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Executive Summary

1.0 CORE AND SYSTEM PERFORMANCE
Core Design Analysis for Early Disposition with Fuel Reuse
In Phase 1A, to satisfy the conflicting needs of early disposition and to derive the
energy benefits of weapons plutonium for the best overall economics, a scenario of
spiking, storage, and reuse of full cores of MOX fuel assemblies was proposed. With
100 MT of plutonium, there is'sufficient fuel for more than 50 reactor years of operation
in the reuse mode. Nuclear and thermal-hydraulic analyses for this case have been
completed and the fuel design has been shown to meet all the required criteria.

The

initial exposure can be chosen to be anywhere between 2 and 8 months, while
allowing the fuel to be reused and discharged as spent fuel with an exposure of 28,000
MWd/MT.

The details of the analyses are given in Section 1.1.

Transient and

accident analyses for this core were also completed and these results are reported in
Section 1.2. The system and fuel response was found to be even more benign than
the Phase 1A high burnup core as a result of the shift in the core axial power shape
towards the inlet which increases the control rod worth during the initial moments of
the transient as it enters from the inlet side. As indicated in the Phase 1A final report,
if early disposition by spiking is not called for, the fuel can be designed to be
discharged at exposures of 38,000 MWd/MT or higher. These core design evaluations
therefore have clearly established that the ABWR can meet a variety of disposition
objectives with full mixed oxide core loading.
Fuel Design Methods and Qualification:
Preliminary analysis for qualifying the diffusion/transport code TGBLA for MOX usage
has been completed and is reported in Section 1.3. The qualification was carried out
using the Monte Carlo modeling code MERIT. The results from these two codes
indicate that TGBLA slightly overpredicts k°° values compared to MERIT predictions.
More detailed comparisons will be made during Phase 2.

Plutonium Disposition Reactor Startup Testing
The ABWR startup program was evaluated to determine the potential effects of using
MOX fuel. Each test in the startup sequence was evaluated individually. The result
of this evaluation, reported in Section 1.4, is that MOX fuel should have little if any
impact on the startup duration.
Advanced Fuels Benefits Assessment:
Preliminary evaluations indicate that advanced MOX fuel designs employing up to 11
x 11 rod configurations, although desirable for higher exposure, are not necessarily
economical. The cost of the bundle increases almost linearly with the number of rods
and pellets while the corresponding increased exposure capability is unlikely to be of
benefit to the dispos. ..on program unless th'ere is a significant extension .o the
disposition time.

2.0 FUEL CYCLE: FABRICATION TO FINAL STORAGE
Safeguards and Security Integration:
The development of a safeguards and security framework for assessing the impacts of
facility design, siting, and processing technology on safeguards and security
effectiveness and costs for Pu disposition has been initiated and is discussed in .
Section 2.1. Among the factors considered are dispersion of the disposition complex,
diversion potential of Pu as it is undergoes various processes towards MOX fuel, and
the time involved. An expression for a Figure of Merit which is a quantitative
measure of diversion potential was developed. Further information on siting, rate
controlling steps in-processing, and transportation risks needs to be evaluated to fully
develop this measure.
Lead Test Assembly for MOX Fuel Performance Verification:
A Lead Test Assembly (LTA) program for verification of MOX fuel fabrication and
performance has been completed with input from a number of disciplines within GE
and from the national laboratories. This program plan is reported in Section 2.2. With
the availability of proper resources to the national laboratories (to be chosen by the

U.S.DOE), an initial batch of MOX fuel could be produced before the end of FY94,
irradiation of initial tests could be started as early as the first quarter of FY95, and
validation obtained by th end of FY97. The elements of this program plan are
discussed in Section 2,2.

In examining the need for such a program, it was assessed

that a considerable data base for MOX fuel performance already exists and little if any
additional data are needed in this regard.

Nevertheless an LTA program would

appear to be needed, with a view to demonstrating a MOX fuel fabrication process
that complements processes under development for destroying the pit shape and for
incorporating automation and on-line accountability. The proposed plan calls for a
three phase approach, the first phase focusing on MOX test fuel fabrication to be
completed by the end of FY95, the second phase focusing on individual rod tests in a
research reactor to be, completed by the end of FY97 and finally, in the third phase,
testing of full scale MOX assemblies in a BWR. It should be noted here that full
confirmation for licensability would have been obtained at the end of Phase 2, by the
end of FY97. Tests on a few full scale MOX assemblies in a large reactor where most
of the core is loaded with Urania fuel has been judged to add little to the verification
effort as the overall reactor system response will still be controlled by the
preponderance of Urania fuel in the core. A number of interfaces have to be
established and responsibilities defined for the conduct of the LTA program. The
establishment of an interface control board and assignment of responsibilities for the
various interfacing organizations is suggested.
Spent Fuel Storage for Reuse
If early disposal by spiking is required, followed by reuse of the fuel to derive the
economic benefits, it is necessary to establish that such reuse is permissible after
extended storage. Wet pool storage of MOX ABWR fuel spiked to 2000 MWD/MT
appears to have no serious technical problems that would preclude its reuse in the
ABWR. The considerable body of literature on wet pool storage indicates that if wet
pools were properly maintained, no visible signs of fuel degradation occurred during
storage in any spent BWR Zircaloy clad fuels with stainless steel and Iconel
components. The major degradation concerns were oxidation, galvanic corrosion, and
hydriding of Zircaloy. Properly maintained pools feature 35C to 50C deionized water

kept at a pH between 5 and 8, low conductivity (less than 3 |iS/cm), low chloride and
fluoride, and low turbidity. The Fuel Pool Cooling and Cleanup system for the spent
fuel storage pool in the reactor building of the ABWR is designed to minimize

corrosion of the stored fuel bundles and assemblies. The current water quality
requirements, and the equipment and procedures in place to assure that the
requirements are met, are considered appropriate both for storage for disposal and for
the storage/reinsertion needs anticipated for commercial ABWR operation, and
probably longer. These evaluations are reported in Sections 2.4 through 2.6.
Testing and Validation Plan for Fuel Reuse
A preliminary program plan for validation of fuel reuse after long term storage in water
for application in the plutonium disposition project has been completed and is reported
in Section 2.3.

It is recommended that the use of Shoreham fuel in the Limerick

reactor be monitored to provide the answers sought in this program, as the last of the
Shoreham fuel, if used in the Limerick reactor as anticipated, would have seen water
storage for nearly 20 years. A surveillance test program of the stored elements is
also recommended.

No new assembly tests specifically designed to test the reuse

strategy are required.
Plutonium Oxide Specifications. Fuel Fabrication Facility Requirements and
Feed Material Conversion
A draft of the plutonium oxide feed material specifications has been developed. An
alternate conversion process to that of hydriding/dehydriding which had previously
been used at Hanford was also evaluated. A preliminary system level approach to
defining and tracing the fabrication facility requirements has also been developed,
utilizing the RDD methodology used in defense programs.

3.0 INFRASTRUCTURE AND DEPLOYMENT
During Phase IB, GE visited LLNL, LANL, SRS and WHC to assess the
infrastructure availability at these sites for project implementation. In addition, a
number of other potential sites were also evaluated through available literature,
though no visits were made. The focus in all cases was on the ready availability of the
various infrastructure needs including land, buildings, structures, equipment,
manpower, and safeguards, as well as institutional factors such as compliance with
up-to-date environmental guidelines.

The summary of evaluations from these visits

and contractor evaluations are given below and discussed in more detail in Section 3.1.

Metal-to-Oxide Conversion Infrastructure
The conversion of plutonium metal to oxide has been done at Rocky Flats, Los
Alamos National Laboratory (LANL), Lawrence Livermore National Library (LLNL),
Hanford Plutonium Finishing Facility (Z Plant), and at the Savannah River Site. Both
LLNL and LANL are developing a process of hydriding followed by dehydriding, as a
means of destroying the pit shape. Initial discussions at both sites have indicated
that the proposed MOX fabrication route can be made to complement this process by

direct oxidation of the plutonium metal after the dehydriding step. The suitability of
the activity and particle size of the oxide powder for MOX fuel fabrication will be
verified as part of the suggested LTA program. A comparison was made of using the
facilities cited above versus constructing a new facility at the Pantex Plant, or in the
Fuel Material Examination Facility (FMEF) at Hanford, or at facilities at Savannah
River.
Los Alamos has nearly the required production capacity of 5,200 Kg Pu/year vs. an
estimated capacity of 5,000 year, but requires modifications to change it into a
production facility. There is space to do this and it also has all the support facilities
including safeguards to perform this work. Los Alamos could be most quickly
converted to production and has the shortest transportation distance from Pantex but
will require the additional cost of transport of the oxide to a fabrication facility.
The Rocky Flats Plant and LLNL appear to have local opposition to carrying out
plutonium handling operations, particularly on a production basis, that it would require
a major policy decision and reversals by local authorities to utilize these locations.

The other Hanford facility considered was the FMEF. The FMEF has suitable
building space available to install the process. The FMEF also contains on its top
floor, an existing but inactive mixed oxide (MOX) fuel fabrication facility that could
satisfy up to a third of the program throughput needs. Due to fuel geometry and
composition differences most of this equipment may require replacement or
modification. The FMEF has room for expansion of the fabrication facility and could
also accommodate the conversion plant. However, this facility may be utilized for
Hanford high level waste tank remediation support so its availability is questionable.

The Savannah River Site (SRS) contains several facilities which have the space and
the proper building construction to meet DOE regulations to house the project. The
facility nearest to meeting program needs for this work is the New Special Recovery
(NSR) facility housed in a hardened structure atop the F-canyon reprocessing plant.
This is a new uncontaminated facility with glove boxes, handling systems to weigh,
sample, prepare feed (cut, declad, oxidize), dissolve, filter and purify the material. The
facility is adaptable to a hydriding process that could be located adjacent to receiving
and storage facilities for incoming shipments.
Therefore, if one considers the conversion process by itself, either modifying the Los
Alamos TA-55 facility or converting the NSR facility at SRS to this use would be cost
effective. If the conversion and fabrication facility are to be co-located, both the
Savannah River and FMEF facilities, as well as other potential sites in Idaho and
Nevada should be mt.v thoroughly investigated.
Domestic Facilities for Fuel Fabrication
The work done in Phase 1A described the fuel fabrication facility required for the
disposition of plutonium in a reasonable period of time. A comparison between
different possible facilities is reported in Section 3.1. This evaluation is based on the
facility's availability, production schedule, plant factors-capacity, operating and
maintenance ease, environmental/safety considerations, safeguards and costs.
Three facilities, the FMEF facility on the Hanford Reservation, the facilities at the
Savannah River Site as well national laboratory sites such as LANL and INEL were
evaluatead. Any of these facilities could be modified to accommodate both processes
(conversion and fabrication) related to MOX fuel production. If the disposition time is
extended and the throughput are low on the order of 25 MT of MOX fuel per year, any

of these sites could be used. At the high end, in excess of 100 MT/year, the SRS site
appears to be more suitable.
Non-US Facilities for Fuel Fabrication
There are a number of foreign facilities where this work could be performed. None of
the existing European facilities are large enough by themselves to meet program
needs. Since these plants have other customers, it is not clear that even dividing the

required production between the several plants will meet production needs. The
shipment of Pu either in metallic or oxide form overseas would appear to present a
significant safeguards problem but novel solutions are available to mitigate these
concerns.

In section 3.1 of the report, MOX fabrication experience of several of the

non-US Mox fabrication plants located in Belgium, France, Germany, Japan and the
United Kingdom has been summarized.

The throughput in most of the operating

plants, less than 25 MT/year, is too low to be of value to the disposition program.
The Siemens plant at Hanau, Germany, has a higher throughput capability, however,
this plant has not received permission to start fabrication as a result of local
opposition.
Cost and Schedule
The cost and schedule provided for the disposition project at the conclusion of Phase
1A was revisited, noting the recommendations made by the evaluators at the
conclusion of this phase. The latest data from building ABWRs in Japan essentially
support the schedule for the plutonium disposition reactor given earlier. If the fuel
were to be discharged as spent fuel and the disposition time lengthened, this would
relieve the pressure on the size requirements for a MOX fuel fabrication plant
considerably, and in turn, the schedule that was forecast earlier for the fuel fabrication
plant could be supported. Revised cost evaluations were performed for the
development area only, arising from the inclusion of an early LTA program. The major
additional cost which was not forecasted in the Phase 1A report has to do with the
need to provide adequate resources for MOX test fuel fabrication and fuel rod testing
at designated national laboratories.
An important parameter in infrastructural support for this project would be the initial
capital required before revenues become available. It is judged that the proposed
approach of a single ABWR plant for disposition appears to provide the best solution
for minimizing the up-front costs. Additional reactors, if needed, could be committed
later. The fuel cycle could be tailored for either short or long disposition times.

4.0 SAFETY AND ENVIRONMENTAL APPROVALS REQUIRED
The front-end approvals that are required to initiate project construction are
considered some of the most important elements in ensuring that disposition could
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occur within the proposed schedule. Towards this end, a number of tasks were
initiated in Phase IB to examine the various approvals in the areas of safety and
environment that will be required. Several agencies of the U.S. government as well as
several organizational interfaces are involved in obtaining the approvals, and hence
the need for a thorough examination of the existing framework for obtaining these
approvals in a timely manner. The following is a summary of the activities in selected
areas:
MOX Fuel Fabrication Facility Safety and Environmental Approval Experience
At least ten different mixed (plutonium-uranium) oxide nuclear reactor fuel fabrication
operations were licensed in the 1960's and 1970's by the Nuclear Regulatory
Commission (NRC) or its predecessor agencies under Title 10, Part 70 of the Code of
Federal Regulations (10CFR70). Extensive changes in nuclear facility licensing and
environmental regulation have occurred in the 20 to 30 years since those facilities
were licensed. In general, the applicable regulations (10CFR70) covering licensing
for all activities involving special nuclear material (SNM) have continually been
revised and kept up to date. Specifically, for MOX fabrication, many of the pertinent
regulatory guides and acceptance criteria may have to be reviewed. For. instance, the
National Emission Standards for Hazardous Air Pollutants (NESHAPs) limits
radioactive releases from an entire DOE site, so that a maximally-exposed individual
will receive no more than 10 mrem/year. Thus, if constructed on an existing DOE site
with other operating facilities, the proposed MOX fuel fabrication facility will have to
be designed such that it accounts for only a portion of this effluent limit.
DOE Orders. Policies, Procedures Review
The current assessment began with a review of the Directives Checklist of DOE
Orders (RL N 0000.IS) and the identification of those DOE orders that were
potentially applicable to the ABWR Complex operations and activities. Each order
was then reviewed for applicability and a brief justification prepared based on
familiarity with the DOE order and the ABWR Complex facility layout, activities, and
operation. Seventy-seven DOE Orders were determined to apply to the ABWR
Complex. A tabular summary of the evaluated orders, including statements as to their
applicability was prepared. This summary, reported in Section 4.2, serves as a quick
overview of all the orders assessed and their applicability to the ABWR Complex.

NEPA Input Documentation
The items that need to be addressed for either an Environmental Report or an
Environmental Impact Statement were identified in an annotated outline. Because of
special interest, the disposition of spent ABWR fuel as waste was examined in detail.
The study determined that no technical impediment was found regarding the disposal
of spent fuel in the high-level waste repository at Yucca Mountain because the
ABWR would produce spent reactor fuel as defined by the 10 CFR 72.3 (v). It was
found that spent ABWR fuel would also meet the acceptance criteria (10 CFR 961) for
disposal at the repository. However, acceptance of such waste is limited to spent
nuclear fuel and the high-level radioactive waste from the civilian Nuclear Power
Reactors (Nuclear Waste Policy Act of 1982, as amended). A review did determine
that the Presi^^t of the United States could authorize acceptance of Pu-dispositioned
spent fuel at the repository with minimal restrictions. Also, the disposal space in the
first Yucca Mountain repository may be fully committed at this time, potentially
necessitating a delay in waste acceptance until subsequent repositories are
operational'. Acceptance will require demonstration that handling, storage, retrieval,
emplacement, and isolation of the ABWR spent fuel cannot result in a criticality as
specified in 10 CFR 60.131 (b) (7). Preliminary evaluations have indicated that this
limit can be satisfied.

1.0 CORE AND SYSTEM PERFORMANCE

1.1 CORE DESIGN ANALYSIS FOR EARLY DISPOSITION WITH FUEL REUSE

I. Summary:
In Phase 1A, to satisfy the conflicting needs of early disposition and at the same time- derive
the energy potential of the weapons plutonium, a scenario of spiking, storage and reuse of the
fuel assemblies was proposed. The nuclear analysis for this disposition scheme has been
qompleted. All the required nuclear and T-H criteria have been met. The gadolinia
configuration used in this design results in a very flat reactivity profile as a function of
exposure which makes possible a very high degree of fuel cycle flexibility. The important
features of the core design for the spike, store, reuse option are summarized in the following
sections. It should be noted that if the constraint on the disposition time were removed, the
fuel can be design ~A *o be discharged as spent fuel with exposures to 38000 MWD/MT and
there is no longer a need for the spike-store-reuse scenario.
II. Core Design and Performance for a Spike/Reuse Fuel Cycle
Reuse of the spent fuel of the spiking alternative ''Section 2.5 of Reference 1) is made
possible by the nature of the gadolinia burnup rate and resulting reactivity profile. Figure la
illustrates the fuel infinite lattice reactivity as a function of exposure. The gadolinia
configuration used in this design results in a very flat reactivity profile which makes possible

a very high degree of fuel cycle flexibility.
The general approach utilized in the core and fuel nuclear design for the spike/reuse option
was to establish the reload batch size to enable the core to attain the batch average
discharge exposure consistent with a one year operating cycle. The batch size utilized in this
design is 232 bundles in equilibrium ( a batch fraction of 26.6% ) which results in a batch
average discharge exposure of 28.2 GWD/MT (2.0 GWD/MT from the spiking cycle and 26.2
GWD/MT from the reuse cycle).
A.
Spike/Reuse Option Core and Fuel Design
The spike/reuse design presented here can achieve the goal of quick disposition the required
plutonium inventory with the added feature of retrieving a large fraction of the available
energy contained within the plutonium. A summary of the important fuel cycle parameters and
plutonium consumption rates is shown in Table 1.
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Table 1

Hot Uncontrolled K* For The Reference Spiking Case

Equilibrium Cycle Key Parameter Summary
Spike / Reuse

2/2

Number of reactors
Cycle Length, EFPD

34.8 / 275.5
2024/28233

Discharge Exposure, MWd/MT

380/232

Reload Batch Size
Plant capacity factor

50%/ 75%
6.80
13.35/NA
58000/NA

Pu Loading kg/bundle
Pu Consumption rate MT/yr
MOx fuel rod usage, rods/year
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B.

Bundle Design and Analysis

The bundle design for the spike/reuse option is identical to the design described in Section 2.5
of Reference 1 for the spiking option. In performing the performance analysis for the reuse
cycle it is assumed for simplicity that all bundles reloaded into the reuse core from the spiking
core are identical. In reality the reloaded bundles will consists of a spectrum of different
exposures due to uneven burning in the spiking core. Also, no allowances have been made for
the reactivity change due to fission product depletion or plutonium disintegration during the
storage period between the end of spiking and the reload of the fuel into the reuse cycle.
These effects are strongly dependent on the length of the storage period, which is undefined
at the present time. More detailed analyses pertaining to these effects will be conducted
later, if an early disposition by spiking is mandated and it is firmly established that this mode
of disposition is the preferred route.

C.

Equilibrium Core Design

The equilibrium core design philosophy for the spike/reuse option was to adjust reload batch
size to obtain a one year operating cycle. This is entirely arbitrary. A shorter operating cycle
could be chosen to increase discharge exposure. A longer operating cycle could be chosen to
increase the plant capacity factor. The flexibility provided by the fuel performance allows a
large range of energy production plans to be considered.
The important parameters of the equilibrium cycle design are summarized in Table 2.
Examination of the results reveals that all thermal, reactivity and energy requirements are
satisfied.

D.

Core Thermal Margins

The critical power ratio and MAPLHGR thermal margin performance are plotted as a function
of cycle exposure in Figure lb and Figure 2. As explained in Section 2.4.1.8 of Reference 1,
operation within MAPLHGR limit assures the mechanical integrity of the fuel rods is
maintained by limiting their power output in an appropriate manner throughout their lifetime.
The MAPLHGR limits imposed on this reuse cycle with a relativity low discharge exposure
are the same as the fuel licensed for up to 38 GWD/MT. These results demonstrate ample
margin to core thermal limits.
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Table Z..

Equilibrium Cycle Key Parameter Summary
(Reuse cycle only)

Cycle Length, EFPD

275.5

Cycle E

1,082

gy, GWd

Cycle Exposure, MWd/MT

6973.1
155.2

Core Mass, MT

232

Reload Batch Size
Maximum MAPRAT

0.907

Maximum CPRRAT

0.800

Maximum LHGR, KW/ft (LHGR Umit = 14.4)

13.1

MCPR(OLMCPR = 1.25)

1.47
8.22%
1.32%

Minimum Cold Shutdown Margin
Hot Excess Reactivity at BOC

1.1-5

1.10
1.05
1.00
0.95
0.90

MAPRAT °- 85
0.80

0.6
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Cycle Exposure, GWD/st
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Equilibrium Cycle Maximum CPRRAT vs Exposure
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E.

Reactivity Limit Summary

The reactivity performance of the Pu destruction option design is summarized in Figure 3 and
Figure 4. Due to the improved hot to cold reactivity swing of the ABWR N-lattice, there is
abundant cold shutdown margin; therefore, there is little or no impact of the MOX fuel

utilization on core design from cold shutdown margin considerations.
F.

Reactivity Coefficients

The core dynamic void coefficient and Doppler coefficients of reactivity are plotted as a
function of cycle exposure in Figure 5 and Figure 6. The dynamic void coefficient and Doppler
coefficient are somewhat larger than the upper generic limits for ABWR. The significance of
these results for transient response has been reported in Section 1.2.
G.

Core Performance Description

The core performance characteristics as a function of exposure through the cycle are given in
Figure 7 through Figure 13. The core maps in these figures show the control blade patterns in
the core expressed in terms of notches (which are 3-inch sections of blade) withdrawn from
the top of the core. Those cells which have no numbers represent cells in which there are no
blades inserted. The thermal limits and reactivity margins associated with the given exposure
are noted in the summary included with each figure. As seen from these figures, all thermal
and reactivity margins are met. The resulting core average power and exposure profile are
also given. Typical of the ABWR, the power profile shifts towards the top of the core during
the last quarter of the cycle. Since the reactors core design itself provides sufficient margins,
it is not necessary to axial grade the fuel assembly to accommodate the shift in power.

H.

Spent Fuel Characteristics

The decay heat rate on a per bundle basis is shown in Figure 14 The average isotopic content
of the fuel bundles for the reference spiking case is shown in Table 3. The isotopics are
calculated 5 days after reactor shutdown.
Reference 1. Study of Pu Consumption in Advanced Light Water Reactors. Evaluation of GE
Advanced Boiling Water Reactor Plants. Prepared for the United States Department of
Energy, San Francisco, RFP DE-ACO3-93SF19681, dated May 13, 1993, GE-Nuclear
Energy, San Jose, California

1.1-7

Figure 4 -

Equilibrium Cycle Minimum Cold Shutdown Margin

^ ^

Figure 6.

f «T*^^

A^#»

W^W

t**

^^f

^-*

• *

~^

t

^ *

Equilibrium Cycle Doppler Coefficient

1.1-9

Figure 7.

Equilibrium Cycle Core Data Summary at 0 MWD/st

Figure S. equilibrium Cycle Core Data Summary at 1000 MWD/st

Figure <*?.

Equilibrium Cycle Core Data Summary at 2000 MWD/st

Figure (0,

Equilibrium Cycle Core Data Summary at 3000 MWD/st

Figure 11.

Equilibrium Cycle Core Data Summary at 4000 MWD/st

Figure 11.

Equilibrium Cycle Core Data Summary at 5000 MWD/st

Core Axial Average Relative Power

Figure /3.

.

Core Axial Average Exposure,

Equilibrium Cycle Core Data Summary at End of Cycle

Figure |4*.

Decay Heat Load

Table 3 . '>. Average Bundle Isotopic Content (grams per bundle)
Th-232
U-233
U-234
U-235
U-236
U-238
Pu-239
Pu-240
Pu-241
Pu-242
Pa-231
Np-237
Pu-238
Np-239
Am-241
Am-242

Am-243
Th-228
Th-230
Cm-242
Cm-244

Eu-153
5.346
Eu-154
128.023
1.941
Eu-155
Gd-154
0.137
Gd-155
0.040
7.546
Gd-156
Gd-157
15.425
Gd-158
1.345
Tb-159
0.067
Gd-160
2.459
Nd-145
103.976
Gd tails
0.223
175.798 Fiss.Prod.
Balance
0.040
111.175
107.347

5.509
20.680
8.832
31.762
0.043

Kr-83
Ru-101
Cd-113
Pm-148G
Pm-151
Ru-103
Srn-148
Xe-133
1-135
Pr-143
Rh-103
Rh-105
Cs-133
Xe-135
Nd-143
Tc-99

21.046

Xe-131

78.539

Pm-147
tr Pm-148M
8.176
Pm-149
Sm-147
4.290
Sm-149
Sm-150
Sm-151
Sm-152

28.419
0.295
0.154
12.293
0.579
41.517
3.909
29.067

tr
tr

1.339
164.021
32.552
167751.5
2361.304
1410.070
533.163
133.262
tr
1

tr

tr - less than 0.0005 grams/bundle
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18.668
5.712
2.717
35.645
0.385
604.602
0.311
719.998
19.414
392.382
88.591
3.867
1770.486

1.2

TRANSIENT AND ACCIDENT ANALYSIS FOR
Pu DISPOSITION SPIKE-AND-REUSE CORE DESIGN

I. INTRODUCTION AND SUMMARY
The ABWR was designed for use of generic fuel. Therefore, much of the available
behavioral analyses for the ABWR, including the SSAR, are applicable to the present
study. In that work, GE has evaluated the entire spectrum of events in nuclear safety
and operational analysis areas to establish the most limiting or design basis events in a
meaningful manner. The scope of the situations analyzed includes anticipated
operational occurrences, off-design abnormal (unexpected) transients that induce
system operational disturbances, postulated accidents of low probability (e.g., the
sudden loss of integrity of a major component), and finally, hypothetical events of
extremely low probability (e.g., an anticipated transient without the operation of the
entire control rod drive system). In the event analysis, all essential protection
sequences were evaluated until all required safety actions were successfully
completed. The event analysis identified front line safety systems and their essential
auxiliaries, operator actions, and limits to satisfy the required safety actions. The ABWR
response to transients is reported in Chapter 15 of the SSAR. Response to design
basis accidents is reported in Chapter 6. Finally, compliance with the ASME code for
overpressure events is reported in Chapter 5. In developing the ABWR two bases were
used for the analysis -- design basis and licensing basis. For the design basis of the
Nuclear Boiler GE chose the most conservative core design that was known at the time,
including the possibility of the use of mixed-oxide fuel in the future. This was the socalled Core Z design used in the plant design development. In the licensing basis,
reported in the SSAR for limiting transients, GE used a reference fuel design, typical of
today's UO 2 fuel offerings, called Core A. Thus, as alternative mixed-oxide fuel
designs used in this present study were developed, GE already had a guide as to
which transients and accidents would be the most limiting, and whether there might be
problems accommodating the designs.

1.2-1

In Phase 1A, where three alternatives approaches to Pu disposition were being
considered (spiking, spent fuel, destruction), the core designs for each alternative were
evaluated and the core design with the most limiting nuclear parameters chosen for
further analysis. That core design was the high burnup (destruction) alternative. The
results were documented in the Phase 1A report. This report documents the results for
the core design for the spike-and-reuse option.

Table 1 compares the nuclear dynamic parameters of Core A, Core Z, the high burnup
mixed-oxide core, and the spike-and-reuse core at the end of cycle, which is the most
limiting point for pressurization transients. These parameters are the input for the
transient analysis, and are derived from the nuclear performance predictions for the
specific core design. Note that the void coefficient is more negative for the spike-andreuse core design than for the earlier core designs. The pressurization transient is
believed to be the most severe type of event for the PDR core, based on extensive
experience with BWR transient behavior.
The response to three specific pressurization transients was analyzed, and the
Feedwater Controller Failure - Maximum Demand event was identified as the most
limiting. Relative to the high bumup core design analyzed in Phase 1A, the limiting
transient for the spike-and-reuse core design is a milder event, even though the void
coefficient is more negative. The mitigation was achieved by a shift in the core axial
power shape to peaking towards the core inlet rather than the core outlet. Since the
control rods enter from the inlet end of the core, such a shaping increased the control
rod worth during the initial moments of the transient, resulting in a more effective
scram. For all the cases, the response is well within the ABWR operating margin
requirements, and indicates the considerable flexibility available to core design in an
ABWR with MOX fuel.
Protection from reactor instabilities is provided in the ABWR by control which excludes
a zone of pump speed/flow operation on the reactor power and flow map. For the MOX
core high burnup alternative analyzed in Phase 1 A, it was necessary to increase this
zone slightly beyond that specified for the U02 core- Since stability is sensitive to void
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coefficient, the stability of the spike-and-reuse core design was also analyzed. It was
found that the stability requirements can be met without a further increase in the
exclusion zone. As concluded in Phase 1A, this modification is easily achieved and
has minimal impact on the ABWR plant operation.
The conclusions on response of the high burnup core design in Phase 1A to
anticipated transients without scram (ATWS), overpressure transients, and design
basis accidents are similar for the spike-and-reuse core design. The response is well

within the acceptance criteria.
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Table 1.

Comparison of Nuclear Dynamic Parameters

Parameter
Void Coefficient, C/°C
Doppler coefficient,e/°C

Core A

Core Z

-8.4
-0.31

-11.6
-0.43
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High
Burnup
Core
-11.2
-0.63

SpikeReuse
Core
•13.6
-0.68

II.

