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ABSTRACT - Westinghouse is developing advanced safety analysis technologies for both LOCA and
Non-LOCA events. The Best-Estimate LOCA (BELOCA) technologies for cold leg injection and direct
vessel injection have been licensed to support plant modifications which require significant PCT margin.
The development of a BELOCA methodology for Upper Plenum Injection (UPI) plants has been completed
and submitted to the USNRC. A Best-Estimate Small Break technology is also being developed. For
Reactivity Insertion Accidents (RIA) and DNB limited events, Westinghouse is developing a three
dimensional core kinetics methodology based on the extremely flexible EPRI codes, RETRAN and VIPRE.
Studies have been completed to demonstrate the applicability of Westinghouse's existing methodologies to
the developed RETRAN models. These advanced technologies will significantly enhance the reliability of
the safety margin evaluations which are required to improve the plant operation economics.

1. Introduction

Operating nuclear power plants were initially analyzed and licensed for a single set of
plant parameters at the nominal design operating conditions. The systems, the safety analyses
and the Technical Specifications were developed on the basis of the safety analysis and
hardware technologies available at the time of the design. As the commercial nuclear power
industry progresses, the need to change the originally assumed parameters develops at
numerous plants.

Power uprating is one of the most timely and cost effective means to maximize the
nominal electrical power of the plant. Other operating condition modifications include steam
generator tube plugging, steam generator replacement, hot leg temperature reduction, higher
core peaking factors, operating parameters window concept, relaxation of Technical
Specifications requirements which prove difficult or expansive to support over time (like
emergency diesel generator start-up delay time, safety injection flow rates degradation, longer
surveillance intervals, increased instrument uncertainties), longer fuel cycles, advanced fuel
assembly designs, higher fuel discharge burnup, reduced reactor vessel neutron exposure.

The list of modifications, which positively impact the economics of the plant operation, is
so long that there is never enough margin available to accommodate all the potential
enhancements. It is therefore essential on one hand to increase the available operational and
safety margins and on another hand to strategize the management of the allocation of the
margin available.
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So far Westinghouse has produced the safety analyses supporting power uprating
programs for thirty-six reactors in Europe and the USA. The considerable experience
accumulated in Nuclear Steam Supply System (NSSS) design, operation and licensing,
enables Westinghouse to pursue the development of major improvements of all its nuclear
safety technologies with the objective to help plants to become more competitive and improve
the reliability in the evaluation of their safety margins.

The status of the developments and the main axes of the future developments are
described in the following sections for respectively the Large Break Loss-Of-Coolant
Accident technology, the Small Break Loss-Of-Coolant Accident technology and the Non-
LOCA accident technology.

2. Best-Estimate Large Break LOCA Technology

The Large Break Loss-Of-Coolant Accident (LBLOCA) scenario is one of the most
limiting transients for nuclear power plant design and operation. When the Final Acceptance
Criteria (FAC) governing the LOCA for light water reactors was issued in Appendix K of 10
CFR 50.46 in 1973, both the USNRC and the nuclear industry recognized that the rule was
highly conservative. Using the then accepted analysis methods, the performance of the
Emergency Core Cooling System (ECCS) would be conservatively underestimated. At that
time however the degree of conservatism in the analyses could not be quantified.

In 1988, as a result of the improved understanding of LOCA thermal-hydraulic
phenomena gained by extensive research programs sponsored by the USNRC and the nuclear
industry, the USNRC amended the requirements of 10 CFR 50.46 and Appendix K, so that a
realistic evaluation model may be used to analyze the performance of the ECCS during a
hypothetical LOCA [l]. The revised regulation also requires however, as part of the analysis,
an assessment of the uncertainty of the Best-Estimate calculations.

Prior to this revision, the regulations were a prescriptive set of rules defining the
assumptions to be made about the plant initial conditions and how various physical
phenomena should be modeled. Because of the conservatism in the prediction of the
performance of the ECCS, those regulations result in placing tight constraints on the plant
operation : maximum core rated power, core power distributions, ECCS setpoints and
functional requirements, and surveillance and testing. For operating plants, using Best-
Estimate models and assumptions to predict a realistic response generally shows that the
current operating limits are overly restrictive.

Shortly after the rule revision, the USNRC issued a regulatory guide [2], and sponsored a
program to develop a structured method for evaluating the uncertainties affecting the Peak
Clad Temperature (PCT). The Code Scaling, Applicability, and Uncertainty (CSAU)
evaluation methodology was developed [3] and was used by Westinghouse as a guide to
develop its Best-Estimate LOCA (BELOCA) technology.

