indicates a total dose of about
0.003 person-Sv (0.3 person-rem) over the 60-year period.
The staffs estimate is about 0.01 person-Sv (1 personrem). The difference is due largely to an increased
frequency of early releases in the staff assessment to
account for: (1) the contribution from unisolated LOCAs
outside containment, and (2) an increased probability of
early containment failure from direct containment heating.
It can be noted that total risk is dominated by events which
lead to early containment failure, and containment bypass.
This is consistent with the results from PRAs for operating
plants.
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Table 20.5.1-la Comparison of GE and staff adjusted offsite consequences (person-Sv)
GE Estimates 1'

Staff-Adjusted Estimates

|

Frequency

PersonSv

PersonSv per 60 y

Fraction

Frequency ^

PersonSv ^

PersonSv per 60 y

1 NCL

1.3E-7

96

.00075

.28

1.34E-7

.1

.000008

<.01

I

1 Casel

2.1E-8

1.4E2

.00018

.07

2.08E-8

1.4E3

.0017

.13

I

1 Case7

3.9E-10

2.7E4

.00063

.23

3.6E-10

1.6E4

.00035

.03

1

1 Case 8

4.1E-10

3.2E4

.00079

.29

i

3.6E-9 *'

4.5E4

.0097

.77

1

1 Cue 9

1.7E-10

3.3E4

.00034

.13

[

3.3E-10

4JE4#

.00089

.07

1

|

1.6E-7

.00269

1.0

1.0

1

1 Case*

Total

1.6E-7

fraction J

[

.0126

Table 20.5.1-lb Comparison of GE and staff adjusted offsite consequences (person-rem)
••HsMsWsVnHsVsVHH

Staff-Adjusted Estimates

GE Estimates 1'

|

Frequency

PersonRem

PersonRem per 60 y

Fraction

Frequency V

PersonRem y

PersonRem per 60 y

1.3E-7

9600

.075

.28

1.34E-7

100

.0008

2.1E-8

1.4E4

.018

.07

2.08E-8

1.4E5

.17

.13

I

3.9E-10

2.7E6

.063

.23

3.6E-10

1.6E6

.035

.03

1

1 Case8

4.SE-10

3.2E6

.079

.29

3.6E-9 *'

4.5E6

.97

.77

1

1 Case 9

1.7E-10

3.3E6

.034

.13

3.3E-10

4.5E6 *'

.089

1 Total

1.6E-7

0.269

1.0

1.6E-7

1 Case*

1

N C L

1 Casel

1

Cue7

1.26

Fraction |

<.01 1

M

.O7

I M I I

1.0

J
1

Notes:
*

For case description, refer to Table 20.5.1-2.

1/

Based on information reported in SSAR Table 19P-1.

2/

Based on GE's containment event tree end state frequencies with staff corrections.

2/

Based on staff 50th percentile source terms (see Table 20.5.1-2) and use of MACCS consequence code with Zion
site meteorology.

47

Staff frequency estimate includes: (1) contribution from unisolated LOCAs outside containment, and (2) increased
probability of early containment failure from direct containment heating.

£/

Based on the staffs source term estimate for Case 8.
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Table 20.5.1-2 Cesium and Iodine release fractions, as estimated by the staff and GE

OB Case

Cesium

Iodine

fitfiffff Rfftimtff

GWtt Bfltjimtt

Idfifitifia

&h

50th

95th

NCL

2.1x10-"

3.2xlO»

3.9x10*

5.U10

Casel

2.7x10"*

2.7x1a

4

5.3xl(T

1.3xlO

Case 7

6.6x10*

2.4xl0

3

1.4xlO

Case 8

0.002

0.06

Case 9

8.3x1a

NCL

3.4XKT

2.3xlO*

3.8x1a

Casel

8.5x10*

9.2X10

4

Case 7

4.7x1a

Case8
Case 9

2

!

0.75

7.8xl0

5

s

9.9xl(T

2

0.25
!

0.36

4

3.8x10*

6.1xl0

2

1.5xl0

7

9.7xlO*

3.2x1a

1

8.9xl0

2

0.007

0.19

0.69

0.19

0.002

0.10

0.16

0.37

4

11

4

3

1.7xlO

Case

Description

NCL

Normal containment leakage, no containment failure.

Case 1

Fission products scrubbed by suppression pool before release, includes the "venting" sequences.

Case 7

Late containment failure due to overpressurization, spray available, no suppression pool scrubbing.

Case 8

Early containment failure, no suppression pool scrubbing.

Case 9

Late containment failure due to overpressurization, no spray, no suppression pool scrubbing.
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As discussed below, the staff based its assessment of riskreduction potential for the various ABWR design
improvements on the staff estimate of risk for internally
initiated events, that is, 0.01 person-Sv (1 person-rem).
However, the validity of the conclusions of this analysis
weretestedby considering the uncertainties in core damage
frequency estimates, as well as the potential frequency of
core damage due to external events.
26.5.1.3

Identification
Improvements

of

Potential

Design

20.5.1.3.1

List of Potential Design Improvements

GE identified a set of potential design improvement* for
the ABWR based on a survey of previous industry- and
NRC-sponsored studies of preventative and mitigative
features which address severe accidents. Through this
effort OE developed a composite list of 68 potential design
improvements, organized into 14 general categories.
These categories and many of the design improvements arc
the same as considered for the General Electric Standard
Safety Application Report (GESSAR) II design. The
resulting list of potential design improvements for the
ABWR is presented in SSAR Table 19P-3.
GE eliminated certain design improvements from further
consideration on the basis that they are either already
incorporated into the ABWR design, or not applicable to
the ABWR design. Examples of design improvements
already included in the design are: improved low-pressure
injection system (fire pump), RWCU decay heat removal,
low flow unfiltered vent, and combustible gas control
(inerted containment). On the basis of this screening,
21 potential design improvements covering 12 of the
14 general categories were retained for further
consideration. The set of design improvements selected
for further evaluation is listed in Table 20.5.1-3, and
summarized in Section 20.5.1.3.2 of this report.

the subsidiary costs associatnd with mtiintrnsnfc,
procedures, and training are considered. On this basis, die
staff concludes that the set of potential design
improvements identified by GE is acceptable.
The set of design improvements selected for further
evaluation also appears to be reasonable. The staff notes
that the improvements considered include a filtered
containment vent, and flooded rubble bed core retention
device, which are two improvements specifically cited in
NUREG-0660 for evaluation as part of TMI Item II.B.8.
A modification intended to delay the time of reactor vessel
failure through the use of alternative materials for the
bottom head penetration piping was also considered by GE.
This modification was instigated by the results of recent
analyses of reactor vessel bottom head failure as
documented in draft NUREG/CR-5642.

Finally, it should be noted that certain features of several
of the improvements selected for further evaluation have
been or will be incorporated as part of the ABWR design,
independent of this evaluation of design improvements.
For example, severe accident EPGs or accident
management guidelines (AMGs) will be implemented by
the COL applicant as part of its accident management
program, as discussed in FSER Section 19.2, and much of
the benefits of improved maintenance procedures or
manuals will be achieved through the COL applicant's
reliability assurance program, as discussed in
Section 19.1.3.7 of this report.

20.5.1.3.2

Description of Design Improvements

A description of the design improvements selected by GE
for cost-benefit evaluation is provided in SSAR
Sections 19P.3 and 19P.4, and summarized below.
•

Severe accident EPGs or AMGs - extend the EPGs and
EOPs to address arrest of a core melt, emergency
planning, radiological release assessment and other
areas related to severe accidents. This modification
would lead to increased reliability of manual actions in
response to core-damage events.

•

Computer-aided instrumentation - provide artificial
intelligence-based improvements to plant status
monitoring, including human-engineered displays of
important variables in the EPGs and AMGs, and
procedural options for the operator to evaluate during
severe accidents. This modification would lead to
increased reliability of manual actions to prevent core
damage.
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The staff and its contractor, Brookhaven National
Laboratory (BNL), have reviewed the set of potential
design improvements identified by GE (SSAR
Table 19P-3) and find it to be comprehensive. The list
includes all improvements identified as part of the
GESSAR II review, and the NRC Containment
Performance Improvement (CPI) program. The staff notes
that the set of design improvements is not all-inclusive, in
that additional, perhaps less expensive design
improvements can always be postulated. However, the
staff concludes that the benefits offered by any additional
modifications would not likely exceed those for the
modifications evaluated.- The staff also concludes that the
costs of alternative improvements would not likely be less
than that of the lowest cost improvements evaluated, when
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Table 20.5.1-3 Potential Design Improvements and Associated Costs (Provided by GE)

Modification

Cost
(*M)

Peraon-Sv
(Person-Rem)
Averted

Owt($M)/Person-Sv
(Person-Rem)
Averted

1.

Acddent Management

la.

Severe accident EPGs

0.60

0.00015

(0.015)

4,000

(40)

lb.

Computer-aided instnuncotation

0.60

0.00010

(0.01)

>4,000

(>40)

lc.

Improved maintenance procedures/manuals

0.30

0.00016

(0.016)

1,880

(18.8)

2.

Decay Heat Removal

2a.

Passive high pressure system

1.75

0.00138

(0.138)

1,270

(12.7)

2b.

Improved depreseuruation

0.60

0.00042

(0.042)

1,430

(14.3)

2c.

Suppression pool jockey pump

0.12

0.00002

(0.002)

>4,000

(>40)

2d.

Safety-related condensate storage tank

1.0

0.00010

(0.01)

>4,000

(>40)

3.

Containment Capability
8.0

0.00150

(0.15)

>4,000

(>40)

3a.

Larger volume containment

3b.

Increased containment pressure capacity

12.0

0.00020

(0.02)

>4,000

(>40)

3c.

Improved vacuum breakers

0.10

0.0000003

(0.00003)

> 4,000

(>40)

3d.

Improved bottom head penetration design

0.75

0.00057

(0.057)

1,320

(13.2)

4.

Containment Heat Removal

4a.

Larger volume suppression pool

8.0

0.000002

(0.0002)

>4,000

(>40)

5.

Containment Atmosphere Mass Removal

S.a

Low-flow filtered vent

3.0

0.00014

(0.014)

> 4,000

(>40)

7.

Containment Spray Systems

7a.

Drywell bead flooding

0.10

0.00060

(0.06)

1,700

(1.7)

8.

Prcrention Concepts

8a.

Additional service water loop

6.0

0.00016

(0.016)

> 4,000

(>40)

9.

AC Power Supplies

9a.

Steam driven turbine generator

6.0

0.00052

(0.052)

> 4,000

(>40)

9b.

Alternate pump power source

1.2

0.00069

(0.069)

1,740

(17.4)

10.

DC Power Supplies

10a.

Dedicated RHR dc Power Supply

3.0

0.00069

(0.069)

>4,000

(>40)

11.

ATWS Capability

11a.

ATWS-sized vent

0.30

0.00030

(0.03)

1,000

(10)

13.

System Simplification

13a.

Reactor building sprays

0.10

0.00017

(0.017)

5,900

(5.9)

14.

Core Retention Devices

14a.

Flooded nibble bed

18.8

0.00001

(0.001)

>4,000

(>40)
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•

Improved maintenance procedures or manuals - provide
impfoved maintenance wwwtfJt and additiooal
information tw tttit wnmti*mit^ important to the risk of
the plant within the OB scope of supply. These
manuals and information would lead to increased
reliability of important equipment.

•

Improved bottom head penetration design - change the
transition piece (used to connect the stainless steel RPV
drain line to the RPV) from carbon steel to a material
with a higher melting point, such as incooel. Also,
establish external welds or restraints on the CRDs
external to the vessel so that the drives would not be
ejected following failure of the internal welds. This
modification would delay the time of reactor vessel
failure by several hours, thereby increasing the
potential to arrest core damage in the vessel, but may
also increase the potential for gross failure of the lower
head.

•

Larger volume suppression pool • increase the size of
the suppression pool to provide reduced pool heatup
rates. This modification would reduce the frequency of
core melt from Class II sequences (loss of containment
heat removal), and ATWS sequences by providing
additional time for operator actions and recovery of
heat removal systems.

•

Low-flow filtered vent - add a filter system external to
the containment to further reduce the magnitude of
radioactive releases via containment venting. The
system would be similar to the multi-venturi scrubbing
systems implemented in some plants in Europe. The
system would provide fission product scrubbing beyond
that presently offered by the suppression pool, but
would not affect releases due to drywell head failure
and containment bypass sequences.

•

Drywell head flooding - provide an additional line to
permit intentional flooding of the upper drywell head
using the existing fire water additional system.
Drywell head flooding would cool the drywell head
seal and provide fission product scrubbing in the event
of drywell head leakage. Instrumentation and controls
to permit manual control from the control room were
considered part of this modification.

•

Additional service water loop - provide an additional
service water cooling loop (pump and heat exchanger)
to improve the overall reliability of the service water
network. This cooling loop would be capable of
removing heat from any one of the three divisions.
This would reduce the frequency of sequences
involving failure of injection due to loss of component
cooling.

•

Steam-driven turbine generator - add a steam-driven
turbine generator that uses reactor steam and exhausts
to the suppression pool. The benefits of this modifi-
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•

Passive high pressure system - add an isolation condenser-type high pressure system for removing decay
heat from both the core and containment. The benefit
of this system would be equivalent to an additional
RCIC system and containment heat-removal system.

•

Improved depresauriiation - provide manually
controlled, seismically protected air operators to permit
manual depresstirizetion in the event of loss of dc
control power or control air events.
Improved
depressurization would reduce the threat of containment
failure due to high pressure melt ejection, and allow
more reliable access to low-pressure systems.

•

•

•

suppression pool bypass due to stuck-open or leaking
vacuum breaker valves.

Suppression pool jockey pump - add a small, acindependent makeup pump to provide low-pressure
decay heat removal from the reactor pressure vessel
using suppression pool water as the source. This
modification would have a benefit similar to that
provided by the ac-independent water addition mode of
RHR (fire water), but without the associated long-term
containment inventory concerns.
Safety-related condensate storage tank - upgrade the
structure of the condensate storage tank such that it
would be available to provide makeup to the reactor
following a large seismic event. This would enhance
core injection capabilities in seismic events, by
providing an alternative to the suppression pool as a
source of water for injection.
Larger volume containment - increase the volume of
containment by a factor of two. This would reduce the
peak pressures associated with energetic events, thereby
reducing the potential for drywell head failure, and
would also reduce the rate of long-term containment
pressuiuation, thereby delaying the time of fission
product release.

•

Increased containment pressure capacity - increase the
ultimate pressure capacity of containment (including
seals) to a level at which all release modes except
normal containment leakage are eliminated.

•

Improved vacuum breakers - add a second vacuum
breaker valve in each of the eight drywell-to-wetwell
vacuum breaker lines to make these valves redundant.
This modification would reduce the potential for

Generic Issues
cation would be a further reduction in the frequency of
station blackout sequences, similar to that which might
be obtained by adding another gas turbine generator.
•

•

Alternate pump power source - provide a separate
dietel generator and supporting auxiliaries to power the
fcedwster or condensate pumps. This modification
would remove the reliance of these pumps on offsite
power, and permit them to be used at a backup to
HPCF and low-pressure core flooder.
Dedicated dc power supply - provide a separate,
diverse dc power source (fuel cell or separate battery)
to supply a dc motor-pump combination for RPV and
containment cooling. This modification would further
reduce the risk from loss of offsite power and station
blackout.

» ATWS-sized vent - provide a wetwell vent line capable
of passing the steam flow associated with ATWS. The
system would be significantly larger than the existing
containment overpressure protection system (COPS)
design, and manually initiated from the control room.
This system would prevent containment overpressure
failure in ATWS events, and thereby prevent core
damage.
•

Reactor building sprays - modify the fire water spray
system in the reactor building to spray in areas vulnerable to release. This modification would reduce the
risk associated with releases into the reactor building,
such as drywell head failures and containment bypass
events, but would not impact releases via COPS.