TRANSIENT RESPONSE

Determination of the Plant Operating Limit
The purpose of the transient response analysis is to set plant operating limits to avoid
the possibility of departure from nucleate boiling for events expected to occur during
the plant lifetime. For BWRs this has been measured by a parameter called Minimum
Critical Power Ratio (MCPR), which is the ratio of the bundle power at which a
departure from nucleate boiling is expected to occur on the hottest rod in a fuel bundle
to the bundle's current power level. Starting from the nominal situation, i.e. MCPR =
1.0, it is necessary to factor in statistical considerations which account for
manufacturing and measurement tolerances, including uncertainties in the

thermal/hydraulic correlations developed by test programs, to measure the departure
from nucleate boiling. This sets what is called the Safety Limit MCPR (SLMCPR). For
the ABWR, this has been calculated to be 1.07, meaning that if the most limiting fuel
bundle in the core is predicted to have an MCPR of 1.07, there is a 0.1 percent
probability that a rod will have experienced a departure from nucleate boiling. That is
the acceptance criterion approved by the U.S. NRC for BWRs.
Next, all possible transients which can occur (generally due to a single equipment
failure or single operator error) are analyzed to determine the most limiting one in terms
of the change of critical power ratio which can occur. This so-called ACPR is added to
the SLMCPR to determine the plant Operating Limit MCPR (OLMCPR). The steadystate fuel performance analysis is then compared to the OLMCPR to determine the
amount of operating margin.
In the prior studies of ABWR with Core Z and Core A, GE determined that the most
limiting transient is the Load Rejection with Bypass Failure (LRWOBP) event. Even
though this event involves multiple failures, a long-standing GE-USNRC agreement
exists to consider this event as one of those in Chapter 15 to be compared to the MCPR

safety criterion. The primary nuclear dynamic parameter driving this transient is the
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void coefficient, since it is the void collapse from the primary system pressurization
which results from suddenly shutting of the steam heat sink which causes the power
rise in the core. In the Chapter 15 analyses, pressurization transients (or transients
which eventually become pressurization transients due to isolation from the turbine)
were analyzed with GE's one-dimensional kinetics code, ODYN, which is capable of
following the effects of the traveling pressure wave through the core as the event
progresses. In this code, basic cross-sections from the three-dimensional steady-state
core analysis are used, so it is not possible to apply conservative multipliers to the key
parameters - Void Coefficient and Doppler Coefficient. Other transients were analyzed
using the point model kinetics code REDY. The net effect of the Chapter 15 analyses

reported in the ABWR SSAR is that pressurization transients use the dynamic
parameters derived from Core A, while the others use the more limiting Core Z. To
check the validity of these previous results, it was decided to analyze the three most
limiting transients, all of which are pressurization-type transients.
Table 3 lists the input conditions used for the transient analyses. These are identical to
those used in the SSAR. Tables 4 to 6 show the sequence of key events occurring
during the transients and Figures 1A to 3D graphically display the time variation of key
plant parameters for the spike/ reuse core. The ACPRs from these events are given in
Table 2. The most limiting event is the Feedwater Controller Failure - Maximum
Demand. The limiting ACPR is calculated to be 0.11; therefore the OLMCPR would be
set at 1.18 for this core design.
These results are significantly better than those for the Phase 1A core design for the
high burnup core (See Table 2). This is attributable to a significantly different axial
power shape between the two cases. The high burnup core obtained a top-peaked
power shape (see Figure 2.7-18 of the Phase 1A Report). The spike-reuse core is
bottom peaked. The bottom peaked core results in a much greater control rod worth,
particularly for the initial portion of the blade insertion, resulting in a more effective
scram.
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Table 2. Results of Transient Analyses
Delta Critical

Power Ratio

Transient Event Description

SSAR
Result
Generator Load Rejection with
Failure of all Bypass Valves
Fast Closure of One Turbine
Control Valve
Feedwater Controller Failure Maximum Demand
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High
Burnup

Spike/
Reuse

Core

Core

0.10

0.19

0.09

0.10

0.10

0.09

0.10

0.16

0.11

Table 3

Input Parameters and Initial Conditions for System
Transients
1. Thermal Power Level (MWt)
Warranted Value
3926
Analysis Value
4005
2. Steam Flow (kg/hr)

Warranted Value
Analysis Value
3. Core Flow (kg/hr)
Rated
Maximum
4. Feedwater Flow Rate (kg/sec)
Warranted Value
Analysis Value
5. Feedwater Temperature (Celsius)
6. Vessel Dome Pressure (kg/cm 2 g)
7. Vessel Core Pressure (kg/cm 2 g)
8. Turbine Bypass Capacity (%NBR)
9. Core Coolant Inlet Enthalpy (kcal/kg)
10. Turbine Inlet Pressure(kg/cm 2 a)
11. Fuel Lattice
12. Core Leakage Flow (%)
13. MCPR Safety Limit
14. Nuclear Characteristics Used in
ODYN Simulations
15. Number of Reactor Internal Pumps
16. Safety/Relief Valve Capacity (%NBR) at
80.5 kg/cm 2 g
17. Relief Function Delay (sec)
18. Relief Function Opening Time (sec)
19. Safety Function Delay (sec)
20. Safety Function Opening Time (sec)
Continued on next page
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7.64x106
7.84x10 6
52.2x10 6
59.0x10 6
2122
2179
217
73.1
73.7
33
294.1
69.9
N
11.67
1.07
EOEC*
10
91.3
0.4
0.15
0
0.3

Response

Table 3 (continued)
21. Set Points for Safety/Relief Valves (kg/cm2g)
Safety Function
Relief Function
22. Safety/Relief Vaive Reclosure Setpoint Both Modes (% of Setpoint)
Maximum Safety Limit (used in analysis)
Minimum Operational Limit
23. High Flux Trip (%NBR)
24. Hkjh Pressure Scram Setpoint (kg/cm2g)
25. Vessel Level Trips (m above bottom of
separator skirt)
Level 8 (m)
Level 4 (m)
Level 3 (m)
Level 2 (m)
26. APRM Simulated Thermal Power Trip (%NBR)

82.8, 83.5, 84.2,
84.9, 85.6
80.5, 81.2, 81.9,
82.6, 83.3, 84.0
98
93
127.5
77.7
1.73
1.08
0.57
-0.75

117.3

Analysis Setpoint
Time Constant (sec)
27. Reactor Internal Pump Trip Delay (sec)
28. RIP Trip Inertia Time constant for Analysis
(sec)
29. Total Streamline volume (m 3 )
30. Set Pressure of RIP Trip (kg/cm2g)
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7
0.16
0.89
113.2
79.1

Table 4.

Sequence of Events for the LRWOBP

Time
(seconds)
Turbine-Generator Detection of Loss of Electrical Load
-0.015
Turbine-Generator Load Rejection Sensing Devices
Trip to Initiate Turbine Control Valves Fast Closure
0.0
Turbine Bypass Valves Fail to Operate
0.0
Fast Control Valve Closure Initiates Reactor Scram
and Trip of Four RIPs
0.0
Turbine Control Valves Closed
0.07
Safety/Relief Valves Open Due to High Pressure
1.36
Safety/Relief Valves close
6.9
Safety/Relief Valves Open Again to Relieve Decay
9.0
Heat
Safety/Relief Valves Close Again
>15.0 (est.)
Event
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Table 5.

Sequence of Events for the Fast Closure of
One Turbine Control Valve

Time
(seconds)

Event
Simulate One Main Turbine Control Valve to Close
Failed Turbine Control Valve Starts to Close
Turbine Bypass Valves Start to Open
Neutron Flux Reaches High Flux Scram Setpoint and
Initiates a Reactor Scram
Water Level Reached Level 3 Setpoint Four RIP's

0
0.0
2.78

are Tripped

7.29
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2.84

Table 6.

Sequence of Events for the Feedwater Controller Failure
Maximum Demand
Event

Time
(Seconds)

Initiate Simulated Runout of all Feedwater Pumps
(130% of Rated Feedwater Flow at System Design
Pressure of 74.9 kg/cm^g)
Level 8 Vessel Level Setpoint Initiates Trip of Main
Turbine and Feedwater Pumps
Reactor Scram and Trip of Four RIP's are Actuated by
Stop Valve Position Switches
Main Turbine Bypass Valves Opened Due to Turbine
Trip
SRVs Open Due to High Pressure
Safety/Relief Valves Close
Water Level Dropped to Low Water Level Setpoint
(Level 2)
RCIC Flow into Vessel (not simulated)
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0

18.27
18.27
18.4
20.2
>25
>40 (est.)
>70 (est.)

1
2
3
4
5
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Stability
From a safety point of view, the ABWR has provided protection from reactor instabilities
which might cause fuel damage.

In BWRs density-wave oscillations have been

observed under test and operating conditions as the reactor power and flow are
lowered along the rated rod line. With this in mind, the ABWR has provided protection
by excluding a zone of operation in the power-flow map (see Figure 4). During power
ascension by pulling control rods, if the operator attempts to increase power above 25
percent with flow less than 40 percent (30 percent pump speed) an automatic rod block
is issued by the control system which prevents further rod withdrawal until the minimum
pump speed is achieved. During transients, if two or more RIPs are tripped and the
flow becomes less than 40 percent with power greater than 25 percent, a Select
Control Rod Run-in (SCRRI) command is issued by the control system to insert rods
until the power becomes less than 25 percent.
The basis of the above protection is to prevent the plant operators from getting the plant
into an operating state where instabilities have been known to occur. In spite of the
above protection, however, the ABWR also monitors the local power through the
LPRMs and will issue a scram if significant oscillations are detected.
The basis of the minimum pump speed limit has been determined from stability
analyses demonstrating a 95 percent confidence that oscillations will not occur at or
above this point. From many tests and analyses, GE has determined the primary
drivers for instability. Once again, the void coefficient is the most significant parameter
for the purpose of the mixed-oxide studies. Therefore, stability limits were checked to
see if further restrictions in the operating map would be necessary.
Stability is calculated by the use of frequency-domain codes which linearize the basic
dynamic equations for small perturbations and report the behavior of the reactor in
terms of a second-order feedback system. Commonly, a decay ratio is reported; this is
the ratio of the second over shoot to the first overshoot of the reactor response to a step
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change in input. Thus a decay ratio <1.0 means the reactor is stable, and a decay ratio
>1.0 means the reactor is unstable. In calibration of GE's methods to test data, a 20
percent conservatism is needed to achieve a 95 percent confidence of avoiding
instability; thus it is required to predict the decay ratio <0.8. The least stable point in the
operating domain of Figure 4 is the intersection of the rated rod line with the minimum

pump speed line. Thus, stability of the high burnup core was calculated, using the
same procedures and methods documented in the SSAR for Core Z. The most limiting
void coefficient for the spike-reuse core was taken from the end of cycle point (-13.6
cents/percent, per Table 1).
The results are shown in Table 7. It can be seen that at the current minimum speed (30
percent pump speed with core flow of 40 percent) the decay ratio = 0.98. Therefore, a
second case was run with a slightly higher speed in order to determine how much
further restriction would be necessary. Referring to Table 7, it can be seen that a
nominal increase in required minimum pump speed will satisfy the stability criteria.
This will not present any significant operating restriction.

Table 7
Stability Evaluations
Core Decay Ratio
Hot Channel Decay
Ratio
30% Speed/40% Flow
0.98
0.39
35% Speed/45% Flow
0.33
0.80
Design Criteria
<0.80
<0.60
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Anticipated Transients Without Scram (ATWS)
ATWS events are a special class of transients also analyzed in Chapter 15 of the
SSAR. Because of the low probability of occurrence, ATWS acceptance criteria are
somewhat different than those for normal transients. These include:
a.

Core coolability, determined by demonstrating fuel temperatures <2200°F

b.

Nuclear Boiler peak pressure not to exceed service Level C of the ASME
Boiler Code, i.e. 1500 psig.

c.

Containment pressure not to exceed service Level A, i.e. 45 psig

In the SSAR, ATWS analyses were reported showing significant margins to the
acceptance limits. However, background studies for ABWR have shown that the peak
pressure predicted for ATWS pressurization transients is within 20 psid of that for the
ASME overpressure transient (reported below). Thus ATWS is not a limiting
overpressure basis for ABWR.

1.2-27

1

1

130

1

'

1

i

i

1

i

T E N OF TEN INTERNAL PUMPS OPERATING
120

—

~* PERCENT PUMP SPEED
0 0 NATURAL CIRCULATION
110 —
1 30
2 40
100 —

^

90 —
cc 80 —

3?

2
£
UJ
to
I

to
oo

a.

7

60 —

f
™
6 80

100% FLOW - 52.2 x 106kg/hr

8

1

4_^

99

0Vo S P E E D

°

"

1500r

^<V
> < \ V

40

°^*<\YVVV

i^vvvvOsV

1
1

or^t

^

20 -

^

/

it\

^ —
^•^1
10

/
1

1
I
\

Lr.

\ ^^-t—

REGION IV

S*" •

PA
™. 1/Ss
1
20

30

40

/

i-

/

/1

^
50

70

1

U

^\ ~~
1

r" 1
^

^^

ocrsir\M

II
/Pi If

STEAM SEPARATOR LIMIT

1
60

\

I

-

1 I

REGION I
TYPICAL
STARTUP

\ A. A ~

**
\
1

D

30

n

^

[7/1 1

40

TO

3

^

1 ^ ^ T B
^fZ3r\

F 20

50

P

m

L * ^ ^

A 102
B 100
C 80
D 60

E

8

100% POWER-3926 MWt

PERCENT ROD LINE
70

z
UJ

jj£

80

1
90

1

1

100

110

PERCENT CORE FLOW

Figure 4 Modified Power-Flow Operating Map for ABWR with MOX Fuel

120

III.

OVERPRESSURE ANALYSIS

In BWRs the number of safety/relief valves is normally set by requirements of the ASME
code for overpressure protection. This analysis is a special transient in which the
MSIVs are suddenly closed, the normal MSIV position scram is assumed to fail - the
reactor scrams on high neutron flux. In addition no credit is given for safety/relief valves
opening in the power-actuated relief mode; credit is given only for the spring mode.
The acceptance criterion for this analysis is Nuclear Boiler peak pressure less than
service Level B of the ASME code, i.e. less than 1375 psig.

Since this is an

overpressure transient, the void coefficient wil! once again play a significant role in the
results. Therefore, this analysis was repeated for the limiting mixed-oxide core.
Results show that the peak vessel pressure is <1260 psig, well within the acceptance
criterion. Even for a further delayed case using the second backup scram (high
pressure scram) the result is 1278 psig.
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IV.

ACCIDENT ANALYSES

Response to design basis accidents is reported in Chapter 6 of the SSAR for Loss-ofCoolant Accidents (LOCAs) and in Chapter 15 for Reactivity accidents.

Reactivity

accidents, such as Rod Drop or Rod Ejection, which are dominated by the fuel Doppier
Coefficient, are eliminated in the ABWR by design features which preclude their
happening. For the ABWR no analyses were reported in the SSAR; therefore no further
consideration was given to this class of events for the present study.
For LOCAs, nuclear dynamic feedback plays an insignificant role, since the plant is
presumed to scram at the start of the event. The only other core design dependent
input is the decay heat level for the fuel after scram.
The decay heat level for the mixed-oxide is expected to be slightly less than a UO2
core, because Pu 2 3 9 has a lower, decay heat power than U 2 3 5 . In any case, the
ABWR LOCA analysis is dominated by the inventory loss during the initial blowdown,
and the results for a UO2 core show no core uncover for any break size. Thus,.the
conclusion is that the mixed-oxide cores will not degrade the LOCA results
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1.3 FUEL DESIGN METHODS AND OUALTFTCATION

I. Abstract
This paper demonstrates the procedures used to compare MERIT and TGBLA results
for the plutonium disposition study. From the comparisons applied, it is found that TGBLA
over predicts k°° when significant concentrations of plutonium and gadolinia are present in the
same rod. Additional comparisons and corrections for this bias will be implemented in
subsequent phases of this study.

II. Procedure
Input decks are generated that model each of the three proposed lattices (Spiking/
Spent Fuel, Pu Destruction, and Alternate Spiking) for TGBLA and MERIT modeling codes.
TGBLA is a diffusion modeling code and Merit is a Monte Carlo modeling code. The results of
these two models are compared and plotted with respect to the lattice averaged water
density. The important comparison parameters are the k-infinities of the lattices and the
neutron absorption rates of the important isotopes. Figure 1 demonstrates the behavior of a
k-infinity plot and Figure 2 demonstrates the characteristics of one of the isotopic plots.
The code comparisons also involve single rod modeling. Five different pins are
modeled with varying plutonia enrichment, U-235 enrichment, and gadolinia concentration.
Plots of k-infinity and isotopic neutron absorption versus water density are generated for each
of the pins in the same way as the lattices were compared (See Figure 3).
The Pu Destruction lattice is then focused on to examine the effects of rod material
changes. The gadolinia concentrations are removed from the lattice and the cases are run on
the two different modeling codes. These results are compared and plots of k-infinity versus
water density and isotopic neutron absorption versus water density are generated (See
Figure 4).
The plutonium from the Pu Destruction lattice is then eliminated and replaced with a
comparable enrichment of U-235. K-infinity and isotopic neutron absorption versus water
density are plotted to as before to facilitate the model comparisons (See Figure 5).
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. Results
As can be seen in Figure 1, TGBLA overpredicts the k-infinity values of the lattices.
This is a result of TGBLA's overprediction of Pu-239 neutron absorption (see Figure 2) and
its underprediction of gadolinia neutron absorption. The increase in the models1 differences as
the water density decreases is a result of a shift in fission density into the Gd rods as the
water density decreases. Thus at lower water densities, the improper modeling of the Gd
rods becomes more noticeable and therefore, the discrepancy increases.
From the single rod cases, it can be seen that when rods contain only uranium and gadolinia

or only uranium and plutonia then the results between TGBLA and MERIT are close to exact.
But, when plutonia and gadolinia are placed in the same rod then results begin to differ
greatly. Further evidence of this is seen in the lattice cases where gadolinia is taken out of
the rods or plutonium is tu.^n out of the rods. Both of these cases provide isotopic neutron
absorption rates for plutonium and gadolinia, respectively, which are almost identical in the
two models. Thus, it is only when plutonium and gadolinia are together that the models
deviate greatly from each other.

IV. Conclusions
If the MERIT results can be assumed to be exact in its predictions, then it is clear that
TGBLA is going to have to be re examined and corrected for cases in which plutonium and
gadolinia are present in large concentrations together in a fuel rod. For cases in which the
gadolinia is burnt out early in the cycle, this discrepancy may have a limited effect. But for the
cases in which there is a substantial amount of gadolinia present throughout the entire cycle
with the plutonium, this discrepancy has the potential of generating a significant uncertainty
in the bundle characteristics as predicted by TGBLA.
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1.4 EFFECTS OF USE OF MOX FUEL
ON THE
ABWR STARTUP TEST PROGRAM

I.

INTRODUCTION AND SUMMARY

Two aspects of the plant startup test program for the ABWR were evaluated: the expected
duration of startup testing for a commercial ABWR in comparison to plants of earlier product

lines, and the impact on the program of the MOX-fueled core of the Plutonium Disposition
Reactor (PDR).
ABWR Startup Test Program Duration
The ABWR start"- test program is described in Chapter 14 of the ABWR SSAR. The program
reflects the basic startup program performed at BWRs for many years (based upon Regulatory
Guides 1.68, 1.68.1, and 1.68.2), with "modifications required for design changes for the new
product line (e.g., internal recirculation pumps vs. external recirculation loops; fine motion vs.
locking piston control rod drives; etc.).
The consortium of suppliers of the new ABWRs under construction in Japan has evaluated the
test program to be performed. The current startup schedule for the Japanese ABWRs shows a
duration of eight months. This is consistent with the program duration of other recent Japanese
BWRs. This is some evidence that plant changes for the new product line are not expected to
significantly affect the duration of the test program compared to that of earlier plants.
Additionally, an evaluation of the effects of design changes on individual tests and on the overall
test program was performed which reached same result.
Based upon an evaluation of the duration of domestic test programs on BWRs since the Three
Mile Island event, one can still conservatively estimate that the ABWR startup program for the
PDR should take no longer than 1 year. Based upon performing a startup using lessons learned
from the shortest recent startups, a duration of 8 months or less should be expected.
Impact of MOX Fuel
The ABWR startup program was evaluated to determine the potential effects of using MOX fuel
on test program duration. Each startup test was evaluated individually. The result of the
evaluation is that MOX fuel should have little if any impact on the duration of the ABWR startup
program, except as discussed below under core performance tests.
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A summary of the evaluation results for the various categories of startup tests is shown below.
1. Core performance tests
Examples of these tests are fuel loading, shutdown margin demonstration, and fuel
performance monitoring over the full range of power operation. The techniques used for
performing these tests and evaluating results with MOX fuel will remain unchanged from
those used with uranium fuel. It is prudent to allow additional time for the first-of-a-kind
aspects of the startup with MOX fuel for the ABWR Plutonium Disposition Reactor (PDR).
The MOX core performance is expected to be within the generic limits for the licensed UO2
core, with slightly different nuclear characteristics, such as temperature coefficient, void

coefficient, Doppler coefficient, etc. Extra time may be needed with the first MOX core
startup to evaluate the nuclear measurements versus predictions, and perhaps to modify the
analyses and/or the startup and testing procedures.
2. System performance tests
Examples of these are neutron monitoring, residual heat removal, and off-gas system
performance, and piping vibration and thermal expansion. Although some systems may be
affected by the use of MOX (electrical, radwaste, cooling water), the general system
performance requirements and methods of evaluation, even for the affected systems, should
remain unchanged with MOX fuel. There should be no impact on the startup schedule.
3. Plant performance tests
Examples include a demonstration of plant shutdown from outside the main control room,
response to a feedwater pump trip, response to a main turbine trip, and response to isolation
of the main steam lines. Although some of the performance criteria must be developed based
upon the use of MOX fuel, the techniques for performing and evaluating the test should not
change. There should be no impact on the startup schedule.
4. Other tests
Examples are water chemistry monitoring and radiation surveys. Some additional effort will
be required to perform water chemistry evaluations associated with the external spent fuel
storage pool. Additional radiation evaluations will be needed for monitoring operation of the
inclined fuel transfer equipment and operations at the external spent fuel storage pool.
Nevertheless, these tests are normally performed in parallel with other tests, and are not
critical path, so there should be no detrimental impact on the overall startup schedule.
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n . Detailed Evaluation of Startup Program Duration
The test program duration for the ABWRs currently being constructed in Japan has been
evaluated by the consortium of companies building the plants. Their resulting program schedule
showed a duration of 8 months. This is consistent with the startup durations of other BWRs in
Japan. This provides some justification for the conclusion that the ABWR startup program
duration should not be longer than test programs for earlier BWR product lines (BWR4, BWR5,
BWR6) because of plant design changes for ABWR.
In addition to the above, the attached table (Table 1) evaluates the effects of ABWR design
changes on individual test durations. The table shows that there are some tests that shorten, while
others will lengthen the overall test program duration. Overall, the program probably should not
be significantly lengthened or shortened based upon these design changes. However, ABWR
plant design improvements must also be expected to reduce program duration based upon
improved plant operability that will exist regardless of the test program. For example: .
-

The wide range neutron monitoring (WRNM) system should prevent the possibility of scrams
during startups which occasionally occurred due to improper operation of intermediate range
monitor range sv> Itches.

-

The ABWR reactor core isolation cooling (RCIC) system design includes improvements that
have resulted from operating experience of other plants; the new design should result in a
more reliable system that will reduce critical path delays that have sometimes occurred on
earlier plants.

-

The high pressure coolant injection (HPCI) system on BWR4's which typically caused
significant critical path testing delays (and often technical specification limiting condition for
operation plant shutdowns) is replaced by motor driven pumps (high pressure core flooder)
that do not require startup testing (testing demonstrations during the preoperational program
are adequate).

-

Redundant control systems for recirculation flow, feedwater flow, and pressure control should
prevent some unplanned scrams.

-

The automatic startup and shutdown capabilities of the power generation control and
automatic power regulator systems should reduce the time to recover from any planned or

unplanned scrams.
Based upon all of the above, it is conservative to conclude that the standard ABWR startup
program should take no longer than the program for existing BWR product lines.
Detailed information on the durations of domestic BWR startups for "post-Three Mile Island"
plants is shown in the attached table (Table 2). This information summarizes results from various
sources and of unequal quality, so the precise numbers of duration days shown in various
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categories could be assigned slightly differently by different reviewers, but the overall results
shown should be valid. All durations and delays are shown in calendar days.
For each plant the following information is provided:
•

Startup test program starting date. This is the date when fuel loading began.

•

Startup test program finish date. This is the date when all plant testing including the steam
production warranty demonstration was completed.

•

Total test program duration. This is the total number of calendar days from program start to
finish.

» Delay from fuel load to heatup. These are delays incurred by loading fuel before the plant was
ready to proceed with heatup. These delays usually occurred because of an incentive to the
plant owner to load fuel based upon the local utility regulatory situation. These delays will
not occur for the PDR because commercial milestones are not expected to impact the
schedule. These delays do not include a conservatively assumed 40 days for installing the
RPV head, performing hydrostatic testing, and completing all technical specification
surveillance testing required to proceed with the initial plant heatup. These delays also do not
include time required to perform non-nuclear heatup and flow induced vibration (FIV) testing
which was performed at some BWR5 and BWR6 plants. Time for these (the 40 days and time
for FIV testing) are considered a required portion of the test program duration in Table 2.
•

Test program duration without the delay between fuel load to heatup. This duration is used
below in evaluating the expected ABWR startup duration under commercial conditions that
should exist for the PDR.

.

Outage time during the test program. This time is that which occurred during and after initial
plant heatup and was required to repair problems, to recover from unplanned scrams, to
perform additional surveillance testing which was required during startup because of the
excessive length of the program, and for regulatory shutdowns.

.

Regulatory and other delays. These are delays during which the plant was critical, but during

which startup testing did not occur because of regulatory holds (e.g., the plant was waiting for
a license amendment allowing plant operation to a higher reactor power condition) or
problems with the plant which required investigation or otherwise prevented startup testing
from being performed at the same time. It is difficult to distinguish delays for regulatory holds
from delays for other reasons in the startup records, so they have conservatively been left in
the calculations shown in the attached table.
.

Total of outage time plus other delays during and after initial plant heatup.

.

Total duration of testing without outages and other delays.
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The average values of the above information are shown for all the plants, as well as the averages
without considering Grand Gulf and Fermi 2, and without Fermi 2 alone.
Some of the more recent plants with the best results developed strong teams between the owner,
GE, and the architect engineer to expedite startup. These programs (River Bend, Hope Creek,
Limerick 2) required that the preoperational test programs closely evaluate all systems to the
extent possible without nuclear heat, and that all discrepancies be resolved, rather than postpone
problems for resolution during startup when the time required to fix them is greatly lengthened.
The longer test programs were cases where owner considerations other than minimizing startup
duration resulted in many problems occurring which would better have been resolved earlier in
plant commissioning.
Grand Gulf and Fermi 2 are anomalies to the average due to reasons as described in the preceding
paragraph. When their results are removed from the overall average, the average startup time
(without delays between fuel load and heatup) was about 11 months. Even with Grand Gulf
included, the average duration (for 13 plants) was approximately 1 year.
It is considered conservative that the ABWR can be started up in no worse duration than the
average described above (1 year). Lessons learned should result in an ABWR startup comparable
to the average from the most successful recent startups (about 8 months average for River Bend,
Hope Creek, and Limerick 2).
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Table 1 - Evaluation of ABWR Design Effect on Startup Test Duration

2.
3.
4.
5.

STARTUP TEST
Chemical and Radiochemical
Measurements
Radiation Measurements
Fuel Loading
Full Core Shutdown Margin
Demonstration
Control Rod Drive System
Performance

Neutron Monitor'"^ System
(NMS) Performance

ABWR PLANT DESIGN
EFFECT ON STARTUP DURATION
No effect.
No effect.
Duration should be shorter because of automatic
operation of refueling bridge.
No effect.
Although ABWR use of fine motion control rod drives
is a significant change from previous product lines, the
testing required (scram time, insert/withdraw time,
friction) is essentially the same as for BWR6, so no
effect is expected.
Although the ABWR's wide range neutron monitoring
(WRNM) system replaces the source and intermediate

range systems of earlier plants, performance

7.

Process Computer System
Operation

8.
9.
10.

Core Performance
Nuclear Boiler Process
Monitoring
Piping Thermal Expansion

11.

Piping Vibration

12.

Reactor Internals Vibration

requirements and methods of evaluation are not much
changed. Additional capabilities of WRNM for
monitoring and data presentation should reduce testing
time slightly.
There is a significant change associated with the plant
displays now being driven by the process computer.
Most "bugs" should be worked out on the Japanese
ABWRs before the PDR is commissioned, but some
added testing time should be expected to insure that all
plant displays that could not be verified during the
preoperational program are accurate.
No effect.
No effect.
This test requires critical path visual inspections inside
containment to verify that piping thermal expansion is
not obstructed. With reduced piping due to
recirculation internal pumps (RIPs) vice external
recirculation loops, testing duration should be reduced.
Although vibration monitoring of external recirculation
loops is no longer required with ABWR, this test is
usually not critical path, so no effect on test program
duration is expected.
No effect.
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13.

14.

STARTUP TEST
Recirculation Flow Control

Reactor Pressure Vessel
Level/Feedwater Flow
Control

ABWR PLANT DESIGN
EFFECT ON STARTUP DURATION
Although RIPS are to be used, the flow control system
testing requirements are essentially the same as for
previous product lines; with new electronics used for
ABWR, testing duration should be reduced.
Although adjustable speed drives are used for the feed
pumps which are hew for ABWR, flow control
requirements and methods of evaluation are essentially
the same as for previous product lines; with new

electronics used forABWR, testing duration should be
15.

Pressure Control

16.

Plant Automation and
Control

17.

Reactor Recirculation System
Performance

18.

Feedwater System
Performance

19.

Main Steam System
Performance
Residual Heat Removal
(RHR) System Performance

20.

reduced.
Pressure control performance requirements are
essentially the same as for previous product lines; with
new electronics used for ABWR, testing duration
should be reduced.
This is a new system for ABWR; "bugs" should have
been worked out at the Japanese ABWRs before PDR
startup; however, some additional time will be required
for evaluating this system.
Although RIPS are to be used, the recirculation system
performance requirements are similar to those for
previous product lines; testing duration should be
unaffected.
Although adjustable speed drives are used for the feed
pumps which are new for ABWR, feedwater system
performance requirements and methods of evaluation
are essentially the same as for previous product lines;
testing duration should be unaffected.
No effect.
An increase in time could be required to test one more
RHR loop with heat exchanger than existed for previous
product lines. On the other hand, many earlier startup

programs included testing of the "steam- condensing"

21.