The CSAU approach is a discipline methodology requiring a thorough documentation of
the code and its models, a rigorous assessment against test data, the determination of the code
uncertainty, assessment of the scalability of the code results and its component models.
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In addition, thorough plant analyses and sensitivity studies are performed to determine the
resulting PCT for the plant with all uncertainties identified and addressed. The CSAU
approach has set the licensing standard which BELOCA technologies and their licensing
submittals must achieve.

Westinghouse has selected the COBRA/TRAC code [4] as the base code for the
BELOCA methodology. Further improvements to the code were made to conform to the
revised 10CFR50.46 and Regulatory Guide 1.157. WCOBRA/TRAC uses a two-fluid, three-
field representation of flow in the vessel component. The three fields are a vapor field, a
continuous liquid field and an entrained liquid drop field. Each field in the vessel uses a set of
three dimensional continuity, momentum, and energy equations with one exception.
A common energy equation is used by both the continuous liquid and the entrained liquid
drop field. The one-dimensional components consist of all the major components in the
primary system, such as pipes, pumps, valves, steam generators and the pressurizer. The one-
dimensional components are represented by a two-phase, five-equation drift flux model.

The methodology has been approved by the USNRC in July 1996 for applications to three
and four loop PWRs with cold leg injection. This culminates 10 years of development and
code assessment working in partnership with EPRI and several utility customers, including
five years of licensing review. Since then more than ten US and European plants have applied
this advanced technology to support a large range of plant modifications requiring significant
PCT margin. These modifications include power upratings, FQ and FAH peaking factors
increase, 24-month fuel cycle management, plant operation relaxation, and Technical
Specifications relaxation.

The objective is to pursue the development of the BELOCA technology for all types of
safety injection systems. A generic topical report documenting the methodology for the Upper
Plenum Injection (UPI) plants was submitted to the USNRC in August 1996. Moreover, the
USNRC has recently approved the Westinghouse BELOCA methodology for the AP600
reactor which has a Direct Vessel Injection (DVI). Test simulations provide justification for
generic capability of WCOBRA/TRAC to predict vessel downcomer injection.

3. Best-Estimate Small Break LOCA Technology

The use of the Large Break BELOCA technology may result in that the Small Break
Loss-Of-Coolant Accident (SBLOCA) scenario becomes the limiting PCT in the future and
prohibits an optimal use of the margin made available from the LB BELOCA. Also because
of the more rigorous and reliable PCT evaluation generated by a BELOCA study with its
associated PCT uncertainty analysis, the trend in the licensing requirements is expected to
phase out the prescriptive Appendix K methods. Westinghouse is developing a
WCOBRA/TRAC Small Break LOCA Best-Estimate methodology. The methodology
validation based on integral effects and separate effects tests will be pursued in 1998. A
significant SBLOCA PCT margin is. anticipated with the application of the future SB
BELOCA technology.
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4. Non-LOCA Nuclear Safety Technology

Over the last 25 years Westinghouse has used LOFTRAN and FACTRAN extensively for
Non-LOCA accident evaluations for Safety Analysis Reports (SARs) as well as for control
system performance and equipment sizing studies.

The LOFTRAN reactor core model uses a lumped fuel heat transfer model and point
neutron kinetics and includes the reactivity effects of variations in moderator density, fuel
temperature, boron concentration, and control rod insertion and withdrawal. The secondary
side of each steam generator is represented by a single volume model (water and steam
phase) with a homogeneous, saturated mixture for thermal transients. The pressurizer model
accounts for the effects of pressurizer heaters, spray, and relief and safety valve operation. The
LOFTRAN code also includes a detailed model of the reactor protection and control systems.
LOFTRAN has the capability to estimate a conservatively low transient value of the
Departure from Nucleate Boiling Ratio (DNBR) based upon the input of defined core limits.

The FACTRAN code calculates the local fuel rod heat transfer from the fuel pellet to the
coolant at the hot spot.

Non-LOCA events like the Loss of Flow, the Locked Rotor, the Feedline Break, the Rod
Ejection and the Main Steam Line Break events may be severely limiting depending upon the
specific design configurations and the specific licensing requirements, challenging the
currently licensed methodologies.