•

Flooded rubble bed - provide a bed of refractory
pebbles that would be flooded with water. The rubble
bed would impede the flow of molten corium to the
concrete drywell structures, and increase the available
heat transfer area, thereby enhancing debris coolability.
This modification would further reduce the potential for
core concrete interactions in the ABWR. A major
drawback of the modification is that additional
experimental testing would be necessary to validate the
concept for the ABWR application.

by determining the approximate effect of each modification
on the frequency of the various release classes in the PRA.
GE*s basis for estimating the risk reduction for each design
improvement is provided in SSAR Section 19P.4, and
summarized in Table 20.5.1-4 of this report.
The staff reviewed GE*s bases for estimating the risk
reduction associated with the various design improvements.
The staff notes that considerable judgement was exercised
in estimating the risk reduction potential, but that in
general, the rationale and assumptions on which the risk
reduction estimates are bated (center column of
Table 20.5.1-4) are reasonable, and in many cases
conservative. However, this is not to say that the
estimates of person-Sv (person-rem) averted are
conservative, since the staff is not in complete agreement
with GE*s characterization pf baseline risk. For example,
the risk-reduction potential for improved vacuum breakers
appears to be underestimated in GE's analysis. OE
estimates that improved vacuum breakers (addition of a
second vacuum breaker valve in series with each of the
existing valves) would reduce risk by about 3E-7 personSv (0.00003 person-rem). This value is in large part due
to significant credit for fission product removal by wetwell
sprays (when available), and the failure to account for the
impact of the design improvement on bypass scenarios in
which sprays are not available. GE's risk-reduction
estimate for this improvement would increase by at least
three orders of magnitude if just the latter factor was
accounted for. Nevertheless, the risk reduction would
remain small since the probability of the events involved
is on the order of 1E-10 per reactor year.
20.5.1.4.2

20.5.1.4

Risk Reduction
Improvements

Potential

20.5.1.4.1

GE Evaluation
Potential

of

Risk

of

Design

Reduction

GE used the reduction in cumulative risk of accidents
occurring during the life of the plant as the basis for
estimating the benefit that could be derived from plant
improvements. Estimates of risk reduction were developed
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Staff Evaluation
Potential

of

Risk-Reduction

In view of the extremely small residual risk for the
ABWR, rather than perform an independent assessment of
the risk-reduction potential of each ABWR design
improvement, the staff used a bounding assumption that
each improvement would eliminate all of the risk for the
ABWR (0.01 person-Sv (1 person-rem) for the 60-year
plant life). This approach tends to overestimate toe
benefits because the ABWR risk profile reflects
contributions from several unique types of sequences (e.g.,
station blackout, containment bypass, and LOCAs). An
individual design improvement would generally reduce or
eliminate some of these contributors but would not be
effective on others. Moreover, there a.e numerous and
diverse modes of containment failure which must be dealt
with to ensure containment integrity in a severe accident.
Thus, a carefully selected set of plant improvements would
generally be needed, each one acting on particular
components of risk, to effectively and significantly reduce
total risk.
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Table 20.5.1-4

Summary of GE's assessment of risk reduction for candidate design
improvements
GE's boais for nthmfifw risk

toson-SV
(person-rem)

Potential ABWR design modification

Severe accident BPOa/AMOf

10% reduction in failure rates for
manually Mftoltif mitigative actions

0.00015 (0.015)

Computef-eided inetnimetitatioa

10% reduction in failure rales for
manually initirted preventive actions

0.00010 (0.01)

Improved maintenance procedures/manuals

10% improvement in reliability of
HPCF, RCIC, RHR, LPCF

0.00016 (0.016)

Equivalent to adding a diverse RCIC and
RHR system with 10% unavailability

0.00138(0.138)

Factor of 2 reduction in depressurization
failure rates

0.00042 (0.042)

0.00002 (0.002)

Suppression pool jockey pump

10% improvement in reliability of low
pressure makeup (resulting in
2% reduction in core damage frequency
from low pressure sequences

Safety-related condensate storage tank

Engineering judgement

0.00010 (0.01)

0.00150(0.15)

Larger volume containment

Elimination of all containment release
modes involving drywell head failure
(Cases 3, 6, 7, 8, 9)

0.00020 (0.02)

Increased containment pressure capacity

Elimination of all containment release
modes except normal containment
leakage
Elimination of releases from Release
Class 2

.0000003 (0.00003)

Decay Heat Removal
Passive high pressure system

Improved depressurization system

Containment Capability

Improved vacuum breakers
Improved bottom head penetration design

Factor of 2 increase in the probability of
arresting core damage in-vessel
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Table 20.5.1-4

Summary of GE's assessment of risk reduction for candidate design
improvements (continued)

Potential ABWR design modification
Containment Heat Removal
Large volume suppression pool
Containment Mass Removal
Low-flow filtered vent
Containment Spray Systems
Drywell head flooding

Prevention Concepts
Additional service water Loop
AC Power Supplies
Steam-driven turbine generator
Alternate pump power source

DC Power Supplies
Dedicated dc power supply
ATWS Capability
ATWS-sized vent
System Simplification
Reactor building sprays
Core Retention Devices
Flooded rubble bed

NUREG-1503

GE's basis for estimating risk
reduction

Person-SV
(person-rem)
averted

Elimination of Class II Sequences

.000002 (0.0002)

Elimination of the risk associated with
releases via COPS

0.00014 (0.014)

Elimination of drywell head overtemperature failures and reduction in
releases from drywell head over-pressure
failures

0.00060 (0.06)

10% increase in reliability of HPCF,
RCIC, RHR, LPCF

0.00016 (0.016)

80% reduction in the diesel generator
common mode failure rate

0.00052 (0.052)

Equivalent to adding a diverse RCIC
system

0.00069 (0.069)

Factor of 10 increase in RCIC
availability in LOOP and SBO sequences

0.00069 (0.069)

Elimination of risk from ATWS (Case 9)

0.00030 (0.03)

10% reduction in risk from releases
through the reactor building

0.00017 (0.017)

Elimination of sequences with core
concrete interactions, except those with
failure of containment heat removal (1 %
of Cases 1,6, and 7)

0.000010 (0.001)
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20.5.1.5 Cost Impacts
Improvements

of

Candidate

Design

GE determined the approximate costs for each design
improvement. The costing methodology and assumptions
are described in SSAR Section 19P.1.3. The cost basis for
each plant improvement is provided in SSAR
Section 19P.5 on an item-by-item basis.
GE stated in the SSAR that the cost estimatesrepresentthe
incremental costs that would be incurred in a new plant,
rather than costs mat would apply on a backfit basis. GE
also stated that the costs were intentionally biased on the
low side, but that all known or reasonably expected costs
were accounted for so that a reasonable assessment of the
minimum cost would be obtained.
For modifications which reduce core damage frequency,
GE reduced the costs of the design improvements by an
amount proportional to the reduction in the present worth
of the risk of averted onsite costs. Onsite costs considered
include replacement power at $.013/kwh differential cost,
direct accident costs including onsite cleanup at $2 billion,
and the economic loss of the facility at $1.4 billion. The
resulting costs for each of the design improvements are
provided in Table 20.5.1-3.
The staff reviewed the bases for GE's cost estimates and
finds them to be reasonable. For certain improvements,
the staff also compared GE's cost estimates with estimates
developed elsewhere for similar improvements, even
though the bases for some of these cost estimates were
different.
The staff considered the cost estimates
developed as part of:
the evaluation of design
improvements for GESSAR II (NUREG-0979, Supplement 4), and the review of SAMDAs for Limerick and
Comanche Peak (NUREG-0974 and -0775, respectively).
The staff noted a number of inconsistencies in the cost
estimates. For example, GE's cost estimates for certain
improvements such as improved vacuum breakers
($100,000), modified reactor building sprays ($100,000),
and ATWS-sized vent ($300,000) were are considerably
less than expected.
The costs for certain other
improvements was much higher than expected, such as
improved bottom head penetration design ($750,000) and
flooded rubble bed (approximately $19 million).
It should be noted that only rough approximations of the
costs of specific improvements are possible at this time.
Large uncertainties exist because detailed designs are not
available and because experience with construction and
licensing problems that could surface with this type of
work is limited. Nevertheless, the staff views GE's
approximate cost estimates as adequate, given the

uncertainties surrounding the underlying cost estimates,
and the level of precision necessary given the greater
uncertainty inherent on the benefit side, with which these
costs were compared.
20.5.1.6 Cost-Benefit Comparison
A cost-benefit comparison was performed to determine
whether any of the potential severe accident design features
could be justified. GE's estimates of the cost per personSv (person-rem) averted for the various design improvements are presented in Table 20.5.1-3. The GE values are
based on the risk- reduction estimates reported in
Tables 20.5.1-3, and 20.5.1-4 of this report. The staff
analysis is based on the conservative assumption that each
design improvement would eliminate all of the residual risk
(0.01 person-Sv (1 person-rem) over the 60-year plant

life).

Consistent with current NRC practice (NUREG-3568), GE
used a screening criterion of $100,000 per person-Sv
($1000 per person-rem) averted to identify whether any of
the design improvements could be cost-effective. As
shown in Table 20.5.1-3, the potential cost per averted
person-rem ranges from about $1.7 million to far-in-excess
of $40 million for the various suggested modifications
according to the GE evaluation. Thus, this far exceeds the
$100,000 per person-Sv ($1000 per person-rem) criterion.
On this basis, GE concluded that no additional modifications to the ABWR design are warranted.

The staff's assessment similarly indicates that none of the
design improvements approach a level where they could be
considered cost-effective, in spite of the significant
conservatisms in assessing risk-reduction potential in the
staffs analysis. The staff notes that the lowest cost
modifications were estimated to cost about $100,000, and
realistically would only partially reduce the residual risk
for the ABWR. Even though the cost of implementing
design improvements in the ABWR may be less than for
an existing plant, given that the ABWR has not yet been
constructed, relatively large costs are still to be anticipated
for many of the design improvements because they would
involve first-of-a-kind engineering, and would need to be
integrated within the existing design. In addition, the
introduction of a new system will trigger a series of related
requirements such as incremental training, procedural
changes, and possible licensing requirements. These are
all legitimate costs that require consideration in a
comprehensive cost estimate. The staff concludes that
none of the modifications evaluated would be cost-effective
given the low residual risk for the ABWR, and the $1000
per person-rem criterion.

20-87

NUREG-1503

Generic Issues
The staff has considered the robustness of this conclusion
relative to a number of critical assumptions in the analysis
as described below. These involve: the effect of
uncertainties in estimating core damage frequency, the use
of alternative coat-benefit criteria, and the inclusion of
external events within the scope of the analysis.
Based on uncertainty analyses performed by GE for the
Level 1 portion of the PRA (see FSER
Section 19.1.3.2.6), the 95th percentile core damage
frequency is 4.5E-7 per reactor year. This is a factor of
three higher than the mean value on which the cost-benefit
analysis is based, but still very low both compared to
operating plants and in absolute terms. Even if the
benefits of the various design improvements were requantified on the basis of this upper-bound value, none of
the improvements would become cost beneficial. This
would remain the case even if ihe cost-benefit criterion
was also increased by a factor of 10 to $1 million per
person-Sv ($10,000 per person-rem) averted.
If external events are included, the estimate of ABWR risk
could be one or possibly two orders of magnitude higher
than considered in this analysis. For example, based on
the BNL review of GE's original seismic PRA, as
documented in the DSER (SECY-91-309), the total risk
from internal and seismic events for the 60-year plant life
would range from about 0.4 to 2 person-Sv (40 to
200 person-rem) depending on the site population.
However, the value for the final ABWR design would be
somewhat less since these estimates do not account for
plant improvements incorporated in the design subsequent
to the original PRA analysis, including upgrading the
seismic capability of the diesel-driven fire water pump.
Even assuming the higher of these two risk estimates and
complete elimination of all risk, any design modifications
or combinations which cost more than $200,000 would not
be cost-effective. This would eliminate most of the
candidate design modifications from further consideration.
Based on the GE analysis, those modifications which were
estimated to cost less than $200,000 have a relatively low
risk-reduction potential, and would generally eliminate only
about 10 percent of the residual risk from internal events.
The improvements are also not expected to be effective in
eliminating most of the added risk from seismic events.
Since the minimum cost of these systems would be about
$100,000, none of these improvements are expected to be
cost-effective when their actual effectiveness in reducing
risk is taken into account.
The staff concludes that with the signifies;% margins in the
results of the cost-benefit analysis, the findings of the
analysis would be unchanged even considering the above
factors.
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20.5.1.7 Conclusions
As discussed in Chapter 19.1.3.2.2 of this report, GE has
made extensive use of the results of the PRA to arrive at
a final ABWR design. As a result, the estimated core
damage frequency and risk calculated for the ABWR is
very low both relative to operating plants and in absolute
terms. The low core damage frequency and risk for the
ABWR is a reflection of GE's efforts to systematically
minimize the effect of initiators or sequences that have
been important contributors to core damage frequency in
previous BWR PRAs. This has been done largely through
the incorporation of a number of hardware improvements
in the ABWR design. These include providing three
separated divisions of ECCSs, a diverse and independent
combustion gas turbine capable of providing ac power to
any of the three divisions, an ac-independent water
addition system, and an FMCRD system as a backup to the
hydraulic drive system. Several improvements have also
been incorporated in the ABWR design to mitigate the
consequences of a core damage event, including inerting of
the containment atmosphere, inclusion of a lower drywell
flooder system and a containment overpressure protection
(vent) system, the use of basaltic concrete in the lower
drywell, and an increased ultimate pressure capacity.
These and additional ABWR design features which
contribute to low core damage frequency and risk for the
ABWR are discussed further in Section 19.1.3.2.3 of this
report.

Because the ABWR design already includes numerous
plant features oriented towards reducing core damage
frequency and risk, the benefits and risk- reduction potential of additional plant improvements is significantly
reduced. This is true for both internally and externally
initiated events. For example, the ABWR seismic design
basis (0.3g safe shutdown earthquake) has been shown to
result in significant ability to withstand earthquakes well
beyond the design basis, as characterized by a high
confidence with low probability of failure (HCLPF) value
of 0.6g. Moreover, with the features already incorporated
in the ABWR design, the ability to estimate core damage
frequency and risk approaches the limitations of
probabilistic techniques. Specifically, when core damage
frequencies of one in a hundred thousand or a million
years are estimated in a PRA, it is the areas of the PRA
where modelling is least complete, or supporting data is
sparse or even nonexistent that could actually be the more
important contributors to risk. Areas not modelled or
incompletely modelled include human reliability, sabotage,
rare initiating events, construction or design errors, and
systems interactions. Although improvements in the
modelling of these areas may introduce additional
contributors to core damage frequency and risk, the staff
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does not expect that they would be significant in absolute
terms.
10 CFR 50.34(f)(l)(i) requires the applicant to perform a
plant- or site- specific probabilistic risk assessment, the
aim of which is to seek such improvements in the
reliability of core and containment heat removal systems as
are significant and practical and do not impact excessively
on the plant. The staff concludes that the ABWR PRA,
and GE's use of the insights of this study to improve the
design of the ABWR meets this requirement. The staff
concurs with the GE conclusion that none of the potential
design modifications evaluated are justified based on costbenefit considerations. The staff also concludes that it is
unlikely that any other design changes would be justified
on the basis of person-Sv (person-rem) exposure
considerations, because the estimated core damage
frequencies would remain very low on an absolute scale.
20.5.2 10 CFR 50.34(f)(l)(u):
System Design ~
Auxiliary Feedwater System - Auxiliary
Feedwater System Evaluation (TMI
Item D.E.1.1)
Paragraph (IX") of 10 CFR 50.34(f) requires the
performance of an evaluation of the proposed AFWS of
PWR plants to include a simplified AFWS reliability
analysis using event-tree and fault-tree logic techniques,
design review of AFWS, and an evaluation of AFWS flow
design bases and criteria.
This requirement is applicable to PWRs only, since a BWR
design does not include an AFWS. Therefore, it is not
technically relevant to the ABWR design and does not need
to be addressed.
20.5.3

10 CFR 50.34(f)(l)(iii):
Measures to Mitigate Small-Break Loss-ofCoolant Accidents and Loss-of-Feedwater
Accidents - Commission Orders on B&W
Plants - Impact of RCP Seal Damage Following
SBLOCA With Loss of Offsite Power (TMI
Item D.K.2(16)) and
Measures to Mitigate Small-Break Loss-ofCoolant Accidents and Loss-of-Feedwater
Accidents - Final Recommendations of
Bulletins and Orders Task Force - Effect of
Loss of ac Power on Pump Seals (TMI
Item D.K.3(25»

TMI Item II.K.2(16) is applicable to PWRs only and does
not need to be addressed for the ABWR, but U.K.3(25)

applies to BWRs. Paragraph (lX"i) of 10 CFR 50.34(f)
requires analyses or experiments to determine the
consequences at each plant of a loss of cooling water to the
reactor recirculation pump seal coolers. Pump seals
should be designed to withstand a complete loss of ac
power for at least two hours and the adequacy of the seal
design should also be demonstrated. The design should
prevent an excessive loss of reactor coolant inventory after
an anticipated operational occurrence. It is assumed that
the loss of ac power constitutes a loss of offsite power.
SSAR Sections 5.4.1 and 1A.2.30 state that the ABWR
design features reactor internal pumps (RIPs) that do not
require pump shaft seals. During a loss of ac power, the
RIPs are shut down automatically, but there are no shaft
seals that require restoration of cooling. During its review
of this issue, the staff required GE to confirm that the
failure of the following systems would not cause a LOCA
•

recirculation motor cooling system

•

recirculation motor seal purge system

•

recirculation motor inflatable shaft seal subsystem.