Reactor Water Cleanup
(CUW) System Performance

mode which is very time consuming, and is no longer
an RHR system operating mode for ABWR. The overall
result should be a shorter test program.
No effect.
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22.

23.
24.

STARTUP TEST
Reactor Core Isolation
Cooling (RCIC) System
Performance
Plant Cooling/Service Water
System Performance
Heating, Ventilation, and Air

ABWR PLANT DESIGN
EFFECT ON STARTUP DURATION
No effect.

No effect.
No effect.

Condition (HVAC) System
25.
26.
27.
28.
29.
30.

31.
32.
32.
33.
34.
35.
36.
37.
3 8.

performance
Turbine Valve Surveillance
Main Steam Isolation Valve
(MSIV) Performance
Main Steam Safety Relief
Valve (SRV) Performance
Loss of Feedwater Heating
Feedwater Pump Trip
Recirculation Pump Trip

No effect.
No effect.
No effect.
No effect.
No effect.
Even though RIPs are used on ABWR, the number of
trip tests and their evaluation are similar to those for
previous product lines; no effect is expected on test
duration.

Shutdown from Outside the
No effect.
Main Control Room
Loss of Turbine Generator
No effect.
and OfFsite Power
Turbine Trip and Load
No effect.
Rejection
Reactor Isolation
No effect.
Offgas System Performance
No effect.
Loose Parts Monitoring
No effect.
System Baseline Data
Concrete Penetration
No effect.
Temperature Surveys
Liquid Radioactive Waste
No effect.
System Performance
Steam and Power Conversion No effect.

System Performance
39.

Select Control Rod Run-in

40.

Other System Startup Tests

This is a new test of the automatic insertion of control
rods which occurs to reduce power and prevent
continued operation in the high power/low core flow
condition where thermal-hydraulic instability could
occur. This test should not require lengthy additional
time (only hours) added to the test program.
No effect.
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Table 2 - Summary of Startup Testing Results for Recent BWRs
Test Program
Start Date

Test Program
Finish Date

Total Test
Program
Duration

Delay from
Fuel Load to
Hcatup

Duration
without Fuel
Load to
Hcalup Delay

Major
Program
Delays for
Outages

Regulatory
and Other
Delays

Total
Other
Delays

Total
Days
Actual
Testing

4/18/82

10/21/83

551

14

537

143

44

187

350

Grand Gulf

7/1/82

8/23/85

1149

334

815

428

115

543

272

Susquchanna 1

7/27/82

4/7/83

254

No data

254

No data

No data

0

254

Hanford

12/25/83

12/13/84

354

32

322

92

92

230

LaSallc 2

12/30/83

9/22/84

267

34

233

25

25

208

Susquchanna 2

3/28/84

2/9/85

318

No data

318

No data

No data

0

318

Limerick 1

10/26/84

1/29/86

460

460

189

5

194

266

Fermi 2

3/20/85

11/18/88

1339

1321

697

322

1019

302

River Bend

8/31/85

6/9/86

282

282

67

67

215

Perry

3/21/86

11/16/87

606

530

232

232

298

Hope Creek

4/15/86

12/16/86

245

245

51

51

194

Clinton

9/29/86

10/15/87

381

89

292

32

32

260

Nine Mile Pt 2

11/2/86

4/4/88

516

189

327

143

143

184

Limerick 2

7/24/89

1/27/90

187

8

8

179

Plant Name

LaSalle 1

•

18

76

187

Average

494

56

437

150

35

185

252

W/O GG & Fermi

368

36

332

81

5

86

246

W/O Fermi

428

59

369

108

13

121

248

m . Detailed Evaluation of the Effects of Use of MOX Fuel on the ABWR Startup Test
Program
The following discusses the potential impact of use of MOX fuel on individual ABWR startup
tests. The tests discussed are those listed in the ABWR SSAR. No tests evaluated should have
any significant effect on startup program duration because of the use of MOX fuel.
1. Chemical and Radiochemical Measurements
This procedure secures information on the chemistry and radiochemistry of the plant, and
verifies that sampling equipment, procedures, and analytical techniques are adequate. The
only significant change with MOX is the existence of the external spent fuel pool with its
associated cooling/cleanup system. The test program must evaluate this area, too, but
methods used should not be different from those for the ABWR itself. This testing is usually
not critical path, so no impact on the startup program is expected.
2. Radiation Measurements
Background radiation levels in the plant and environs are measured prior to operation for
baseline data, and at selected power levels throughout the startup program. Radiation levels
associated with the addition of the inclined fuel transfer tube (ICFT) and the external spent
fuel storage area must be included in this testing. The shielding associated with the ICFT has
been evaluated at BWR6 plants prior to movement of irradiated fuel by moving the startup
neutron sources through it and monitoring radiation in the adjacent spaces. A similar
technique should be used for ABWR with an ICFT. This testing is usually not critical path, so
no impact on the startup program is expected.
3. Fuel Loading
This core performance test provides the plant procedure for initial core fuel loading. The
techniques for loading fuel should be identical as those for uranium fuel. Any partial core
shutdown margin tests (verification of subcriticality by withdrawing specified rods with a
"square" array of fuel assemblies loaded into the core - typically performed with a 12 x 12
array of bundles loaded) will also be performed in the identical manner as with uranium fuel.
No impact on the startup program is expected.
4. Full Core Shutdown Margin Demonstration
This core performance test is performed during the initial core criticality by comparing the
reactivity associated with the measured reactor period to the predicted reactivity associated
with the critical rod pattern and reactor temperature. Reactivity curves for evaluating
predicted rod pattern/reactivity conditions and reactivity versus period will need to be
developed based upon the MOX core. It is prudent to allow additional time for the first-of-akind aspects of the startup with MOX fuel for the ABWR Plutonium Disposition Reactor
(PDR). The MOX core performance is expected to be within the generic limits for the
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licensed U 0 2 core, with slightly different nuclear characteristics, such as temperature
coefficient, void coefficient, Doppler coefficient, etc. Extra time may be needed with the first
MOX core startup to evaluate the nuclear measurements versus predictions, and perhaps to
modify the analyses and/or the startup and testing procedures.
5. Control Rod Drive System Performance
This is a system performance test that is not affected by the use of MOX fuel. Evaluations are
made of control rod motion speed, scram insertion time, and friction. No impact on the
startup program is expected.
6. Neutron Monitoring System (NMS) Performance
This is a system performance test that is not affected by the use of MOX fuel. System
performance from shutdown through rated power is evaluated. Although MOX fuel rather
than uranium will be monitored, the performance characteristics of the NMS remain the same.
No impact on the startup program is expected.
7. Process Computer System Operation
This is a system performance test that is not affected by the use of MOX fuel. The ability of
the process computer system to collect, process, and display plant data, execute plant
performance calculations, and interface with various plant control systems is verified. These
abilities and their startup evaluation should be unchanged when using MOX fuel No impact
on the startup program is expected.
8. Core Performance
This is a core performance test. Evaluations of various core performance characteristics
(power versus flow, power distributions, core thermal limits, etc.) are performed. It is
prudent to allow additional time for the first-of-a-kind aspects of the startup with MOX fuel
for the ABWR Plutonium Disposition Reactor (PDR). The MOX core performance is
expected to be within the generic limits for the licensed UO2 core, with slightly different
nuclear characteristics, such as temperature coefficient, void coefficient, Doppler coefficient,
etc. Extra time may be needed with the first MOX core startup to evaluate the nuclear
measurements versus predictions, and perhaps to modify the analyses and/or the startup and
testing procedures.
9. Nuclear Boiler Process Monitoring
This is a system performance test. Evaluations of process instrumentation for reactor pressure
vessel (RPV) water level, temperatures, flows, etc., are made. Performance is unaffected by
the use of MOX fuel. No impact on the startup program is expected.
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10. Piping Thermal Expansion
This is a system performance test. During plant heatup, piping movement of various systems
due to thermal expansion is evaluated to verify that there are no obstructions and that
movements conform to predictions. Thermal expansion is independent of the use of MOX
fuel. No impact on the startup program is expected.

11. Piping Vibration
This is a system performance test that is not affected by the use of MOX fuel. During various
plant operating conditions of flow and during startup transient tests, piping of various systems
is evaluated to verify that the level of vibration is acceptable. Piping vibration is independent
of the use of MOX fuel. No impact on the startup program is expected.
12. Reactor Internals Vibration
This is a system performance test. Flow induced vibration (FIV) of RPV internal components
is evaluated at various plant steady state and transient conditions to verify that the level of
vibration is acceptable. The level of flow induced vibration is independent of the use of MOX
fuel. No impact on the startup program is expected.
13. Recirculation Flow Control
This is a system performance test. The flow control system is adjusted to meet performance
requirements in all required modes of operation at the required plant operating conditions.
The system's performance is independent of the use of MOX fuel. No impact on the startup
program is expected.
14. Reactor Pressure Vessel Level/Feedwater Flow Control
This is a system performance test. The water level/feedwater flow control system is adjusted
to meet performance requirements in all required modes of operation at the required plant
operating conditions. The system's performance is independent of the use of MOX fuel. No
impact on the startup program is expected.
15. Pressure Control
This is a system performance test. The RPV pressure control system is adjusted to meet
performance requirements in all required modes of operation at the required plant operating
conditions. The system's performance is independent of the use of MOX fuel. No impact on
the startup program is expected.
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16. Plant Automation and Control
This is a system performance test. The system's ability to support automation of normal plant
startup, shutdown, and power range operations is verified. The system's performance is
independent of the use of MOX fuel. No impact on the startup program is expected.
17. Reactor Recirculation System Performance
This is a system performance test. The recirculation system performance (pump speed, flow,
head) is evaluated against design requirements. The system's performance is independent of
the use of MOX fuel. No impact on the startup program is expected.
18. Feedwater System Performance
This is a system performance test. The feedwater system performance (pump speed, flow,
head, runout capability) is evaluated against design requirements. The system's performance is
independent o^tU<? use of MOX fuel. No impact on the startup program is expected.
19. Main Steam System Performance
This is a system performance test. The main steam system performance (pressure drop from,
reactor vessel to main steam isolation valves, flow measurement accuracy/noise) is evaluated
against design requirements. The system's performance is independent of the use of MOX
fuel. No impact on the startup program is expected.
20. Residual Heat Removal (RHR) System Performance
This is a system performance test. The RHR system performance (flow, head, heat exchanger
capacity) is evaluated in various system modes of operation against design requirements. The
system's performance is independent of the use of MOX fuel. No impact on the startup
program is expected.
21. Reactor Water Cleanup (CUW) System Performance
This is a system performance test. The CUW system performance (flow, head, heat exchanger
capacity, temperature, pump/motor vibration) is evaluated in various system modes of
operation against design requirements. The system's performance is independent of the use of
MOX fuel. No impact on the startup program is expected.
22. Reactor Core Isolation Cooling (RCIC) System Performance
This is a system performance test. The RCIC system performance (flow, time to rated flow,
high steam flow isolation trip setpoints, control system performance, margin to trip setpoints,
etc.) is evaluated at required plant conditions against design requirements. The system's
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performance is independent of the use of MOX fuel. No impact on the startup program is
expected.
23. Plant Cooling/Service Water System Performance
This is a system performance test. The various plant cooling/service water systems'
performance (flow, head, heat removal capacity) is evaluated in various system modes of
operation against design requirements. Potential new interconnections to support the external
spent fuel storage facility may require system modification from the standard ABWR.
However, methods of evaluating performance should remain unchanged, and the testing
should not be critical path. No impact on the startup program is expected.
24. Heating, Ventilation, and Air Condition (HVAC) System performance
This is a system performance test. The ability of the various HVAC systems to maintain area
temperatures and relative humidity within specified limits is evaluated. The system's
performance is independent of the use of MOX fuel. No impact on the startup program is
expected.
25. Turbine Valve Surveillance
This is a plant performance test. Plant response to normal main turbine valve surveillance
testing is evaluated to determine the maximum reactor power at which testing may be
performed without causing a reactor trip or isolation. Plant performance (pressure/power
response to valve operation) may be slightly affected by the use of MOX fuel, but the test
performance and evaluation techniques should remain unchanged from those with uranium
fuel. No impact on the startup program is expected.
26. Main Steam Isolation Valve (MSIV) Performance
This is a system and plant performance test. MSIV valve closure time is measured to verify
that the closure speed is acceptable. This performance is independent of the use of MOX fuel.
Plant response to MSIV surveillance testing is evaluated to determine the maximum reactor
power at which testing may be performed without causing a reactor trip or isolation. This
performance (pressure/power response to valve operation) may be slightly affected by the use
of MOX fuel, but the test performance and evaluation techniques should remain unchanged
from those with uranium fuel. No impact on the startup program is expected.
27. Main Steam Safety Relief Valve (SRV) Performance
This is a system performance test. The ability of the SRVs to be manually operated and to
reseat properly after opening is verified; the test also demonstrates that there are no blockages
to flow in the SRV discharge lines. The system's performance is independent of the use of
MOX fuel. No impact on the startup program is expected.
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28. Loss of Feedwater Heating
This is a plant performance test. Plant response to a worst case failure which reduces
feedwater temperature (positive reactivity transient) is evaluated against predictions. The
predictions will be based upon the MOX fuel loading; the methods used to evaluate the
transient, and the startup test duration should be unaffected by the use of MOX..

29. Feedwater Pump Trip
This is a plant performance test. Plant response to a single feedwater pump trip is evaluated:
The response must be adequate to insure that a low RPV water level scram does not occur.
The transient may be slightly affected by the use of MOX fuel, but the methods used to
evaluate the transient, and the startup test duration should be unaffected.
3f\ Recirculation Pump Trip
This is a plant performance test. Plant response to single and multiple pump trips and to
pump restarts will be evaluated to verify that a high RPV water level trip does not occur, that
flow coastdown meets specified requirements, and that thermal limit margins are maintained
during the pump trip transients, and to verify that power does not exceed reactor trip setpoints
during pump restarts. The transients may be slightly affected by the use of MOX fuel, but the
methods used to evaluate the transients, and the startup test duration should be unaffected.
31. Shutdown from Outside the Main Control Room
This is a plant performance test. Plant systems are operated to shutdown the reactor assuming
that the main control room must be evacuated. Remote shutdown equipment operation is
independent of the use of MOX fuel. The startup test duration should be unaffected.
32. Loss of Turbine Generator and Offsite Power
This is a plant performance test. The test is performed at relatively low power early in the test
program, and is primarily a demonstration of electrical equipment response to the transient.
Potential new interconnections of the plant electrical systems associated with the external
spent fuel storage facility and fuel fabrication plant may require evaluation during the test.
However, the test duration should be unaffected by these potential changes.
32. Turbine Trip and Load Rejection
This is a plant performance test. The test is a verification of the dynamic response of the
reactor and applicable systems and equipment to a main turbine trip or load rejection transient.
Predicted results (pressure and power response) will be based upon use of MOX fuel; the
methods used to evaluate the transient, and the startup test duration should be unaffected by
the use of MOX.
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33. Reactor Isolation
This is a plant performance test. The test is a verification of the dynamic response of the
reactor and applicable systems and equipment to the closure of all main steam isolation valves
(MSIVs). Predicted results (pressure and power response) will be based upon use of MOX
fuel; the methods used to evaluate the transient, and the startup test duration should be
unaffected by the use of MOX.
34. Offgas System Performance
This is a system performance test. The proper operation of system components and overall
system performance are evaluated against design requirements. The system's performance is
independent of the use of MOX fuel. No impact on the startup program is expected.
35. Loose Parts Monitoring System Baseline Data
This is a system performance test. Baseline data for the loose parts monitoring system is
collected at specified reactor power and core flow conditions for comparison to data collected
later in plant life. The system's performance is independent of the use of MOX fuel. No
impact on the startup program is expected.
36. Concrete Penetration Temperature Surveys
Temperature measurements are taken in the vicinity of selected high energy piping
penetrations under normal plant operating conditions to verify that acceptable heat transfer
exists for cooling the concrete. Performance is independent of the use of MOX fuel. No
impact on the startup program is expected.
37. Liquid Radioactive Waste System Performance
This is a system performance test. The proper operation of system components and overall
system performance are evaluated against design requirements. The addition of the external
spent fuel storage pool may require some modification to the system, but the methods of
evaluating performance should be unaffected, and testing should not be critical path. No
impact on the startup program is expected.
38. Steam and Power Conversion System Performance
This is a system performance test. The proper operation of system components and overall
system performance of steam driven auxiliaries and power conversion systems are evaluated
against design requirements. The systems' performance is independent of the use of MOX
fuel. No impact on the startup program is expected.

1.4-16

39. Select Control Rod Run-in (SCRRI)
This is a plant performance test. The capability of SCRRI to reduce power to prevent
continued operation in the high power/low core flow condition where core thermal hydraulic
instability may occur, and to result in an acceptable rod pattern after SCRRI occurs are
verified. The performance is independent of the use of MOX fuel. No impact on the startup
program is expected.
40. Other System Startup Tests
Other system performance tests may be included in the startup program for systems that could
not be adequately tested during the preoperational testing program. It is unlikely that any
other system's performance is dependent of the use of MOX fuel. No impact on the startup

program is expected.
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1.5 COMPUTER SYSTEM AND CODE SETUP AND SUPPORT

The transfer of computer codes used for core analysis from nongovernment owned commercial systems to the Government-owned
system at another location was evaluated and deferred indefinitely
for the following reasons:
1) The transfer would have been more costly and would have taken

longer than originally anticipated due to the need to transfer,
integrate, and checkout, with additional complexity, many custom
display, data management and analysis, and reporting software
tools that complement the main analyses codes.
2) The transfer and checkout would have used critical resources
otherwise needed to perform the analysis during the very short
period of performance of Phase IB. Both 1) and 2) would have
unacceptably delayed the performance of the analyses.
3) The current location of the Government-owned computer systems
was anticipated to be, and has now formally been identified as a
plant closing location, and expectedly, the computer system would
need to be moved, thus making the system unavailable for work
during the time of the move which is still TBD. The risk of having
the analysis work interrupted against an indeterminate schedule
for the move was considered unacceptable.
4) The core analyses were performed using the codes resident on
GENE commercial computer systems which are local to the analysis
work location. It is estimated this contributed to a higher level of
productivity in performing the analyses than if the work had been
performed using the government-owned system which is at a site
remote from the analysis work location.
5) Pending the relocation of the Government owned computer system
following the plant closing, further evaluation under this task will
occur at a later time, when it will not impact the analyses or other
work. In the interim, core analysis work will be performed with
the analysis codes resident on commercial computer systems at no
additional costs to the Government.
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2.0 FUEL CYCLE

2.1 SAFEGUARDS AND SECURITY INTEGRATION

The development of a safeguards and security framework for assessing the impacts of facility
design, siting, and processing technology on S&S effectiveness and costs has been initiated for

Pu disposition by irradiation in an ABWR. Complex dispersion, diversion potential of the
material being processed and time affect both system effectiveness and costs. Each of these
issues is discussed and a preliminary quantitative methodology for assessing the domestic
diversion potential for Feed Material Preparation and MOX Fuel Fabrication is presented. A
framework is outlined for developing an overall Figure of Merit for S&S effectiveness applicable
to all processing and siting options prior to irradiation. Of significant importance is the
preliminary determination that plutonium handling up to and through fabrication of MOX fuel
will still involve quantities of Category IC material. This would normally require SST
shipments for materials including even new MOX fuel assemblies, but physical configuration and
other considerations may warrant a waiver. This must be taken into careful consideration when
determining various siting arrangements.
Safeguards and Security Framework Overview
The development of a safeguards and security framework for the plutonium disposition system
depends on the assessment of a number of factors:
•

Dispersion of the disposition complex.

•

Diversion potential of the weapons-grade material and its change with time.

•

Time.

By dispersion of the complex, we mean the number of geographical sites involved in the
weapons dismantlement, pit destruction, fuel fabrication, reactor operation, and waste disposal
operations. Intuitively, if all operations (except waste disposal) are conducted on a single site,
transportation risks are minimized, a single guard force is utilized, and costs of each factor is
minimized. Logistically, however, such a single omnibus site may not exist or may be
undesirable for other reasons such as individual facility safety or inadequate site location. All
possible siting options, shown conceptually in Figure 2.1.1 will be examined in this study. The
aim should be to minimize S&S risk by transporting material of lower attractiveness.
Development of a formal framework for assessment of the diversion potential of plutonium has
been initiated. Diversion potential is defined by the Attractiveness Level of the material (as
defined in DOE Order 5633.2 1 at any stage of the process and the quantity of material of a
given level of Attractiveness; the process can be quantified using the Consequence Levels utilized
in the guidance for the Preparation of Site Safeguards and Security Plans^ The rate at which
the diversion potential of the entire 100 Mg (Megagrams) of excess Pu can be decreased is
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useful in evaluating the tradeoffs and deployment options of the complex which, in turn, have
major implications on complex and S&S costs.
It is intuitively obvious that the longer the time frame in which the excess Pu is available in a

weapon-usable form, the greater is she risk of theft or diversion. Thus, the risk of theft or
diversion can be reduced if the time required to process a unit quantity of material from weapon
pits to fabricated (or irradiated) fuel (the complex throughput rate or plant capacity) is decreased.
From a broader perspective, the overall risk of the anticipated 100 Mg excess Pu stockpile can
be obtained by integrating the risk for processing a unit quantity of material over the entire
stockpile. However, irradiation time is likely to be the principal rate-determining step for the
ABWR Pu disposition option. Additionally, the times required to complete the Environmental
Impact Process(es) and construct and license the individual facilities impact the overall risk.
Assessment of Diversion Potential
Development of a framework for the assessment of the safeguards and security issues associated
with the use of weapons-grade plutonium in an ABWR should be carried out consistent with the
Series 5600 DOE Orders and the Site Safeguards and Security Plan. Additionally, to be of value
in assessing the relative risks of the several methods proposed3 for the disposal of weapons
material (store, denature, vitrify and dispose at High-Level Waste Repository), the framework,
ideally, should be applicable to all disposal options. (As noted in the paper, the term disposition
is ill-defined).
The safeguards and security assessment of the risk of processing weapons-grade nuclear
materials for utilization in an ABWR must be carried out based on a specifically defined threat.
For example, if the threat is based on theft or diversion by a non-national group, it is unlikely
that the target material will be irradiated materials, or materials degraded to the point where fuel
reprocessing or re-enrichment technologies are required to extract weapon-usable materials.

However, should the threat arise from nation-states, or organizations which are surrogates for
a nation, then considerable financial and technical resources can be committed to recovery of
weapons material from even low-grade or irradiated materials. This is essentially an
international non-proliferation issue. In this initial assessment, we assume that the threat is nonnational and that irradiated fuel or low-grade materials are the equivalent of spent LWR fuel and
will be disposed of in the National High Level Waste Repository.
If a megagram of plutonium is to be disposed of in a prescribed time frame, and the various
processing and shipping steps arc known, then a measure of the risk of theft or diversion can
be expressed as the sum of the risks of theft/diversion of each individual process step and the
quantity of material in that step. Thus, the domestic diversion potential per MT (DDP) is given
by:
Equation (1)
DDP = QA*1.0 + QB*0.7 + Q c *0.6 + Q'c*0.5 + Qu*0.2 + Qu*0.1 + QK*0.05
where:
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The numerical values are the Consequence Values for the various types of nuclear
materials as given in the SSSP Preparation Guide, and
QA = Quantity of Category IA material in Kgs.
QB = Quantity of Category IB material in Kgs.
Q c = Quantity of Category IC material in Kgs. in the form of simple compounds
(oxides, carbides).
Q'c = Quantity of Category IC material in Kgs. in concentrated solutions, in fuel
elements, alloys, and mixtures, or as fluorides.
Qo = Quantity of all Category n materials in Kgs.
QE = Quantity of all Category 111 materials in Kgs.
QP = Quantity of all Category IV materials in Kgs.
These Category and Consequence Values are in accordance with DOE Order 5633.3 and the
SSSP Guide, respectively.
Inspection of equation (1) shows that the DDP is a maximum (i.e., unity) wha" all of the Pu is
in the form of weapons (Category IA). the DDP is a minimum (0.05) when all of the Pu has
been processed to Category IV materials (i.e., highly irradiated material); the DDP, however,
never becomes zero. Presumably, in the form of highly irradiated material, it will be disposed
of in the National Waste Repository.
Application of DDP to Pit to MOX Conversion Processing
The methodology for the calculation of DDP has been applied to the three Pit to MOX
Conversion Processes listed in the General Electric study of PU consumption4. Conceptual
process flowsheets for these process are shown in Figure 2.1.2 to 2.1.4 based on reasonable
"in-processM inventories of Pu. As shown in the figures, the process outputs are all Category
I, minimum Attractiveness Level C material, requiring appropriate safeguards established in
DOE Order 6533.3.
The MOX Materials Preparations processes have only a small impact on safeguards and security
associated with these options; each route starts with pits having a Consequence Value of 0.7 and
ends with MOX feed material with a Consequence Value of 0.6. Similarly, when considering
the impact on the siting options shown in Figure 2.1.1, it makes little difference from a
safeguards perspective whether the material shipped has a Consequence Value of 0.6 or 0.7.
The shipping options may impact safety, however.
There is a long history of Safe Secure Transport of Pits and metal in the weapons complex.
But, the shipment of many containers of PuOj powder may raise safety issues. In Option 2 of
Figure 2.1, completed MOX fuel assemblies (Consequence Value=0.5) are shipped to the
reactor site, decreasing the desirability of the material in transit. Since fuel assemblies
containing >6kg. Pu in a shipment are still classified as Category IC SNM, Safe Secure
Transport (by DOE Transportation Division) appears to be required. This issue deserves further
consideration when additional information on the candidates sites for the MOX Fuel Fabrication
Facility are identified.
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Application of DDP to MOX Fuel Fabrication Processing
The methodology for the calculation of DDP has been applied to the "reference" mill-sluggranulate process for fabrication of MOX fuel pellets as shown in Figure 3.5.2 of Reference 4
and reproduced here in Figure 2.1.5. All material handled in this phase of fuel fabrication,
including the finished fuel assemblies, are classified as Category IC materials requiring
appropriate safeguards established in DOE Order 6533.3. Only the Consequence Value of the
finished fuel assemblies has decreased from 0.6 to 0.5.
The application of the DDP methodology to the feed material conversion and fuel fabrication
processes shows that minimum Category IC materials are present at all times during the
fabrication of MOX fuel assemblies. Therefore, from an S&S perspective, Siting Options are
preferred which result in transportation of materials with the lowest Consequence Values, either
spent fuel assemblies or unirradiated fuel assemblies. As noted in Reference 4, the limited

availability of water at the PANTEX site may preclude locating the entire complex at that
location.