For instance more stringent requirements for the Reactivity Insertion Accident (RIA)
events with high burnup fuel or with new fuel rod design may require the use of advanced
three-dimensional space core kinetics and fuel rod heat transfer codes and methodologies to
analyze the Rod Ejection Accident. In some plants due to the specific configuration and sizing
of the feedwater system, the Feedline Break Accident may require additional safety margin
which could be generated by the relaxation of the restrictive "no bulk boiling" criterion to a
less restrictive criterion acceptable for a condition IV event. The current licensed
methodologies are also expected to be very conservative for events where asymmetric power
distributions occur such as during a post-reactor-trip main steamline break event or a dropped
Rod Cluster Control Assembly (RCCA) event. Specific licensing requirements for this kind of
events may require the use of advanced technology which integrates three-dimensional core
kinetics, three-dimensional core thermal-hydraulics and primary system thermal-hydraulic
transients.

Westinghouse is now transitioning from LOFTRAN/FACTRAN to the EPRI developed
RETRAN [5] and VIPRE codes.

RETRAN is an extremely flexible one-dimensional, best-estimate, two-phase flow
thermal-hydraulic transient analysis computer code, which uses generalized geometry and
component models. The RETRAN code is a variable nodalization code. The user builds the
desired plant model by defining the control volumes and flow paths with heat slabs to account
for heat transfer in both the primary and secondary system elements. The RETRAN code
allows either point kinetics or one-dimensional space time kinetics.

442 Nuclear Energy in Central Europe '98



Generic Westinghouse PWR plant models have been developed for use in analyzing Non-
LOCA transients with RETRAN and studies have been completed to demonstrate the
applicability of Westinghouse's existing Non-LOCA safety analysis methodologies to the
developed W RETRAN models to perform licensing basis safety analyses. Indeed provided
the code capabilities and the models are appropriate the existing non-LOCA accident analysis
methodologies are essentially independent of the thermal-hydraulic code with which they are
used. The reason is that the accident analysis methodology focuses on identifying the
conservative assumptions for key parameters to ensure that a conservative bounding analysis
is performed.

The VIPRE computer code is an extremely flexible Thermal-Hydraulic (T/H), subchannel
analysis code, which can be used to model and analyze all types of PWR fuel rod design. The
VIPRE code has already been used by Westinghouse for the Temelin fuel development, core
T/H design and safety analyses.

Both the RETRAN and the VIPRE codes were approved by the USNRC for use in
analyzing the Non-LOCA events. In 1997, Westinghouse submitted VIPRE and RETRAN
topical reports to the USNRC documenting the use of these codes with the Westinghouse
nuclear safety methodologies. Safety analyses for Safety Analysis Report (SAR) are currently
being performed with RETRAN and VIPRE for two nuclear power plants.

In the last years, Westinghouse has produced, for the USNRC, analyses of core transients
with three-dimensional core kinetics computer code in the frame of Westinghouse Owners
Group (WOG) sponsored programs aimed at evaluating the impact of a more stringent fuel
failure criterion for high burnup fuel in the Reactivity Insertion Accidents (RIA). These
analyses have shown that the current licensed analyses for RIA are considerably conservative.
Developments of the three-dimensional core kinetics and fuel heat transfer computer code and
methodology for licensing applications of RIA are being finalized with a submittal to the
USNRC planned this year. The full integration with the system transient capabilities of
RETRAN is planned to be completed next year.

5. Conclusions

Several years ago, Westinghouse embarked on major programs to develop the integrated
advanced nuclear safety technologies which are required to support the numerous potential
plant modifications which positively impact the economics of the plant operation and to
improve the reliability of the safety evaluations.

The WCOBRA/TRAC BELOCA technology for cold leg injection has been licensed in
both the USA and in Europe to support the licensing of a wide range of plant modifications
requiring significant PCT margin like power uprating and core peaking factor increase.
USNRC approval for WCOBRA/TRAC model for Direct Vessel Injection has also been
obtained in the licensing process of the AP600 reactor model while the BELOCA
methodology for Upper Plenum Injection plants has been submitted to the USNRC and is
expected to be approved soon.
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Westinghouse is now transitioning to an advanced Non-LOCA technology, which will
integrate three-dimensional core space kinetics and thermal-hydraulics with the system
transient code RETRAN. As a first important step the W RETRAN with point kinetics and the
W VIPRE topical reports have already been submitted to the USNRC and safety analyses for
licensing applications are being carried out with these two codes applying the Westinghouse-
developed methodologies. The three-dimensional core space kinetics methodology for
Reactivity Insertion Accident will be submitted to the USNRC later this year. The integration
of the three-dimensional space core kinetics with the system transient capability of RETRAN
for analyzing the DNB limited events is planned to be submitted next year.

Together the BELOCA and the Non-LOCA three-dimensional integrated technologies
will provide the best nuclear safety tools to optimize the allocations of operational and safety
margins in the plant uprating projects and more generally in any plant modifications which
impact the plant safety.
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