GE confirmed in SSAR Section 1A.2.30 that an ac failure
would temporarily disrupt the operation of these systems,
but their failure would not generate a LOCA. Therefore,
the staff concludes that GE adequately addressed the
requirements of mis TMI item for the ABWR design.

20.5.4 10 CFR 50.34(f)(l)(iv): Measures to Mitigate
Small-Break Loss-of-Coolant Accidents and
Loss-of-Feedwater Accidents - Final Recommendations of Bulletins and Orders Task Force
- Report on Overall Safety Effect of PORV
Isolation (TMI Item H.K.3(2))

Paragraph (1X») of 10 CFR 50.34(f) requires performance
of an analysis of the probability of a SBLOCA caused by
a stuck-open PORV of PWR plants. If the probability is
a significant contributor to the probability of SBLOCAs
from all causes, it also requires a description and
evaluation of the effect on SBLOCA probability of an
automatic PORV isolation system that would operate when
the RCS pressure falls after the PORV has opened.

This requirement is applicable to PWRs only, therefore, it
is not technically relevant to the ABWR design and does
not need to be addressed.
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20.5.5 10 CFR 50.34(f)(l)(v): Measures to Mitigate
Small-Break Loss-of-Coolant Accidents and
Loss-of-Feedwater Accidents ~ Final Recommendations of Bulletins and Orders Task Force
- Separation of HPCI and RCIC System
Initiation Levels (TMI Item n.K.3(13))
Paragraph (lKv) of 10 CFR 50.34(f) requires an evaluation
of the safety effectiveness of providing for separation of
the HPCI and RCIC system initiation levels so that tbe
RCIC system initiates at a higher water level than the
HPCI system, and of providing that both systems restart on
low water level. For plants with high pressure core spray
(HPCS) systems in lieu of HPCI systems, HPCS system is
to be evaluated in lieu of the HPCI system.
In NUREG-0737, the staff stated that the initiation levels
of the HPCI and RCIC systems should be separated so that
the RCIC system initiates at a higher water level than the
HPCI system. Further, the initiation logic of the RCIC
system should be modified so mat the RCIC system will
restart upon receiving a low water level signal. These
changes could reduce the number of challenges to tbe
HPCI system and could result in less stress on the reactor
vessel from cold water injection. Applicants were required
to submit the analyses of these changes to the NRC staff
and implement tbe changes if justified by the analyses.
Tbe ABWR design is consistent with this position. The
ABWR incorporates an HPCF system that initiates at
reactor vessel level 1.5 and an RCIC system which
initiates at level 2. At level 8, the injection valves for the
HPCF and the RCIC steam supply and injection valves
automatically close to prevent water from entering the
main steam lines.
If the RPV again reaches a low level, tbe RCIC steam
supply and injection valves automatically reopen to allow
the RCIC to continue flooding the vessel. The HPCF
injection valves will also automatically reopen unless the
operator previously closed them manually.
The ABWR has three high-pressure makeup systems, two
HPCFs and one RCIC. Current BWRs have the HPCS or
HPCI, and RCIC. Thus, die water level set points for
ABWR must meet the following requirements:
•

•

During anticipated abnormal transients, including the
loss of all fcedwater flow event, the RCIC system will
prevent the minimum water level from dropping below
vessel level 1.5. This requirement is to minimise the
challenge to tbe HPCFs.
The ADS will not likely be actuated during any
abnormal transient with a failure of RCIC. Therefore,
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the reactor isolation and two HPCFs initiated at vessel
level 1.5 will prevent the water level from dropping
below level 1 during a loss-of-all-feedwater-flow transient with RCIC failure.
The staff found that GE provided different initiation levels
for HPCF and RCIC so that the RCIC system initiates at
a higher water level than the HPCF system, as well as the
automatic restart of RCIC on low level. GE's proposed
response adequately addresses the requirements of this
TMI item for the ABWR design. An in-depth discussion
of the RCIC system is provided in Section 5.4.6 of this
report and of RCIC and HPCF in Section 6.3.1 of this
report.
20.5.6 10 CFR 50.34(f)(l)(vi): Measures to Mitigate
Small-Break Loss-of-Coolant Accidents and
Loss-of-Feedwater Accidents - Final Recommendations of Bulletins and Orders Task Force
• Reduction of Challenges and Failures of
Relief Valves; Feasibility Study and System
Modification (TMI Item II.K.3(16))
Paragraph (l)(vi) of 10 CFR 50.34(f) requires the
performance of a study to identify practicable system
modifications that would reduce challenges and failures of
relief valves in BWRs, without compromising the
performance of the valves or other systems.
In 1980, the staff determined that in the prior three years
of operation of all BWR plants, there were approximately
30 failures of relief valves to close in 73 reactor-years
(0.41 failures per reactor-year). This demonstrated that
the failure of a relief valve to close was the most likely
cause of an SBLOCA. The high failure rate is the result
of a high relief-valve challenge rate and a relatively high
probability of failure for each challenge (0.16 failures per
challenge). Typically, five valves are challenged per
event. This results in an equivalent failure rate for each
challenge of 0.03. In NUREG-0737, the staff stated that
the challenge and failure rates can be reduced in many
ways.
To resolve this issue, the staff required OE to investigate
the feasibility of reducing challenges to relief valves and
implement those changes shown to reduce challenges to the
safety and relief valves without compromising the performance of the relief valves or other systems. Challenges
to the relief valves were expected to be reduced
substantially (by an order of magnitude).
GE evaluated the possible ways for reducing tbe challenges
and failure rate of SRVs, and reduced the MSIV isolation
set points from RPV level 2 to level 1.5. The staff
concludes that this modification will reduce SRV challenge
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rates and concludes that GE'a response adequately
addresses the requirements of this TMI item for the
ABWR design. Further discussion of SRVs is provided in
Section 5.2.2 of this report.
20.5.7

10 CFR 50.34(f)(l)(vu): Measures to Mitigate
Small-Break Loss-of-CooIant Accidents and
Loss-of-Feedwater Accidents - Final Recommendations of Bulletins and Orders Task Force
- Modification of ADS Logic; Feasibility Study
and Modification for Increased Diversity for
Some Event Sequences (TMI Item n.K.3(18))

Paragraph (l)(vii) of 10 CFR 50.34(f) requires
performance of a feasibility and risk assessment study to
determine the optimum ADS design and modifications that
would eliminate the need for manual activation to ensure
adequate core cooling for BWRs.
In NUREG-0737, the staff stated that the ADS actuation
logic should be modified to eliminate the need for manual
actuation to ensure adequate core cooling. The applicant
was required to conduct a feasibility and risk assessment
study to determine the best approach. For example, the
applicant was to consider actuating the ADS on a low
reactor vessel water level signal if the instruments indicate
no HPCI or HPCS flow and a low-pressure ECCS is
running. This logic would complement, not replace, the
existing ADS actuation logic. The ADS must be manually
actuated to cool the core adequately for transient and
accident events that do not directly produce a high drywell
pressure signal (e.g., stuck-open relief valve or steam line
break outside containment), and are degraded by the loss
of high-pressure ECCSs. This TMI item requires that the
ADS logic be modified to eliminate operator action.
In the DFSER, the staff reported that GE proposed to
modify the ABWR design in a manner consistent with
option 4 of the BWROG response to TMI Item U.K.3(18).
GE discussed this proposal in a letter dated October 28,
1982, from T.J. Dente (GE) to D.G. Eisenhut (NRC),
"NUREG-0737 Item ILK.3.18 Modification of Automatic
Depressurization System Logic."
This modification
involves a manual inhibit switch and a timer that bypasses
the high drywell pressure permissive if the reactor water
level is low for a sustained period. GE added an 8-minute
high drywell pressure bypass timer to the ABWR ADS
initiation logic. This timer will initiate on a low water
level-1 signal. When it. times out, it bypasses the need for
a high drywell pressure signal to initiate the standard ADS
initiation logic.
The DFSER reported that the bypass timer would be tested
periodically as required by the STS and stated that this was
identified in Chapter 6 of the DFSER as TS Item 6.3.3-1.

It also indicated that GE documented the results of its
evaluation of the adequacy of the 8-minute bypass timer in
the SSAR (see GE letter to NRC, MFN No. 038-92, dated
February 14, 1992). The staff agreed with the analysis
and results and concluded that the modifications to the
ADS design were acceptable.
In response to TS
Item 6.3.3-1, GE modified the ABWR TS to require
periodic testing of the ADS bypass timer. The staff
concludes that GE has adequately responded to this item as
discussed further in Section 6.3.3 of this report.
On the basis of its review of the ADS design and
resolution of the DFSER TS item, the staff concludes that
GE's response adequately addresses this TMI requirement.
20.5.8

10 CFR 50.34(f)(l)(viii): Measures to Mitigate
Small-Break Loss-of-Coolant Accidents and
Loss-of-Feedwater Accidents - Final Recommendations of Bulletins and Orders Task Force
- Restart of Core Spray and LPCI Systems on
Low Level; Design and Modification (TMI
Item H.K.3(21))

Paragraph (l)(viii) of 10 CFR 50.34(f) requires
performance of a study of the effect on all core-cooling
modes of BWRs under accident conditions of designing the
core spray and low-pressure coolant injection systems to
ensure that the systems will automatically restart on loss of
water level, after having been manually stopped, if an
initiation signal is still present.
In NUREG-0737, the staff identified a concern that the
operator may stop the required flow of the core spray and
LPCI system. These systems will not restart automatically
on a loss-of-water level signal if an initiation signal is still
present. The staff indicated that the vendor should modify
the core spray and LPCI system logic so that these systems
will restart, if required, to ensure adequate core cooling.
Before modifying the design, the staff also stated that the
vendor should submit a preliminary design to the staff for
approval because it affects several core-cooling modes
under accident conditions.
In the DFSER, the staff reported that for the ABWR, GE
endorses the conclusions of the study performed by the
BWROG which was forwarded to the staff in a December 29, 1980, letter from D.B. Waters (BWROG) to D.G.
Eisenhut (NRC). The BWROG concluded that the current
BWR ECCS design is adequate and that the proposed
changes would decrease the overall safety of the plant.
For example, the BWROG stated that the modification
would significantly escalate the control system complexity,
restrict the operator's flexibility when dealing with
anticipated events, and reduce system reliability. The
BWROG concluded that the current ECCS design is
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adequate because the BWR operator training is
comprehensive and thoroughly addresses reactor-waterlevel control, the EOPs address this issue, the operator has
sufficient time to correct errors, and the low reactor-waterlevel conditions are clearly displayed and alarmed in the
control room.
The staff reported that it reviewed the results of the
BWROO study and considered the emphasis placed on
water-level control in BWR operator training. The staff
found GE's response acceptable and agrees that the ABWR
design need not be modified to provide an automatic restart
of the low-pressure ECCS. Therefore, the staff concludes
that the ABWR design meets the requirements of this TMI
item.
20.5.9

10 CFR 50.34(f)(l)(ix): Measures to Mitigate
Small-Break Loss-of-Coolant Accidents and
Loss-of-Feedwater
Accidents
Final
Recommendations of Bulletins and Orders
Task Force - Confirm Adequacy of Space
Cooling for HFCI and RCIC Systems
(TMI Item n.K.3(24))

Paragraph (lXix) of 10 CFR 50.34(f) requires a
determination of the adequacy of space cooling for the high
pressure coolant injection systems at BWRs. Long-term
operation of these systems during a complete loss of offsite
power, for up to two hours, may require space cooling to
maintain the HPCI pump rooms within allowable
temperature limits. The HPCI systems and their respective
support systems should be designed to withstand the
consequences of a complete loss of offsite ac power for
2 hours. For plants with HPCS systems in lieu of HPCI
systems, the HPCS system is to be evaluated in lieu of the
HPCI system.
The ABWR design contains two systems to provide room
cooling to the HPCF and RCIC systems. During normal
operation, the two HPCF pump rooms and the single
RCIC pump room are cooled by the non-safety-related
secondary containment,HVAC system. During accident
conditions, the room-cooling function is transferred to the
safety-grade essential equipment HVAC system and the
secondary containment HVAC system is isolated. The
essential equipment HVAC system consists of a fan coil
unit in each of the pump rooms. Cooling for each fan coil
is provided by the safety-related portion of the applicable
train of the RCW system. The fan coil unit in the
applicable pump room, the HPCF subsystem or the RCIC
system which the fan coil unit is serving, and the associated RCW train are all on the same essential electrical
power division, which includes the divisional onsite ac
power source, that is, emergency onsite diesel generator.
The fan coil unit is necessary to keep the temperature of
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the associated pump room within its design limits. It is
automatically initiated upon startup of the respective HPCF
or RCIC pump. Based on the above, the staff concludes
that space cooling for the HPCF and the RCIC systems
will be available as required by this TMI item following a
complete loss of offsite ac power to the plant for at least
2 hours.
In the DFSER, the staff noted that the design
characteristics for the tan coil units were not specifically
identified in SSAR Section 9.4.S. The staff was not able
to confirm the ability of the fan coil units to remove sufficient heat to maintain the pump room temperatures within
design limits. Also, SSAR Tables 8.3-1 and 8.3-2, which
list diesel generator loads, did not include the fan coil
units. These concerns were identified in the DFSER as
Open Item 20.3-1. Subsequently, in Amendment 32 of the
SSAR, GE stated in Section 9.4.5.2.2.1 that the fan coil
units are sized to maintain the rooms within 40 °C
(104 °F) operational temperature, which is well below the
temperature limits specified in SSAR Appendix 31
regarding environmental qualification. Based on this
information, the staff determined that there is sufficient
margin to provide adequate space cooling during a LOCA.
Further, OE added the fan coil units and their capacities to
SSAR Table 9.4-4e, and their associated loads in SSAR
Table 8.3-1 (the operational loads are one-half of the
connected loads). Based on this additional information, the
staff concludes that the fan coil units receive emergency
power from the diesel generators and are sized to remove
the worst-case heat load from the rooms. This additional
information adequately resolved the concerns of DFSER
Open Item 20.3-1.
The staff concludes that the HPCF and RCIC room cooling
units are adequately sized and powered to maintain the
rooms within design environmental conditions following a
complete loss of offsite ac power to the plant for at least
2 hours, and therefore, the ABWR design adequately
addresses the requirements of this TMI item.
20.5.10 10 CFR 50.34<f)(l)(x): Measures to Mitigate
Small-Break Loss-of-Coolant Accidents and
Loss-of-Feedwater
Accidents
-- Final
Recommendations of Bulletins and Orders
Task Force - Study and Verify Qualification of
Accumulators on ADS Valves (TMI
Item n.K.3(28))
Paragraph (l)(x) of 10 CFR 50.34(f) requires the
performance of a study to ensure that the ADS valves,
accumulators, and associated equipment and
instrumentation of BWRs will be capable of performing
their intended functions during and following an accident
situation, taking no credit for non-safety-related equipment
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or instrumentation, and accounting for normal expected air
(or nitrogen) leakage through valves.
The ABWR has 18 quality Group A, seismic Category I
SRVs, eight of which can also perform the ADS function.
One 189-liter (50-gallon) capacity nitrogen accumulator
with a design pressure of 1379 kPa (200 psig) is provided
for each ADS SRV to support its ADS function during and
following an accident situation. The accumulator supplies
compressed nitrogen gas to the valve for its actuations.
The staffs evaluation is based on SSAR Sections 1A.2.31
and 6.7 and is limited to the adequacy of the accumulators
and associated equipment to perform their intended
functions during and following an accident situation The
staffs evaluation regarding the system's compliance with
other regulatory requirements, such as the adequacy of the
ADS SRV valves and their associated instrumentation and
controls to perform their intended functions during and
following an accident situation, is provided in Sections 5.2.2, "Overpressure Protection," 6.3, "Emergency
Core Cooling Systems," and 7.3, "Engineered Safety
Features Systems," of this report.
Each accumulator is sized to provide sufficient nitrogen
gas for one associated ADS valve actuation at drywell
design pressure or five actuations at normal drywell
pressure with nominal pneumatic supply. Makeup supply
for the accumulators is provided by the safety-related
portions of the nitrogen gas supply system, which includes
two redundant safety-related nitrogen gas supply trains.
Each train consists of 10 high-pressure nitrogen gas bottles
and associated piping, valves, and instrumentation. The
nitrogen bottles in each train have sufficient stored
compressed nitrogen gas to supply makeup nitrogen gas to
the accumulators associated with four ADS valves to
compensate for an expected nitrogen leakage of 28 liters
per hour (L/hr) (1 standard cubic foot per hour (scfh)) for
each valve for a 7-day period. Additionally, the accumulators can be refilled after the system is operating using the
non-safety-related portion of the nitrogen gas supply
system in conjunction with the non-safety-related
atmospheric control system (ACS) described in SSAR
Section 6.2.5. GE determined that a maximum of three
ADS valves will be needed to meet short-term demands
and one ADS valve will be needed to meet long-term needs
and so, one safety-related train of the nitrogen gas supply
system will be sufficient to provide the needed nitrogen
makeup to the associated ADS accumulators. The system
has alarm provisions to indicate failure of any redundant
nitrogen supply train due to a loss of nitrogen supply
pressure to the ADS valve accumulator.
The accumulators, including the associated equipment to
the ADS valves, and the safety-related portions of the
nitrogen gas supply system are designed to seismic

Category I, quality Group B or C, as appropriate, and
quality assurance B requirements. The accumulators,
including the associated equipment to the ADS valves, are
designed to operate in the environmental conditions to
be found in the dryweli after a design-basis accident (see
SSAR Section 7.3.1.1.1.2 for specific additional
information and Section 3.11 of this report for general
information on environmental qualification design criteria
for equipment important to safety).
SSAR
Section 7.3.1.1.10 states that the safety-related equipment
in the nitrogen gas supply system are selected to
accommodate the hostile environment to which they may
be exposed during an accident situation. The nitrogen
supply system is designed to 1379 kPa (200 psig) and
66 °C (151 °F). In the DFSER, the staff expressed
concern regarding the design temperature. The 66 °C
(151 °F) design temperature is significantly lower than the
temperature to which some portions of the system (e.g.,
inside the drywell and the reactor building) may be
exposed during an accident situation. The staff also
expressed concern that SSAR Section 6.7.4 did not
explicitly specify a requirement for periodically testing the
leakage through each valve to verify that such leakage is
within the assumed value of 28 L/hr (1 scfh). These
concerns were identified in the DFSER as Open
Item 20.3-2.