Safeguards and Security Figure of Merit
Development of quantitative S&D Figure of Merit for the Feed Material Preparation and MOX
Fuel Fabrication operations, which precede reactor irradiation, involves consideration and
weighting of the importance of each of the interacting factors noted in Section 2.1, complex
dispersion (CD) or the number of sites involved in the disposition process; transport risks (TR)
as measured by the number of intersite transfers and the System Effectiveness (SE) and
Consequence Value of the material in each shipment; Diversion Potential GDP) at each site as
measured by the System Effectiveness and Consequence Values of the materials being handled
and the rate of change in the Diversion Potential with time (the processing ra*e); and finally, the
time (t) required to process the entire 100 Mg of excess weapon Pu. Diversion Potential and
Consequence Values were discussed above. However, the definition of the complex is not
sufficient for the Vulnerabilities and System Effectiveness (probability of alarm, proper
assessment, and neutralization) to be evaluated3.
Generally, it is possible to express a Figure of Merit (FOM) as :
Equation (2)
FOM = f(CD, DP, TR, SE, t)
A quantitative measure of Diversion Potential was developed in the sections above for MOX
Feed Preparation and MOX Fuel Fabrication. The general principle of minimizing the time
frame for processing a unit throughput (plant processing capacity) of material of high
consequence value was stated in Section 2.1. Processing capacity of the MOX feed material or
fuel fabrication facilities may not be the rate-controlling step, however. The later may be cither
weapons dismantlement or more likely fuel irradiation time. The risk during transport may also
be a principal vulnerability of the entire disposition system depending upon the number of
transfers and the System Effectiveness and the Consequence Value of the material in intersite
2.1-4

transfers. Further information on siting, number of Sites, rate-controlling steps in-processing,
rate of reduction of Diversion Potential (rate of weapons dismantlement or irradiation) and
transportation risks are necessary before the vulnerability and system effectiveness of each stage
can be assessed. Information on any overall rate-controlling factors is necessary before a fully
quantitative FOM can be fully developed.
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2.2

PLAN FOR LEAD ASSEMBLY TESTING FOR VERIFICATION OF MOX
FUEL PERFORMANCE

I. Introduction
Although an extensive literature and data base are available for Mixed (uranium-plutonium)
Oxide (MOX) fuel properties and its performance in LWRs, there are a number of reasons to
undertake an early program of Lead Test Assemblies (LTA) in the plutonium disposition
project. The reasons include:
a. The need to develop and demonstrate a fuel fabrication process that complements
proposed processes for destruction of the pit shape. A process of hydriding followed by
dehydriding has been proposed to destroy the pit shape. Currently experimental verification of
this process is under way at LANL and LLL. Although additional work remains to be done,
it is clear that any proposed MOX fabrication process should complement the work already
being done in this area and still yield high quality MOX pellets.
b. Although MOX pellets have been fabricated in large quantities in the past, there is little
data on fabrication of MOX mixed with the Gadolinia burnable poison. There is a need to
verify the fabrication parameters for this fuel.
c. While nuclear analysis codes are readily available incorporating the full complement of
cross-section information needed for the design of a MOX core, there is a need to obtain
benchmark data for validation of some of the integrated core design codes currently in use.
Both self-shielding effects and Gd burnout profile as a function of radius within the fuel rod
are considered important information that need to be benchmarked by experiments.
d. Similarly there is a need to obtain verification of the axial and radial power profiles in a
MOX fuel assembly to provide confirmation of the code predictions with experimental data.
e. In addition to the above specific factors, there is a general need to reestablish the MOX
fabrication technology in this country as no large scale MOX fabrication has been carried out
in more than 20 years. In this context, it is not only necessary to reestablish the old
technology which could probably be accomplished very quickly but to define and incorporate
automation techniques both to increase productivity and lower worker exposure.
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The Lead Test Assembly program outlined below was developed by GE during Phase IB of
this study. In developing this program, input was received from all disciplines within GE as
well as from national laboratory experts at LANL, LLNL and WHC. While cost and schedule
elements are discussed at the end of this report, it is worthwhile noting here that an initial
test capsule could be fabricated at a national laboratory such as LANL and placed in test in
an experimental reactor such as the ATR as early as the first quarter of FY95. The program

envisions obtaining all the necessary confirmatory data for fuel fabrication by the middle of
FY95, verification of individual rod behavior by the end of FY97 and qualification of MOX core
through validation of nuclear analysis codes by the end of FY98.
These projections are based on pursuing an aggressive schedule, not limited by funding
availability.
II. Objectives
In order to develop the LTA program plan, it is first necessary to state the objectives of the
program. The objectives of this program can be categorized under the following four headings:
Fuel Fabrication Validation Objectives
Fuel Mechanical/Chemical Performance Objectives including Fuel
Properties Data-Base Generation as Required
Fuel (Rod) Nuclear Performance Objectives
Fuel Assembly Nuclear Performance Objectives
The objectives under each of these categories are described in more detail below:
A. Fuel Fabrication Validation Objectives
•

Develop MOX Processes to Complement Pit Processing

As a first step in safeguarding the weapons plutonium, the pit which contains the plutonium in
a weapons has to be removed and its shape destroyed. Although a number of techniques are
available, research in this area has focused on a "chemical processing" means as a clean, safe
and economical means of pit shape destruction. This process consists of hydriding and
dehydriding the plutonium. In such a process, the pit shape falls apart leaving a powdery
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plutonium as the final state. It is therefore useful to consider MOX processing steps which
complement this process. If the fission process is not chosen as the route to plutonium
disposition, the Pu powder from this process would presumably be melted or converted to an
oxide and stored in a desired unclassified shape.
The plutonium obtained from the hydride-dehydride process could be directly burned under a
controlled oxygen partial pressure to produce plutonium oxide. This could form the starting
stock for the MOX process with urania and gadolinia powders to be supplied by a commercial
vendor such as GE. However, the activity of the plutonia powder and the particle size
distribution thereof, may not be compatible with what is required for MOX fuel fabrication.
Therefore, further studies on the milling of the plutonia powder and blending with the urania
have to be conducted under controlled conditions to develop an acceptable mixed MOX
powder for sintering. In this regard, the minimum acceptable plutonia partirif size in a MOX
pellet is already available based on earlier studies. Initial fabrication development will
therefore concern itself with the ability to meet the final fuel specifications and quality
requirements in a number of respects including density, grain size and Pu distribution
specifications. The urania required for this fabrication evaluations could be provided by GE or
the laboratory could find its own source for this supply. Specifications for the MOX fuel pellet
will be provided by GE as well as the post-sintering examination requirements.
• Demonstrate Fabricability of MOX with Gd
Although an extensive MOX fuel fabrication data base exists, there is relatively little
experience in the way of fabricating MOX fuel with Gadolinia. GE has extensive experience
in fabricating Urania fuel with Gadolinia burnable poison and will provide the initial sintering
parameters which might be expected to work with MOX fuel. A major parameter of interest is
the oxygen overpressure during sintering to produce acceptable final chemistry. It will be
necessary to inspect and analyze fuel sintered over a range of oxygen overpressures to
ascertain the correct sintering atmosphere to be used in production. It is also proposed that a
range of Gd-Pu contents be examined under this evaluation. A maximum of 10% Gd (by
weight fraction) is suggested as the upper limit for the investigation. It is expected that the
Gadolinia powder will be provided by GE together with the specifications for this powder.
Post-sintering examinations will be carried out by the laboratory based on examination
specifications to be provided by GE.
• Effect of Impurities on Processing and Sintering
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Americium and Gallium are expected to be present in minor or trace quantities in the initial
plutonium feed. There is a need to reduce their presence as much as possible. Gallium is
well known as a potential agent for liquid metal embrittlement and high levels of Americium
increase worker exposure. The processes to reduce or eliminate them from the initial
plutonium feed material are well established but need to integrated with the overall process
flow. It has been suggested that by building the fuel fabrication factory to allow complete
remote automated handling, the level of Americium that can be present could be raised
significantly. This does not however eliminate subsequent problems in handling the fuel
bundle transport to the reactor and receiving inspection where high Americium levels lead to
higher worker exposure. The proposed concept therefore aims at reducing these impurities to
a low enough level so they do not pose any problems downstream. In this regard, some
fabrication development and post-sintering examinations are required. In addition, it is also
known that Americium preferentially evaporates during sintering. Data from the initial runs
will be useful in accounting for possible worker exposure and designing preventive systems
to trap the evaporated Americium.
•

Validation of Fuel Pellet Quality

GE will be providing the fuel pellet specifications including those for density, grain size,
impurity limits and fuel chemistry. Post-sintering examinations should be conducted on
sufficient pellets to validate the overall fabrication process and individual process steps to aid
in fine tuning the MOX Fuel Factory Requirements, Equipment Specifications and Process
Parameters. Although sintering parameters for MOX fuel are well established, a limited
number of additional studies should be conducted to optimize the process, particularly with a
view to reducing the waste stream and scrap recycle fraction which are the major contributors
to worker exposure.
B. Fuel Mechanical/Chemical Performance and Fuel Properties:
•

Mechanical/Chemical Performance

The objectives here are simply to verify the pin mechanical/chemical performance of the rod
and verify its integrity.
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Post-irradiation examinations will include among others: gathering fission gas release data
and pin dimensional (strain) measurements as a function of fabrication/ operating variables;
checking the migration of specific fission products through gamma scanning; fuel length
change measurements; fuel-cladding interface examinations for chemical compatibility. The
fabrication variables will include Pu-Gd fraction, fuel power density and the range of
allowable fuel pellet physical specifications.
•

Fuel Properties

Properties of MOX fuel are readily available from previous DOE programs including the
Liquid Metal Fast Reactor Development Program. However, limited additional data are
needed, particularly for MOX fuel with Gadolinia poison. Material property correlation
models for oxide fuel containing small fractions of rare earth materials (of which Gd is one)
have been developed at GE, nevertheless, experimental confirmation of these data will be
required to establish complete licensability of the fuel. Three specific properties of major
interest are: fuel thermal conductivity, Fuel Solids, Liquids temperatures and fuel creep.
Pellet oxidation tests in oxygenated water would also appear to be in order to answer any
questions relative to the performance of a breached pin for the limited duration it remains in
the reactor prior to removal.
C. Fuel fRodl Nuclear Performance Objectives
The primary objective here is to confirm the nature of 9d burnup as a function of the radius
within an individual rod. Different Pu-Gd compositions should be examined in this regard.
Indirectly, the post-irradiation examinations will also verify any radial movement of
plutonium, if it had occurred. Rods can be irradiated individually or in a cluster, in an
experimental reactor such as the ATR. GE will provide the test specifications and postirradiation examinations and conduct the associated nuclear analysis. A range of fission

densities should be considered in the experiment. The results will provide the benchmark
data for validation of nuclear codes.
D. Fuel Assembly Nuclear Performance Objectives
The results of LTA testing under C above are considered sufficient for licensability of the
MOX fuel in an ABWR. However, LTA testing using full scale assemblies will be conducted
to provide confirmatory data for benchmarking integrated nuclear analysis codes.

2.2-5

In conducting full assembly tests, it should be recognized that the MOX fueled assembly will
be sitting in a sea of Urania fueled bundles and the nuclear performance of the reactor system
will be controlled by the urania fuel rather than by the isolated MOX fuel assemblies. A
preliminary assessment has indicated that with the older reactors only partial MOX core
loads are possible.

In point of fact, the MOX fuel test assembly has to be designed to

minimize its impact on adjacent urania fueled assemblies and to operate within the limits of
the criteria for which the plant was originally designed. A number of features in the ABWR,

as pointed out in the Phase 1A report, allows it to accept a fall core of MOX fuel while this is
unlikely to be the case with older BWRs. In addition to these factors, it should be borne in
mind that if the test were to be conducted in a commercial facility, it might be necessary to
match the cycle lengths of that facility and an independent specification of the test fuel
exposure may not be possible. For these reasons, MOX fuel assembly tests in a reactor is
not considered necessary for confirmation and licensability. Rather, it will be the confirmation
of individual rod tests and their use as benchmarks in the nuclear analysis codes that would
form the mainstay for proving the nuclear performance of MOX fuel in an LWR.
Two types of LTA assemblies are under consideration and these will be examined in more
detailed in Phase 2. An assembly consisting of all MOX rods could conceivably be inserted in
the outer periphery and data could be obtained on an all MOX bundle. A second type of
assembly will utilize the so called "island" design whereby the MOX rods are placed in the
interior of the assembly and are surrounded by Urania rods, so that the LTA assembly's effect
on adjacent fuel assemblies is minimal.
Full assembly tests will be used principally to study the effect of different Gd/Pu enrichments
and provide data on power shaping, both axially and radially in the assembly. The nuclear
analysis codes could be benchmarked to these data to provide confirmation on the capability
of the codes to predict the full MOX core design performance in an ABWR. Data will be
obtained on rod profilometry, length changes and fission product migration by gamma
scanning, on a cycle-by-cycle basis.
GE will be providing the test specifications, MOX fuel- will be fabricated at a designated
laboratory and assembled and shipped to the test site. Where Urania rods are needed, these
could be provided by GE. Details of the interfaces will be worked out in Phase 2.
III. Preliminary Test Plan
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Based on the foregoing objectives, the following test plan is proposed:
Fuel Fabrication Verification and Fuel Priorities Testing

a.

MOX Fuel will be fabricated by a DOE designated laboratory based on
mechanically mixed process, with Pu oxide from Pu feed stock prepared from weapons
grade Pu or comparable chemistry. The process specifications from the Pu Oxide
phase to MOX fuel will be arrived at jointly between GE and the fuel fabrication
laboratory. The final specifications for the MOX pellet will be provided by GE. The
final specifications for QA for the fuel will be specified by GE. GE will provide the
initial input for sintering Gd bearing MOX fuel.

b.

Range of Fuel Pellet Parameters:
Different Pu-Gd compositions (Gd from 0 to 10% and Pu from 2 to 20%)
Nominal Pellet density: 96.5%
Nominal Grain Size: 10 microns
Specific Pu-Gd combinations to be specified by GE in Phase 2.

c.

Post-fabrication tests for:
Optical Metallography (etched and unetched)
Fuel chemistry (O:M Ratio, impurities)
Pu homogeneity
Fuel density, description of porosity (by metallography)
Surface Roughness
Post-fabrication examinations to be specified by GE; these tests will be conducted
on various batches to describe any effect of process variables on final fuel pellet
characteristics

d.

Fuel properties tests:
Thermal conductivity (by laser flash technique)
Thermal Arrest Studies
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(Above tests for various Pu-Gd compositions)
Fuel Creep for selected compositions
e.

QA of reference fabrication process pellets
GE to specify QA requirements; laboratory will conduct the QA audit of the fabricated
pellets. Sampling plan will be based on mutually agreed parameters.

The results of this series will be documented by the laboratory with particular emphasis on
process verification for production of Gd bearing and non-Gd bearing MOX fuel.
In-Reactor Rod Tests
The in-reactor rod tests are aimed at meeting the objectives described under II previously.
The rods will be assembled by the laboratory and shipped to the test site. The test site will
be responsible for the in-coming inspection, thermal-hydraulic design of the test, for obtaining
preliminary and final approvals for the test and for the safety analysis based on any required
input from GE and the fabrication site. The detailed test specifications will be provided by
GE. Either individual rods or a cluster of rods will be irradiated in a research reactor such s
power level and rod physical parameters (diameter and length) will be provided by GE.
As currently envisioned, these tests could be individual capsules or a cluster of capsules. The
capsules could be bare rods or doubly encapsulated with a gas-gap design to produce the
required cladding temperature. None of the tests in this series have any active monitoring of
either the temperature or for any other parameter. Indirect confirmation of the temperature
will be obtained by incorporating TEDs (Thermal Expansion Devices) which have been used
in the past. To the extent these tests are entirely uninstrumented and passive, the cost of
these tests should be low and an aggressive schedule could be pursued. Data will be
obtained as a function of exposure by removing the capsules containing the rods at regular
intervals, to be specified by GE.
Post-irradiation examination requirements will be specified by GE and will include, as noted
earlier, gamma scans, fuel length changes, rod profilometry, limited fuel pellet metallography,
fission gas collection, and limited microprobe examinations of the fuel-cladding interface.
These examinations will be conducted at a suitable facility to be designated by DOE. GE will
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conduct Gd radial profile measurements in its VNC facility from shipment of samples to be
made from the designated post-irradiation examination facility.
The details of the test matrix will be worked out after meetings between the interfacing
organizations. As presently envisioned, the test matrix will include at least the following

parameters:
Fuel Characteristics:
MOX Rod without Gd for Comparison with Gd with Pu as variable
Pu-Gd Composition (Up to 10% Gd)
Fuel density, grain size within allowable range
Operating Conditions:
Exposure
Power Level
Because these tests are designed to be uninstrumented, fuel behavior as a function of
exposure will be obtained by removing the capsules after specified exposure levels rather
than monitoring pin behavior as a function of time while in-reactor. Individual rods or rod
clusters (depending upon the test cavity size) will be irradiated in a reactor such as ATR.
Assembly Tests
These tests will consist of full assemblies with either a partial or full complement of MOX
fueled rods, with and without Gd, to benchmark integrated nuclear analysis codes. Full MOX
bundles have already been tested in the Garigliano reactor with full confirmation of their
excellent behavior.

Rod by rod data including axial gamma scans and cycle by cycle

measurements will be obtained to provide the benchmark data. These assemblies have to be
designed specifically to provide the type of data needed for benchmarking and will take into
account the fact that the adjoining assemblies are urania fueled.
Two issues need to be addressed in detail in conducting these tests. First, the choosing of a
BWR reactor for conducting the test. Although the risk to the reactor owner as a result of
incorporating a few isolated MOX fueled assemblies in the core is considered negligible, it is
nevertheless unlikely that a typical BWR owning utility will readily accede to a request for
conducting such tests. Initial contacts have been made in this regard which appear promising
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but will require additional close cooperation between DOE and the chosen reactor site
operator to ensure that the tests could be conducted and be beneficial to the industry at large
as well as to this project. Foreign test reactors sites were also considered, however, the
transport of MOX fuel made from weapons Pu to foreign sites and contracts to foreign entities
under this project might not be acceptable.
The second issue concerns the need to obtain licensing approval for the test assemblies.
While the safety of reactor operations could be easily established (through analysis) for the
case where a few isolated MOX fuel assemblies are loaded into the core, the entire process
of (reload) fuel qualification could take time. For this reasons, it is necessary to initiate the
review process early.
Facilities for examining full length rods are expected to be available at GE-VNC. A number
of interface issues relative to shipping, receiving and disposal have to be worked out,
however, these can be tackled once a suitable test site has been determined and agreement
reached for inserting MOX bundles into an operating BWR.
IV. Interfaces
In order to carry out this program, a number of interfaces have to be established and the
activities coordinated. A PDR-LTA Interface Control Board may need to be established with
specific responsibilities and assignments and charged with the conduct of the program. GE
will lead the effort to coordinate this program. The required interfaces and responsibilities
are:
Test Requester: GE. Responsible for overall coordination of the test program.
Responsibilities to propose the test matrix, provide fuel cladding hardware, nuclear
design, provide specifications and QA acceptance criteria for fuel, post-fuel production
examination requirements, post-irradiation examination requirements, provide input for
fabrication process and T-H, safety analysis as required.
Fuel Fabricator: National laboratory to be assigned by DOE.
Responsible for developing MOX fuel (with and without Gd) fabrication process
parameters, provide input for large scale integration with automated equipment for MOX
factory, for large scale integration with safeguards requirements, particularly for material
accountability, for welding, inspecting and shipping completed test fuel hardware to test
site, provide input to safety analysis and T-H analysis as required, for conducting specific fuel
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properties measurements, and for implementing QA and inspection procedures on fabricated
fuel. During Phase IB, GE has visited LANL, LLL and WHC. While adequate facilities
and highly trained personnel are available in each of these sites, the facilities at LANL
appear to be the most suitable for early implementation of the LTA test fuel fabrication
program.
Test Site: National Laboratory to be assigned by DOE:
For obtaining preliminary and final test request approvals, for providing required
nuclear environment to test requester for test design, for capsule T-H analysis, for safety
analysis, for fabricating and assembling the test assembly except for the fuel rod(s), for post-

irradiation examinations. GE has contacted ENEL for possible use of the ATR reactor for
conducting these tests. Others sites should be examined as well as early as possible and a
site selected.
Test Site for Assembly Testing: The responsibilities of the test site for assembly
tests will be identified in Phase 2. For conducting this series of tests the concurrence of the
reactor (owner/utility) has to be obtained and the MOX test fuel assemblies have to be
licensed for loading.
V. Cost:
Detailed cost estimates can be generated only after some details of the test matrices,
for instance relative to the number of tests, have been arrived at. Approximately 50 to 60
capsule tests and some 6 to 12 assembly tests are anticipated. Cost of the program for fuel
fabrication development and for use of the test reactors at the interfacing sites will have to
provided by the site chosen. As a rough order of magnitude, it is estimated that the rod tests
would cost up to $2 million at the test site including the post-irradiation examinations. The
cost for fuel fabrication activities will depend upon whether a facility has to be dedicated to
this task or whether facilities (glove box lines) where Pu is being handled is already
available. Initial rough cost estimates are approximately $2 to 2.5 million per year for a
period of 3 years. The fuel properties data generation tests are expected to cost
approximately $0.5 million per year for a period of 3 years. The GE resources needed for this
program is estimated at 6 full time engineers and 2 senior professionals for integrating all the
external and internal interfaces.
VI. Schedule:
Details of the schedule will be worked out during the initial phases of program
inception. As presently conceived, the schedule for the top level milestones are as follows:
1. Produce initial MOX test fuel (4th Qr FY94)
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2. Complete Fuel Fabrication Development (4th Qr FY95)
3. Complete Fuel Properties Measurements (4th Qr FY96)
4. Initiate Rod Test Irradiations (1st Qr FY95)
.5. Complete Rod Testing and Issue Validation Reports (4th Qr FY97)
6. Initiate Assembly Irradiations (2nd Qr FY96)
7. Complete Assembly Irradiations and Issue Confirmatory Reports (4th Qr FY99)
Based on the discussions with potential laboratory sites, the following activities are
suggested for FY94:
1st Quarter :
1. Provide required input to DOE to establish an Interface Control Board and interface
responsibilities for fuel fabrication, for test site, for fuel rod cladding and hardware supply, for
test planning, for test (rod) design, for test (assembly) design, for fabrication of rods, for
fabrication of test assembly, for shipping, for conduct of in-reactor testing, for post-irradiation
examinations and for final evaluations.
2. Develop and obtain agreement on detail test matrices for rod and assembly tests
with interfacing organizations
3. Complete interface requirements documents for coordination of test program;
complete test planning (laboratories, test site) for fuel fabrication development, fuel
properties testing and fuel in-reactor assembly tests.
2nd Quarter:
1. Complete preliminary quality specifications for test fuel and QA criteria; complete
post-fuel production examination specifications and reach agreement with fuel production
laboratory on all these respects.
2. Complete detailed nuclear design of initial rod tests.
3. Obtain necessary safety and environmental approvals for fuel fabrication (by
laboratory)
4. Obtain preliminary approval for testing
3rd Quarter:
1. Complete additional nuclear analysis for rod tests.
2. Complete T-H analysis for initial rod tests(Test Site)
3. Complete shipment of cladding hardware to fuel fabrication site
4. Provide required inputs for safety analysis of experiments (GE, fuel fabricator) and
complete preliminary safety analysis (test site function)
4th Quarter
1. Complete MOX test fuel for initial rod tests
2. Complete safety analysis for initial rod tests
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3. Complete welding validation for fuel rod end caps
If these activities could be completed, it is expected that the initial pins for rod tests could be
fabricated and shipped to test site in the 1st quarter of FY95 with test insertion into the
reactor by the end of the succeeding quarter. The proposed schedule is consistent with a
validated process for MOX fuel fabrication in 24 months from program inception. Initial
validation of the fuel performance should be available in about 30 months with full validation
from the rod tests by FY97.
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2.3 PLAN FOR TESTING AND VALIDATION OF FUEL REUSE AFTER
INITIAL SPIKING
A preliminary program plan for validation of fuel reuse after long term storage in water for
application in the plutonium disposition project has been completed. It is concluded that no
lead test assemblies are required for such a validation. It is recommended that the use of
Shoreham fuel in the Limerick reactor be monitored to provide the answers sought in this
program, as the last of the Shoreham fuel, if used in the Limerick reactor as anticipated, would

have seen water storage for nearly 20 years. A surveillance test program of the stored
elements is recommended.

Elements of surveillance tests, including metallographic

examinations and mechanical tests during and after long-term storage are described.
I. Introduction
In order to meet the conflicting needs for disposition of weapons grade plutonium within an
acceptable time span while at the same minimizing the capital investment, GE had proposed
in Phase 1 to irradiate the fuel in a spiking mode followed by reuse of the fuel to realize its
economic potential. The nuclear analysis for this case has been completed in Phase IB. As
presently envisioned, the initial spiking could cover a broad range of exposures of up to 7000
MWd/MT with a plant capacity factor exceeding 75% and still allow considerable flexibility in
core management later in reusing the fuel. Since the initial exposure levels during spiking are
low, no deterioration in fuel performance is expected. The principal source of uncertainty for
reuse then pertains to the behavior of the fuel bundle components after long-term storage in
water, in particular the mechanical/metallurgical behavior of the fuel bundle materials. GE's
initial assessment indicates that no deterioration of the fuel bundle components is expected
after long-term storage, however, a test plan would appear to be necessary to validate reuse
after long term storage.
II

Database:

The database available to directly verify the reuse scenario is limited. First, in the U.S., only
a limited number of assemblies have been put back into the reactor after long term storage
exceeding 4 to 5 years. Outside the U.S., data on reuse after 10 years of storage is available.
A program plan to validate reuse appears needed since the storage time envisioned for the Pu
disposition study could be as high as 30 years or more which exceeds the currently available
database,
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III. Program Plan for Fuel Reuse Validation
The program plan for fuel reuse will consist of three major elements:
Follow-up of Shoreham Fuel Reuse
Lead Reuse Test Assemblies
Surveillance Testing

A. Follow-up of Shoreham Fuel Reuse:
While fuel has been reused after storage in a number of instances, these are "^
limited to a few isolated assemblies. A large scale loading of a full fuel core that has been in
storage for a long time will occur when the Shoreham fuel is loaded into the Limerick reactor.
The initial fuel load of Shoreham reactor which saw only 5% power and then only for 2
effective full power days of operation is now being transferred for use in the Limerick reactor.
The history of the Shoreham fuel is shown in Table 1. It is seen from this table that the fuel
has already spent 9 years in water storage. It should be noted that this fuel will be
transferred from Shoreham to Limerick in a dry cask.

Table 1
History of Fuel in Shoreham
Date
Core Flooded with water in Fuel Pool

April 1984

Fuel inserted in the reactor

Dec. 1984 - Jan. 1985

Low-power (5%) testing (48 MWd/MT
exposure) equivalent to 2 full power days
Removed from core and stored in fuel storage
pool
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Feb. 1985 - Jan. 1989
July, Aug. 1989

The performance of this fuel, as it becomes available, should provide strong confirmation for
the possibility of reuse after extended storage.

Although the initial fuel exposure in

Shoreham is by far lower, as stated earlier, the initial spiking exposure is not considered
limiting. A complete safety evaluation for the reuse of Shoreham fuel was developed and
NRC approval for reinsertion has been obtained. This then provides a significant database to

validate the proposed reuse approach, as data from this program become available. It should
however be noted that the Shoreham fuel was not the bonded Zr-barrier cladding used in

current designs.
In validating the fuel for use at Limerick, several steps were taken. A detailed
document has been drawn up including examination specifications on the stored assembly.
All the stored assemblies will be visually inspected. Li addition, six bundles will be
completely dismantled a r i each of the fuel rods in this 8 x 8 design will be inspected visually.
Further, ultrasonic and eddy current testing will be conducted on each of these dismantled
rods. The rods will then be reassembled. The primary intent of such an examination is
twofold: first to ensure that the rod quality is acceptable prior to insertion in Limerick and
second, to provide the basis for comparison on receivable inspection at Limerick and ensure
that no damage has been incurred during transit from Shoreham to Limerick. The second of
these concerns, that is possible damage due to transport, is not a concern in the fuel reuse
scenario recommended in this study. It should be noted that not only a "reuse" plan has been
developed that has been approved by NRC but the hardware needed to carry out the remote
inspections have also been developed. The maximum radiation in these assemblies, about
90R/hr at contact, is by far less than the lOOR/hr required for the spiking case. However, all
the examinations required of the Shoreham fuel will be conducted remotely and GE has

developed remote in-pool visual and non-destructive examination techniques. In addition,
the fact that an 8 x 8 bundle is being proposed for the PDR which happens to be the same
type of assembly that is being transferred to Limerick would mean that the mechanical details
of disassembly and examination could be easily translated to the Plutonium Disposition
Project.
There are 576 assemblies from Shoreham fuel which will be transferred to Limerick.
At any given time only 40 to 50 of these assemblies will be used in the outer periphery core
positions. If the entire inventory of Shoreham fuel is used, given that typical BWR cycles
could be as long as 18 months, the last of the Shoreham fuel slated for reuse in Limerick will
have been stored in water for 20 years or more. This then will provide the best validation for
reuse of the fuel.

2.3-3

The storage pool at Limerick utilizes the best water chemistry standards that have
been developed from BWR experience and is representative of the water chemistry controls
that will be exercised for ABWRs proposed for the plutonium disposition project. Control of
cholorides, dissolved oxygen and hydrogen, and pH balance will be maintained according to
specifications to preclude corrosion and hydriding.
B. Lead Assembly Testing for Reuse
Lead assembly testing for validation of reuse can be considered as another element of the
program plan.