Subsequently, in Amendment 31, GE modified SSAR
Sections 6.7.4 and Figure 6.7-1. The figure now indicates
that the high pressure nitrogen (HPIN) system piping from
inside primary containment to the outboard containment
isolation valve is designed to 171 °C (340 °F), while the
remainder of the system outside primary containment is
designed to 66 °C (151 °F). These specifications ensure
that the system can withstand the worst postulated
environmental conditions. SSAR Section 6.7.4 now states
that periodic testing will be performed on system
components to ensure that leakage will not exceed 28 L/hr
(1 scfh). Based on this additional information, the staff
concludes that the system is designed to ensure proper
ADS SRV valve operation. This additional information
adequately resolved the concerns of DFSER Open
Item 20.3-2.

Based on its evaluation, the staff concludes that (1) GE's
criteria for sizing each nitrogen gas accumulator and the
provision for supply of makeup nitrogen gas to the
accumulator is appropriate, and (2) the nitrogen accumulators and the associated equipment, including the safetyrelated portions of the nitrogen gas supply system, will
perform their intended functions during and following an
accident situation.
Therefore, the ABWR design
adequately addresses the requirements of this TMI item.
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20.5.11 10 CIR 50.34<0(l)(xi): Measures to Mitigate
Small-Break Loss-of-Coolant Accidents and
Loss-of-Feedwater
Accidents -Final
Recommendations of Bulletins and Orders
Task Force - Evaluate Depressurization with
Other Than Full ADS (TMI Item H.K.3(45))

The results also staled that core cooling capability could be
improved using a lOminute depressurization period if the
operator actuated the ADS within 1 to 6 minutes after the
accident begins. However, it was considered more prudent
to activate the high-pressure injection systems during this
initial period to avoid using the ADS.

Paragraph OX*0 of 10 CFR 50.34(0 requires provision of
an evaluation of depressurization modes, other than full
actuation of the ADS, such as early depressurization with
one or two SRVs, that would reduce the possibility of
exceeding vessel integrity limits during rapid cooldown of
BWRs.
Slower depressurization would reduce the
possibility of exceeding vessel integrity limits by rapidly
cooling down.

GE performed the analysis for a standard BWR, which has
an RPV and ADS similar to the ABWR. Thus, the RPV
cooldown rate and material design of the RPV vessel for
the ABWR are similar to thosefeaturesin current designs.
Hence, the results should be the same for the ABWR.
Based on its review, the staff concludes that the current
mode of depressurization using the ADS in the same
manner as current operating BWRs for the ABWR is
satisfactory and adequately addresses the requirements of
this TMI item.

Since the ABWR design provides three high pressure core
injection systems, the probability of ADS actuation is
lower than for current BWRs. In the report dated
September 27, 1982 (memorandum from T. Speis to
G. Lainas), the staff evaluation which addressed this
subject concurred with the BWROG study in this area. In
the analyses conducted for the study, it was assumed that
all high-pressure injection systems would fail, but that all
low-pressure systems would operate. The time at which
the operator is assumed to actuate the ADS varied. The
effects of depressurization over a 10-minute interval and a
20-minute interval were compared to the case in which the
RCS is completely depressurized in 3.3 minutes. Vessel
fatigue usage was the key parameter studied regarding
vessel integrity. The BWROG analyzed the extent to
which a longer depressurization period would reduce
fatigue usage and then considered the effect of this reduced
fatigue usage on the core cooling capability. The BWROG
concluded that

•

vessel integrity limits are not exceeded for full
depressurization using the ADS

•

for slower depressurization rates (longer than the
approximate 3.3 minute interval for the normal
depressurization rate), the usage assignable to the full
depressurization using the ADS would not significantly
affect vessel fatigue usage relative to that usage
assignable to the full ADS blowdown

•

slower depressurization rates reduce the core cooling
capability, except when the operator begins to
depressurize the RCS very early in the accident.
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20.5.12 10 CFR 50.34(f)(D(xii):
Evaluation
Alternative Hydrogen Control Systems

of

Paragraph OX*») of 10 CFR 50.34(f) requires
performance of an evaluation of alternative hydrogen
control systems that would satisfy the requirement of
paragraph (2Xix) of 50.34(f) (see Section 20.5.21 below).
As a minimum, the evaluation must consider a hydrogen
ignition and post-accident inerting system and include:
•

A comparison of costs and benefits of the alternative
systems considered.

•

For the selected system, analyses and test data to verify
compliance with the requirements of paragraph (2Xix)
of 50.34(f).

•

For the selected system, preliminary design
descriptions of equipment, function, and layout.

In the DFSER, the staff required GE to provide this
information since it had not yet done so. This was
identified in the DFSER as Open Item 20.3-3. Subsequently, GE modified SSAR Section 19A.2.12 to state that
Section 6.2.7.1 contained COL license information
requiring the applicant referencing the ABWR design to
provide this information, if appropriate. The staff agrees
that evaluating an alternative hydrogen control system is
beyond the scope of the ABWR design certification review,
and should a COL applicant wish to provide an alternative
system, it should provide the supporting information for
staff review. Based on the clarifying information provided
in the SSAR, the staff concludes that GE has adequately
addressed the requirements of 10 CFR 50.34 (f)(l)(xii).
Therefore, DFSER Open Item 20.3-3 is resolved.
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20.5.13 10 CPU 80.34(f)(2)(i): Operating Personnel Simulator Use and Development • Long-Term
Training Upgrade (TMI Item I.A.4.2)
Paragraph (2)(i) of 10 CFR 50.34(f) requires the provision
of simulator capability that correctly models the control
room and includes the capability to simulate SBLOCAs.
OE stated that simulator facilities for use in performing
operator training are beyond the scope of the ABWR
design certification review and the COL applicant will be
responsible for addressing this requirement. This is
consistent with the treatment of training in SSAR
Chapter 13 and is acceptable because training will be
addressed by the COL applicant. This was identified in
the DFSER as COL Action Item 18.7.2.2-1. The staff
verified that GE established a COL action item
(Item 18.8.8 in SSAR Section 18.8) for an operator
training program to meet 10 CFR Part 50. This approach
adequately addresses DFSER COL Action Item 18.7.2.2-1
as discussed in Sections 13.2 and 18.7.2.2 of this report.
20.5.14 10 CFR50.34(f)(2)(ii): Operating Procedures Long-Term Program Plan Procedures for
Upgrading of Procedures (TMI Item I.C.9)
Paragraph (2)(ii) of 10 CFR 50.34(f) requires
establishment of a program, to begin during construction
and follow into operation, for integrating and expanding
current efforts to improve plant procedures. The scope of
the program is required to include emergency procedures,
reliability analyses, HFE, crisis management, operator
training, and coordination with INPO and other industry
efforts.
The development of detailed procedures is beyond the
scope of the ABWR design certification review and the
COL applicant will be responsible for addressing this TMI
item in the detailed design implementation. This was
identified in the DFSER as COL Action Item 18.7.2.2-2.
The staff verified that GE established a COL action item
in SSAR Section 13.5.3 for procedure development.
Additionally, SSAR Section 13.5.3.1 states that the
methods and criteria for the development, V&V,
implementation, maintenance, and revision of procedures
will include considerations of I.C.9. This approach is
adequately addresses DFSER COL Action Item 18.7.2.2-2
as discussed in Section 13.5 of this report.
20.5.15 10 CFR50.34(f)(2)(iu): Control Room DesignControl Room Design Reviews (TMI
Item I.D.I)
Paragraph (2)(iii) of 10 CFR 50.34(f) requires the
provision, for NRC review, of a control room design that

reflects state-of-the-art human motor principles prior to
committing to fabrication or revision of ntfuicated control
room panels and layouts.
GE stated that this requirement is beyond the scope of the
ABWR design certification review and the COL applicant
will be responsible for addressing it in the detailed design
implementation. This was identified in the DFSER as
COL Action Item 18.7.2.2-3. The staff verified that GE
addressed this requirement further in the HFE design
(SSAR Section 18.8), included detailed CR development in
ABWR CDM Table 3.1ITAAC and in SSAR Section 18E,
and established a COL action item (Item 18.8.1) in SSAR
Section 18.8. This approach adequately addresses DFSER
COL Action Item 18.7.2.2-3 as discussed in
Section 18.7.2.2 of this report.

20.5.16 lOCFR50.34(f)(2)(iv): Control Room Design Plant Safety Parameter Display Console (TMI
Item I.D.2)
Paragraph (2Xiv) of 10 CFR 50.34(f) requires provision of
a plant safety parameter display console that will display
to operators a minimum set of parameters defining the
safety status of the plant, capable of displaying a full range
of important plant parameters and data trends on demand,
and capable of indicating when process limits are being
approached or exceeded.
GE addresses this requirement in SSAR Section 18.4.2.11
(evaluated in Section 18.3 of this report).
This
requirement is beyond the scope of the ABWR design
certification review and the COL applicant will be
responsible for addressing it in the SPDS design. This was
identified in the DFSER as COL Action Item 18.7.2.2-4.
The staff verified that GE established a COL action item
in SSAR Section 18.8 (Item 18.8.4) to evaluate the SPDS
design against the applicable provisions of NUREG-0737,
Supplement 1.
This approach adequately addresses
DFSER COL Action Item 18.7.2.2-4 as discussed in Section 18.7.2.2 of this report.
It should be noted that Section 18.7.2.2 of this report
states that the ABWR design will not provide a separate
SPDS console, but rather, the functions of the SPDS will
be integrated into the overall control room display capabilities. The staff concludes that an exemption from the
requirements of 10 CFR 50.34(f)(2)(iv) for a separate
SPDS console are appropriate for the ABWR for the
reasons set forth in Sections 18.3 and 18.7.2.2 of this
report.
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20.3.17 10 CUt 50.34(f)(2)<r): Control Room Design Safety System Status Monitoring (TMI
Item I.D.3)
Paragraph (2)(v) of 10 CFR 50.34(f) requires provisions
for automatic indication of the bypassed and inoperable
status of safety systems.
SSAR Section 7.1.2.10.2 states that the ABWR standard
plant design complies with the requirements of IEEE 279,
paragraph 4.13; RO 1.47; and BTP ICSB 21. IEEE 279,
paragraph 4.13 and RO 1.47 state that if the protective
action of some part of the I&C system has been bypassed
or deliberately rendered inoperative for any purpose, this
fact will be continuously indicated in the control room.
The ABWR design also provides for automatic indication
at the system level when the system loses power or when
it is out of service. In addition, a switch will be provided
for manual initiation of bypass indication for out-of-service
conditions under limited circumstances when bypass is not
automatically annunciated.
On this basis, the staff
concludes that the ABWR standard design meets the stated
guidance of RG 1.47, and therefore, meets the
requirements of 50.34(f)(2)(v) with respect to the I&C
design of safety system status monitoring. See also
Section 7.2.3 of this report.
The human factors details of this requirement are beyond
the scope of the ABWR design certification review and GE
stated that they will be addressed by the COL applicant in
the detailed design implementation. This was identified in
the DFSER as COL Action !<em 18.7.2.2-5. The staff
verified that GE established a COL action item in SSAR
Section 18.8 (Item 18.8.1) to conduct the detailed HFE
design according to design and implementation as defined
by the ABWR CDM Table 3.1 ITAAC and SSAR
Appendix 18E. The staff considers this to include the
resolution of the human factors aspects of this requirement.
This approach adequately addresses DFSER COL Action
Item 18.7.2.2-5 as discussed in Section 18.7.2.2 of this
report.
20.5.18 10 CFR 50.34(f)(2)(vi):
Consideration of
Degraded or Melted Cores in Safety Review Reactor Coolant System Vents (TMI
Item D.B.l)
Paragraph (2)(vi) of 10 CFR 50.34(f) requires that each
applicant and licensee install high-point vents for the RCS
and the reactor vessel head. These vents will be remotely
operated from the control room. Although the purpose of
the system is to vent noncondensable gases,from the RCS
which may inhibit core cooling during natural circulation,
the vents must not lead to an unacceptable increase in the
probability of a LOCA or a challenge to containment
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integrity. These vents are part of the reactor coolant
pressure boundary and thus, shall conform to His
regulatory requirements of 10 CFR Part 50. The vent
system shall be designed with sufficient redundancy to
ensure a low probability of inadvertent or irreversible
actuation.
This TMI item also requires the submittal of the following
information on the design and operation of the high-point
vent system:
•

A description of the design, location, sue, and power
supply for the vent system, along with results of
analyses for LOCAs initiated by a break in the vent
pipe. The results of the analyses should demonstrate
compliance with the acceptance criteria of 10 CFR
50.46.

•

Procedures and supporting analysis for the operator to
use in operating the vents. This information should
include the information available to the operator for
beginning or ending the use of the vents.

In the ABWR design, the 18 power-operated safety and
relief valves are the primary venting capability. Each SRV
is seismically qualified. The high-pressure nitrogen gas
supply to the eight SRVs which comprise the ADS is also
seismically qualified. To vent the RCS, each SRV can be
operated in the power-actuated mode by remote manual
controls in the main control room. The discharge line for
each SRV will include linear variable differential transformers (LVDTs) and a thermocouple to monitor the
position and leakage of the SRV. Each SRV discharges to
the suppression pool.
The RCS can also be vented through the RCIC system,
which directs steam from one of the main steam lines to a
turbine-driven pump, from which the steam is exhausted to
the suppression pool. The RCIC system can vent the RCS
during hot standby mode or during reactor isolation.
The top head vent line of the RPV can also direct steam
and noncondensable gases from the reactor's upper dome.
This line is used principally to vent the reactor during the
final stages of normal shutdown from power operation. A
reactor head vent line is a continuous vent which is
normally open to discharge to a main steam line.
The COL applicant will develop plant-specific procedures
to govern the operator's use of the relief mode for venting
the reactor. This was identified in the DFSER as COL
Action Item 20.3-1. In the advance SER, the staff
concluded that since GE had not yet included a COL action
item in the SSAR addressing the development of these
procedures, DFSER COL Action Item 20.3-1 would
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remain open until OB had done so. In Amendment 33, OB
revised 33AR Sections 1A.2.S and 1A.3.6 to establish a
COL action item for the COL applicant to develop the
indicated plant procedures. This approach adequately
addresses DFSER COL Action Item 20.3-1.

20.5.21 10 CFR 50.34<f)(2)(lx):
Consideration of
Degraded or Melted Corel in Safety Review Rulemaking Proceeding on Degraded Core
Accidents (TMI Item n.B.8), "Hydrogen
Control System"

OE has submitted no additional accident analyses to
address a break in any of the vent lines because the plant* s
design basis includes a complete steam line break* which
is more bounding.

Paragraph (2Xix) of 10 CFR 50.34(f) requires a system for
hydrogen control that can safely accommodate hydrogen
generated by the equivalent of a 100-percent, fuel clad
metal-water reaction. The hydrogen control system and
associated systems shall provide with reasonable assurance
that:

The staff concurs with the applicant's assessment because
it includes adequate capacity, operation, and procedural
provisions of the ABWR vent system. The staff concludes
that OE has adequately addressed the requirements of this
TMI item for the ABWR design.
20.5.19 10 CFR 50.34(f)(2)(vii):
Consideration of
Degraded or Melted Cores in Safety Review Rant Shielding to Provide Access to Vital
Areas and Protect Safety Equipment for PostAccident Operation (TMI Item H.B.2)
Paragraph (2Xvii) of 10 CFR 50.34(f) requires radiation
and shielding design reviews of spaces around systems that
may, as a result of an accident, contain source term
radioactive materials, and design as necesaary to permit
adequate access to important areas and to protect safety
equipment from the radiation environment. OS's response
adequately addresses the requirements of this TMI item for
the ABWR design as discussed in Sections 12 3.6 and
13.6.3.5 of this report.

20.5.20 10 CFR 50.34(f) (2) (viii): Consideration of
Degraded or Melted Cores in Safety Review Post-Accident Sampling (TMI Item II. B.3)
Paragraph (2)(viii) of 10 CFR 50.34(0 requires the
capability to promptly obtain and analyze samples from the
reactor coolant system and containment that may contain
TID-14844 source term radioactive materials without
radiation exposure to any individual exceeding 0.05 Sv
(5 rem) to tht* whole-body or 0.50 Sv (50 rem) to the
extremities.
GE's response adequately addresses the requirements of
this TMI item for the ABWR design as discussed in
Section 9.3.2.2 of this report.

(A)

Uniformly distributed hydrogen concentrations in
the containment do not exceed 10 percent during
and following an accident that releases an equivalent amount of hydrogen aa would be generated
from a 100-percent, fuel clad metal-water reaction,
or that the post-accident atmosphere will not
support hydrogen combustion.

(B)

Combustible concentrations of hydrogen will not
collect in areas where unintended combustion or
detonation could cause loss of containment integrity
or loss of appropriate mitigating features.

(C)

Equipment necessary for achieving and maintaining
safe shutdown of the plant and maintaining
containment integrity will perform its safety function during and after being exposed to the
environmental conditions attendant with the release
of hydrogen generated by the equivalent of a
100-percent, fuel clad metal-water reaction
including the environmental conditions created by
activation of the hydrogen control system.

(D)

If the method chosen for hydrogen control is a postaccident inciting system, inadvertent actuation of
the system can be safely accommodated during
plant operation.

SSAR Section 6.2.5 discusses the provisions for
combustible gas control within the ABWR containment,
which include an inerted containment and inclusion of
thermal hydrogen recombiners. In Sections 6.2.5 and
19.2.3.3.1 of this report, the staff concludes that these
provisions for hydrogen gas control within the ABWR
containment, for both design-basis accidents and severe
accidents, are acceptable.
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Criteria (A) and (B) are met through an inerted
containment which ensures that the post-accident
containment atmosphere will not support hydrogen
combustion.
Criterion (C) is met as discussed in
Section 19.2.3.3.7 of this report. Criterion (D) is not
applicable to the ABWR design, as inerting is accomplished prior to the onset of the accident. The staff
concludes that the ABWR design meets the requirements
of 10 CFR 50.34(f)(2)(ix).

20.5.24 10 CFR 50.34(f)(2)(xii): System Design Auxiliary Feedwater System - Auxiliary
Feedwater System Automatic Initiation and
Flow Indication (TMI It m D.E.1.2)

20.5.22 10 CFR50.34(fM2)(x): Reactor Coolant System
Relief and Safety Valves - Testing
Requirements (TMI Item II.D.l)

This requirement is applicable to PWRs only, since a BWR
design does not include an AFWS. Therefore, it is not
technically relevant to the ABWR design and does not need
to be addressed.

Paragraph (2)(x) of 10 CFR 50.34(f) requires that the
licensee provide a test program and associated model
development and conduct tests to qualify reactor coolant
system relief and safety valves for all fluid conditions
expected under operating conditions, transients, and
accidents.
The staff concludes that GE's approach
adequately addresses the requirements of this TMI item for
the ABWR design as discussed in Section 3.9.3.2 of this
report.

20.5.23 10 CFR 50.34(f)(2)(xi);
Reactor Coolant
System Relief and Safety Valves - Relief and
Safety Valve Position Indication (TMI
Item II.D.3)
Paragraph (2)<xi) of 10 CFR 50.34(f) requires that the
relief and safety valves for the RCS shall include a positive
indication in the control room derived from a reliable
valve-position detection device or a reliable indication of
flow in the discharge pipe.
The ABWR SRVs are equipped with position sensors that
will be qualified as Class IE components. All SRV
positions will be indicated in control room. The ABWR
design also includes a backup method using thermocouples.
The pipe downstream of the SRV is equipped with
thermocouples which signal the annunciator and the plant
process computer when the temperature in the tail pipe
exceeds the predetermined set point.
The staff has reviewed the design, compared it with the
position and clarification contained in NUREG-0737,
"Clarification of TMI Action Plan Requirements," and
determined that GE's response adequately addresses the
requirements of this TMI item for the ABWR design as
discussed in Section 5.2.2 of this report.
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Paragraph (2)(xii) of 10 CFR 50.34(f) requires the
provision of automatic and manual AFWS initiation and the
provision of AFWS flow indication in the control room of
PWR plants.

20.5.25 10 CFR 50.34(f)(2)(xiii): System Design Decay Heat Removal - Reliability of Power
Supplies for Natural Circulation (TMI
Item n.E.3.1)
Paragraph (2)(xiii) of 10 CFR 50.34(f) requires provision
of a pressurizer heater power supply and associated motive
and control power interfaces for PWR plants that is
sufficient to establish and maintain natural circulation in
hot standby conditions with only onsite power available.
This requirement is applicable to PWRs only, since a BWR
design does not include a pressurizer. Therefore, it is not
technically relevant to the ABWR design and does not need
to be addressed.
20.5.26 10 CFR 50.34(f)(2)(xiv): System Design ~
Containment Design - Isolation Dependability
(TMI Item II.E.4.2)
Paragraph (2)(xiv) of 10 CFR 50.34(f) requires the
provision of containment isolation systems that do the
following:
•

Ensure all non-essential systems are isolated
automatically by the containment isolation signal

•

Have two isolation barriers in series for each nonessential penetration, except instrument lines

•

Do not result in reopening of the containment isolation
valves on resetting of the isolation signal

•

Utilize a containment set point pressure for initiating
containment isolation as low as is compatible with
normal operation
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•

Include automatic closing on a high radiation signal for
all systems that provide a path to the environs.

It also requires assurance that the purge system will
reliably isolate under accident conditions.

The staff reviewed GE's containment isolation system for
compliance with these requirements. The evaluation
results and findings regarding each requirement are as
follows:

SSAR Section 19A.2.27 stated that during normal power
operation, all large valves in the containment ventilation
lines are closed and that only the 5-cm (2-in.) nitrogen
makeup valves are open. These valves are characterized
as air-operated valves with fart closure times which
prevent substantial releases from containment should
containment isolation be required. OE also stated that the
5-cm (2-in.) nitrogen bleed lines are sufficient to maintain
normal containment pressure during normal operation
when used in conjunction with containment spray and the
drywell cooling system. In the DFSER the staff found that
the use of the 5-cm (2-in.) nitrogen bleed lines for normal
pressure control is consistent with ALARA considerations
and there is high assurance that the purge system will
reliably isolate under accident conditions.

•

All non-essential systems are isolated automatically by
the containment isolation system in accordance with the
TMI Item II.E.4.2 requirements.

•

As discussed in DFSER Sections 6.2.4 and 6.2.4.1,
some penetrations do not have two isolation barriers in
series that conform to the containment isolation requirements of GDC 56. This was identified in the DFSER
as Open Item 20.3-4. (This issue was also identified in
the DFSER as Open Item 6.2.4.1-1.) As discussed in
Section 6.2.4.1 of this report, OE subsequently
provided adequate justification for the alternative
containment isolation design that resolved these open
items. Therefore, DFSER Open Item 20.3-4 and
DFSER Open Item 6.2.4.1-1 are resolved.

•

Resetting the containment isolation signal will not result
in the automatic reopening of containment isolation
valves. The reopening of any containment isolation
valve is on a valve-by-valve basis once the isolation
signal has cleared and following subsequent logic reset.

•

GE has committed to using a high drywell set point
pressure of 14 kPag (2 psig) to isolate non-essential
penetrations. This is a minimum value and compatible
with normal operating conditions. The staff finds a set
point value of 14 kPag (2 psig) acceptable.

•

The containment purge and vent isolation valves isolate
on high radiation levels in the reactor building HVAC
air exhaust or in the fuel handling aiea HVAC air
exhaust. As discussed in SSAR Section 6.2.4.1, the
containment purge provision has not been found
acceptable for ABWR.

Based on the above evaluation, the staff concludes that the
ABWR design meets this TMI requirement.
20.5.27 10 CFR 50.34(0(2)(xv): System Design Containment Design - Purging
(TMI
Item II.E.4.4)
Paragraph (2)(xv) of 10 CFR 50.34(0 requires provision
of containment venting/purging capability to minimize
purging time, consistent with the as-low-as-is-reasonablyachievable (ALARA) principles for occupational exposure.

SSAR Section 19A.2.27 also stated that the large
ventilation valves will be tested not only on a regular
basis, but also after any valve maintenance in order to
ensure that closing times are within allowable limits. In
the DFSER, the staff noted that these tests should include
valve T31-F007, that the details of these tests should be
submitted by the applicant referencing the ABWR design,
and that this should be identified in the SSAR as a COL
action item. This was identified in the DFSER as COL
Action Item 20.3-2. Subsequently, GE modified SSAR
Table 3.9-8, "Inservice Testing of Safety-Related Pumps
and Valves", to include both T31-F007 and T31-F010, the
isolation valves for the COPS rupture disk. The staff
verified that GE established a COL action item to develop
the inservice testing program for the components in
Table 3.9-8. The test requirements in this table ensure
that these valves will be adequately tested. This approach
adequately addresses DFSER COL Action Item 20.3-2.
In response to the staffs request for additional information
(RAJ) dated June 5, 1990, GE stated that the isolation
signal to valve T31-F0O7 would be deleted from SSAR
Figure 6.2-39a. As of SSAR Amendment 11, this figure
still contained an isolation signal to this valve, the DFSER
identified this as Open Item 20.3-5. Subsequently, GE
provided SSAR Figure 6.2-39, Sheet 1, which deleted the
isolation signal. Therefore, DFSER Op^n Item 20.3-5 is
resolved.
In another response to this RA1, GE agreed to amend the
ABWR TS to allow a 24-hour (rather than a 72-hour)
window at the beginning and end of a fuel cycle, during
which the large diameter 56-cm (22-in.) purge lines can be
open in accordance with the STS. This was identified in
the DFSER as TS Item 6.2.5-1 and was discussed in
Chapter 6 of the DFSER. In addition to proper operation

20-99

NUREG-1503

Genenc Issues
during normal conditions, the staff stated in the DFSER
that GE should provide justification that these valves will
close during accident conditions. This was identified in
the DFSER as Open Item 20.3-6. The staff has confirmed
that SSAR Section 6.2.5 has been modified to clarify that
these valves receive close signals during accident
conditions. Therefore, DFSER Open Item 20.3-6 is
resolved.
Based on the additional clarifying information provided in
the SSAR, the staff concludes that the ABWR design meets
this TMI requirement.
20.5.28 10 CFR 50.34(f)(2)(xvi): System Design Design Sensitivity of B&W Reactors - Design
Evaluation (TMI Item n.E.5.1)
Paragraph (2)(xiv) of 10 CFR 50.34(f) requires
establishment of a design criterion for the allowable
number of actuation cycles of the ECCS and RPS of B&W
plant designs consistent with the expected occurrence rates
of severe overcooling events, considering both anticipated
transients and accidents.
This requirement is applicable to B&W-designed plants
only, therefore, it is not technically relevant to the ABWR
design and does not need to be addressed.
20.5.29 10 CFR 50.34(f) (2) (xvii): Instrumentation and
Controls - Additional Accident Monitoring
Instrumentation (TMI Item II.F.l)
Paragraph (2)(xvii) of 10 CFR 50.34(f) requires provisions
for instrumentation to measure, record, and read out in the
control room containment pressure, water level, hydrogen
concentration, radiation intensity (high level), and noble
gas effluent at all potential accident release points. In
addition, it requires continuous sampling of radioactive
iodines and particulates in gaseous effluent from all
potential accident release points, and an onsite capability
to analyze and measure samples. Under TMI Item II.F. 1,
NUREG-0660 restates these requirements with additional
guidance and clarification. NUREG-0660 calls for a
human factors analysis, which is to include the use of the
indicators listed above by the operator during both normal
and abnormal plant conditions, integration of these
indicators into plant emergency procedures and operator
training, the use of other alarms during an emergency, and
the need for prioritization of alarms.
In the DFSER, the staff stated that GE's responses to its
RAI dated June 5, 1990, were still under review and that
completion of this review was DFSER Open Item 20.3-7.
SSAR Section 7.5 compares the ABWR design against the
criteria of RG 1.97 (Rev. 3), addressing accident
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monitoring instrumentation. Section 7.5 lists the variables
that are considered essential safety-related information for
the operators, and identifies specific exceptions to the
guidance of RG 1.97. The capability to monitor the
parameters required by the regulation is provided in the
control room. Based on its review of SSAR Section 7.5,
the staff concludes that the ABWR I&C design meets
RG 1.97 as discussed further in Section 7.5.2 of this report
and, therefore, also meets this TMI requirement.
Therefore, DFSER Open Item 20.3-7 is resolved.
In the DFSER, the staff also reported that GE stated that
the human factors aspects of this requirement were beyond
the scope of the ABWR design certification review and the
COL applicant will be responsible for addressing them in
the detailed design implementation. This was identified in
the DFSER as COL Action Item 18.7.2.2-3. The staff
verified that GE established a COL action item
(Item 18.8.1) in SSAR Section 18.8 for the detailed control
room development as defined in ABWR CDM Table 3.1
ITAAC and in SSAR Section 18E.
Further, GE
established a COL action item (Item 18.8.13) in SSAR
Section 18.8 to address II.F. 1. This approach adequately
addresses DFSER COL Action Item 18.7.2.2-3 as
discussed in Section 18.7.2.2 of this report.
20.5.30 10 CFR50.34(f)(2)(xviii): Instrumentation and
Controls - Identification of and Recovery from
Conditions Leading to Inadequate Core
Cooling (TMI Item II.F.2)
Paragraph (2)(xviii) requires provision of instrumentation
or controls (primary or backup) proposed for the plant to
supplement existing instrumentation (including primary
coolant saturation monitors) in order to provide an
unambiguous, easy-to-interpret indication of inadequate
core cooling (ICC). It also requires a description of the
functional design requirements for the system, a
description of the procedures to be used with the proposed
equipment, the analysis used in developing these
procedures, and a schedule for installing the equipment.
Reactor pressure vessel level is the only issue to be
considered with respect to this issue since BWRs operate
at saturation pressure and saturation monitors are not
required for the ABWR. As in operating BWRs, the level
instruments for the ABWR RPV are all delta p (dp)
instruments. Each instrument uses a reference leg, which
is maintained full by a condensing chamber connected
directly to the steam space in the RPV, and uses a variable
leg which is connected to the RPV water space. All the dp
level instruments operate on the same physical principle.
Therefore, common-cause failures caused by a design
deficiency or maintenance error could result in inaccurate
indication of reactor vessel water level.
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The staffs concern about common-cause failures is based
on experience with potential common-mode failure
mechanisms in the reactor water level instruments. For
example, during the past two years, anomalies have been
observed in reactor vessel water level indication at several
BWRs (Millstone-1, Pilgrim, LaSalle, and Washington
Nuclear (WNP-2) during controlled depressurization to
commence plant outages. These anomalies consisted of
"spiking" or "notching" of level indication, and in one
instance, a sustained error in level indication. The effect
of noncondensable gas in the condensate chamber and
reference leg of the cold-leg type of water level
instruments has been determined to be the root cause of
these level indication anomalies. Testing has shown that
under depressurization conditions, noncondensable gases
can cause significant errors in the level indication.
The ABWR design for the reactor vessel water level
measurement system has the following features:
(1)

The ABWR has temperature-compensated RPV
level indication for post-accident monitoring of the
RPV.

(2)

The vertical drop in the drywell for the ABWR
RPV water level reference leg instrument lines
from the condensing chamber to the drywell wall
has been limited to three feet.

(3)

The ABWR uses analog level transmitters.
i

(4)

The ABWR safety system utilizes two-out-of-four
logic for the automatic safety systems initiated on
RPV water level.