This is best .carried out by inserting assemblies which have spent a

considerable time in the storage pool and performing both pre and post-reuse measurements.
Fuel assemblies which have been in storage for as long as twenty years are available,
however, it is not clear that a "reuse test" on these bundles is appropriate for two reasons.
First, the early generation fuel rods were not designed or manufactured to reach high
exposures typical of today's designs. Reuse or re irradiation could cause rod failures which
are not due to any deterioration caused by storage (in water), rather it may occur because
these rods have already seen their goal exposure. Second, the storage pool water chemistry
in many instances was not controlled to the same extent that it would be for reuse fuel.
Today' s BWRs incorporate advanced water chemistry systems to reduce crud and corrosion
with deep bed mineralizers and injection of elements designed to lower the possibility of
corrosion. Without these advanced systems, storage over a long period of time could have

resulted in deterioration which will not occur with present day specifications. For these
reasons, the validity of reusing fuel bundles which have been in storage for a very long time
as a means to confirming the proposed reuse approach is questionable.
If included in the program plan, a number of steps have to be taken to conduct such a test.
This includes enlisting the services of a BWR owner (utility), conducting needed safety
analysis to obtain NRC approval for such a reload with "reuse fuel", identifying a short cycle
where the test could be introduced, specifying the pre and post-reuse examination
requirements, and finally transport and examination of the rods at a post-irradiation
examination facility such as the GE-VNC.
In view of the fact that fuel that had been in storage for over 10 years has been reused and
the Shoreham fuel will provide data on fuel "reuse" after having been stored for nearly 20
years, no Lead Assembly Tests for reuse strategy are recommended.
C. Surveillance Testing
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In contrast to LTA for reuse which is not recommended as part of the program plan,
surveillance testing on a statistical sample of the stored bundle elements is recommended as
the pivotal means to validating reuse. The idea behind surveillance testing is twofold:
1. To examine a selected number (TBD, possibly 6) of rods from a core discharge to
ensure that the bundle components have fared "as expected1 during the initial spiking
irradiation. This is important in that it ensures that the "starting design bases" for the fuel to
continue during reuse.
2. To examine a statistical sample of the discharged rods, including those from (1)
above which have been examined a relatively short time after discharge, as a function of time

while they are in storage. This would be to ensure that no deterioration has occurred while in
storage which could preclude reuse.
As a preliminary figure, 6 rods could be inspected from various assemblies, including
the peak power assembly from each cycle discharge. These same rods and an additional 6
rods from the same discharge cycle could be expected to be surveillance tested while
undergoing storage.
The principal component of the surveillance examinations are the metallurgical and
mechanical testing of cladding, spacer and other component materials used in the fuel bundle.
Specimens from each of these components will be examined by metallurgical techniques
including etched/unetched metallography, visual examinations and microprobe examinations.
The mechanical property tests will include, as appropriate, tensile tests or disc bend tests for
comparison with other material which have received the same prior neutron fluence but which
have not been stored (in a pool) for a long time. The results of this study will identify any
changes to the component chemistry or mechanical properties. If identified, models will be
developed to quantify these effects and predict the behavior after the long term storage
duration needed for the PDR project. In addition, a program plan for monitoring and
surveillance testing the materials discharged from the PDR reactor and undergoing storage
will be developed.
Surveillance Testing Elements:
•
Visual Inspection: Visual inspection of the assembly will include data on rod
bowing, corrosion, scratches and other damage if any, evidence for any debris, rod seating
in lower tie plate, finger spring integrity, clearances under nuts, locktab to nut clearance
and expansion spring length and seating. Rod-to-rod spacing will be compared with
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standards. This will be carried out after initial discharge and not considered required for
surveillance while in storage.
•

Eddy Current: Rod surface defects will be evaluated using eddy current

testing. The principal focus here is to determine if there has been any crud induced local
corrosion. Modern BWRs with advanced water treatment systems have demonstrated
that these effects are kept well below the minimum acceptable level.
•

Fretting wear: Fretting wear will be evaluated by visual inspection of selected

sample of individual rods. To achieve the design basis, the rods will be evaluated against
potential fretting wear with the same exposure (at the end of the initial period of
irradiation) for similarly designed (8 x 8) fuel. If any fretting wear is noted, this area will
be examined under microprobe after iong term storage for any potential local attack. This
will only be carried out initially and surveillance while in storage will not be needed.
•
Corrosion: Selected rods will be examined for corrosion. To assur~ +hat the
design bases are satisfied, the expected amount of oxidation and corrosion product
buildup on the fuel rod will be monitored initially after the initial exposure and later as a
function of time while in storage. Oxidation and corrosion buildup is important to thermal
design evaluations and the surveillance tests will help establish that the appropriate
design bases are satisfied.
•
Dimensional Changes: Dimensional changes after initial exposure will be
recorded for statistically selected rods to ensure that the operating conditions imposed
during the initial exposure did not lead to any cladding strains beyond what would
normally be expected for fuel with this initial exposure. Surveillance of dimensional
changes after storage is not needed.
•
Mechanical Testing: Mechanical testing of samples of materials from selected
bundle components will be conducted to ensure that no fundamental metallurgical changes
had taken place to any of these materials due to storage which could affect their
mechanical behavior. These tests will be detailed during the next phase of this study and
is expected to include tensile, bend and disc bend tests.
•
Nuclear and Thermal-Hydraulic Design Bases for fuel reuse are covered by
other task elements in the design for reuse.
•
The surveillance program will include a complete monitoring of the
storage/reactor water chemistry including an analysis of all impurities and dissolved
elements including oxygen. Advanced water chemistry control in modern BWRs has
included the use of deep bed mineralizers to maintain the level of corrosion causing
elements such as chlorides to levels well below acceptable minimum levels.
•

Metallography: Surveillance samples will be subject to metallurgical
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examinations after long term storage to confirm that no unacceptable metallurgical
changes have occurred to the structure of the materials used in the bundle. These
examinations will include optical metallography and possibly electron microscope/EDAX
tests as required.
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2.4 SPENT FUEL STORAGE EXPERIENCE FOR REUSE

Introduction and Summary
This section discusses the experience of wet pool storage of spent fuel related to fuel
integrity and possible fuel reuse in the ABWR. The spent fuel under consideration has
been spiked to nominally 2000 MWD/Te. Although extensive wet pool storage (up to 50
years) has been observed worldwide, the primary purpose of this storage has been to protect
the environment and not to reuse the fuel. For this reason the storage experience must be
interpreted with a new set of criteria different from those of environmental protection. Even
with these new criteria, no evidence has been found that precludes spiked fuel reuse if proper
pool conditions are maintained during wet storage.
The considerable body of literature on wet pool storage, covering 50 years of experience,
indicates that if wet pools were properly maintained, no visible signs of fuel degradation
occurred during storage in any spent BWR Zircaloy clad fuels with stainless steel and Inconel
components. The major degradation concerns were oxidation, galvanic co^usion, and
hydriding of the Zircaloy. Properly maintained pools featured 35° to 50°C deionized water
kept at Ph between 5 and 8, low conductivity (less than 3 /tS/cm), low chloride and fluoride,
and low turbidity.
Wet pool storage of MOX ABWR fuel spiked to 2000 MWD/MT does not appear.to have
serious technical problems that could preclude reuse of the fuel in the ABWR. Limited
literature indicates that spent fuel has been reused (in Canada and the former USSR).
However, there are scant published data of fuel integrity during and after reuse. The Pu
Burnup Program will have to generate integrity data during storage and reuse, including both
nondestructive and destructive fuel pin evaluations both prior to and after reuse. New
criteria for refueling with spiked fuel will have to be developed; guidelines for these criteria
are identified in the recommendations at the end of the section.
ABWR Fuel Assemblies: Criteria for Reuse
The fuel assembly consists of fuel pins held in a set of tie plates, spacers, and springs.
The fuel pins contain Zircaloy-2 clad UO2 pellets. The spiked fuel will contain fission
products that could cause long-term corrosion. Other metals in the assembly are Inconel X750 and 304 stainless steel. The composition of these alloys in percent is
Zircaloy-2:

Sn 1.20-1.70, Fe 0.07-0.2, Cr 0.05-0.15, Ni 0.03-0.08 and Zr

the remainder.
304 stainless steel:

Cr 19, Ni 9, C 0.08 max, and Fe the remainder.

Inconel X-750:

Ni(+Co) 72.85, Cr 15.15, Fe 6.80, Ti 2.50, Cb(+Ta) 0.85, Al
0.75, Mn 0.65, Si 0.30, Cu 0.05, C 0.04, and S 0.007.
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Spiked fuel assemblies will also have small quantities of exterior crud deposits consisting of
insoluble corrosion product oxides from the coolant loop. This crud is mainly red Fe2O3
with Fe as 87% of the metal and Mn, Cu, Ni and Zn forming the remainder (Ref. 1).
For spiked fuel to be reused, the assembly will have to pass certain criteria. These criteria
should confirm the integrity of pins, spacers, plates and springs as well as assuring that the
nuclear, thermal, and hydraulic characteristics are adequate. Present reloading analyses are
very detailed and comprehensive. Although similar to present reload criteria, these new
criteria will need to be established. Some burnup operating experience on spiked fuel of
different ages of storage will be necessary to complete the reuse picture.
Failed fuel pins would be excluded from reuse. Procedures for detecting, removing, and
replacing failed pins would have to be established. The scope of this section does not
include discussion of these procedures. Rather the scope does include gathering information
needed to prevent further pin degradation during storage that could end up as failed pins
during reuse.
Wet Pool Storage Experience
A recent international study (Ref. 2) concludes that wet storage technology in practice is
completely developed; however, some R&D improvements in storage technology continue.
This conclusion echoes the predecessor documents (Refs. 3 and 4). In the United States, two
EPRI documents (Refs. 5 and 6) support the conclusion that wet storage of spent fuel is a
mature technology with no serious technical problems. In the latter document data are
summarized for Zircaloy-clad fuels that have resided in water pools for up to 22 years.
Corrosion film thickness, cladding hydrogen content, rod (pin) diameter, cladding burst
pressure, and fission gas release showed no detectable changes after 20 years of pool storage.
Zircaloy-clad fuel has excellent resistance to degradation by water storage.
Other documented experience of successful pool storage can be found in References 7 and 8.

The sum total of experience has provided the basis for the U.S. Nuclear Regulatory
Commission (NRC) to declare that reactors, after expiration of their operating licenses, can
store spent fuels in water pools for up to 30 years (Refs. 9 and 10). All known failure
mechanisms can be excluded in proper storage conditions in water pools.
Corrosion appears to be the predominant general degradation mechanism for spent fuels.

Mechanical mishaps can also damage fuels; mechanical damage can result from improper
handling procedures and techniques but is not related to long-term wet pool storage. The
two EPRI documents (Refs. 5 and 6) catalog incidents of mechanical damage. Specific
mechanisms of corrosion and other chemical degradation occur on either the fuel side or the
water side of the cladding.
Mechanisms for spent fuel degradation from the fuel side of the cladding include hydriding
and fission product attack. Reference 11 states that hydrogenous fuel impurities can lead to
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hydrogen production in the fuel. Hydrogen forms ZrH2 in the cladding, which reduces the
cladding ductility and promotes crack propagation. However, delayed hydrogen cracking in
Zircaloy under pool storage conditions appears to be minimal. Fission product iodine andcesium can attack Zircaloy, but this attack is unlikely in low burnup fuels.
Degradation mechanisms that occur on the water side of the cladding are more numerous and
include oxidation, crud deposition, residual stresses, stress corrosion cracking, galvanic

corrosion, crevice corrosion, galvanic hydriding, and pitting corrosion (Ref. 11). The
ABWR fuel assembly has dissimilar metals in direct contact, and in a pool environment
water couples the metals into a galvanic cell. This cell can cause spontaneous corrosion of
the metals along with hydrogen generation. A high radiation environment and stray currents
from lighting and pipes can accelerate galvanic corrosion. Pure water of very low
conductivity gives a high resistance to galvanic current flow. Thus the water conductivity
and temperature (low temperatures keep pure water conductivity low) are critical parameters
at minimizing water side corrosion.
Oxidation: Oxidauon rates of Inconels, stainless steels, and Zircaloys are too slow to
measure under normal pool conditions. Under unfavorable conditions (>90°C) and
with radiation flux Zircaloy-2 showed an extrapolated 100 year oxide growth layer of
0.3-0.5 micrometers thick, which is negligible. Visual observation showed that
gamma radiation does not accelerate Zircaloy oxidation under normal pool conditions.
Crud: Crud layers can promote galvanic corrosion by having different
electrochemical potentials than clear metal areas by promoting oxygen depletion and
elevated chloride concentrations. Low burnup fuels should have little crud and low
conductivity water should prevent galvanic corrosion. Dislodged crud is normally
removed from pool water by filtration.
Residual Stresses: Localized stresses in cladding can cause galvanic corrosion by
changing local electrochemical potentials. These stresses are expected to be low due
to very low gap pressures and metal shrinkage at pool temperatures.
Stress Corrosion Cracking (SCC): SCC can happen in stainless steels but is unlikely
for Zircaloys in pools.
Galvanic Corrosion: Even though electrochemical potential differences exist between
the metals, some protective passive oxide layers are expected on Zircaloys, Inconels,
and stainless steels, especially in the oxidizing environment of the pools.
Crevice corrosion: Inconels, Zircaloys, and stainless steels resist this type of
corrosion.
Galvanic Hydriding: This can be important to zirconium alloys unless high purity
low temperature water is used and galvanic coupling to aluminum is avoided.
Pitting Corrosion: Only stainless steels are susceptible to this.
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Spent Fuel Reuse After Wet Pool Storage
Only two occurrences to possible reuse of fuel after wet pool storage have been discussed in
the literature: one in Canada and the other in the former USSR. In the Canadian
occurrence, three Zircaloy-2 clad bundles from pressurized heavy water reactor low bumup

levels were re-irradiated after pool storage for 10, 9, and 5 years, respectively (Ref. 11).
The re-irradiations were at 4.2 kw/m, nominal heat rating, for one month and no defects
were detected. The possible reuse of stored fuel in the former USSR was indicated in
Reference (7), which referred to planned re-irradiation of USSR RBMK-1000 fuel after
burnup of 1686 MWD/MT and water pool storage of 8 years. The fuel was clad with
zirconium containing 1 % niobium. No subsequent references to these plans was found, so
no data are available on the outcome of any re-irradiation in the former USSR.
Recommendations
No development of new technology is foreseen to be needed for the storage of spiked fuel for
reuse. The reuse of spiked fuel will require careful application of ANS standards
(ANSI/ANS-57.7-1981, ANSI/ANS-57.2-1983, and ANSI/ANS-57.7-1988), compliance with
Codes of Federal Regulations 10CFR50 and 10CFR72 established by the NRC, and
compliance with any specific NRC criteria for reloading spiked fuel.
There is considerable experience of wet fuel storage that indicate the maintaining pool
temperatures to less than 50°C with pool cooling, maintaining water clarity with filtration,
keeping soluble ions (particularly chloride and fluoride) to low levels with ion exchangers,
keeping the Ph from 5 to 8, and maintaining the pool conductivity to levels less than 3
fiS/cm should ensure long-term protection of the spiked fuel rods. Any appearance of
radioactive fission products in the pool during storage would indicate cladding failure.
Failed pins should be precluded from reuse. Careful records of pool temperature and
chemistry should be maintained.
An inspection schedule for stored rods is recommended. Statistical samples of spent fuel pins
should undergo both nondestructive and destructive testing to assure that no pool storage
damage has occurred. Records of subsequent behavior of the fuel in the reactor should be
carefully monitored for failure and post final burnup destructive testing should be done to
compare spiked/reirradiated fuel with similar burnup fuel without the period of interim wet
storage.
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2.5 SPENT FUEL REUSE - WORLDWIDE EXPERIENCE

This section of the report describes the reuse of reactor fuel
after it was irradiated, stored and then reinserted in the reactor.
This information may be applicable in the plutonium disposition
study. The ABWR Plutonium Disposition Study Phase 1A spent fuel
option presented the scenario of irradiating the fuel to activate

it to spiking optimum levels, then storing the fuel elements until
all the fuel elements containing mixed oxides from the 100 MT of
plutonium was activated. These irradiated fuel elements then would
be reinserted into the reactor, as they would still have useful
life and could generate electricity.
Fuel management in reactor operations usually requires the
replacement of only part of the initial core with fresh fuel
elements. Several reactors divide the core into three or more
parts. For efficient core management it is usually the elements on
the periphery of the core that are replaced with fresh elements.
This also means some of the other elements are shuffled to new
positions within the core. During this shuffling operation these
elements may be placed in storage rather than in a new position.
The length of time in storage is normally limited, usually no
longer than one or two reactor refueling periods or 1 to 2 years.
Written references on specific fuel behavior after reinsertion are
difficult to find. However, discussion with reactor operators have
provided the following information.
Several research reactors routinely practiced removing fuel
elements, storing in water pools and then reinserting them in the
reactor. These include the following:
The Oak Ridge Research Reactor (ORR) was a swimming pool reactor

located at Oak Ridge National Laboratory (ORNL) using Material
Testing Reactor (MTR) fuel elements. It was routine practice to
remove the fuel elements from the edges of the core and replace
them with fresh elements. The old elements were placed in a water
pool and reused at a later time. Some elements were stored a year
or more before reuse.
ORNL did not report any difficulty in
reusing these elements.
The ORNL High Flux Isotope Reactor (HFIR) is also a swimming pool
reactor with a very high flux (1015) .
Several years ago, this
reactor withdrew fuel elements because of the buildup of Xenon,
stored the elements for a few weeks until the Xenon decayed. (The
reactor was on a 21 day cycle) then reinserted the elements. This
was usually satisfactory, unless the element contained significant
quantities of samarium, which did not decay in the short time
period. The reactor is still in operation but only uses fresh fuel
elements.
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The University of California (CAL-Irvine) Research Reactor is a
General Atomic TRIGA Mark I reactor with a power rating of 250
kwth. It is water cooled and uses high enriched uranium fuel (19.9%
enrichment) . Standard practice was to irradiate new fuel shipments
to make them radioactive to discourage potential thieves and
terrorists.
The irradiated fuel was stored in the containment

structure and then reused with no apparent effects. This could be
typical of several TRIGA reactors installations.
There is little written material concerning power reactors.
However, in three cases there is some information available. The
Shoreham reactor on Long Island was undergoing testing when the
decision was made to decommission the reactor . The entire core of
the reactor, with limited exposure (48MWD/MT or two full power
days) was removed from the core in July and August, 1989, and has
been sold to Philadelphia Electric who plan to use the fuel
elements in their Limerick reactors. Use of these elements will be
over several years.
They will be stored in water until used.
Since these element were stored in water in 1984, some elements
will have been in water storage for over 20 years.
Nuclear
Regulatory Commission (NRC) approval has been obtained for reuse of
this fuel.
A second case was in the early 1970's, Commonwealth Edison removed
several fuel elements, with a burnup of -2,000 MWD/T, and shipped
them to GE's Morris Plant where they were in water storage for
several years. We understand GE was trying to sell these fuel
elements but do not know if they were successful or if the elements
had further irradiations.
The third case involved the Rancho Seco reactor in which some
slightly irradiated fuel elements were sold to Duke Power Company
who intends to use them in their Oconee reactor. Again, we do not
know if this reuse has begun or how the reused fuels are
performing.
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ABWR FUEL STORAGE POOL WATER QUALITY
FOR EXTENDED FUEL STORAGE

I. INTRODUCTION AND SUMMARY
This memo provides a brief description of the water quality control
features of the ABWR fuel storage pool. A thorough discussion of the
principles involved is found in References 1, 2, and 3.
The Fuel Pool Cooling and Cleanup System for the spent fuel storage pool
in the reactor building of the ABWR is designed to minimize corrosion of
the stored fuel bundles and assemblies. Water quality requirements have
been defined to accomplish two objectives. F^rst, the integrity of the
fuel assemblies must be maintained so they may be safely transported for
disposal after storage for up to and beyond the lifetime of the plant.
Second, deterioration of the fuel assemblies must be prevented to that
they could be reinserted into the reactor, if needed, after storage for
some length of time. The current water quality requirements, and the
equipment'and procedures in place to assure that the requirements are
met, are considered appropriate both for storage for disposal, and for
the storage/reinsertion needs anticipated for commercial ABWR operation,
and probably longer. (The maximum storage-for-reinsertion time, beyond
which the fuel assemblies should not be reinserted, has not yet been
determined.) The water quality requirements specify the maximum
concentrations of chloride, sulfate, silica, corrosion product metals,
and organic impurities, and the allowable range of the water pH and the
maximum conductivity. The water quality control equipment includes two
filter/demineralizer units. Two pumps provide approximately two complete
water changes per day. Makeup water is supplied from condensate. The
system design and redundancy provide a high probability, greater than
0.999, that the maximum concentration limits will not be exceeded.
The following sections provide more detail on the water quality
requirements, including related system design requirements, a
description of the water quality control equipment and procedures,
and a discussion of the differences in water control for storagefor-disposal and storage-for-reinsertion.

II. FUEL POOL WATER QUALITY REQUIREMENTS
The fuel pool water quality requirements are given in Table 1. The fuel
pool water cleanup system effluent requirements are given in Table 2.
The requirements on the condensate storage pool water, which is the
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source of the makeup water for the fuel pool, are given in Table 3. The
limits shown are provided in three categories:

Operating Target

The operating target values are levels that have'
been achieved in some operating plants and can be
expected to be achieved in the ABWR.

System Design

Material selection, system design, and equipment
design shall achieve the system design limits
for greater than 90% of the time.

Maximum Values

Designs shall include adequate spares or redundancy
so that the probability of exceeding the maximum
values is less than 0.1%.

The limits include the following:
Chloride - Because it is known to cause stress corrosion cracking
in austenitic stainless steels, limiting chloride concentration is
important.
Sulfate - Because it is known to cause stress corrosion cracking
in austenitic stainless steels, limiting sulfate concentration is
important.
Silica - Silica can form deposits which can interfere with
equipment performance as well as being an indicator of
demineralizer performance. Limits are based on capabilities
in well operated plants.
Corrosion Product Metals - Limiting corrosion product metals is
necessary to minimize deposits on fuel, minimize radiation levels,
and minimize radwaste generation. These impurities are controlled
by a combination of material selection, proper oxygen control, and
effective water treatment processes.
• Organic Impurities - Organic impurity limits are established based
on equivalent differential conductivity (dK) which would be produced
in the reactor as a result of decomposition of the organic impurity.
Organic impurities can be introduced as a result of chemicals
entering the waste system which are not removed by filtration and
ion exchange processes.
pH - Low pH is known to increase general corrosion and stress
corrosion cracking as well as increasing the volatility of
detrimental anions going to the turbine. While pH is difficult
to measure, passive control can be achieved by controlling
conductivity and using the appropriate cation to anion resin
ratios in the water treatment systems.
Conductivity - Conductivity limits are established such that the
differential conductivity (dK) aproximates the increase in conductivi*
caused by the total chloride or sulfate anion limit, assuming that
sodium chloride and sodium sulfate are the impurities present.
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In addition, the following system design requirements have been
established to support maintaining water quality in the fuel pool:
Materials - All surfaces in contact with water in the fuel pool shall
be stainless steel or metals with equivalent corrosion resistance.
Water Temperature - The pool water temperature is to be maintained
below 125 F under normal operating conditions. The maximum allowable
temperature is 140 F.
Water Clarity - The water in the fuel pool shall be kept of sufficient
clarity by adequate process treatment to permit reading letters 6.4 mm
(0.25 inches) high, 7.62 m (25 feet) below the surface using a surface
breaking viewing aid and binoculars.

Debris - Provisions shall be made to remove debris or foreign matter
floating on the surface of the pool water or that which has settled
to the bottom of the pool.
Cleaning/Flushing Water - Water quality requirements for water used
for cleaning and flushing are the same as the requirements for the
pool water cleanup system effluent (Table 2 ) .

III. WATER QUALITY CONTROL EQUIPMENT AND PROCEDURES
The equipment and procedures described here are designed for the ABWR
spent fuel storage and handling pool in the reactor building. In the
ABWR, there is significant mixing of the water in the fuel and reactor
pools during refueling. This would not be the case for an ex-reactor
pool which is connected to the in-reactor pool only by the Inclined
Fuel Transfer tube. Water quality requirements for an ex-reactor pool,
designed for long term fuel storage, are the same as those for the
ABWR fuel pool.
Clarity and purity of the pool water are maintained by a combination of
filtering and ion exchange. The filter-demineralizers maintain the
impurity concentrations, pH, and conductivity within the limits of shown
in Table 1. Each filter unit in the filter-demineralizer subsystem has
adequate capacity to maintain the desired purity level of the pools under
normal operating conditions. The flow rate is designed to be
approximately that required for two complete water changes per day.
The maximum system flow rate is twice that needed to maintain the

specified water quality.
The Fuel Pool Cooling and Cleanup System (FPC) is designed to remove
suspended or dissolved impurities from the following sources:
- dust or other airborne particles
- surface dirt dislodged from equipment immersed in the pool
- crud and fission products emanating from the reactor or fuel
bundles during refueling
- debris from inspection or disposal operations
- residual cleaning chemicals or flush water
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A post-strainer in the effluent stream of the filter-demineralizer
limits the migration of filter material. The filter-holding element
can withstand a differential pressure greater than the developed pump
head for the system.
The filter-demineralizer units are located separately in shielded cells
with enough clearance to permit removing filter elements from the vessels.
Each cell contains only the filter-demineralizer and piping. All valves
(inlet, outlet, recycle, vent, drain, etc) are located outside of one
shielding wall of the room, together with necessary piping and headers,
instrument elements and controls. Penetrations through shielding walls
are located so as not to compromise radiation shielding requirements.

The filter-demineralizers are controlled from a local panel. A
differential pressure and conductivity instruments provided for each
filter-demineralizer unit indicate when backwash is required. Suitable
alarms, differential pressure indicators, and flow indicators monitor
the condition of the filter-demineralizers.
The circulation patterns within the reactor well and spent fuel storage
pool are established by placing the diffusers and skimmers so that
particles dislodged during reueling operations are swept away from the
work area, and out of the pools. These diffusers and skimmers also
distribute the water throughout the pool to maintain high quality water.
Redundant pumps, filter demineralizers, and heat exchangers assure that
water quality will be maintained. This provides assurance that no single
failure is likely to allow the fuel pool to even exceed the design limits
for water quality. During normal operation, it is expected that the
plant will operate near or below the operating water chemistry targets
shown in Tables 1,2, and 3.
The procedures for location of sampling points, design of sample probes,
the requirements- for sampling equipment, the techniques to be used for
sampling and analysis, and the frequency of samples and analysis are
addressed in Reference 4.
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TABLE 1

REACTOR WATER DURING SHUTDOWN (T < 100 C) AND
POOL WATER DURING ALL OPERATING CONDITIONS

D?EKATI:;G
TARGET

PARAMETER

LO.O

50 .0

5.0

10.0

50 .0

1-0

1.2

2..0

LOO.O

200.0

1000. .0

MIN

5.9

5.6

5.3

MAX

8.3

8.6

8.9

SILICA ;?PS as SiO.)
B.Z :5'C

MAXIMUM
VALVE

5.0

CONDUCTIVITY at 25 °C (MS/c.-n)

pH

SYSTEM
DESIGN

CORROSION PRODUCT METALS (PPB)
Fe

Tocal

10.0

20.0

100.0

Cu

Total

0.5

1.0

5.0

All Other Metals

4.5

9.0

45.0

15.0

30.0

150.0

SUM
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TABLE 2

DEMINERALIZED WATER AND
FUEL POOL CLEANUP EFFLUENT

OPERATING

SYSTEM
DESIGN'

MAXIMUM
VALl'E

5.0

LO.0

50.0

SULFATE . ? ? 5 /

5.0

10 .0

50.0

CONDUCTIVITY** a t 25 3C U S / c m )

0.2

0..3

L.O

SILICA (PPB as SiO )

5.0

10..0

50.0

MIN

6.4

6. 2

5.6

MAX

7.8

8. 0

8.6

10.0

20.0

100.0

10.0

20.0

100.0

0.2

0.4

pK a t 25°C

CORROSION PRODUCT METALS •'PPB)
Fe

Total

Cu

Total

•)

>

All Other Metals
SUM

•

ORGANIC IMPURITIES***
[ E q u i v a l e n t AK US/cm) ]

**

Does not include an incremental conductivity value
of 0.8 micro-S/cm at 25 C due to carbon dioxide from
air in the water stored in tanks open to the atmosphere

*** Organic impurity values apply to Fresh Makeup Water stored
in the Demineralized Water Storage Tank
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TABLE 3

CONDENSATE STORAGE POOL WATER
(MAKEUP WATER FOR FUEL POOL)

SYSTEM
DESIGN'

MAXIMUM

5.0

10.0

50.0

SULJATE ;?PB)

5.0

10.0

50.0

CONDUCTIVITY** ac 25°C (;iS/cm)

0.20

SILICA <??5 as SiO 2 )

5.0

10.0

50.0

MIN

6.2

5.9

5.3

MAX

8.0

8.3

8.9

•»*-•-

OPERATING
TARGET

/"\T* • •

pH at 25'C

0.40

"ii " ~

2.0

CO'RROSION PRODUCT METALS (PPB)
Fe

local

10.0

20.0

100.0

Cu

Total

1.0

2.0

10.0

All Other Metals

4.0

JLO

40.0

15.0

30.0

150.0

SUM
ORGANIC IMPURITIES
[ E q u i v a l e n t AK (,uS/cm) ]

**

0.2

0.4

Does not include an incremental conductivity value
of 0.8 micro-S/cm at 25 C due to carbon dioxide from
air in the water stored in tanks open to the atmosphere

2.6-8

2.0

•>

2.7 DRAFT FUEL FABRICATION FACILITY REQUIREMENTS
A draft specification for the Fuel Fabrication Facility (FFF) is being
formulated.
Because the FFF is a key element in the overall infrastructure
for the disposition of weapons plutonium, and since the customer has stated
requirements on the plutonium throughput, safeguards, and worker
exposure limits, the FFF specification is being developed within the context
of the total disposition infrastructure.
Top level functional and performance requirements for the FFF are being

traced to the customer, the interface constraints, or derived design
requirements. To evaluate the fuel fabrication process, storage and
transport requirements, a dynamic simulation of the FFF and its
infrastructure interfaces has been developed. To perform this specification
in a self consisted way, the Ascent Logic Corporation RDD-100 data base
program is being used. This methodology constructs the specification and
functional diagrams directly from the data base elements, provides
consistency and traceability, and produces the documents in familiar
standard formats. Although new to some, this approach is common in
many DOD and NASA programs.
The end product will be a FFF specification similar to a DOD-STD-2167A
System Segment Specification, an example which was produced by RDD
from the current interface is provided as Attachment I This specification
will be customized and completed as the work progresses. Attachment II,
the internal working document or System Engineering Notebook, is a
snapshot of the current data in the RDD database, and is used to
communicate and confirm the overall System requirements, description and
interfaces.
Future efforts will focus on the scrap and waste streams, the
safeguards accountability methods interaction with the fuel fabrication
process, and the component lev&] performance requirements.
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1 Scope

1.1 Identification
This Segment Specification establishes the requirements for (3.1) Fuel Fabrication Facility.

1.2 System Overview
The Fuel Fabrication Facility (FFF) fabricates the mixed oxide fuels (MOX) and fuel bundles. It inputs the PuO2
and UO2 (Special Nuclear Materials), as well as Gadalillium, Beryllium, Boron Carbide, etc and all hardware
required to fabricate the fuel buncues to the GE ABWR fuel specification.
The facility performs all those functions necessary to fabricate the fuel bundles from its elemental components. It
also provides for materials accountability, storage, safeguards, scrap recovery and waste stream treatment per
appropriate regulations.
The fresh fuel bundles are stored within the facility until they can be transfered, in approved casks, to the reactor
plant.
The facility primary interfaces for plutonium throughput are with the Fuel Conversion Facility, the DOE Strategic
Supply Facility, the ABWR reactor plant, and the DOE Low-level Waste Repository.

1.3 Document Overview
The purpose of this specification is to provide the baseline functions and requirements for the Fuel Fabrication
Facility, which is a key system segment in the weapons plutonium disposition infrastructure being adopted by the
US Government. The external interfaces and related performance requirements are also addressed as they are
integral to meeting the plutonium throughput requirement of the total infrastructure.

1
Unclassified

Unclassified
MMC-FFF-1 September 17,1993

2 Applicable Documents

2.1 Government Documents
The following documents of the exact issue shown form a part of this specification to the extent specified herein. In
the event of conflict between the documents referenced herein and the contents of the specification, the contents of
this specification shall be considered a superseding requirement.
SPECIFICATIONS
(none)
STANDARDS
(none)
DRAWINGS
(none)
OTHER PUBLICATIONS
Manual
(none)
Regulation
10 CFR 70 NRC Regulations
Title 40 CFR Part 61. H National Emission Standards for Radionuclides Other Than Radon from DOE
Facilities
Handbook
(none)
Bulletin
DOE Order 5400.5 Radiation Protection of the Public and the Environment
DOE Order 5484.1 Effluent & Environmental Monitoring Progarm Requirements
Other
NRC Reg Guide 3.39
Fuel Fabrication Plants

Standard Format & Content of License Applications for Plutonium Processing &

Copies of specifications, standards, drawings, and publications required by suppliers in connection with specified
procurement functions should be obtained from the contracting agency or as directed by the contracting officer.

2.2 Non-Government Documents
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The following documents of the exact issue shown form a part of this specification to the extent specified herein. In
the event of conflict between the documents referenced herein and the contents of the specification, the contents of
this specification shall be considered a superseding requirement
SPECIFICATIONS
GE Fuels A50YP12, Rev 29 GE Fuel Bundle Specification
GE/ABWR-123 Fuel Shipping Cask Specification
STANDARDS
(none)
DRAWINGS
(none)
OTHER PUBLICATIONS
(none)
Technical society and technical association specification standards are generally available for reference from
libraries. They are also distributed among technical groups and using Federal Agencies.
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3 System Requirements

3.1 Definition
Fab MOX bundles
Purpose:
The overall fuel fabrication facility functional requirement is to fabricate the fuel, rods and bundle assemblies
consistant with the applicable fuel specification. The facility output is the qualified fuel bundles, which are stored
and then shipped to the reactor plant. The requirements include fabrication of both MOX and MOX/Gd2O3 bundles;
the MOX fabrication process will be detailed first.
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3.2 Characteristics
The characteristics of the Fuel Fabrication Facility (FFF) are defined in this section. The facility interfaces
with the Pu Conversion Facility and Strategic Materials Facility for inputs, and with the Reactor Plant for
output of its product; the fresh fuel bundles.

3.2.1 Performance Characteristics

3.2.1.1
Description:

The fabrication of mixed oxide (MOX), and MOX Gd pellets consistant with the governing fuel
specification, and at a rate consistant with the plutonium disposition mission. (At the current modeling
level we shall assume that all the rods are of 3% PuO2 content The actual case of several Gd and PuO2
content levels will be treated in future modeling efforts.)
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Inputs:
PuO2 shipment
source: 2 - Convert PuM to PuO2
source: 21 - Perform PuM conversion
(Allocated to: External System: PuM Conversion Sys)
source: 2.1.18 - sendoutPuO2 cask
Outputs:
Performance Indices:
Pellet fabrication rate
Completion Criteria:

3.2.1.2
Description:
The top level function requirement is to fabricate fuel rods consistant with the governing fuel specification, and
to then assemble them into the required fuel bundle types.

8
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Inputs:
Ouputs:
1 Zero BU bundle
destination: 31.4 - Store & Ship MOX bundles
destination: 3d.4.1 - Accept zero BU bundle
Performance Indices:
Bundle fabrication rate
Completion Criteria:

3.2.1.3
Description:
The functional requirement is to handle all scrap & waste generated within the Fuel Fabrication Facility; and
specifically plutonium bearing materials. This function will also deal with any chemicals or solid waste
generated during fuel fabrication and scrap processing.
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Inputs:
Outputs:

Performance Indices:
Plutonium recovery rate
Completion Criteria:

3.2.1.4
Description:
The functional requirement is to store for shipment to the reactor area all completed MOX fuel bundle
assemblies. Criticality margins must be maintained and materials accountability assured. The capaci;. " ibis
storage area is TBD, but has been temporarly set at one weeks production, or 10 bndl/day x 7days = 70 fuel
assembly bundles. The shipment function is in parallel with the storage function and is based on forwarded
requests from the Process Control System, via tbe Timeltem "Request ZBUF1

12
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Inputs:
1 Zero BU bundle
source: 31.2 - Fab mechanical as''y
source: 3d.2.4 - Fab & verify fuel bundles
source: 31.2 A.4 • Transport to bundle storage
Request ZBUF
source: 3.2 - Operate reactor site
(Allocated to: System Segment: Reactor Plant)
source: 32.235 - Check site fuel inventory
Outputs:
ZBUFXfer
destination: 3.2 - Operate reactor site
(Allocated to: System Segment: Reactor Plant)
destination: 322.3 - Login zero BU fuel
destination: 3.22.3.1 - Receive & inspect new fuel
Performance Indices:
ZUBF criticality margin
Completion Criteria:
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3.2.2 System Capability Relationships

3.2.3 External Interface Requirements
TBD
3.2.4 Physical Characteristics
This subparagraph... shall specify the requirements for the physical characteristics (e.g. weight limits,
dimensional limits) of the system. Additional considerations for determining physical reauirements
include:
a. Transportation and storage
b. Security
c. Durability
d. Safety
e. Vulnerability
f. Color

3.2A.I Protective Coatings
This subparagraph... shall specify, if applicable, protective coating requirements to assure protection
from corrosion, abrasion, or other deleterious action.

3.2.5 System Quality Factors
This subparagraph... shall be divided into the following subparagraphs to specify the applicable
requirements pertaining to system quality factors.

3.2.5.1 Reliability
This subparagraph... shall specify reliability requirements in qualitative terms, and shall define the
conditions under which the reliability requirements are to be met. This subparagraph may include a
reliability apportionment model to support apportionment of reliability values assigned to system
capabilities for their share in achieving desired system reliability.

3.2.5.2 Maintainability
This subparagraph... shall specify quantitative maintainability requirements. The requirements shall
apply to maintenance in the planned maintenance and support environment and shall be stated in
quantitative terms. Examples are:
a. Mean and maximum down time, reaction time, turnaround time, mean and maximum times to
15
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repair, mean time between maintenance actions.
b. Maximum effort required to locate and fix an error.
c. Maintenance man-hours per flying hour, maintenance man-hours per specific maintenance action,
operational ready rate, maintenance hours per operating how, frequency of preventive maintenance.
d. Number of people and skill levels, variety of support equipment
e. Maintenance costs per operating hour, man-hours p@r overhaul.

3.2.5.3 Availability
77J/S subparagraph... shall specify the degree to which the system shall tie in an operable and
committable state at the start of the mission(s), where the misshn(s) is called tor at an unknown point in
time.

3.2.5.4 Additional Quality Factors
This subparagraph... shall specify system quality requirements not defined in the above
(e.g. integrity, efficiency, or correctness requirements of the system).

subpavraphs

3.2.6 Environmental Conditions
This subparagraph... shall specify the environmental conditions that the system must withstand during
transportation, storage, and operation, such as:
a. Natural environment (e.g. wind, rain, temperature, geographic location)
b. Induced environment (e.g. motion, shock, noise, electromagnetic radiation)

c. Environments due to enemy action (e.g. over-pressure, explosions, radiation).
3.2.7 Transportability
This subparagraph... shall specify any special requirements for transportation and materials handling. In
addition, all system elements that, due to operational or functional characteristics, will be unsuitable for
normal transportation methods shall be identified.

3.2.8 Flexibility and Expansion
This subparagraph... shall specify areas of growth which require planning for system flexibility and
expansion. In addition, this subparagraph shall specify specific system elements which require spare
capability to support flexibility and expansion.

3.2.9 Portability
This subparagraph... shall specify requirements for portability which are applicable to the system to
permit employment, deployment, and logistic support.

3.3 Design and Construction
This subparagraph... shall be divided into subparagraphs that specify minimum system design and
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construction standards which have general applicability to system equipment and are applicable to major
classes of equipment (e.g. aerospace vehicle equipment, and support equipment) or are applicable to
particular design standards. To the maximum extent possible, these requirements shall be specified by
incorporation of the established military standards and specifications. Requirements which add to, but do
not conflict with, requirements specified herein may be included in individual configuration item
specifications. In addition, this paragraph shall specify criteria for the selection and imposition of Federal,
military, and contractor specifications and standards.

3.3.1 Materials
This subparagraph... shall specify those system-peculiar requirements governing the use of materials,
parts, and processes in the design of system equipment. Special attention shall be directed to prevent
unnecessary use of strategic or critical materials. (A strategic and critical materials list may be obtained
from the contracting agency.) In addition, requirements for the use of standard and commercial parts and
parts for which qualified products lists have been established shall ba specified in this paragraph.

3.3.1.1 Toxic Products and Formulations
This subparagraph... shall specify requirements for the control of toxic products or formulations to be
used in the system or to be generated by the system.

3.3.2 Electromagnetic Radiation
This subparagraph... shall contain requirements pertaining to limits on the electromagnetic radiation
which the system is permitted to generate.

3.3.3 Nameplates and Product Marking
This subparagraph... shall contain requirements for nameplates, part marking, serial and lot number
marking, software media marking, and other identifying markings required for the system. Reference may
be made to existing standards on the content and application of markings.

3.3.4 Workmanship
This subparagraph... shall specify workmanship requirements for equipment to be produced during
system development and requirements for manufacture by production techniques.

3.3.5 Interchangeability
This subparagraph ... shall specify the requirements for system equipment to be interchangeable and
replaceable. Entries in this paragraph are for the purpose of establishing a condition for design and are
not to define the conditions of interchangeability required by the assignment of a part number.

3.3.6 Safety
This subparagraph... shall specify those safety requirements which are basic to the design of the
17
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system, with respect to equipment characteristics, methods of operation, and environmental influences.
This paragraph shall also specify those safety requirements which prevent personnel injury and
equipment degradation without degrading operational capability (e.g. restricting the use of dangerous
materials where possible, classifying explosives for purposes of shipping, hand/ing and storing,
abort/escape provisions from enclosures, gas detection and warning devices, grounding of electrical
system, cleanliness and decontamination, explosion proofing).

3.3.7 Human Engineering
This subparagraph... shall specify human engineering requirements for the system or for specific
configuration items. This paragraph shall reference applicable documents (e.g. MIL-STD-1472) and
specify any special or unique requirements (e.g. constraints on allocation of capabilities to personnel and
communications, and personnel/equipment interactions). This paragraph shall include those specific
areas, stations, or equipment which would require concentrated human engineering attention due to the
sensitivity of the operation or criticality of the task; i.e. those areas where the effects of human error would
be particularly serious.

3.3.8 Nuclear Control
This subparagraph ... shall specify system requirements for nuclear components, such as:
a. Component design
b. In-flight control
c. Prevention of inadvertent detonation

3.3.9 System Security
This subparagraph... shall specify security requirements that are basic to the design of the system with
respect to the operational environment of the system. This subparagraph shall also specify those
security requirements necessary to prevent compromise of sensitive information or materials.

3.3.10 Government Furnished Property Usage
This subparagraph... shall specify any Government Furnished Equipment (GFE) to be incorporated into
the system design. In addition, this paragraph shall specify any Government Furnished Information (GFI)
and Government Furnished Software (GFS) to be incorporated into the system. This list shall identify the
Government furnished property by reference to its nomenclature, specification number, and/or part
number. If the list is extensive, it may be included as an appendix to this specification and referenced In
this paragraph.

3.3.11 Computer Resource Reserve Capacity
This subparagraph... shall specify the required computer resource reserve capacity (e.g. memory,
timing, etc.).

3.4 Documentation
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This subparagraph... shall specify the requirements for system documentation such as specifications,
drawings, technical manuals, test plans and procedures, and installation instruction data.
3.5 Logistics
This subparagraph... shall specify logistic considerations and conditions that apply to the operational

requirements. These considerations and conditions may include:
a.
b.
c.
d.
e.

Maintenance
Transportation modes
Supply-system requirements
Impact on existing facilities
Impact on existing equipment.

3.6 Personnel and Training
This subparagraph shall... be divided into the following subparagraphs to specify the. \jirements for
personnel and training.

3.6.1 Personnel
This subparagraph... shall specify personnel requirements which must be integrated into the system
design. These requirements shall be stated in terms of numbers plus tolerance and shall be the basis
for contractor design and development decisions. Requirements stated in this paragraph shall be the
basis for determination of system personnel training, training equipment, and training facility
requirements. Personnel requirements shall include, but not be limited to:
a. Numbers and skills of support personnel for each operational deployment mode and the intended
duty cycle, both normal and emergency.
b. Skills and numbers of personnel that shall be allocated to the operation, maintenance, and control
of the system.

3.6.2 Training
This subparagraph... shall include, but not be limited to, the following training requirements:
a. Contractor and Government responsibility for training. This subparagraph shall also specify the
concept of how training shall be accomplished (e.g. school, contractor training).
b. Equipment that will be required for training purposes.
c. Training devices to be developed, characteristics of the training devices, and training and skills to
be developed through the use of training devices.
d. Training time and locations available for a training program.
e. Source material and training aids to support the specified training.

3.7 Characteristics of Subordinate Elements
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3.7.1 Bundle Assembly System - System (3.1.4)
This system fabricates the different fuel bundles from the constituent rods. It provides for inspection and rejection of
bundles which do not meet the Fuel Fab Spec. Qualified bundles are stored in the Shipping area. Bundless are
transported to the Storage area via the xxx crane.
The Bundle Assembly System internally handles rejected bundles via a rework process. Requalified bundles are sent
to Storage, while the rods are reclaimed from bad bundles and returned to rod storage via the reclaimed rod
conveyor.
TBD

3.7.2 Bundle Store & Ship - System (3.1.5)
This system accepts newly fabricated and qualified fuel bundles, provides inventory control, and transfer to
allocated storage racks. A major requirement is to maintain margins for criticality control. When appropn , the
bundles are packaged in approved shipping casks and shipped to the reactor plant site.
TBD

3.7.3 FFF Analytical Lab - System (3.1.6)
This system supports both process control and safeguards by providing timely information on the isotopic content of
the fuel and scrap. It takes statistical samples from the fabrication lines, including scrap, and provides a
determination of the quantities of materials, including statistical analysis and teen predictions. This information is
shared with both process control and safeguards via a data buffer. Unused or scrap materials are sent to the Scrap
Recovery System.
TBD

3.7.4 FFF Process Control - System (3.1.8)
The FFF Process Control System obtains data on facility operations, maintains process system data logs, performs
inventory control, and communicates with the external interfaces. The facility operating data is processed and used
to coordinate local controller setpoints for the efficient fabrication of the fuel bundles. This system also handles
worker and maintainence scheduling, and tracks worker exposure. A key function of the system is to provide for
SNM accountability within the overall facility and to cross check each Materials Balance Area (MBA).
TBD

3.7.5 FFF Safeguards Sys - System (3.1.9)
The FFF Safeguards System performs an independent materials accountability function. It has priority over the
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Process Control System in this function. It has access to all of the Process Control data, as well as additional
independent measures of material balances. It maintains inventory data logs, oversees inventory control, and
communicates with the external safeguards interfaces.
The primary function of the system is to provide for SNM accountability within the overall facility, within each
Materials Balance Area (MBA), and to cross check the Process Control System.
TBD

3.7.6 Fuel F a b System - System (3.1.2)
This system fabricates the different fuel pellets from the constituent powders. It provides for inspection and rejection
of pellets which do not meet the Fuel Fab Spec. Qualified pellets are stored until a sufficient quantity of each type
are available for the rod fabrication process. Pellets are then transported to the Rod Fab line via the pellet conveyor.
The system is composed of coir'uercially available (essentially) elements which are linked together to form a
continuous fabrication line, feeding into the Rod Fabrication System.
Non-green scrap materials are sent to the FFF Scrap Recovery system, via the MOX scrap tube. Green scrap is
handled internal to the system, or transported back to the Powder Storage subsystem of the Receiving & Storage
System. The Fuel Fab System also interfaces with the FFF Analitical Lab, with the Rod Fab Line via the reclaimed
pellet conveyor, and the Safeguards system.
TBD

3.7.7 Receiving & Storage Sys - System (3.1.1)
This system accepts all incoming materials, provides inventory control and transfer to allocated storage areas. The
system interfaces with the Fuel Fab line via the MOX powder conveyor and the Green scrap tube.
TBD

3.7.8 Rod Fab System - System (3.1.3)
This system fabricates the different fuel rods from the constituent pellets. It provides for inspection and rejection of
rods which do not meet the Fuel Fab Spec. Qualified rods are stored until a sufficient quantity of each type are
available for the bundle assembly process. Rods are then transported to the Bundle Assembly line via the rod
conveyor.
The Rod Fab System internally handles rejected rods via the rod rework process. Requalified rods are sent to rod
storage, while the pellets are reclaimed from bad rods and returned to pellet storage via the reclaimed pellet
conveyor.
TBD

3.8 Precedence
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77J/S subparagraph... shall either specify the order of precedence of the requirements or assign weights
to indicate the relative importance of the requirements.

3.9 Qualification
This subparagraph... shall state the requirements for verification or validation, as applicable, of
capabilities in a specific application. Each qualification test shall be identified in a separate
subparagraph and the specific application shall be described. Requirements shall be included for the
conditions of testing, the time (program phase) of testing, period of testing, number of items to be tested,
and any other pertinent qualification requirements.

3.10 Standard Sample
This subparagraph... if applicable, shall describe requirements for the production of one or more
standard samples. Standard samples shall be limited to the illustration of qualities and characteristics
that cannot be described using detailed test procedures or design data or that cannot be definitively
expressed.

3.11 Preproduction Sample, Periodic Production Sample, Pilot, or Pilot Lot
This subparagraph... if applicable, shall describe requirements for producing a preproduction or periodic
production sample, a pilot model, or a pilot lot.
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4 Quality Assurance Provisions
This section... shall be divided into the following paragraphs to specify the requirements to show how the
requirements of sections 3 and 5 shall be satisfied.
4.1 Responsibility for Inspection
This subparagraph... shall assign responsibilities for performance of inspections of delivered products,
materials, or services for determining compliance with all specified requirements.

4.2 Special Tests and Examinations
77J/S subparagraph... shall specify any special tests and examinations required forsar..,,.,ng, lot
formation, qualification evaluation, and any other tests or examinations as necessary. Each test and
examination shall be described in a separate subparagraph.

4.3 Requirements Cross Reference
This paragraph... shall correlate each system requirement in sections 3 and 5 to the quality assurance
provisions specified in section 4. This paragraph may reference a requirements cross reference table
which may be provided as an appendix to this specification.

23
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5 Preparation for Delivery
This subparagraph... shall specify requirements for the preparation of the system and all its components
for delivery, including packaging and handling. This section shall include requirements to document any
non-standard practices in appropriate system end item specifications. This section may impose
requirements to comply with standard practice by referencing appropriate military specifications and
standards to be used as the basis for preparing Section 5 of each specification for system end items.
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6 Notes
This subparagraph... shall contain any general information that aids in understanding this document (e.g.
background information, glossary). This section shall contain an alphabetical listing of all acronyms,
abbreviations, and its meanings as used in this document.

6.1 Intended Use
This subparagraph... shall briefly state the purpose of the system to which the SSS applies in terms of
the mission and threat addressed by the system.

6.1.1 Missions
This subparagraph... shall describe the missions of the system to the extent that such missions affect
design requirements. This description shall include operational information, such as tactics, system
deployment, operating locations, and facilities.

6.1.2 Threat
This subparagraph... shall describe the characteristics of potential targets, the characteristics of current
and potential enemy weapon capabilities relevant to the system, and any additional threat considerations
that affect the system design. This information may be contained in a separate document and referenced
in this subparagraph if it is classified.

6.2 Acronyms and Abbreviations
This section shall contain an alphabetical listing of all acronyms, abbreviations, and its meanings as used
in this document.
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1 System Top-Level Description

1 System Top-Level Description

1.0 Pu Disposition Infrastructure
Purpose:
This is the entire infrastructure needed to dipose of weapons grade Pu into highly
diversion resistant high bumup reactor fuel stored in a DOE permanent, high level waste
repository. THE PU DISPOSITION INFRASTRUCTURE SYSTEM IS DEFINED FOR OUR
DYNAMIC MODELING PURPOSE AS A CLOSED SYSTEM. (Note that for this RDD model only
the Spent Fuel Alternative is being addressed)
Built From Components:
External System: 1 Ancillary Support Sys
External System: 2 PuM Conversion Sys
System: 3 PuO2 Transform Sys
System Segment: ...* Fuel Fabrication Facility
System: 3.1.1 Receiving & Storage Sys
System: 3.1.2 Fuel Fab System
HW Element: 3.1.2.1 Blender/spliter
HW Element: 3.1.2.2 Mill/granulator
HW Element: 3.1.2.3 Pellet press
HW Element: 3.1.2.4 Sinter furnace assembly
HW Element: 3.1.2.5 Grinder assembly
HW Element: 3.1.2.6 Automated Pellet Inspector
Subsystem: 3.1.2.7 Pellet storage assembly
Subsystem: 3.1.2.8 Glovebox filter subsystem
System: 3.1.3 Rod Fab System
System: 3.1.4 Bundle Assembly System
System: 3.1.5 Bundle Store & Ship
System: 3.1.6 FFF Analytical Lab
System: 3.1.8 FFF Process Control
System: 3.1.9 FFF Safeguards Sys
System Segment: 3.2 Reactor Plant
External System: 4 DOE Strategic Materials Sys
External System: 5 DOE Waste Repository
External System: 6 Pu Disposition Supervisory Control Sys
External System: 7 Safeguard Sys
External Interfaces:
System-Level Performance Requirements:
Pu disposition mass
Performs Top-Level Function: Dispose PuW via Reactor

Description of System Mission(s):
This is the top level function for the identified System, "Pu Disposition Infrastructure",
1
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1 System Top-Level Description
and the closed system for our study. It was agreed with the technical manager that this study will focus on
the spent fuel option (early spiking and spent fuel reuse), and mat a single ABWR would be utilizied, and
that maintenance issues would not be addressed at this time. Additionally a focus will be placed on the Fuel

Fab Facility within the overall infrastructure required for the Pu disposition.
First-Level System Functions:
Dispose PuW via Reactor
RDDProcess: p.l anc support 1
RDDProcess: p.2 convert PuM
RDDProcess: p.3 xform PuO2
RDDProcess: p.4 strategic supply
RDDProcess: p.5 permstore Pu
RDDProcess: p.6 supcntrl 1
RDDProcess: p.7 doe safeguards
TimeFunction: 1 Ancillary support
TimeFunction: 2 Convert PuM to PuO2
TimeFunction: 3 Transform PuO2 to high BU fuel
TimeFunction: 4 Supply Strategic Mat
TimeFunction: 5 Permanent waste storage
TimeFunction: 6 Top Supervisory Control
TimeFunction: 7 Provide DOE Safeguards

2
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2 System-Level ("Originating") Requirements
A.2.3 RANGE OF DATA
Description:
The study should produce technical information relating to three alternatives, each in sufficient
detail to provide a range of concept costs and schedules to transform weapons-grade Pu into
forms not readily usable in weapons. N O T E : In all cases, the design should produce electric
power and be capable of producing tritium. Recommended changes to optimize the design for
tritium production should be included.

Source Document:
Basic Reqmts Doc

A.3.0 ASSUMPTIONS
Description:
The following assumptions shall apply for this study:

Incorporates System Requirement(s):
A.3.1 - Weapons Grade Pu
A.3.2- Resultant Pu
A.3.2.1.2 - Objective
A.3.2.1.3 - Material characteristics
A.3.5 - Capacity Factor
A.3.6 - Fuel Cycle
A.3.6.1.a - Feed delivery schedule
A.3.6.1.b - Feed composition
A.3.6.3 - Fuel fabrication
A.3.6.4.a - Secured storage (type)
A.3.6.4.b - Secured storage (time)
A.3.7 - Tritium Production
A.3.8 - Cost Guidelines
A.3.9.a- Schedule (start)
A.3.9.b - Schedule (complete)
Source Document:
Basic Reqmts Doc

A.3.1 Weapons Grade Pu
Description:

For purposes of this study, the amount of weapons-grade Pu to be disposed of is 100MT. (The
100MT value is used to encompass the quantities presently estimated as excess in the U.S. and
3
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abroad.) (NOTE: MT == 1000 kg == metric ton)

Traces To:
Performancelndex: A.3.1 - Pu disposition mass

A3.2 Resultant Pu
Description:
Pu will be considered "disposed o f or "not readily usable" in weapons when the resultant Pu has the
following characteristics noted for each of the following alternatives.

Incorporates System Requirement(s):
A.3.2.1.2 - Objective
A.3.2.1.3 - Material characteristics

A.3.2.1.2 Objective
Description:
The material created should be compatible with planned requirements for qualification and placement of
the transformed Pu in a high level waste repository.

Traces To:
Criticallssue: A.3.2 - Waste repository requirements

A.3.2.1.3 Material characteristics
Description:
For both the Pu Spiking & Spent Fuel alternatives Fuel assembly, or equivalent, gamma radiation levels greater than 100 rem/hr at three feet after a
two year cooldown period.
For the Pu Destruction alternative End product contains little or no Pu. (The specific material reduction potential should be identified

for each process choice, including residual Pu in waste and process streams. See Section
A.4.3.5.1).

A.3.5 Capacity Factor
Description:
The capacity factor for the reactor units within the Pu disposition complex for the Spent Fuel and Pu
Destruction alternatives shall be 75% (Annual average after 18 months of start-up and initial operations).
For the Pu Spiking alternative, the identification of a capacity factor is requested.

4
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Traces To:
Perfoimancelndex: A.3.5 - Rx capacity factor

A.3.6 Fuel Cycle
Description:
For the fuel cycle, the following assumptions and requirements shall apply:

Incorporates System Requirement(s):
A.3.6.1.a - Feed delivery schedule
A.3.6.1.b - Feed composition
A.3.6.3 - Fuel fabrication
A.3.6.4.a - Secured storage (type)
A.3.6.4.b - Secured storage (time)
Traces To:
Source: FFF - Fuel Fab Facility Spec
Component: 3.1 - Fuel Fabrication Facility

A.3.6.1.a Feed delivery schedule
Description:
The required delivery schedule for the Pu fuel feed material shall be provided to DOE by the reactor
designer.

A.3.6.1.b Feed composition
Description:
The vendors shall specify the limits of impurities for the Pu feed material (including contaminants
from weapons materials) that the concept can accommodate.

A.3.6.3 Fuel fabrication
Description:
The reactor complex shall have a means of fabricating fuel assemblies using the DOE feed materials.

Traces To;
TimeFunction: 3.1 - Fab MOX bundles

A.3.6.4.a Secured storage (type)
Description:
The reactor complex shall have a means for providing secured storage for feedstock materials, new fuel
5
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assemblies, and other materials ...
Traces To:
TimeFunction: 2.4 - Safeguard conversion process
Component: 3.1 - Fuel Fabrication Facility
Component: 3.2 - Reactor Plant

A.3.6.4.b Secured storage (time)
Description:
The reactor complex shall have a means for storing spent fuel assemblies for at least 10 years.

Traces To:
Performancelndex: A.3.6.4 - Spent fuel storage capacity
Component: 3.2 - Reactor Plant
TimeFunction: 3.2.1.1 - Spent Fuel Storage

A.3.7

Tritium Production

Description:
The amount of tritium to be produced by the complex will be equivalent to 10% of the goal amount of
tritium which was to be produced by the NPR Program as of November 1989.

Traces To:
Criticallssue: A.3.7 - Tritium production goal

TimeFunction: 3.4 - Tritium production (Option)
A.3.8

Cost Guidelines

Description:
For comparison purposes, the complexes are assumed to be sited at the EPRI Standard Hypothetical
East/West Central Site DOE (code of accounts, etc.) cost assumptions shall be used to develop the cost
estimates.

A3.9.a

Schedule (start)

Description:
The start date for proceeding with the engineering of the complex is October 1993 . . .

A.3.9.b Schedule (complete)
Description:
... with the objective of completing the disposal of the 100MT of Pu within 25 years of the start date.

6
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Traces To:
Performancelndex: A.3.1 - Pu disposition mass
Performancelndex: A.3.9 - Pu disposition rate

A.4.0 INFORMATION REQUIREMENTS
Description:
The following section outlines the specific information which shall be required to perform a reasonable,
balanced assessment of the comparative performance and cost effective characteristics of each alternative
submitted for review and evaluation. The designer shall provide the data described in the Attachment in
addition to the following informatioa

Incorporates System Requirement(s):
A.4.1-SAFEGUARDS
A.4.2 - SAFETY & ENVIRONMENTAL
A.4.2.1 - Margins
A.4.2.2 - Defense-in-depth
A.4.2.3 - ALARA
A.4.2.4 - Probabilistic Risk Asm't
A.4.3 - TECHNOLOGY BASE
A.4.3.2 - Tritium production
A.4.3.3 - Core design
A.4.3.4 - Core analysis
A.4.3.5 - Fuel cycle
A.4.3.6 - Development requirements
A.4.4 - INFRASTRUCTURE,
A.4.4.1 - Inside Complex
A.4.4.2 - Outside Complex
A.4.5 - COSTS (Using DOE cost guidelines)
A.4.5.1 - Costs - Inside Complex
A.4.5.2 - Cost-Outside Complex
A.4.5.3 - Cash Flow
A.4.6- SCHEDULES
A.4.6.1 - Schedules - Inside Complex
A.4.6.2 - Schedules - Outside Complex
Source Document:
Basic Reqmts Doc

A.4.1 SAFEGUARDS
Description:
The concept must be highly resistant to the diversion of SNM and sensitive technology; i.e. the disposal
process must ensure that excess weapons-grade Pu and tritium and related nuclear weapons technology are
not accessible to unauthorized persons. The designer shall provide a description of safeguard features
unique to the alternative and an identification of the R&D that may be required to confirm any unique
feature.
7
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Traces To:
Criticallssue: A.4.1 - Sensitive technology

A.4.2 SAFETY & ENVIRONMENTAL
Description:
The alternative must demonstrate, or must be capable of demonstrating, that it can meet safety and
environmental requirements and be licensable under NRC requirements. The designer shall provide the
following for each alternative:

Incorporates System Requirement(s):
A.4.2.1 - Margins
A.4.2.2 - Defense-in-depth
A.4.2.3 - ALARA
A.4.2.4 - Probabilistic Risk Asm't

A A.2.1 Margins
Description:
Margins for safety, protection of the environment, and for the health of the workers and public, using as a
baseline NRC regulations as modified by DOE.

A.4.2.2 Defense-in-depth
Description:
Summary of defense-in-depth considerations.

A.4.2.3 ALARA
Description:
Description of worker and occupational radiation exposure safety provisions - ALARA. See Figure Al in
the Attachment.

A.4.2.4 Probabilistic Risk Asm't
Description:
Summary of available PRA applicable to each concept.

A.4.3 TECHNOLOGY BASE
Description:
8
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Each alternative must have the ability to:
a- transform weapons-grade Pu efficiently and effectively, and
b- to produce electricity and

c- to produce tritium.
It must be suppoited by an adequate technology base that is readily available and highly reliable. To this
• end, development may be required.

Incorporates System Requirements):
A.4.3.2 - Tritium production
A.4.3.3 - Core design
A.4.3.4 - Core analysis
A.4.3.5 - Fuel cycle
A.4.3.6 - Development requirements

A.4.3.2 Tritiumproduction
Description:
A.4.3.2.1 TRITIUM CORE DESIGN
Description of the tritium core design approach to meeting the tritium goal requirements.
A.4.3.2.2 TRITIUM CONVERSION
Description or the approach required to convert the complex to initiate production of goal quantities of
tritium upon six-month notice. Include such consideratons as:
- Flexibility and capability of the reactor to convert to tritium production.
- Pertinent operational features.
- Complexity of the conversion process.
Note: Cost and schedule estimates are covered in Sections A.4.5.1.1 and A.4.6.1.8 respectively.