The staff reviewed the ABWR design for the reactor vessel
water level measurement system and found that it meets
the requirements specified in GL 84-23, "Reactor Vessel
Water Level Instrumentation in BWRs," dated October 26,
1984. To ensure high functional reliability of the
instrumentation, the staff issued GL 92-04, "Resolution of
the Issues Related to Reactor Vessel Water Level
Instrumentation in BWRs Pursuant to 10 CFR 50.54(f),"
dated August 19,1992, and Bulletin 93-03, "Resolution of
Issues Related to Reactor Vessel Water Level
Instrumentation in BWRs," dated May 28, 1993,
requesting hardware modifications for operating reactors.
In response to these generic communications, all BWR
licensees have committed to implement hardware
modifications to their level instrumentation systems.
Similar cold-leg instruments are used in the ABWR design.

related to high containment temperature during a depressurization event. High containment temperature combined
with reactor depressurization can lead to false water level
readings as a result of flashing or boiling in the reference
leg within the containment.
In the DFSER, the staff stated that the design of the
ABWR reactor vessel water level measurement system met
the requirements specified in GL 84-23. However, the
staff required GE to discuss GL 92-04 in the SSAR and
include any design changes necessary to preclude the
potential for false reactor coolant level readings. The staff
also required GE to determine if compliance with this TMI
requirement was affected by any design changes. This was
identified in the DFSER as Open Item 20.3-8. In response
to these generic communications, GE changed the design
of the ABWR RPV level instrumentation system. GE
incorporated a backfill modification system that will
constantly purge the reference leg with a very low flow
rate of water supplied by the CRD system. The constant
flow of water up the reference leg will prevent dissolved
gases from migrating down the reference leg.
The known common-mode deficiencies in BWR level
instrumentation systems have been addressed at operating
BWRs and by GE in the ABWR design. It should also be
noted that these particular deficiencies would not have
compromised the automatic protective functions of the
level instrumentation for accident scenarios initiated while
at power, and that no previous incidents at BWRs of
inaccurate level indication have been misinterpreted by
plant operators so as to lead to unsafe actions. The staff
concluded in the advance SER that the ABWR level instrumentation system without the proposed level diversity
meets the requirements of 10 CFR Part 50. However, in
view of the importance of level instrumentation for safety
in BWRs, and the experience discussed above where the
potential existed to fail redundant level instruments due to
a common cause, the staff believes that the addition of
level instrumentation which operates on a diverse physical
principle is desirable and prudent for the purpose of
guiding operator emergency actions.
GE did not agree with the staff recommendation for
diverse water level instrumentation and presented its
position in a letter dated October 26, 1993. As part of the
letter, GE presented the following summary:

Before the noncondensible gas level inaccuracies, there
were other problems with dp level instrumentation used in
BWRs. The staff issued GL 84-23 to address concerns
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ABWR water level instrumentation is
rugged, simple and highly redundant for
failure tolerance. All known operating
problems have been addressed in this design
and it is incredible to postulate simultaneous
common-mode failures which would yield
identical errors in all the dp instrumentation.
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being powered by onsite power sources. This was Open
Item F20.5.30-1 in the advance SER.

Alternate technologies are unqualified for
this application; further, there is no need to
add mis complexity, since the plant
operating staff has ample additional
indications of an impending problem without
relying solely on water level. The EPGs
direct the operator to use all information
available to him and make conservative
(safe) decisions.
In the attachment to the letter, OE also provided a list of
indications of inadequate RPV water level which are
independent of the dp RPV water level instrumentation.
The staff recognizes that other parameters could aid the
operator in assessing the adequacy of core cooling under
accident conditions. These include instrumentation for
indication of reactor power, core neutron flux, the
recirculation flow control system response, and feedwater
flow and steam flow mismatch. However, the staff
believes that these indications could be easily
misinterpreted or could be insufficient because they are
only indirect methods of inferring reactor water level or
core cooling.
Other evolutionary designs, such as the ABB-Combustion
Engineering, Inc. (ABB-CE) System 80+, provide diverse
methods of RPV level measurement. The inadequate core
cooling instrumentation package in the CE System 80+
plant includes reactor vessel level monitoring system
probes employing both dp sensors and the heated junction
thermocouple concept. The staff is aware of a diverse
method of level monitoring that is currently in use in at
least one nuclear power plant in Germany employing
ultrasonic measurement techniques. In addition, a diverse
level measurement system which uses heated junction
thermocouples has been in use for the past 5 years at a
Swedish BWR, and another Swedish BWR uses float
switches for diverse level indication and automatic systems
actuation. Other Swedish BWRs have decided in principle
to install diverse level measurement systems.

The staff indicated in the advance SER that the diverse
method of level measurement is recommended for
indication in the control room only (there is diverse
instrumentation, namely high drywell pressure, in both the
operating BWRs and the ABWR design which provides
diverse signals for automatic safety systems actuation for
many event scenarios). This would provide a direct and
back-up means for the operator to identify inadequate core
cooling and to take appropriate manual actions to initiate
and control safety systems as identified in the plant EOPs.
The staff also recommended that the diverse level
measurement device be reliable, redundant, and capable of
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The staff issued the draft Commission paper, "Diversity in
the Method of Measuring Reactor Pressure Vessel Level
in the Advanced Boiling Water Reactor and Simplified
Boiling Water Reactor," on November 15,1993, for public
and industry comments. The ACRS discussed the issue in
its 430th meeting on December 9 through 11, 1993, and
sent its recommendation to the Commission in a letter
dated December 16, 1993. The ACRS did not support the
staff recommendation on diversity. Based on ACRS
deliberations and GE's position, the staff reconsidered the
need for the requirement for instrumentation diversity.
All the known common-mode deficiencies in BWR level
instrumentation systems have been addressed by GE in the
ABWR design. It should also be noted that these
deficiencies would not have compromised the automatic
functions of the level instrumentation for accident scenarios
initiated while at power, and that no previous incidents at
BWRs of inaccurate level indication have been
misinterpreted by plant operators so as to lead to unsafe
actions. In addition, for many events, the ECCS is started
in the ABWR on high drywell pressure, as well as low
reactor water level, thus providing some diversity. The
ABWR EPGs will be used to develop the EOP that will be
used with the reactor water level instrumentation.
Even though it may be desirable to provide instrumentation
diversity in the ABWR design, there is not sufficient basis
to postulate an unidentified potential common-mode failure.
Further, diverse level measurement devices have not been
demonstrated to be adequate. In light of the enhanced
LOCA response in the ABWR and the guidance provided
in the ABWR EPGs to address the use of the RPV
instrumentation, the staff concludes that reactor vessel
level instrumentation diversity is not required for the
ABWR. On the basis of the above discussion, Open
Item F20.S.30-1 (DFSER Open Item 20.3-8) is resolved.
Based on the above discussion, the staff also concludes that
the ABWR RPV level instrumentation will provide
adequate indication of ICC as required by this TMI item.
In the DFSER the staff reported that GE stated that the
human factors aspects of this requirement were beyond the
scope of the ABWR design certification review and the
COL applicant will be responsible for addressing them in
the detailed design implementation. This was identified in
the DFSER as COL Action Item 18.7.2.2-3. The stoff
verified that GE established a COL action item
(Item 18.8.1) in SSAR Section 18.8 for the detailed control
room development as defined in ABWR CDM Table 3.1
ITAAC and in SSAR Section 18E.
Further, GE
established a COL action item (Item 18.8.14) in SSAR
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Section 18.8 to address H.F.2. This approach adequately
addresses DFSER COL Action Item 18.7.2.2-3 as
discussed in Section 18.7.2.2 of this report.
20.5.31 10 CFR 50.34(f)(2)(xix): Instrumentation and
Controls - Instruments for Monitoring Accident
Conditions (TMI Item II.F.3)
Paragraph (2)(xix) of 10 CFR 30.34(f) requires
instrumentation adequate for monitoring plant conditions
following an accident that includes core damage.
SSAR Section 7.S compares the ABWR design against the
criteria of RO 1.97 (Rev. 3), addressing accident
monitoring instrumentation. Section 7.5 lists the variables
that are considered essential safety-related information for
the operators, and identifies specific exceptions to the
guidance of RO 1.97. The list incorporates adequate
monitoring capability for post-accident plant conditions that
include core damage, including reactor pressure, water
level and temperature, containment pressure, temperature
and radiation level, and shutdown operation status. Based
on its review of SSAR Section 7.5, the staff concludes that
the ABWR I&C design meets RG 1.97 as discussed further
in Section 7.5.2 of this report and, therefore, also meets
this TMI requirement.
20.5.32 10 CFR 50.34(f)(2)(xx): Electrical Power Power Supplies for Pressurizer Relief Valves,
Block Valves, and Level Indicators (TMI
Item n.G.l)
Paragraph (2)(xx) of 10 CFR 50.34(0 requires power
supplies for pressurizer relief valves, block valves, and
level indicators for PWRs such that the level indicators are
powered from vital buses, motive and control power
connections to the emergency power sources are thorough
devices qualified in accordance with requirements
applicable to systems important to safety, and electric
power is provided from emergency power sources.
This requirement is applicable to PWRs only, therefore, it
is not technically relevant to the ABWR design and does
not need to be addressed.
20.5.33 10CFR50.34(f)(2)(xxi): Measures to Mitigate
Small-Break Loss-of-Coolant Accidents and
Loss-of-Feedwater Accidents - IE Bulletins Describe Automatic and Manual Actions for
Proper Functioning of Auxiliary Heat Removal
Systems When Feedwater System Not Operable
(TMI Item Issue D.K. 1.(22))
Paragraph (2)(xxi) of 10 CFR 50.34(f) requires design of
auxiliary heat removal systems such that necessary

automatic and manual actions can be taken to ensure
proper functioning when the main feedwater system is not
operable.
SSAR Section 7.7.1.4(9) states that if the ABWR main
feedwater system is not operating, the reactor will be
tripped automatically when reactor water level falls to
reactor vessel level 3. The operator can manually initiate
the RCIC system from the main control room or, if the
operator takes no action, reactor water level will continue
to decrease as the steam boils off until the low-low level
set point (level 2) is reached. At low-low level, the RCIC
system is automatically initiated to supply makeup water to
the reactor pressure vessel. If level 1.5 is reached, both
HPCF pumps will start automatically. These systems will
continue automatic injection until the reactor water level
reaches level 8, at which time the HPCF and RCIC
systems are tripped. The HPCF will restart automatically
once the high-level trip signal clears and the level 1.5
signal is received. The RCIC will automatically start after
a level 8 trip and a level 2 signal.
If the vessel is isolated, reactor vessel pressure is regulated
by automatic or remote manual operation of the main
steam relief valves, which exhaust to the suppression pool.
In this case, the automatic suppression pool cooling mode
of the RHR system will transfer heat to the ultimate heat
sink.

The HPCF system will automatically provide the required
makeup flow for the accident situations with the reactor
vessel at high pressure. No manual operations are
required since the HPCF system will cycle on and off
automatically as water level reaches vessel level 1.5 and
level 8, respectively. If the HPCF system fails under these
conditions, the operator can manually depressurize the
reactor vessel using the ADS to permit the low-pressure
emergency core cooling systems to provide makeup
coolant. The RCS will automatically be depressurized if
ail of the following signals are present: high drywell
pressure, level 1 water level, and pressure in at least one
low-pressure injection system or one HPCF system. If the
low level persists in the RPV, the ADS will also activate
without drywell high pressure after a delay of about
8 minutes.

The ABWR design incorporates appropriate automatic and
manual action capability to ensure proper heat removal
when the main feedwater system is not operable.
Therefore, the staff concludes that GE has adequately
addressed the requirements of this TMI item for the
ABWR design.
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20.5.34 10 CFR50.34(f)(2)(xxu): Measures to Mitigate
Small-Break Loss-of-Coolant Accidents and
Loss-of-Feedwater Accidents - Commission
Orders on B&W Plants - Analysis and
Upgrading of Integrated Control System (TMI
Item n.K.2(9))
Paragraph (2)(xxii) of 10 CFR 50.34(f) requires
performance of a failure modes and effects analysis of the
integrated control system (ICS) of B&W-designed plants to
include consideration of failures and effects of input and
output signals to the ICS.
This requirement is applicable to B&W-designed plants
only, therefore, it is not technically relevant to the ABWR
design and does not need to be addressed.
20.5.35 10 CFR 50.34(f)(2)(xxiii):
pleasures to
Mitigate Small-Break
Loss-of-Coolant
Accidents and Loss-of-Feedwater Accidents Commission Orders on B&W Plants - HardWired Safety-Grade Anticipatory Reactor
Trips (TMI Item U.K.2(10»
Paragraph (2)(xxiii) of 10 CFR 50.34(f) requires
provision, as part of the RPS of B&W-designed plants, an
anticipatory reactor trip that would be actuated on loss of
main feedwater and on turbine trip.
This requirement is applicable to B&W-designed plants
only, therefore, it is not technically relevant to the ABWR
design and does not need to be addressed.
20.5.36 10 CFR50.34(f)(2)(xxiv): Measures to Mitigate
Small-Break Loss-of-Coolant Accidents and
Loss-of-Feedwater
Accidents Final
Recommendations of Bulletins and Orders
Task Force - Central Water Level Recording
(TMI Item H.K.3(23))
Paragraph (2)(xxiv) of 10 CFR 50.34(f) requires the
capability to record reactor vessel water level in one
location on recorders that meet normal post-accident
recording requirements for BWRs.

SSAR Section 7.5.8 states that the reactor vessel water
level wide range instruments and fuel zone instruments are
utilized to provide post-accident monitoring indication.
The four divisions of wide range level instruments cover
the zone from above the core to the main steam lines. The
two channels of fuel zone instruments cover the range
from below the core to the top of the steam separator
shroud.
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The SSAR also stotes that in the event that the vessel water
level is below the range of the wide range level sensor and
the two channels of fuel zone level instrumentation
disagree, the EOPs instruct the operator to use the lower
level indicated in the two channels and to return the water
level to the range of the wide range level instrumentation.
GE adds that by using the four divisions of wide range
level instruments, an unambiguous indication of vessel
water level can be determined despite a postulated failure
of a single instrument channel or division, thereby
permitting the operator to implement the EOPs.
The staff concludes that GE's approach acceptably meets
the requirements of this TMI item regarding post-accident
reactor vessel water level recording for the ABWR design.
20.5.37 10 CFR 50.34(f)(2)(xxv):
Emergency
Preparedness and Radiation Effects - Improve
Licensee Emergency Preparedness - Short
Term; Upgrade Emergency Preparedness (TMI
Item III. A. 1.2)
Paragraph (2)(xxv) of 10 CFR 50.34(f) requires the
provision of an onsite Technical Support Center (TSC), an
Operational Support Center (OSC), and a nearsite
Emergency Operations Facility (EOF).
GE's proposal is discussed and evaluated in Section 13.3
of this report. The staff verified that GE established a
COL action item in SSAR Section 19A.3.4 to detail a TSC
and an OSC in the ABWR service building. This SSAR
section also states that the COL applicant has an interface
requirement to provide a near site emergency operational
facility.
On the basis of the staffs evaluation in
Section 13.3 of this report and GE's establishment of the
COL action item, the staff concludes that GE has
adequately addressed the requirements of this TMI item for
the ABWR design.
20.5.38 10 CFR50.34(f)(2)(xxvi): Radiation Protection
- Radiation Source Control - Primary Coolant
Sources Outside the Containment Structure
(TMI Item m.D.1.1)
Paragraph (2)(xxvi) of 10 CFR 50.34(f) requires provision
of leakage control and detection in the design of systems
outside containment that contain (or might contain)
TID-14844 source term radioactive materials following an
accident. Applicants are required to submit a leakage
control program, including an initial test program, a
schedule for retesting these systems, and the actions to be
taken for minimizing leakage from such systems. The goal
is to minimize potential exposures to workers and the
public and to provide reasonable assurance that excessive
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Leakage will not prevent the use of systems needed in an
emergency.

radioactivity as appropriate for a broad range of routine
and accident conditions.

The advance SER stated that the staff reviewed SSAR
Section 1A.2.34, as well as GE's response (see page
20.3.15-22 of the SSAR) to staff Question 430.227 relating
to this TMI item. It also stated that these references
identify the applicable systems and the leak reduction
measures for the ABWR design. Based on its review, the
staff found in the advance SER that the leakage control
program for the systems outside the containment for the
ABWR design would include periodic leak testing and leak
reduction measures for eight listed systems. GE revised
and expanded the list of systems in Section 1A.2.34 to
include the following: (1) RHR, (2) tfPCF, (3) low
pressure core flooder, (4) RCIC, (5) suppression pool
cleanup, (6) reactor water cleanup, (7) fuel pool cooling
and cleanup, (8) post-accident sampling, (9) process
sampling, (10) containment atmospheric monitoring,
(11) fission product monitor (part of leakage detection
system), (12) hydrogen recombiner, and (13) standby gas
treatment.

GE's response adequately addresses the requirements of
this TMI item for the ABWR design as discussed further
in Section 12.5.1 of this report.

In the advance SER, the staff also found that the COL
applicant will be required to develop plant procedures that
will prescribe the leak testing methods for the above
systems and schedule maintenance programs to monitor
leakages and reduce detected leakages to lowest practical
levels. GE stated that the leak tests will be conducted
periodically at each refueling outage. Furthermore, the
staff found that GE identified Item 5.5.2.2 in the administrative controls section of the ABWR TS, which calls for
the COL applicant to establish a leakage control program
for the subject systems. The TS item further stipulates that
the program include preventive maintenance and periodic
visual inspection requirements and integrated leak test
requirements for each system at refueling cycle intervals or
less.
Based on the above, the staff concludes that the ABWR
design adequately addresses the requirements of this TMI
item for the ABWR design.
The staff will review and evaluate the individual leakage
control programs, including the initial test programs, of the
COL applicant on a plant-specific basis.
20.5.39 10 CFR50.34(0(2)(xxvu):RadiationProtection
- Worker Radiation Protection Improvement Inplant Radiation Monitoring
(TMI
Item ffl.D.3.3)
Paragraph (2)(xxvii) of 10 CFR 50.34(f) requires
provisions for monitoring of inplant radiation and airborne

20.5.40 10 CFR 50.34(f)(2)(xxviii):
Radiation
Protection - Worker Radiation Protection
Improvement - Control Room Habitability
(TMI Item III.D.3.4)
Paragraph (2)(xxviii) of 10 CFR 50.34(f) requires an
evaluation of the potential pathways for radioactivity and
radiation that may lead to control room habitability
problems under accident conditions resulting in a
TID-14844 source term release, and to make necessary
design provisions to preclude such problems.
The staffs review of control room habitability is provided
in Section 6.4 of this report. The staff concludes that the
ABWR control room design provides an acceptable means
of maintaining the control ' oom in a safe and habitable
condition by providing adequate protection under accident
conditions in accordance with the requirements of this TMI
item.
20.5.41 10 CFR 50.34(f)(3)(i): Operating Procedures Procedures for Feedback of Operating
Experience to Plant Staff (TMI Item I.C.5)
Paragraph (3)(i) of 10 CFR 50.34(f) requires the
provisions for administrative procedures for evaluating
operating, design, and construction experience and for
ensuring that applicable important industry experiences will
be provided in a timely manner to those designing and
constructing the plant.

The development of detailed procedures is beyond the
scope of the ABWR design certification review and the
COL applicant will be responsible for addressing this TMI
item. The staff verified that GE established a COL action
item in SSAR Section 13.5.3 for procedure development
and a COL action item in SSAR Section 13.2 regarding the
incorporation of operating experience into training
programs. Additionally, SSAR Section 13.5.3.1 states that
the methods and criteria for the development, V&V,
implementation, maintenance, and revision of procedures
will include considerations of I.C.5. This approach is
acceptable to the staff as discussed in Sections 13.5 and
13.2 of this report.
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20.5.42 10 CFR 50.34(f)(3)(H): Quality Assurance
(QA) - Expand QA List (TMI Item I.F.I)
NUREG-0660 states that several systems important to
safety of the TMI plant were not designed, fabricated, and
maintained at a level equivalent to their safety importance.
In accordance with the requirements of Criterion 1 of
Appendix A to 10 CFR Part 50 and the guidance provided
in SRP Section 17.3, "Quality Assurance Program
Description," applicants are to include these types of nonsafety-related items within the scope 'of their QA
programs. This requirement was incorporated into
Paragraph (3)(ii) of 10 CFR 50.34(f).
SSAR Table 3.2-1, "Classification Summary," identifies
safety-related and non-safety-related items of the ABWR.
Note "e" in the table and SSAR Section 3.1.2.1.1.2 state
(1)

the total QA program described in SSAR
Chapter 17 is applied to the safety-related items

(2)

the non-safety-related items are controlled by the
QA program described in SSAR Chapter 17 in
accordance with the functional importance of the
item

The staff concludes that GE's approach adequately
addresses the requirements of this TMI item for the
ABWR design.
20.5.43 10 CFR 50.34(f)(3)(iii): Quality Assurance Develop More Detailed QA Criteria (TMI
Item I.F.2)
Paragraph (3)(iii) of 10 CFR 50.34(0 requires the
establishment of a quality assurance program.
NUREG-0660, Item I.F.2 lists 11 considerations that the
NRC should use to develop additional guidance to clarify
requirements for the QA function. These considerations
resulted in Revision 2 of SRP Section 17.1, "Quality
Assurance During the Design and Construction Phases," in
July 1981.
SSAR Chapter 17 references NEDO-11209, "Nuclear
Energy Business Operation Quality Assurance Program
Description," Revision 7 dated May 1987. The staff
reviewed this report against the acceptance criteria of
Revision 2 of SRP Section 17.1 and found it to be
acceptable. The staff concludes that GE's approach
adequately addresses the requirements of this TMI item for
the ABWR design.
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20.5.44 10 CFR 50.34(f)(3)(iv):
Consideration of
Degraded or Melted Cores in Safety Review Rulemaking Proceeding on Degraded Core
Accidents (TMI Item II.B.8), .91-Meter
(3-Foot) Diameter Equivalent Dedicated Containment Penetration"
M

Paragraph (3)(iv) of 10 CFR 50.34(f) requires one or more
dedicated containment penetrations, equivalent in size to a
single .91-m (3-ft) diameter opening, in order not to
preclude future installation of systems to prevent
containment failure, such as a filtered vented containment
system. This requirement is intended to ensure provision
of a containment vent design feature with sufficient safety
margin well ahead of a need that may be perceived in the
future to mitigate the consequences of a severe accident
situation. The staffs evaluation of ABWR compliance
with the requirement is limited to the effective penetration
size for venting provided in the ABWR primary
containment design.
In the DFSER, the staff found mat the size of the primary
containment penetration that could be used during a severe
accident situation for venting the containment was smaller
than the specific size identified in the TMI requirement.
The staff required GE to submit a request for exemption
from the requirement and supporting justification. The
justification was expected to demonstrate that the
penetration size was adequate to permit a vent relief path
that is capable of providing the needed overpressure relief
for the primary containment to prevent its uncontrolled
failure during any credible severe accident situation. This
was identified in the DFSER as Open Item 20.3-9.
SSAR Section 19A.2.44 states that the COPS precludes the
need for a dedicated penetration equivalent in size to a
single .91-m (3-ft) diameter opening. The COPS is part of
the atmospheric control system and is discussed in SSAR
Section 6.2.5.6. The COPS consists of two 200-mm
(8-in.) diameter rupture disks mounted in series in a
250-mm (10-in.) line and is sized to allow 35 kg/sec
(15.86 lbm/sec) of steam flow at the opening pressure of
6.3 kg/cm g (90 psig), which corresponds to an energy
flow of about 2.4 percent of rated power. The SSAR
states that the COPS is capable of keeping containment
pressures below ASME Service Level C limits for an
ATWS event with failure of the SLCS and containment
heat removal systems.
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In Section 19.2.3.3.4 of this report, the staff concludes
that the COPS design is acceptable. Although the diameter
of the COPS pathway is only 200 mm (8 in.), the staff
determined that this exception from the requirement of a
.91-m (3-ft) diameter opening is acceptable since: (1) the
limiting diameter of the COPS pathway is adequate to
permit the needed vent relief path, and (2) a need for
venting capability beyond that provided by the COPS has
not been identified.
This resolved DFSER Open
Item 20.3-9. The staff concludes that GE's approach
adequately addresses the requirements of this TMI item for
the ABWR design. An exemption in accordance with
10 CFR 50.12(a)(2)(ii) is justified since the COPS provides
sufficient venting capability to preclude the need for a
.91 m (3-ft) diameter equivalent dedicated containment
penetration. This exemption is in order based on the
staffs conclusion that the underlying purpose of the
regulation has been met.
20.5.45 10 CFR 50.34(f)(3)(v):
Consideration of
Degraded or hlelted Cores im Safety Review Rulemaking Proceeding on Degraded Core
Accidents (TMI Item II. B.8), "Containment
Integrity During an Accident Involving
100-Percent, Fuel Clad Metal-Water Reaction"

accident. On this basis, the staff concludes that GE's
approach adequately addresses the requirements of this
TMI item for the ABWR design.
20.5.46 10 CFR 50.34(f)(3)(vi):
System Design Containment Design - Dedicated Penetrations
(TMI Item II.E.4.1)
Paragraph (3)(vi) of 10 CFR 50.34(f) requires redundant,
dedicated containment penetrations for plant designs with
external hydrogen recombiners so that, assuming a single
active failure, the recombiner systems can be connected to
the containment atmosphere.
SSAR Section 1A.2.13 states that the flammability control
system (FCS) uses two permanently installed recombiners
located in secondary containment which ensure that the
FCS remains operable assuming a single active failure. In
the DFSER, the staff noted that the FCS was not described
in SSAR Section 6.2.5 and that GE had not demonstrated
that redundant dedicated containment penetrations existed
for the hydrogen recombiners. The staff required GE to
provide

•
Paragraph (3)(v) of 10 CFR 50.34(0 requires design
information to demonstrate that:
(1)

(2)

Containment integrity will be maintained during an
accident that releases hydrogen generated from a
100-percent, fuel clad metal-water reaction
accompanied by either hydrogen burning or the
added pressure from post-accident inerting,
assuming carbon dioxide is the inerting agent.
Systems necessary to ensure containment integrity
shall also be demonstrated to perform their function
under these conditions.
Containment structure loadings produced by an
inadvertent full actuation of a post-accident inerting
hydrogen control system, but not including seismic
or design-basis accident loadings will not produce
stresses in steel containments in excess of the limits
set forth in the ASME Code.

SSAR Section 19E.2.3.2 provides an evaluation of the
capability of the containment to withstand pressurization
from a 100-percent, fuel clad metal-water reaction. The
staff finds the evaluation acceptable in Section 19.2.3.3.1
of this report. The staff evaluation of GE's assessment of
systems necessary to ensure containment integrity under
these conditions is provided in Section 19.2.3.3.7 of this
report. Criterion (2) is not applicable to the ABWR
design, as inerting is accomplished prior to the onset of the

•

information to clearly demonstrate that the permanently
installed hydrogen recombiners have redundant,
dedicated containment penetrations and that the
penetrations meet all applicable design requirements.
This information was to include
-

how long after a LOCA and at what hydrogen
concentration the recombiners are to be utilized

-

line sizes as related to flow requirements

-

duration of recombiner operation

-

interface requirements for referencing applicants
with regard to the recombiners

a clearer copy of SSAR Figure 6.2-40, "Flammability
Control System."

This was identified in the DFSER as Open Item 20.3-10.
GE provided a new, clearer copy of Figure 6.2-40 and
modified SSAR Section 6.2.5 to clarify FCS operation.
Based on this additional information, the staff concludes
that the FCS can adequately accommodate the effects of
hydrogen and mitigate the consequences of hydrogen
generated as a result of a LOCA, assuming a single active
component failure. Therefore, Open Item 20.3-10 is
resolved. The staff concludes that the ABWR design
meets the requirements of this TMI item.
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20.5.47 10 CFR 50.34<f)(3)<vii): General Implications
of TMI for Design and Construction Activities
— Management for Design and Construction Organization and Staffing to Oversee Design
and Construction (TMI Item D.J.3.1)
Paragraph (3)(vii) of 10 CFR 50.34(f) requires provision
of a description of the management plan for design and
construction activities that includes:
• the organizational and management structure singularly
responsible for direction of design and construction of
the proposed plant'
• technical resources directed by the applicant
• details of die interaction of design and construction
within the applicant's organization and the manner by
' which the applicant will ensure close integration of the
architect engineer and the nuclear steam supply vendor
• proposed procedures for handling the transition to
operation
• the degree of top-level management oversight and
technical control to be exercised by the applicant during
design and construction, including the preparation and
implementation of procedures necessary to guide the
effort.
The development of the management plan for organization
and staffing to oversee design and construction is beyond
the scope of the ABWR design certification review and the
COL applicant will be responsible for addressing it. The
staff verified that GE established a COL action item in
SSAR Section 19A.3.7 to develop the necessary
management plan. This approach is acceptable to the staff.

20.6 Generic Communications
As part of its program to disseminate information on
operating experience to the industry, the NRC issues
generic communications when a significant safety-related
event or condition at one facility is believed to potentially
apply to other facilities. Using the basic criteria of safety
significance and generic implications, many safety issues
have been highlighted in generic communications. These
generic communications encompass and address both staff
positions (in the form of bulletins and most generic letters)
and information alerts (in the form of information notices,
circulars, and some generic letters). Potential concerns
addressed initially by these generic communications may
be subsequently revised or amplified. The resolution of
these concerns may be incorporated into formal regulatory
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requirements, such as rules in 10 CFR, or an analysis of
such a concern may result in it becoming a USI or OSI.
The staff reviewed the ABWR design for incorporation of
important lessons learned from operating experience using
NRC bulletins and generic letters. These two classes of
documents are used to communicate staff positions on
issues potentially affecting operating facilities, thereby
ensuring consideration of those issues judged to have
significant public health and safety implications. The
issues covered by bulletins and generic letters originate in
a number of ways, including the staffs systematic review
of operating experience. In the context of the NRC
program to review and incorporate operating experience,
bulletins and generic letters convey the most safetysignificant lessons distilled from numerous sources of
information. As a contrast, another product of that
program, information notices, do not contain any requests
for action on the part of licensees. Thus, bulletins and
generic letters comprise a sufficient basis for reviewing the
ABWR design against operating experience.
In SSAR Section 1.8, GE identifies the experience
information that has been or will be included in the design
of the ABWR. Experience information is routinely made
available and distributed to design personnel. In addition,
as a focused effort for the ABWR design activities, GE
management surveyed a listing of all regulatory reports in
its possession that contain operating experience
information. If GE determined a report did not apply to
the ABWR, the report was set aside. Each of the
remaining reports on the list of potentially applicable
experiences was then reviewed individually to determine
technical applicability. As a result of this effort, GE
prepared a listing of applicable regulatory documents (that
is, information notices, generic letters, bulletins, and
NUREGs) issued in 1980 or later. Some documents that
addressed resolutions of concerns were not included on the
resulting summary list to avoid repetition. In addition to
these regulatory documents which are publicly available,
GE has a collection of in-house proprietary documents that
it has prepared over the years as part of its continual and
ongoing assistance to various BWR licensees. GE also
considered pertinent information from these experience
reports.
Although the SRP provides acceptance criteria (some of
which are based upon operating reactor experience) for
review of a reactor facility design, this document was last
revised in 1981. Therefore, potential concerns addressed
in generic communications issued subsequent to the issue
period of the SRP must be addressed. To ensure the
staffs operating experience review is comprehensive,
operating experience documents issued in 1980 and later
were considered by the staff for applicability to the ABWR
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design. Because the review of operating experience should
include those items that are believed to have the highest
safety significance, the staff limited its augmented review
to those documents that rose to the status of a bulletin or
a generic letter with a staff position or a request for
licensee action. The- last bulletin and generic letter
considered in the review were NRC Bulletin 91-01
(original issuance) and GL 91-17, respectively. This
consists of approximately 450 documents. Approximately
220 of these documents were excluded because they were
not pertinent to the design review of the ABWR. The
remaining list of 230 documents was augmented by any
additional bulletins and generic letters OE thought
applicable. About 160 on the combined listing were
related to GSIs, USIs, TMI item implementation, or an
NRC regulation. Operating experience concerns related to
these issues are required to be explicitly addressed by
GE and acceptability of the ABWR design with respect to
these concerns is discussed in appropriate sections of this
report. Thus, the staff excluded the disposition of these
concerns from the task of ensuring and addressing how
operating experience was considered in the ABWR design.

The remaining 71 applicable documents identify
undesirable situations that have occurred and should be
avoided and that could affect ABWR issues related to
either equipment design, analytical methods, construction,
operation or maintenance activities, or major programmatic
activities.
The staff reviewed these documents to
determine if additional action is necessary to ensure that
this experience has been reflected in the ABWR design and
properly resolved. Of the 71 documents considered by the
staff, 31 addressed issues that are being resolved during
the ongoing preparation of TS or during a future
equipment procurement process, and 27 had been
superseded by technical developments after the document
was issued. The remaining 13 documents raised questions
that were considered by the staff in their overall evaluation
process of the ABWR design.