Traces To:
TimeFunction: 3.4 - Tritium production (Option)

A.4.3.3 Core design
Description:
The designer shall provide the following:
A.4.3.3.1 CORELAYOUT
A.4.3.3.2 CORE DESCRIPTION
Core description to include fuel loads, reactivity worths and reactivity coefficients.
A.4.3.3.3 FUEL DESCRIPTION
9

Unclassified

Unclassified
System Engineering Notebook

September 16,1993

2 System-Level ("Originating") Requirements

Description and composition of fuel pin/rod/plate/particle/etc.
A.4.3.3.4 FUEL ASSEMBLY
Description of the fuel assembly (or equivalent).

A.4.3.3.5 REACTOR CONTROL SYSTEM
Description of the reactor control system.
A.4.3.3.6 CONTROL/SAFETY RODS
Description of the control and safety rods and drives, including BOL and EOL reactivity worths.
A.4.3.3.7 BACKUP SAFETY SYSTEM
Description of a back-up safety system not dependent on rods.
A.4.3.3.8 RV/HHAD/INTERNALS
Description of the reactor, including vessel, head, and internal structures.
A.4.3.3.9 CODES
A brief summary of the status and description of the codes used: neutionics, thermal-hydraulics, structural,
fuel behavior, core behavior and verification and validation of the codes.

A .4.3.4 Core analysis
Description:
Analysis of the core and the reactor coolant system covering the neutronics (physics) of the core, fuel/core
behavior, and thermal-hydraulic and structural behavior to include:
A.4.3.4.1 FUEL PERFORMANCE STRATEGY
Fuel perfonnance, BOL to EOL and life cycle average, which includes fuel management strategies.
A.4.3.4.2 REACTIVITY COEFFECIENTS
Reactivity coefficients for:
* Normal Operation;
* Anticipated Operational Occurrences (AOOs);
* Design Basis Events (DBEs):
* Anticipated Transients Without Scram (ATWS);
* Other postulated Beyond Design Basis Events (BDBEs).
A.4.3.4.3 FLUX FLATTENING

10

Unclassified

Unclassified
System Engineering Notebook

September 16,1993

2 System-Level ("Originating") Requirements
Description of the flux flattening features of the alternative core designs:
A.4.3.4.4 CRITICAL HEAT FLUXES
Critical heat fluxes - onset of boiling, etc.
A.4.3.4.5 REACTIVITY REQUIREMENTS
Reactivity requirements BOL/EOL.
A.4.3.4.6

MARGINS-COOLABLE CORE

Margins necessary to maintain a coolable core geometry and to prevent any significant core melt.
A.4.3.4.7

BDBE'S

Identification and available analyses of BDBE's including severe core accidents.

A.4.3.5 Fuel cycle
Description:
The designer shall provide the following:
A.4.3.5.1

FUEL CYCLE DIAGRAM

Fuel cycle diagram, with mass flow and isotopic content, at major steps in the process starting with
weapons-grade Pu and ending with Pu not readily usable in weapons.
A.4.3.5.2

NEW FUEL FACILITIES

Description of new fuel processes and new fuel fabrication facilities.
A.4.3.5.3

DISCHARGED FUEL HANDLING

Description of discharged fuel handling, storage, disassembly, and shipping facilities. See Figure A7 in the
Attachment.
A.4.3.5.4

DISCHARGED FUEL PROCESSES

Description of discharged fuel processes and fuel disposition.
A.4.3.5.5

WASTE MANAGEMENT

Description of waste management to include waste forms, volume^jnasses, flows, isotopic content, and
expected beat loads. See Figures A8, A9, and A10 in the Attachment.
A.4.3.5.6

WASTE MINIMIZATION

Description of waste minimization measures.
11
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A.4.3.6 Development requirements
Description:
For the proposed R&D, identify the underlying assumptions and basis for the R&D. The following are
examples of areas that shall be considered for development:
Criticality tests;
Fuel fabrication process and equipment;
Fuel development, including test irradiations and post irradiation exams;
Component development and test;
Instrumentation and control;
Pu Fuel handling;
First-of-a-Kind items;
Verification and validation of codes;
Safety and environmental;
Tritium cycle aad core conversion; and
Unique safeguard features (See Section A.4.1).

A.4.4 INFRASTRUCTURE
Description:
Infrastructure generally consists of the organization, personnel, material resources, and facilities
to design, develop, manufacture components and systems and operate the complex. ( For
purposes of this study, the Infrastructure requirements cover only facilities.)
Incorporates System Requirement(s):
A.4.4.1 - Inside Complex
A.4.4.2 - Outside Complex

A.4.4.1 Inside Complex
Description:
Each alternative will require that a certain amount of work be done to prepare Pu fuel and tritium targets for
insertion into the reactor and to remove spent fuel and other wastes from the reactor.
A.4.4.1.1 FUEL PROCESSING AND FABRICATION
Identification and description of the facilities required to prepare new Pu fuel and disposal of the
discharged fuel.
A.4.4.1.2 TRITIUM SUPPORT FACILITIES
Identification and description of the facilities required to maintain a tritium producton capability.

A.4.4.2 Outside Complex
12
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Description:
Each alternative must have a requisite infrastructure required for the purposes intended. For the
infrastructure outside the reactor complex, see Figure 1 under Requirements Document Section 3.1. The
designer shall provide the following:
A.4.4.2.1 DOE/COMMERCIAL FACILITIES
Identification of existing DOE and commercial facilities that may be available for use in implementing the
concept.
A.4.4.2.2 EXISTING DEVELOPMENT AND TEST FACIJTIES
A determination as to the suitability and availability of existing facilities to conduct the required
development and testing identified for each of the alternatives, such as fuel and target irradiation tests, post
irradiation exams.thermal hydraulic tests, first- of-kind component tests, etc.
A.4.4.2.3 NEW DEVELOPMENT AND TEST FACILITIES
Identification of new facilities.
A.4.4.2.4 FEEDSTOCK INTERFACE
Identification of the interface requirements for the Pu feedstock that DOE will be required to satisfy. (It is
assumed that warheads will be dismantled by DOE. Such activity is outside the scope of the concept to be
addressed.) For other feedstock SNM requirements, see Figure A5 in the Attachment.

A.4.5 COSTS (Using DOE cost guidelines)
Description:
The designer shall provide the following, including uncertainties and risks associated with each cost
category:

Incorporates System Requirement(s):
A.4.5.1 - Costs - Inside Complex •
A.4.5.2 - Cost-Outside Complex
A.4.5.3 - Cash Flow

A.4.5.1 Costs - Inside Complex
Description:
4.5.1.1 Pre-Operational Costs
These costs shall include the following (See Figure A13 in the Attachment):
- R&D (See Figure A12 in the Attachment), such as those related to Pu burning, fuel cycle;
regulatory, and safety;
- Pre-Title I design and engineering;
- Regulatory, safety, and environmental efforts in support of each of the alternatives;
13
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- Plant acceptance;
- Reactor complex test operations and startup;
- Reactor complex operations, maintenance, and testing procedures;
- Reactor complex management and administrative costs.
A.4.5.1.2

CAPITAL COSTS

Cost estimates for each of the facilities within the complex, such as facilities for fuel processing, fuel
fabrication, spent fuel storage, waste management, and power generation, shall include the following (See
Figure A14 in the Attachment):
- Design, engineering, and inspection of the reactor complex and tritium production facilities
(Titlel,n,m);
- Construction;
- Equipment and component procurement;
- Initial spares;
- Initial fuel loadings;
- Management and administration;
- Contingencies.
A.4.5.1.3

OPERATING AND MAINTENANCE COSTS

Costs to operate and maintain the complex from initial operations thru decommissioning. Cost estimates
shall include (See Figure A15 in the Attachment):
- Operating & Maintenance;
- Component replacement and operating spares;
- Engineering and technical support;
- Training;
- Fuel cycle costs including waste management;
- Dismantle & Decommissioning;
- Management and administration.
A.4.5.1.4 TRITIUM CONVERSION
Estimated cost for converting the complex to tritium production, including:
- Target material processing and storage;
- Target Fabrication and storage,
- Tritium processing and storage, shipping.
A.4.5.1.5

REVENUES

Revenues from the sale of electric power or steam based on 75% capacity factor
and DOE guidelines for value of KWHRs. See Figure A16 in the Attachment.

A.4.5.2 Cost-Outside Complex
Description:
For costs outside the reactor complex, such as for development and test facilities, the designers shall
14
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provide the information noted under Section A.4.5.1. In any case, do not include the DOE costs to meet the
feedstock requirements (See Section A.4.4.2.4).

A.4.5.3 Cash Flow
Description:
Distinguish the cash flow requirements between inside and outside the complex. See Figure Al 1 in the
Attachment

A.4.6 SCHEDULES
Description:
This section deals with the schedules associated with bringing the reactor complex on-line to process the
100MT of Pu and to produce electricity, and tritium. The designer shall consider the following milestones:

Incorporates System Requirements):
A.4.6.1 - Schedules - Inside Complex
A.4.6.2 - Schedules - Outside Complex

A A.6.1 Schedules - Inside Complex
Description:
A.4.6.1.1 SAEETY/ENVIRONMENTAL/REGULATORY SCHEDULE
This category includes such activities as the preparation of a PRA, an EIS, the PSAR and FSAR and
permitting.
A.4.6.1.2

R&D

R&D includes experimental programs, analytical modeling, test equipment and component testing
programs, confirmatory safety tests and analyses, associated validation and verification, and peer reviews
necessary to assure that technology objectives have been met.
A.4.6.1.3

DESIGN

Conceptual, and Titles I, II and m design, including a reflection of the uncertainties in the design, the
delineation of DBEs, BDBEs, and PRA efforts.
A.4.6.1.4

CONSTRUCTION

Construction to include site preparation.

A.4.6.1.5 PRE-OPERATIONAL CHECK OUT AND START-UP TESTING
A.4.6.1.6 REACTOR START-UP, DEMONSTRATION, INITIAL OPERATION PHASE
(APPROX. ONE YEAR)
15
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A.4.6.1.7 REACTOR COMPLEX OPERATIONS
A.4.6.1.8 TRITIUM CONVERSION AND TRITIUM PRODUCTION

A.4.6.2 Schedules - Outside Complex
Description:
For facilities' schedules and milestones outside the reactor complex, such as for development and test
purposes, the designer shall consider the milestones noted under Section A.4.6.1.

A.5.0 OTHER CONSIDERATIONS
Description:
The following .. .-er considerations shall be addressed:
Incorporates System Requirement(s):
A.5.1 - Development Strategies
A.5.2 - Challenges
Source Document:
Basic Reqmts Doc

A.5.1 Development Strategies
Description:
The deployment strategy outlined in the previous sections envisions one or more large reactor complexes,
probably located on Federal land and wholly supported by Federal funding. Designers are requested to
discuss and describe any other possible deployment strategies that could be considered within the U.S. or
outside the U.S., through international cooperation, etc.

A.5.2 Challenges
Description:
The designer shall identify the 10 most difficult challenges (e.g., development requests, licensing approval,
etc.) that would be faced if the alternative were to be pursued.

16
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Decisions that trace from

4 Issues & Decisions
Criticalhsues

Issue: A.3.2 - Waste repository requirements
Originator: System User
Origination Date: 8 September 1993
Description:
The customer waste repository requirements that the output spent fuel must meet are not clearly defined.
Traced From:
SystemRequirement: A.3.2.1.2 - Objective

Issue: A3.7 - Tritium production goal
Originator: System User
Origination Date: 8 September 1993
Description:
The customer requirement is stated relative to the production goal for the NPR Program as of November
1989, but is not quantified.
Traced From:
SystemRequirement: A.3.7 - Tritium Production

Issue: A.4.1 - Sensitive technology
Originator: System User
Origination Date: 8 September 1993
Description:
The customer requirement to safeguard "sensitive technology" and "related nuclear weapons technology"
must be clarified to have specific, identifiable information and/or components.
Traced From:
SystemRequirement: A.4.1 - SAFEGUARDS

Decisions that do not trace from Critical Issues
Decision: Wet scrap recovery
18
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Approved By: System User
Approval Date: 3 September 1993
Problem:

Alternatives:

Choice:

Traces To:
TimeFunction: 3.1.3.2-Perfonn wet recoveiy
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5 Hierarchical Function List
1 Ancillary support
2 Convert PuM to PuO2
2.1 Perform PuM conversion
2.1.1 Receive & confinn PuM cask
2.1.2 Place in PuM Inventory
2.1.3 Verify temp storage
2.1.4 send PuM batch to conv
2.1.5 Transform PuM to PuO2
2.1.6 Grind PuO2
2.1.7 Place PuO2 batch in temp storage
2.1.8 Enough to blend?
2.1.9 Verify'" i storage
2.1.10 Blend PuO2 batches for uniformity
2.1.11 Place PuO2 blend in inventory
2.1.12 Enough to package ?
2.1.13 verify cask storage
2.1.14 Send blended batch to Pkg
2.1.15 Package PuO2 into storage containers
2.1.16 Place PuO2 cask in inventory
2.1.17 Ship PuO2 cask ?
2.1.18 sendout PuO2 cask
2.2 Handle scrap/waste-2
2.3 Control conversion process
2.3.1 check feedstock
2.3.2 Request PuM feed
2.3.3 Check PuO2 casks
2.3.4 Output PuO2 cask
2.4 Safeguard conversion process
3 Transform PuO2 to high BU fuel
3.1.1 Fab MOX ceramics
3.1.1.1 fab MOX-Gd pellets
3.1.1.2 fab MOX pellets
3.1.1.2.1 weigh U/PuO2
3.1.1.2.2 blend/split MOX
3.1.1.2.3 mill/granulate MOX
3.1.1.2.4 press MOX
3.1.1.2.5 sinter MOX
3.1.1.2.6 density check MOX
3.1.1.2.7 Shape pellets (grinder)
3.1.1.2.8 sample & inspect MOX pellets
3.1.1.2.9 MOX pellet storage
3.1.1.2.10 pellet to MOX scrap
3.1.1.2.11 Reject MOX sinter scrap
3.1.1.3 Transfer MOX powders??
3.1.1.4 Wait for inventory
20
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3.1.1.5 Transport powders
3.1.1.6 Reclaim treated fuel scrap
3.1.1.6.1 Identify recovered scrap
3.1.1.6.2 Recycle green MOX scrap
3.1.1.6.3 Recycle green MOXG scrap
3.1.1.6.4 Recovered PuO2
3.1.1.7 Handle MOX feedstocks
3.1.1.7.1 receive MOX feedstocks
3.1.1.7.2 Wait forPuO2 stock
3.1.1.7.3 store PuO2&UO2
3.1.2 Fab mechanical as'y
3.1.2.1 Repeive & store hardware
3.1.2.2 Fab & accept rods
3.1.2.2.1 Acquire pellets & hardware from storage
3.1.2.2.2 time delay for pellet fab
3.1.2.2.3 Load fuel rod
3.1.2.2.4 Verify rod weight
3.1.2.2.5 Final weld
3.1.2.2.6 Verify rod against specs
3.1.2.2.7 Send to rod rework
3.1.2.2.8 Place in rod storage
3.1.2.2.9 Rework rods
3.1.2.2.10 Reclaim pellets
3.1.2.2.11 Send bad pellets to scrap
3.1.2.2.12 Replace in inventory
3.1.2.2.13 Send rework rod to storage
3.1.2.3 Store OK rods
3.1.2.4 Fab & verify fuel bundles
3.1.2.4.1 Acquire rods & hardware
3.1.2.4.2 Assemble bundle
3.1.2.4.3 Verify bundle specs
3.1.2.4.4 Transport to bundle storage
3.1.2.4.5 Send to bundle rework
3.1.2.4.6 time delay for rod fab
3.1.3 Handle scrap/waste-31
3.1.3.1 Collect Pu scrap
3.1.3.1.1 Receive & sort scrap/waste
3.1.3.1.2 Store loader scrap
3.1.3.1.3 Store pellet scrap

3.1.3.1.4 Store sinter scrap
3.1.3.1.5 Store swarf scrap
3.1.3.1.6 Store bad reclaimed pellets
3.1.3.1.7 Test Pu scrap inventory
3.1.3.1.8 Wait for more scrap
3.1.3.1.9 Send to wet recovery
3.1.3.2 Perform wet recovery
3.1.3.2.1 Crush materials
3.1.3.2.2 Dissolve materials
3.1.3.2.3 Perform 'misif treatment
3.1.3.2.4 Transfer to"recovery column
3.1.3.2.5 Chemical recovery column
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5 Hierarchical Function list
3.1.3.2.6 Convert to powder
3.1.3.2.7 Reduce
3.1.3.2.8 Unload PuO2 boat
3.1.3.2.9 Transport recovered PuO2 to Fab
3.1.3.2.10 Treat recovery waste
3.1.3.2.10.1 Collect solid wastes
3.1.3.2.10.2 Patrition & Package solids
3.1.3.2.10.3 Transfer solid waste
3.1.3.2.10.4 Collect liquid wastes
3.1.3.2.10.5 Solidify waste
3.1.3.2.10.6 Package for storage/ship
3.1.3.2.10.7 Transfer solidified waste
3.1.3.2.10.8 Collect gas waste
3.1.3.2.10.9 Filter gases
3.1.3.2.10.10 Release via stack
3.1.3.2.10.11 Transfer used filters
3.1.3.3 Perform waste disposal
3.1.4 Store & Ship MOX bundles
3.1.4.1 Accept zero BU bundle
3.1.4.2 Login bundle inventory
3.1.4.3 Zero BU fuel shipment control
3.1.4.4 Wait for zero BU fuel
3.1.4.5 Ship 20 bundles
3.1.5 Control bundle fab
3.1.6 Safeguard bundle fab
3.2 Operate reactor site
3.2.1 Operate ABWR
3.2.1.1 Spent Fuel Storage
3.2.1.2 Initialize reactor operation
3.2.1.3 Load reactor fuel
3.2.1.3.1 Select load per cycle count
3.2.1.3.2 Obtain fresh core load
3.2.1.3.3 Load fresh core
3.2.1.3.4 Select reload source
3.2.1.3.5 Obtain fresh reload
3.2.1.3.6 Reload with fresh fuel
3.2.1.3.7 Reload spent fuel
3.2.1.4 Reactor burn cycle
3.2.1.5 Unload reactor fuel

3.2.1.6 Store new fuel
3.2.2 Control reactor complex
3.2.2.1 Reactor startup logic
3.2.2.2 Reactor #1 startup
3.2.2.3 Login zero BU fuel
3.2.2.3.1 Receive & inspect new fuel
3.2.2.3.2 OK for site login
3.2.2.3.3 Reject fuel to rework
3.2.2.3.4 Fuel login for site
3.2.2.3.5 Check site fuel inventory
3.2.2.3.6 Set reactor unit & load size
3.2.2.3.7 fuel allocation
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3.2.2.3.7.1 Set number of transfers
3.2.2.3.7.2 Confirm fuel inventory
3.2.2.3.7.3 Wait for more fuel
3.2.2.3.7.4 Allocate to reactor
3.3 Output Electrical Power
3.4 Tritium production (Option)
4 Supply Strategic Mat
4.1 Supply Pu metal
4.1.1 Breakup weapons
4.1.2 Process & package in container
4.1.3 Place container in inventory
4.1.4 PuW feedstock .GE. 20?
4.1.5 Notify control function
4.1.6 Handle scrap/waste-4
4.1.7 ShipPuMcask?
4.1.8 sendout PuM cask
4.2 Supply Other Strategic Mat
4.3 Control Supply Process
4.3.1 Monitor feedstock
4.3.2 notify safeguards
4.3.3 Check PuM containers
4.3.4 verify feedstock supply
4.3.5 Tell safeguards
4.3.6 PuW stock depleted
4.3.7 Wait for new containers
4.3.8 order PuM shipment
4.3.9 Monitor Other Strategic Materials
4.4 Safeguard Strategic Mat
5 Permanent waste storage
6 Top Supervisory Control
7 Provide DOE Safeguards
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p.l anc support 1
Description:
All of the top level support processes not uniquely identified in tbe model. For example, supply of utilities
to the site, environmental sources & sinks, non-strategic materials, etc.

p.2 convert PuM
Description:
overall conversion process for PuM to PuO2

p.3 xform PuO2
Description:
Overall process to turn PuO2 into highly diversion resistant irradiated fuel bundles.

p.4 strategic supply
Description:
Process for providing the necessary strategic materials to the disposition infastructure.

p.5

permstorePu
Description:
The process of accepting the HBU fuel bundles into the DOE HLW facility.

p.6

supcntrll
Description:
Top level process to control the entire Pu disposition infrastructure.

p.7 doe safeguards
Description:
Top level process for DOE safeguards for the entire Pu disposition infrastructure.

1 Ancillary support
Description:
Provides all support functions not specifically identified, including:
- Utilities
- Hazardous material disposal (non-radioactive)
- Environment interfaces
- low level waste repository
26
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2 Convert PuM to PuO2
Description:
This is the conversion process for weapons grade Pu to acceptable PuO2 powder.
The function is carried out in a separate facility by DOE, OR possibly at the Reactor
Complex.
Inputs:
Pu metal shipment
source: 4 - Supply Strategic Mat
(Allocated Onto: External System: DOE Strategic Materials Sys)
source: 4.1 - Supply Pu metal
source: 4.1.8- sendout PuM cask
Outputs:

PuO2 shipment
destination: 3 - Transform PuO2 to high BUfitel
(Allocated Onto: System: PuO2 Transform Sys)
destination: System Segment: 3.1 Fuel Fabrication Facility
destination: 3.1.1 - Fab MOX ceramics
destination: 3.1.1.7 - Handle MOX feedstocks
destination: 3.1.1.7.1 - receive MOX feedstocks

Request Pu metal shipment
destination: 4 - Supply Strategic Mat
(Allocated Onto: External System: DOE Strategic Materials Sys)
destination: 4.3 - Control Supply Process
destination: 4.3.3 - Check PuM containers

3 Transform PuO2 to high BU fuel
Description:
This is the main function of the Reactor Complex. It accepts PuO2 from the DOE, creates MOX
fuel bundles, and burns them in an ABWR. The ouput is highly diversion resistant irradiated fuel bundles
for permanent DOE storage in a HLW Facility. A By-product is sellable electric power which is fed to a
utility grid.
Allocated to Component:
System: PuO2 Transform Sys
Inputs:
PuO2 shipment
source: 2 • Convert PuM to PuO2
source: 2.1 - Perform PuM conversion
(Allocated Onto: External System: PuM Conversion Sys)
source: 2.1.18 - sendout PuO2 cask

4 Supply Strategic Mat
Description:
This function is the supply of necessary strategic materials under DOE control. This includes the principal
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PuW as well as niobium, berrylium, boron carbide etc.
Allocated to Component:
External System: DOE Strategic Materials Sys
Inputs:
Request Pu metal shipment
source: 2 - Convert PuM to PuO2
source: 23 - Control conversion process
source: 232 -Request PuM feed
Outputs:

Pu metal shipment
destination: 2 - Convert PuM to PuO2
destination: 2.1 - Perform PuM conversion
(Allocated Onto: External System: PuM Conversion Sys)
destination: 2.1.1 - Receive & confirm PuM cask

5 Permanent waste storage
Description:
This function is to accept and peimanetly store the ABWR irradiated fuel bundles (HBUF) at
a qualified DOE site. It includes any DOE supplied fuel transfer casks and the transfer mechanism.

Allocated to Component:
External System: DOE Waste Repository
Inputs:

HLWCask
source: 32.1.1 - Spent Fuel Storage

6 Top Supervisory Control
Description:
This is the top level control function for the PuW disposal processes. It functions based on higher
authority permissives via the Pu Safeguards function.
NOTE: It is yet to be decomposed in the model. Probably In phase two of the contract.
Allocated to Component:
External System: Pu Disposition Supervisory Control Sys

7 Provide DOE Safeguards
Description:
This function represents the top level DOE controlled safeguards of the Pu material and
technologies. It has the highest decision making authority, as represented in the RDD model by
the message priorities. This function is assumed to be under DOE control at all times.
NOTE: It is yet to be decomposed in the model. Probably In phase two of the contract.
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Allocated to Component:
External System: Safeguard Sys
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p.2.1 conv process
Description:
Physical processes to convert Pu Metal to Pu oxide.

p.2.2

scraplwaste-2

Description:
Process containing functions to handle scrap & waste.

p.2.3

conv control

Description:
Local control of the conv process, and external interfaces.

p.2.4

conv safegds

Description:
Local control of the materials safeguards, and external interfaces.

2.1 Perform PuM conversion
Description:
The top level function to perform the conversion of Pu metal into PuO2 acceptable to the Fuel Fabrication
process requirements for making mixed oxide (MOX) fuel pellets.
Allocated to Component:
External System: PuM Conversion Sys
Inputs:
Pu metal shipment
source: 4 - Supply Strategic Mat
(Allocated Onto: External System: DOE Strategic Materials Sys)
source: 4.1 - Supply Pu metal
source: 4.1.8 - sendout PuM cask

Ship PuO2 message
source: 2.3 - Control conversion process
source: 2.3.4 • Output PuO2 cask
Outputs:
PuO2 shipment
destination: 3 - Transform PuO2 to high BUfuel
(Allocated Onto: System: PuO2 Transform Sys)
destination: System Segment: 3.1 Fuel Fabrication Facility
destination: 3.1.1 - Fab MOX ceramics
destination: 3.1.1.7 - Handle MOX feedstocks
destination: 3.1.1.7.1 - receive MOX feedstocks
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2.2 Handle scrap/waste-2
Description:
Scrap and waste handling at the Pu metal conversion functional level. TMs function will also deal with any
chemicals or solid waste generated during fuel processing.

2.3 Control conversion process
Description:
Overall control function for the Pu metal to PuO2 processes.
Outputs:
Request Pu metal shipment
destination: 4 - Supply Strategic Mat
(Allocated Onto: External System: DOE Strategic Materials Sys)
destination: 4.3 - Control Supply Process
destinatio ,.3.3 - Check PuM containers

Ship PuO2 message
destination: 2.1 - Perform PuM conversion
(Allocated Onto: External System: PuM Conversion Sys)
destination: 2.1.17 - Ship PuO2 cask ?

2.4 Safeguard conversion process
Description:
This is the top level safeguards function. It is yet to be decomposed in the model. Probably in phase two of
the contract.
Traced From:
SystemRequirement: A.3.6.4.a - Secured storage (type)
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p.2.1.1 receive PuM
Description:
Process containing functions to receive & handle new PuM shipments.
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p.2.1.2 conv PuM batch
Description:
This process takes the PuM, converts it to PuO2, blends several batches, and stocks it in an inventory until
the 'Pkg & Ship' function has room in it's inventory to accept it.

p.2.13 pkg & Ship PuO2
Description:
Process containing functions to obtain the blended PuO2 batches, package in storage containers & ship in
casks when requested. Otherwise keep containers in inventory.

p.2.1.3.1 pkg
Description:
Process containing the parallel packaging and inventory function for the parent process. This avoids
conflicts in incomming messages to the combined "Pkg & Ship" process.

p.2.1.3.2 ship
Description:
Process in parallel with shipping function for the parent process. This avoids conflicts in incomming
messages to the combined "Pkg & Ship" process.

2.1.1 Receive & confirm PuM cask
Description:
This function receives the PuM cask from the gov't entity, verifies it's contents and accepts it for the
Conversion Facility process.
Inputs:
Pu metal shipment
source: 4 - Supply Strategic Mat
(Allocated Onto: External System: DOE Strategic Materials Sys)
source: 4.1 - Supply Pu metal
source: 4.1.8 - sendout PuM cask

2.1.2 Place in PuM Inventory
Description:
The materials are logged into the inventory and held for transfer to the conversion process line, when
capacity is available.

2.1.3 Verify temp storage
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Description:
Checks the amount of PuO2 mass in temp storage to see if more material should be transferred; based on
User Code conditional expression on resourceAmount "PuO2 temp inventory"
Completion Criterion:
storage full
storage ok

2.1.4 sendPuM batch to conv
Description:
Two batches of material are logged out of the receiving area and transported to the conversion area via the
PuM conveyor.
Outputs:
2 PuM batches

. destination: 2.1.5 - Transform PuM to PuO2

2.1.5 Transform PuM to PuO2
Description:
This is the set of functions required to convert the PuM material into the proper PuO2 quatity and
characteristics.
Inputs:
2 PuM batches

source: 2.1.4 - send PuM batch to conv

2.1.6 GrindPuO2
Description:
The PuO2 is ground to the required size specification, and any chunks removed for re-grinding or to the
scrap process, (undefined at this time).

2.1.7 Place PuO2 batch in temp storage
Description:
This function accepts the produced PuO2 and logs it into the temp storage inventory. If enough space is
available it sends a message to the receiving process to send more PuM for conversion. This is done by
User Code to test the current inventory against the specified maximum capacity.

2.1.8 Enough to blend?
Description:
Test the PuO2 temporary inventory to see if there is sufficient mass to blend 5 batches, or lOOKg of
material
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Completion Criterion:
low inventory
mass ok

2.1.9 Verify blend storage
Description:
Checks to see if sufficient storage space is available before blending 5 batches.
Completion Criterion:
storage full
storage ok

2.1.10 Blend PuO2 batches for uniformity
Description:
Five (5) batches ^ e caken from the temp inventory and blended together to mitigate batch-to-batch
variations.

2.1.11 Place PuO2 blend in inventory
Description:
This function accepts the blended PuO2 and logs it into the blend storage inventory.

2.1.12 Enough to package ?
Description:
Test the PuO2 blended inventory to see if there is sufficient mass to send 5 batches, or lOOKg of material to
the packaging function.
Completion Criterion:
low inventory
mass ok

2.1.13 verify cask storage
Description:
Checks to see if sufficient cask storage space is available before transfer of 5 batches, into the specified 100
batch maximum inventory.
Completion Criterion:
storage full
storage ok

2.1.14 Send blended batch to Pkg
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Description:
Five (5) batches of material are logged out of the blend storage area and transported to the package & ship
area via the PuO2 conveyor.
Outputs:

5 PuO2 batches
destination: 2.1.15 - Package PuO2 into storage containers

2.1.15 Package PuO2 into storage containers
Description:
The material is inspected, verified and packaged into storage containers compatible with the PuO2 shipping
cask. Each container holds 20 Kg, two containers per cask
Completion Criterion:
bypass
into storage
Inputs:
5 PuO2 batches
source: 2.1.14 • Send blended batch to Pkg

2.1.16 Place PuO2 cask in inventory
Description:
This function accepts the packaged PuO2 and logs it into the cask storage inventory.