Based on the above, the staff concludes that GE has
adequately considered operating experience identified by
generic letters or bulletins issued since 1980 in the ABWR
design.
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21 REPORT OF THE ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
The advanced boiling water reactor (ABWR) Subcommittee
of the Advisory Committee on Reactor Safeguards (AGRS)
conducted a review of OB Nuclear Energy's (GE's)
application for design certification, which began in February 1988 and was completed in April 1994. The Subcommittee conducted a limited review of GB*s certified design
material (CDM) and a complete review of the various draft
versions of the staffs safety evaluation reports on the
ABWR standard design. The ACRS conducted its final
meeting on the ABWR during its 408th meeting on April
7 and 8,1994, and subsequently issued its letter regarding
the ABWR on April 14, 1994. This letter, which follows
this discussion, reflects approval of the application and
includes no recommended actions by either the staff or the
applicant During the full committee meeting held on

March 10 through 12, 1994, the Chairman of the ABWR
Subcommittee indicated that GE had provided him with an
extensive set of draft revisions and markups to the standard
safety analysis report (SSAR) and CDM in response to
ACRS concerns, which were found to be acceptable but
had not yet been incorporated into an SSAR amendment or
final CDM submittal. The staff agreed to review GE's
SSAR Amendment 34 and the associated CDM revision to
ensure that the proposed revisions were included in GE's
submittals. Accordingly, a review of Amendments 34 and
35, and the associated CDM was conducted and the staff
determined that GE has adequately included the technical
and editorial changes in its application for design certification in response to the previous ABWR Subcommittee
concerns.
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Report of the Advisory Committee on Reactor Safeguards

***"••%,

UNITED STATES

NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, 0. C. 20895

April 14, 1994

The Honorable Ivan Selin
Chairman
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555
Dear Chairman Selin:
SUBJECT:

REPORT ON SAFETY ASPECTS OF THE GENERAL ELECTRIC NUCLEAR
ENERGY APPLICATION FOR CERTIFICATION OF THE ADVANCED
BOILING WATER REACTOR DESIGN

During the 4C8th meeting of the Advisory Committee on Reactor
Safeguards, April 7-8, 1994, we completed our review of the General
Electric Nuclear Energy (GENE) application for certification of its
U.S. version of the Advanced Boiling Water Reactor (ABWR) standard
design. This final report is intended to fulfill the requirement
of 10 CFR 52.53 that the ACRS "... report on those portions of the
application which concern safety." During our review we had the
benefit of discussions with representatives of GENE and the NRC
staff. We also had the benefit of the documents referenced.

ham Application
The U.S. version of the ABWR standard design utilizes a significant
portion of the detailed design information developed jointly by
GENE, Hitachi, and Toshiba for the international version which is
being built in Japan. The application for certification of the
U.S. version was filed by GENE in September 1987 under the
provisions of Appendix O to 10 CFR Part 50 and the NRC Policy
Statement on Nuclear Power Plant Standardization (Ref. l). The
application was docketed in February 1988. In December 1991, GENE
requested that the application be considered under 10 CFR 52.45.
This request was made effective in March 1992.
The application is based on the ABWR standard Safety Analysis
Report (SSAR), which was submitted in modular form between
September 1987 and March 1989.
Since then it has been amended
frequently, the last submittal for our review was Amendment 34 in
March 1994.
The application also includes the ABWR Certified
Design Material (CDM). The CDM contains the design information
from the SSAR that will become a part of the design certification
rule.
The CDM has been revised, the last submittal that we
received was Rev. 2 in December 1993.
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ABWR Design Description
The ABWR is a forced circulation boiling water reactor with a rated
power of 3926 MWt. The reactor core consists of 872 8x8 fuel
assemblies and 205 control rods. The reactor utilizes internal
recirculation pumps and fine-motion control rod drives. It is
located inside a steel-lined reinforced concrete pressure suppression containment which is enclosed by a reinforced concrete
secondary containment, both of which are located in the Reactor
Building. The Reactor Building also houses a standby gas treatment
system, refueling area, main steam pipe tunnel, and essential
systems for emergency core cooling, AC power (including diesel
generators), and environmental conditioning.
The Control Building is located between the Reactor Building and
the Turbine Building. The Control Building houses a continuation
of the main steam pipe tunnel, the main control room, a computer
facility, and essential systems for DC power, environmental
conditioning, and cooling water. During emergencies, technical
support is provided by the Technical Support and Operational
Support Centers, which are located in the Service Building, which
is immediately adjacent to the Control Building.
The Turbine Building houses equipment for power generation. Steam
is supplied to an 1800 rpm turbine-generator which is oriented to
minimize damage to safety-related equipment should a turbine
failure occur.
The Turbine Building also houses systems and
equipment that provide various nonessential services for the plant.
These include the standby combustion-gas-turbine generator, house
boiler, air compressors, and systems for AC and DC power and
environmental conditioning.
The Radwaste Building houses equipment for the collection and
processing of radioactive waste generated by the plant.
An
underground pipe tunnel connects the Turbine and Reactor Buildings
to the Radwaste Building.
The ABWR design includes a number of features that we believe will
enhance safety relative to past BWR designs.
Some of these
features resulted from the use of PRA methodology by GENE in
evaluating the ABWR design as it progressed.
•

The use of reactor internal pumps removes the large reactor
recirculation piping and connections to the reactor vessel,
thereby reducing the size of the largest loss-of-coolant
accident (LOCA).

•

The use of a fine-motion control rod drive arrangement removes
the serai discharge volume and associated piping, provides two
reliable means for inserting the rods, and is intended to
eliminate the rod drop and rod ejection accidents.
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•

The Emergency Core Cooling System and supporting auxiliaries
are arranged into three physically separated electrical and
mechanical divisions, only one of which is needed for handling
transients and virtually all accidents.

•

A combustion-gas-turbine generator is provided for enhanced
on-site AC power capability.

•

An AC-independent reactor water addition feature, a depressurization system, lower drywell flooder, cavity floor spreading
area, sacrificial layer of basaltic concrete, and containment
overpressure protection system are provided to mitigate severe
accidents.

•

The greatly increased application of digital control systems
offers the potential for improved operator interface with the
plant and the reliability of control and protection systems.
In addition, the use of digital multiplexers and fiber optics
reduces the amount of cabling in the plant thereby reducing
the fire hazard.

•

The reactor vessel is fabricated using ring forgings that
eliminate the need for beltline longitudinal welds. This, in
combination with improved material specifications, reduces
concern for reactor vessel integrity.

Chronology of A C R S Review
Our review of the ABWR application commenced after it was docketed
in February 1988. The NRC staff issued a Draft Safety Evaluation
Report (DSER) on the first module of the SSAR in August 1989 (Ref.
2). We reviewed this draft and reported our findings in November
(Ref. 3 ) . At that time we questioned, in particular, the adequacy
of the level of design detail available for review and recommended
that the staff revisit the issue of what constitutes an "essentially complete" design.
Subsequent to November 1989, our review activities focused on
several ABWR-related design concerns including Control Building
flooding, physical
separation, environmental
protection of
sensitive equipment, performance of essential chilled water
systems, use of leak-before-break methodology, use of integral
low-pressure turbine rotors, and the capability of the floor area
beneath the reactor vessel to cope with severe accidents. These
preliminary concerns were brought to the attention of the NRC staff
in our July 1991 report (Ref. 4).
During 1991 the DSER was completed by the NRC staff in the form of
six SECY papers (SECY-91-153, 235, 294, 309, 320, and 355). ±hese
papers generally covered most sections of the SSAR through the
first eighteen amendments, but contained numerous open items. We
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reported our findings in April 1992 (Ref. 5 ) . In this report, we
reconfirmed the preliminary concerns expressed in our July 1991
report and added several more including adequacy of the PRA,
containment hydrodynamic loads, Reactor Water Cleanup System safety
implications, plant design life and aging management, station
grounding and surge protection, and corrosion control for structures .
In October 1992, the NRC staff issued a Draft Final Safety
Evaluation Report (DFSER) (Ref. 6) covering the entire SSAR through
Amendment 20. This draft superseded the six SECY papers. The
final version of the staff safety evaluation report which we
reviewed was the "Advance Copy of Safety Evaluation Report related
to the certification of '-he Advanced Boiling-Water Reactor Design,'*
dated December 1993 (Ref. 7 ) . This copy covered the NRC staff
review of SSAR information through about Amendment 32. Additional
changes, including those which reflect Amendments 33 and 34, were
reviewed by us as page changes to Reference 7.
Between February 1988 when the ABWR application was docketed and
April 1992 when we issued our report on the DSER, our ABWR
subcommittee held numerous meetings to review the SSAR and the NRC
staff safety evaluations. During this same period, our subcommittee on Improved Light Water Reactors held several meetings to
review the Electric Power Research Institute (EPRI) Utility
Requirements Document (URD) and associated NRC staff safety
evaluations for the Advanced Light-Water Reactor (ALWR) evolutionary plant. (The EPRI URD prescribes ALWR design requirements from
the utility industry perspective.) Meetings were also held by our
subcommittees on Auxiliary and Secondary Systems, Computers in
Nuclear Power Plant Operations, Human Factors, and Severe Accidents.
These subcommittees reviewed a number of specialized
aspects of the proposed ABWR design including those related to
fire, digital control and protection systems, human factors, and
severe accidents.
Between April 1992 and today, our ABWR subcommittee held additional
meetings to review design features proposed beyond Amendment 20 of
the SSAR and to review the DFSER and Reference 7. This review
covered significant design changes in the SSAR (through Amendment
34) and closure of all open items in the DFSER. It also included
a review of written responses by GENE to numerous questions and
concerns raised by the subcommittee.
During this time our subcommittee on Improved Light Water Reactors
held several meetings to complete its review of the EPRI URD. In
addition,. ABWR-related meetings were held by our subcommittees on
Auxiliary and Secondary Systems, Computers in Nuclear Power Plant
Operations, Human Factors, Severe Accidents, Safeguards and
Security, and our Ad Hoc Subcommittee on Design Acceptance Criteria
(DAC). We did not review most of the CDM portion of the applica-
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tion because we were assured by the NRC staff that it did not
contain design features and requirements beyond those found in the
SSAR.
We did, however, review and comment (Ref. 8) on the
viability of the DAC process as a suitable method for establishing
future design acceptance requirements in certain areas (i.e., human
factors engineering, radiation protection, piping design, and
Instrumentation and control). We also reviewed the CDM related to
these DAC areas.
During our review of the ABWR SSAR, we considered the
design-specific requirements which relate to the various evolutionary and advanced light water reactor policy, technical, and
licensing issues included in SECY-90-016 (Ref. 9) and its successor, SECY-93-087 (Ref. 10).
These issues incorporate staff
positions that deviate from or are not embodied in current
regulations. Their resolutions will become "applicable regulations" through incorporation into the design certification rule for
the ABWR. We have commented previously (Refs. 11 and 12) concerning these issues.
ACRS Conclusion Concerning ABWR Safety
Based on the results of our review of those portions of the GENE
ABWR application which concern safety, we believe that acceptable
bases and requirements have been established in the application to
assure that the U.S. version of the ABWR standard design can be
used to engineer and construct plants that with reasonable
assurance can be operated without undue risk to the health and
safety of the public.
Additional comments by ACRS Members Carlyle Nicholson and Charles
J. Wylie are presented below.
Sincerely,

J. Ernest Wilkins, ^5r.
Chairman
Additional Comments bv ACRS Members Carlyle Michelson and Charles
J. Wvlie
Although the Committee has arrived at a favorable conclusion
concerning ABWR safety with which we agree, it is our view that
this report should discuss the resolution of various issues that
were considered ~y the Committee (Refs. 4 and 5) prior to reaching
the favorable conclusion. Some of the resolutions were based on
findings that were unanticipated and led to significant design
changes. We believe that these findings should be made available
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to those who must make the final safety and design certification
decisions.
As an example, it was found that the rupture of an 8-inch pipe in
the non-safety-grade Reactor Water Cleanup (CUW) System which is
housed inside of secondary containment creates serious environmental disruption throughout the three separate divisional areas of
secondary . containment which house redundant portions of the
Emergency Core Cooling System (ECCS).
Since this 8-inch pipe
contains reactor coolant at operating temperature and pressure, the
break results in an immediate loss of reactor coolant until
isolated and it requires an ECCS response. Steam from the break
permeates the entire secondary containment because the divisional
barrier doors are forced open by a buildup of steam pressure. This
occurs before the primary containment isolation valves for the CUW
system have time to close. A similar situation exists for the
Reactor Core Isolation Cooling (RCIC) System; however, the
resulting environmental conditions for most locations are bounded
by those produced by the CUW 8-inch pipe break.
Since these pipe break events cannot be confined, GENE now proposes
that safety-related equipment inside of the ABWR secondary
containment be environmentally qualified for steam at 15 psig. and
about 248°F. It is our view that this is an acceptable, although
undesirable, alternative to a design which provides separation
barriers and pressure relieving pathways that are capable of
isolating a sufficient amount of ECCS equipment from the harsh
environment. In addition, GENE has added a third break isolation
valve in the 8-inch CUW supply line and located it inside of
primary containment. This valve can be closed after the blowdown
is over to ensure the interruption of any prolonged loss of ECCS
water to secondary containment. It is needed only if both primary
containment isolation valves fail to fully close due to the severe
blowdown loads or other challenges common to both valves. The
added environmental qualification and the third valve are new
features.
References:
1. U.S. Nuclear Regulatory Commission, Policy Statement, 10 CFR
Part 50, "Nuclear Power Plant Standardization," 52 FR 34884,
September 15, 1987
2. Letter dated August 17, 1989, from Charles L. Miller, NRC
Office of Nuclear Reactor Regulation, to Patrick W. Marriott,
General Electric Company, enclosing Draft Safety Evaluation
Report Related to the Final Design Approval and Design
Certification of the Advanced Boiling Water Reactor, August
1989
3. ACRS report dated November 24, 1989, from Forrest J. Remick,
ACRS Chairman, to James M. Taylor, NRC Executive Director Tor
Operations, Subject: Module I of the Draft Safety Evaluation
Report for the Advanced Boiling Water Reactor Design
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ACRS report dated July 18, 1991, from David A Ward, ACRS
Chairman, to James M. Taylor, NRC Executive Director for
Operations, Subject: Concerns Related to the General Electric
Advanced Boiling Water Reactor Design
ACRS report dated April 13, 1992, from David A. Ward, ACRS
Chairman, to James M. Taylor, NRC Executive Director for
Operations, Subject: Review of the Draft Safety Evaluation
Reports on the GE Advanced Boiling Water Reactor Design
U. S. Nuclear Regulatory Commission, NUREG-1469, "Draft Final
Safety Evaluation Report Related to the Design Certification
of the General Electric Nuclear Energy Advanced Boiling Water
Reactor," October 1992
U.S. Nuclear Regulatory Commission, Office of Nuclear Reactor
Regulation, "Advance Copy of Safety Evaluation Report related
to the certification of the Advanced Boiling-Water Reactor
Design," December 1993
ACRS report dated January 14, 1994, from J. Ernest Wilkins,
Jr., ACRS Chairman, to Ivan Selin, NRC Chairman, Subject:
Finai Report on the Use of the Design Acceptance Criteria
Process in the Certification of the General Electric Nuclear
Energy Advanced Boiling Water Reactor Design Approval
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Executive Director for Operations, for the Commissioners,
Subject: Evolutionary Light Water Reactor (LWR) Certification
Issues and Their Relationship to Current Regulatory Requirements
SECY-93-087, dated April 2, 1993, from James M. Taylor, NRC
Executive Director for Operations, for the Commissioners,
Subject: Policy, Technical, and Licensing Issues Pertaining
to Evolutionary and Advanced Light-Water Reactor (ALWR)
Designs
ACRS report dated April 26, 1990, from Carlyle Michelson, ACRS
Chairman, to Kenneth M. Carr, NRC Chairman, Subject: Evolutionary Light Water Reactor Certification Issues and Their
Relationship to Current Regulatory Requirements.
ACRS report dated April 26, 1993, from Paul Shewmon, ACRS
Chairman, to Ivan Selin, NRC Chairman, Subject: SECY-93-087,
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22 CONCLUSIONS
The staff performed its review of the U.S. ABWR
standard safety analysis report, certified design material,
and technical specifications in accordance with the
standards for review of design certification applications set
forth in 10 CFR §52.48 that are applicable and technically
relevant to the U.S. ABWR standard design, including the
exemptions and applicable regulations identified in
Section 1.6 of this report. On the basis of its evaluation
and independent analyses as discussed in this report, the
staff concludes that, subject to satisfactory resolution of the
confirmatory items identified in Section 1.8 of this report,
OE Nuclear Energy's application for design certification
meets the requirements of 10 CFR §52.47 that are
applicable and technically relevant to the U.S. ABWR
standard design. A copy of the report by the Advisory
Committee on Reactor Safeguards required by
10 CFR §52.53 is provided in Chapter 21 of this report.

The staff also concludes that issuance of a final design
approval, in accordance with Appendix O to 10 CFR
Part 52, will not be inimical to the common defense and
security or to the health and safety of the public. The
financial qualifications of the applicable utility and the
indemnity requirements of 10 CFR Part 140 will be
addressed during the plant-specific licensing process for an
application that references the U.S. ABWR standard
design.

A final design approval, issued on the basis of this SER,
does not constitute a commitment to issue a permit or
license, or in any way affect the authority of the
Commission, the Atomic Safety and Licensing Board, and
other presiding officers, in any proceeding pursuant to
Subpart O of 10 CFR Part 2.
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