2.1.17 Ship PuO2 cask ?
Description:
This function is triggered by a message from the "conversion control", and would ship five PuO2 shipping
casks with 10 containers (200 Kg) of PuO2 to the "Transform PuO2" function. If there is less than 10
containers in cask inventory, the 'ship' function is bypassed. Also, if a message to send is not in the que,
the function is not activated.
Completion Criterion:
low inventory
no ship request
ship PuO2
Inputs:
Ship PuO2 message
source: 2.3 - Control conversion process
source: 2.3.4 - Output PuO2 cask

2.1.18 sendout PuO2 cask
Description:
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Verify, document and ship the five PuO2 casks to the Fuel Fab Facility receiving function.
After the shipment is completed, the resource variable "PuO2 cask Inventory" is updated by subtracting 10
containers, or 200 Kg.
Outputs:

PuO2 shipment
destination: 3 - Transform PuO2 to high BUfuel
(Allocated Onto: System: PuO2 Transform Sys)
destination: System Segment: 3.1 Fuel Fabrication Facility
destination: 3.1.1 - Fab MOX ceramics
destination: 3.1.1.7 - Handle MOX feedstocks
destination: 3.1.1.7.1 - receive MOX feedstocks
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p.2.3.1 feed cntrl
Description:
Process containing functions to control the PuM feedstock.
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p.2.3.2 PuO2 cask cntrl
Description:
Process containing functions to control the PuO2 casks.

2.3.1 check feedstock
Description:
This function checks to see if more PuM feed stock is required by looking at the current PuM batch
inventory Resource. If inventory is low it goes to a function to request more Pu metal from the Strategic
Supply Facility.
Completion Criterion:
need stock
storage ok

2.3.2 Request PuM feed
Description:
Sends msg back to Strategic Supply requesting more Pu metal. It is a function input to the Supply
control function. ( Msg content is "need PuM")
Outputs:
Request Pu metal shipment
destination: 4 - Supply Strategic Mat
(Allocated Onto: External System: DOE Strategic Materials Sys)
destination: 4.3 - Control Supply Process
destination: 4.3.3 - Check PuM containers

2.3.3 Check PuO2 casks
Description:
This function checks to see if sufficient PuO2 containers are available for cask shipment by
looking at the current 'PuO2 cask inventory' Resource. If inventory is sufficient it transfers the
process to a function to send command to ship the cask.
Completion Criterion:
low inventory
ship PuO2

2.3.4 Output PuO2 cask
Description:
This sends the command to the PuO2 cask shipping function.
Outputs:
Ship PuO2 message
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destination: 2.1 - Perform PuM conversion
(Allocated Onto: External System: PuM Conversion Sys)
destination: 2.1.17 • Ship PuO2 cask ?
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p.3.1 fab new fuel
Description:
Process containing fuel fab functions.
p.3.2

operate reactor site

Description:
Process containing reactor site functions.

p.3.3

electrical power

Description:
Process containing the functions to produce electrical power from the reactor heat output.

p.3.4

make tritium

Description:
Process containing the functions to produce tritium from the reactor operations.

3.1 Fab MOX bundles
Description:
Overall fuel fabrication function ending with qualified fuel bundles being stored and then shipped to the
reactor plant. Includes both MOX and MOX/Gd2O3 bundles, although only the MOX process is detailed.
Traced From:
SystemRequirement: A.3.6.3 - Fuel fabrication
Allocated to Component:
System Segment: Fuel Fabrication Facility
Inputs:
PuO2 shipment
source: 2 - Convert PuM to PuO2
source: 2.1 - Perform PuM conversion
(Allocated Onto: External System: PuM Conversion Sys)
source: 2.1.18 - sendout PuO2 cask

Request ZBUF
source: 32 - Operate reactor site
(Allocated Onto: System Segment: Reactor Plant)
source: 3 22.3.S - Check site fuel inventory
Outputs:

ZBUFXfer
destination: 3.2 - Operate reactor site
(Allocated Onto: System Segment: Reactor Plant)
destination: 3.2.2.3 - Login zero BU fuel
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destination: 3.2.2.3.1 -Receive & inspect new fuel

3.2 Operate reactor site
Description:
Operation of the reactor site, which may include multiple Rx's in a future study.
Allocated to Component:
System Segment: Reactor Plant
Inputs:

ZBUFXfer
source: System Segment: 3.1 Fuel Fabrication Facility
source: 3.1.4 - Store & Ship MOX bundles
source: 3.1.4.5 - Ship 20 bundles
Outputs:

Request ZBU
destination: System Segment: 3.1 Fuel Fabrication Facility
destination: 3.1.4 - Store & Ship MOX bundles
destination: 3.1.4.3 - Zero BUfuel shipment control

3.3 Output Electrical Power
Description:
This function collects the generated thermal power from the operating reactors), processes it and outputs
electrical power to a utility grid. The amount of electric power is treated as a resource for later economic
studies.
Allocated to Component:
System Segment: Reactor Plant

3.4 Tritium production (Option)
Description:
This function represents the program option for tritium production. It will not be further decomposed in this
study.
Traced From:
SystemRequirement: A.3.7 - Tritium Production
SystemRequirement: A.4.3.2 - Tritium production
Allocated to Component:
System Segment: Reactor Plant
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p.3.1.1.1 fabMOX/Gd
Description:
Process containing MOX gadolinia fuel pellet fab functions.

p.3.1.1.2 fab MOX
Description:
Process containing MOX fuel pellet fab functions.

p.3.1.1.3 xfer pwdr to fab
Description:
Process containing functions to check powder storage and supply them to pellet fab lines.

p.3.1.1.4 recover scrap
Description:
Process containing MOX functions to recede green scrap back to fab.

p.3.1.1.5 MOX feed materials
Description:
Process containing fuel pellet fab feedstock receive & storage functions.

3.1.1.1 fab MOX-Gd pellets
Description:
This is the overall MOX/Gd pellet fab process which is similar to the MOX fab process.

3.1.1.2 fab MOX pellets
Description:
The overall function of creating acceptable MOX pellets from the PuO2 & UO2 powders.
Inputs:
Mixed oxide powders
source: 3.1.1.5 - Transport powders

3.1.1.3 Transfer MOX powders??
Description:
Checks Pu and Uranium fuel powder inventories, and if sufficient sends powders to the pellet fab process.
The powders are sent to the MOX pellet process line in 16 Kg batches, via Discreteltem 'MOX powders".
Completion Criterion:
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low inventory
mass ok

3.1.1.4 Wait for inventory
Description:
A time delay to indicate that shipments are spaced, and it takes time to place new material in inventory.

3.1.1.5 Transport powders
Description:
This function removes the appropriate ratios of Pu and U oxide powders from inventory and transports
them to the pellet fab line, over Itemlink 'Mixed oxide powder convyr'.
Outputs:
Mixed oxide powders
destination: 3.1.12 -fab MOX pellets
destination: 3.1.12.1 - weigh VlPuO2

3.1.1.6 Reclaim treated fuel scrap
Description:
Top level function to identify, accept and store green MOX & PuO2 reclaimed from fuel scrap.

3.1.1.7 Handle MOX feedstocks
Description:
The top level function to accept, store and distribute all feedstocks needed in the production of MOX
ceramics.
Inputs:
PuO2 shipment
source: 2 - Convert PuM to PuO2
source: 2.1 • Perform PuM conversion
(Allocated Onto: External System: PuM Conversion Sys)
source: 2.1.18 - sendout PuO2 cask
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FIGURE 6-7 Behavior Model for "fab MOX pellets"
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3.1.1.2.1 weigh U/PuO2
Description:
The PuO2 & UO2 are weighed to the specified amounts for the batch pellet fabrication process.
To track the Pu we assume a new Resource is created as MOX powder with PuO2 at 3% of the mass.
Hence each 16 Kg transfer of MOX powders consumes 16.0*0.03 = 0.48 Kg of PuO2 powder.
Inputs:
Mixed oxide powders
source: 3.1.IS - Transport powders

3.1.1.2.2 blend/split MOX
Description:
the material is blende ^ d particles split to the MOX fuel specification.

3.1.1.2.3 mill/granulate MOX
Description:
the material is milled and granulated to the MOX fuel specification.

3.1.1.2.4 press MOX
Description:
The MOX powder is pressed into the pellet form. A set 0.008 fraction of a 3% PuO2 16 kg batch is
assumed to be green scrap, based on Mike Petski UO2 fab cost flow (Fig 7), and sent back into the
fabrication process via Timeltem "MOX green scrap".
Outputs:
MOX green scrap
destination: 3.1.1.6.1 - Identify recovered scrap

3.1.1.2.5 sinter MOX
Description:
The pellets are sintered in an inert atmosphere furnace to achieve proper density. A group of pellets is
contained in a 'boat' and treated as an integral group beyond this point.

3.1.1.2.6 density check MOX
Description:
The sintered pellets are checked to be within the specified density tolerance band, and if too low
in density, will be re-introduced into the sintering function. Pellets which are within a narrow band
of the acceptable limits MAY be accepted based on concensus among Engineering, QA, Fuels
and the Custormer. At the exit of this function it is assumed that the pellets are either accepted or
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rejected.
Completion Criterion:
pass density test
reject

3.1.1.2.7 Shape pellets (grinder)
Description:
The accepted pellets are shaped to the specified dimensions by a grinding operation. The water and swarf
are sent to the wet recovery process at a fixed fraction of throughput. The current value from Mike Petski is
0.02.
Outputs:
MOX grinder scrap
destination: 3.1.3.1 - Collect Pu scrap
destination: 3.1.3.1.1 - Receive & sort scrap/waste

3.1.1.2.8 sample &. inspect MOX pellets
Description:
The pellets are sampled and inspected for final acceptance into storage, and either accepted or
rejected. Pellets which are within a narrow band of the acceptable limits MAY be accepted based
on concensus among Engineering, QA, Fuels and the Custormer. At the exit of this function it is
assumed that the pellets are either accepted or rejected.
Completion Criterion:
pass pellet test
reject

3.1.1.2.9 MOX pellet storage
Description:
Place accepted MOX pellets into storage, ready for use in rod fab process.

3.1.1.2.10 pellet to MOX scrap
Description:
Ground fuel pellet failed final inspection. It is sent to wet recovery process.
Outputs:
MOX pellet scrap
destination: 3.1.3.1 - Collect Pu scrap
destination: 3.1.3.1.1 - Receive & sort scrap/waste

3.1.1.2.11 Reject MOX sinter scrap
Description:
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The sintered pellets which are rejected are sent to the scrap wet recovery process.
Outputs:
MOX sinter scrap
destination: 3.1.3.1 - Collect Pu scrap
destination: 3.1.3'J.1 -Receive & sort scrap/waste
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3.1.1.6.1 Identify recovered scrap
Description:
Identify scrap by message content and select appropriate function to add scrap quantity to the PuO2 powder
inventory.
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Completion Criterion:
green MOX
green MOXG
wet PuO2
Inputs:

MOX green scrap
source: 3.1.12.4 -press MOX
Recovered PuO2
source: 3.1.32.9 - Transport recoveredPuO2 to Fab

3.1.1.6.2 Recycle green MOX scrap
Description:
Accept green scrap back into inventory and update ResourceAmount. Assume for now that the
enrichment is fixed at 3%, and in the future will be included in the message amount of PuO2
being recycled. In the plant the green material is probably reintroduced to the blending operation
with a consistant, o. ' !gher enrichment batch. (The current RDD model is not requiret1 to have this
level of fidelity.)

3.1.1.6.3 Recycle green MOXG scrap
Description:
Accept green scrap back into inventory and update ResourceAmount. Assume for now that the
enrichment is fixed at 3%, and in the future will be included ;n the message amount of PuO2
being recycled. In the plant the green material is probably reintroduced to the blending operation
with a consistant, or higher enrichment batch. (The current RDD model is not required to have this
level of fidelity.)

3.1.1.6.4 Recovered PuO2
Description:
Accept recovered PuO2 back into inventory and update ResourceAmount. It is assumed that no further
treatment is necessary for compatibility with the other PuO2 powder.
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FIGURE 6-9 Behavior Model for "Handle MOX feedstocks"

3.1.1.7.1 I
receive fdstocks
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3.1.1.7.3

Wait for PuO2
stock

AUTHOR:

NAME:

switick

new PuO2

Powder storage

NUMBER:

Hndl MOX stocks

3.1.1.7

3.1.1.7.1 receive MOX feedstocks
Description:
PuO2 and UO2 are received, inspected and accepted into the MOX powder storage. Info is sent to the Fuel
Fab Control & Safeguards functions to track the Special Nuclear Materials (SNM). At this time just the fab
process is detailed; the UO2 & Gd are assumed available in amounts required to feed the MOX production.
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Completion Criterion:
bypass
newPuO2
Inputs:
PuO2 shipment
source: 2 - Convert PuM to PuO2
source: 2.1 - Perform PuM conversion
(Allocated Onto: External System: PuM Conversion Sys)
source: 2.1.18 - sendout PuO2 cask

3.1.1.7.2 Wait for PuO2 stock
Description:
A time delay to indicate that shipments are spaced.

3.1.1.7.3 store PuO2 & UO2
Description:
The materials are placed in separate storage areas awaiting pellet fabrication. For now we assume that each
shipment is 200.0 kg of PuO2 powder to the FFF specification.

\
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p.3.1.2.1 parts
Description:
Acquire, check & store hardware parts required for assembly of fuel bundles. This is expected to NOT be a
critical path item, and is therefore not decomposed further in this timing model.

p.3.1.2.2 make rods
Description:
Assemble hardware and fuel pellets into fuel rods. Test and place accepted rods in storage for bundle
assembly. Handle rejected rods for rework.

p.3.1.2.3 store rods
Description:
Temporary storage and inventory control for fresh fuel rods; capacity sized at 12,000 rods. Rods are
received from "make rods" process and sent to "make bundles" process.

p.3.1.2.4 make bundls
Description:
Take rods and hardware out of storage areas and assemble fuel bundles. Bundles are stored at the next
higher functional level, in process "fab store" (3.1.4).

3.1.2.1 Receive & store hardware
Description:
Receive, test and store all parts required in the fabrication of fuel rods and bundles. Rejection of parts is a
part of this function but will not be further detailed at this time.

3.1.2.2 Fab & accept rods
Description:
Put pellets into tubes, weld and inspect to form rods. Perform final inspections & checks on the rods and
either send to rod storage OR reject to rework/scrap process.
Outputs:
1 Zero BU rod
destination: 3.1.2.3 - Store OK rods

Reworked rod
destination: 3.1.2.3 - Store OK rods

bad reclaimed pellets
destination: 3.1.3.1 - Collect Pu scrap
destination: 3.1.3.1.1 -Receive & sort scrap/waste

good reclaimed pellets

57

Unclassified

Unclassified
System Engineering Notebook

September 16,1993

6 System Functional Behavior Description

3.1.2.3 Store OK rods
Description:
Place the accepted rods in temporary storage until needed for bundle assembly. The capacity of this storage
area is TBD, but is set at 20 days throughput. The numbers from the phase 1A report are:: 60 rods/bndl x
10 bndl/day x 20 days = 12,000 rods storage capacity.
Inputs:
1 Zero B U rod
source: 3.12.2 - Fab & accept rods
source: 3.122.8 - Place in rod storage
Reworked rod
source: 3.122 - Fab & accept rods
source: 3.122.13 - Send rework rod to storage

3.1 2.4 Fab & verify fuel bundles
Description:
Put 60 tubes into bundle, weld and inspect to form fuel bundle assembly. Finally, check bundles
against the fuel specifications and either send it to bundle storage OR reject it to rework/scrap
process. (At the current time we shall assume 60 MOX rods, and not complicate the model with the
reality of two Gd levels and 4 PuO2 percentages.)
Outputs:
1 Zero B U bundle
destination: 3.1.4 - Store & Ship MOX bundles
destination: 3.1.4.1 • Accept zero BU bundle
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p. 3.1.2.2 J fab rods
Description:
Fab and inspect the rods.
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p.3.1.2.2.2 rework rods
Description:
Rework any rods which did not pass final inspection. Recover pellets if the rod cannot be reworked.

3.1.2.2.1 Acquire pellets & hardware from storage
Description:
Checks the pellet storage inventory to see if sufficient pellets are available to make a batch of
rods. If ok, exits by 'fdstock ok' branch and initiates rod fabrication. If storage inventory is not ok,
exits by 'low inventory' branch. The current batch of pellets for a rod fabrication run is set to 360,
and for now we shall not consider different enrichments.
Completion Criterion:
low inventory
rod fab

3.1.2.2.2 time delay for pellet fab
Description:
A system delay to await resupply of certified fuel pellets; set to 1.0 hour.

3.1.2.2.3 Load fuel rod
Description:
Place 360 pellets into a cladding tube with one end plug previously installed and marked with a
readable identifier tag. Per Mike Petski's scrap analysis (Fig 7), about 0.6% of the pellet mass is
generated as scrap from the nrtechanical handling process. This is collected and sent to the wet
recovery area via Time Item 'pellet loader scrap'.
Outputs:
MOX pellet loader scrap
destination: 3.1.3.1.1 -Receive & sort scrap/waste

3.1.2.2.4 Verify rod weight
Description:
Check weight against rod specification. If ok proceed. If NOT ok put rod/pellets into rod rework stream
which is TBD at this time.

3.1.2.2.5 Final weld
Description:
After decontamination, perform final weld in tungsten inert gas welder.

3.1.2.2.6 Verify rod against specs
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Description:
All final rods are verified against the fuel specifications, and the rod either accepted or rejected.
Completion Criterion:
pass rod specs
reject

3.1.2.2.7 Send to rod rework
. Description:
Rods which do not pass final inspection are sent to a special rework area for rework and/or recovery of
pellets, and their reintroduction into the pellet storage inventory.
Outputs:
bad rod
destination: 3.1.22.9 - Rework rods

3.1.2.2.8 Place in rod storage
Description:
Move rod to storage rack after proper encoding of identifying information.
Outputs:
1 Zero BU rod
destination: 3.1.2.3 - Store OK rods

3.1.2.2.9 Rework rods
Description:
Re-work of rods is performed herein with either.the rod repaired and placed in storage, or taken apart and
the pellets recovered.
Completion Criterion:
pass rework
reject
Inputs:
bad rod
source: 3.12.2.7 - Send to rod rework

3.1.2.2.10 Reclaim pellets
Description:
The pellets are removed from the No good rod, and inspected for further use. They are either sent back to
qualified pellet storage OR sent to wet recovery as scrap. The odds are set at 1 in 50 to scrap.
Completion Criterion:
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scrap pellets
use pellets

3.1.2.2.11 Send bad pellets to scrap
Description:
The reclaimed pellets cannot be used and are forwarded to the scrap recovery process. This process path is
set at 1 out of SO chance.
Outputs:
bad reclaimed pellets
destination: 3.1.3.1 - Collect Pu scrap
destination: 3.1.3.U -Receive & sort scrap/waste

3.1.2.2.12 Replace in inventory
Description:
The reclaimed pellets will be used and are forwarded to the qualified pellet storage. This process path is set
at a 49 out of SO chance.
Outputs:
good reclaimed pellets

3.1.2.2.13 Send rework rod to storage
Description:
After repairs the rod is sent to the qualified rod inventory.
Outputs:
Reworked rod
destination: 3.1.2.3 • Store OK rods
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FIGURE 6-12 Behavior Model for "Fab & verify fuel bundles11
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3.1.2.4.1 Acquire rods & hardware
Description:
If sufficient inventory exists initiate a fuel bundle assembly. Otherwise ejdt on " low inventory" and
recheck storage after a delay of 0.5 hours.
Completion Criterion:
bundle fab
low inventory

3.1.2.4.2 Assemble bundle
Description:
Put 60 tubes into bundle, weld and inspect to form fuel bundle assembly.

3.1.2.4.3 Verify bundle specs
Description:
All final bundle specifications are verified, and tv>e bundle either accepted or rejected.
Completion Criterion:
bundle ok
bundle reject

3.1.2.4.4 Transport to bundle storage
Description:
The accepted fuel bundle is transported to, and logged into the bundle storage inventory.
Outputs:
1 Zero BU bundle
destination: 3.1.4 - Store & Ship MOX bundles
destination: 3.1.4.1 - Accept zero BU bundle

3.1.2.4.5 Send to bundle rework
Description:
Rejected bundles are logged and tracedAransported to the rework function.

3.1.2.4.6 time delay for rod fab
Description:
A system delay to await resupply of certified fuel rods; set to 0.5 hour.
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p.3.1.3.1 waste; receive & store
Description:
Fabrication plant waste/scrap process relative to receiving from other fab processes, and the storage
associated with the waste and recovered materials.

p.3.1.3.2 wet recovery
Description:
The wet recovery process for the Pu and/or MOX material.

p.3.1.3.3 waste disposal
Description:
Disposal of waste & scrap external to the Fuel Fab Facility.

3.1.3.1 Collect Pu scrap
Description:
Top level function to collect Pu bearing scrap, store it and transport to wet recovery process when sufficient
amount exists.
Inputs:
MOX grinder scrap
source: 3.1.12.7 - Shape pellets (grinder)

MOX pellet scrap
source: 3.1.12.10 -pellet toMOXscrap

MOX sinter scrap
source: 3.1.12.11 - Reject MOX sinter scrap

bad reclaimed pellets
source: 3.122 - Fab & accept rods
source: 3.122.11 - Send bad pellets to scrap

3.1.3.2 Perform wet recovery
Description:
The overall process of recovery of PuO2 from the plutonium bearing scrap & waste items within the FFF.
The Phase 1A report, section 3.9, calls out the wet scrap recovery process.
Traced From:
Decision: Wet scrap recovery
Inputs:
Pu scrap
source: 3.13.1.9 - Send to wet recovery
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3.1.3.3 Perform waste disposal
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3.1.3.1.1 Receive & sort scrap!'waste
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Description:
This function will receive various Pu bearing scrap items, sort by type and store for wet recovery treatment
and/or disposal.
Completion Criterion:
MOX loader
MOX pellet
MOX sinter
MOX swarf
bad rod pellets
Inputs:
MOX grinder scrap
source: 3.1.12.7 - Shape pellets (grinder)

MOX pellet loader scrap
source: 3.1.223 -Loadfuel rod

MOX pellet scrap
source: 3.1.12.10 -pellet to MOX scrap

MOX sinter scrap
source: 3.1.12.11 - Reject MOX sinter scrap

bad reclaimed pellets
source: 3.122 - Fab & accept rods
source: 3.122.11 - Send bad pellets to scrap

3.1.3.1.2 Store loader scrap

3.1.3.1.3 Store pellet scrap
Description:
Login pellet scrap amount to inventory awaiting wet recovery treatment. Currently assumes a fixed Pu
content and amount. Will later figure out how to dynamically determine it based on probabilistic treatment
if fuel fab area. For now model uses Resource method to perform this function, with probability of scrap
generation bandied via exit from fab function.

3.1.3.1.4 Store sinter scrap
Description:
Login sinter scrap amount to inventory awaiting wet recovery treatment. Currently assumes a fixed Pu
content and amount. Will later figure out bow to dynamically determine it based on probabilistic treatment
if fuel fab area. For now model uses Resource method to perform this function, with probability of scrap
generation bandied via exit from fab function.

3.1.3.1.5 Store swarf scrap
Description:
Login swarf & water scrap amount to inventory awaiting wet recovery treatment. Currently assumes a fixed
Pu content and amount. Will later figure out how to dynamically determine it based on probabilistic
treatment if fuel fab area. For now model uses Resource method to perform this function, with probability
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of scrap generation handled via exit from fab function.

3.1.3.1.6 Store bad reclaimed pellets
Description:
Login pellet scrap amount to inventory awaiting wet recovery treatment. Currently assumes a fixed Pu
content and amount. Will later figure out how to dynamically determine it based on probabilistic treatment
if fuel fab area. For now model uses Resource method to perform this function, with probability of scrap
generation handled via exit from fab function.

3.1.3.1.7 Test Pu scrap inventory
Description:
Test the collected mass of pu bearing scrap (Resource = 'Pu bearing scrap'), and if .GE. 10 kg
send 10 kg to the crusher function to initiate the wet recovery process. The material is sent via the 'Pu scrap
conveyor' Itemlink.
Completion Criterion:
low inventory
mass ok

3.1.3.1.8 Wait for more scrap
Description:
Wait period for scrap inventory to increase; set to 1 hour.

3.1.3.1.9 Send to wet recovery
Description:
Collect 10 kg and initiate transfer via Pu scrap conveyor.
Outputs:
Pu scrap
destination: 3.1.3.2 - Perform wet recovery
destination: 3.1.32.1 - Crush materials
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p.3.1.3.2.1 crush/dissolve
Description:
Initial process in wet recovery

p.3.1.3.2.2 PulU recovery
Description:
Soultion based recovery process for the plutonium.

p.3.1.3.2.3 convlreduce
Description:
Conversion of recovered waste products to powdered form and its reduction to the oxide.

p.3.1.3.2.4 treat local waste
Description:
Local treatment to mitigate the unwanted end products of the Pu recovery column; solid, gas and liquids.

3.1.3.2.1 Crush materials
Description:
The incoming material is crushed prior to dissolving it in an acid bath. The Pu recovery process is done on
a batch basis, with separation by scrap/waste plutonium content.
Inputs:
Pu scrap
source: 3.1.3.1.9 - Send to wet recovery

3.1.3.2.2 Dissolve materials
Description:
The incoming crushed material is dissolved in the nitric acid, bath Parallel machines are employed to meet
thru put requirements. The recovery process is done on a batch basis, with separation by scrap/waste
plutonium content. If the material is not be totally dissolved after the allocated time, it is sent thru another,
different acid process via the 'need add'tl treatment' exit branch.
Completion Criterion:
dissolved
need add'tl treatment

3.1.3.2.3 Perform misc treatment
Description:
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A byrdofluric acid treatment is used to dissolve any remaining solids.

3.1.3.2.4 Transfer to recovery column
Description:
The recovery solution is transferred to the PuAJ recovery reaction column via a pipeline ItemLink.
Outputs:
Waste solution
destination: 3.1.32.5 • Chemical recovery column

3.1.3.2.5 Chemical recovery column
Inputs:
Waste solution
source: 3.1.3.2.4 <• Transfer to recovery column
Outputs:

Pu/U precipitate
destination: 3.1.32.6 - Convert to powder

waste gas
destination: 3.1.32.10 - Treat recovery waste
destination: 3.1.32.10.8 - Collect gas waste

waste liquid
destination: 3.1.3.2.10 - Treat recovery waste
destination: 3.1.32.10.4 • Collect liquid wastes

3.1.3.2.6 Convert to powder
Inputs:
Pu/U precipitate
source: 3.1.32.5 - Chemical recovery column

3.1.3.2.7 Reduce
3.1.3.2.8 Unload PuO2 boat
3.1.3.2.9 Transport recovered PuO2 to Fab
Description:
The recovered PuO2 is sent to the fab line storage via the scrap recovery function.
Outputs:
Recovered PuO2
destination: 3.1.1.6.1 -Identify recovered scrap
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3.L3.2.10 Treat recovery waste
Description:
Treatment processes for the waste products of the fuel fab recovery process. These are separated into solid,
liquid, and gaseous forms.
Inputs:
waste gas
source: 3.1.323 - Chemical recovery column

waste liquid
source: 3.1.32.5 - Chemical recovery column
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FIGURE 6-16 Behavior Modelfor "Treat recovery waste"
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p.3.1.3.2.4.1 solids
Description:
Process functions to treat solid waste.

p.3.1.3.2.4.2 liquids
Description:
Process functions to treat liquid waste.

p.3.1.3.2.4.3 gases
Description:
Process functions to treat gaseous waste.

3.1.3.2.10.1 Collect solid wastes
3.1.3.2.10.2 Patrition & Package solids
3.1.3.2.10.3 Transfer solid waste
3.1.3.2.10.4 Collect liquid wastes
Inputs:
waste liquid
source: 3.1.32.5 - Chemical recovery column

3.1.3.2.10.5 Solidify waste
3.1.3.2.10.6 Package for storage/ship
3.1.3.2.10.7 Transfer solidified waste
3.1.3.2.10.8 Collect gas waste
Inputs:
waste gas
source: 3.132.5 - Chemical recovery column

3.1.3.2.10.9 Filter gases
3.1.3.2.10.10 Release via stack
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3.1.3.2.10.11 Transfer used filters
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p'.3.1.4.1 store bndl
Description:
Process containing functions to accept and control inventory of ZBU MOX fuel bundles.

p.3.1.4.2 ship bndl
Description:
Process containing functions to check contents of bundle inventory & ship bundles (in response to reactor
facility request), via Timeltem "ZBUF Xfer".

3.1.4.1 Accept zero BU bundle
Description:
This function accepts a completed fresh fuel bundle from the fabrication process, confirms all information
and then sends it to the ZBU fuel bundle storage function.
Completion Criterion:
bypass
into storage
Inputs:
1 Zero BU bundle
source: 3.12 - Fab mechanical as'y
source: 3.12.4 - Fab & verify fuel bundles
source: 3.12.4.4 - Transport to bundle storage

3.1.4.2 Login bundle inventory
Description:
Login the bundle to local storage inventory.

3.1.4.3 Zero BU fuel shipment control
Description:
Focal point for shipment of ZBU fuel bundles. This function receives requests from reactor complex for
new fuel, checks bundle storage, and takes appropriate action.
Completion Criterion:
low inventory
ship zero BU fuel
Inputs:
Request ZBUF
source: 32 - Operate reactor site
(Allocated Onto: System Segment: Reactor Plant)
source: 322.3.5 - Check site fuel inventory
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3.1.4.4 Wait for zero BV fuel
Description:
Time delay to await new ZBU bundles in inventory to meet shipping request. Minimum time is one bundle
which takes about 3 hours.

3.1.4.5 Ship 20 bundles
Description:
Package 20 ZBU bundles and ship to reactor plant.
Outputs:

ZBUFXfer
destination: 3.2 • Operate reactor site
{Allocated Onto: System Segment: Reactor Plant)
destination: 3.2.2.3 - Login zero BV'fuel
destination: 3.2.2.3.1 - Receive & inspect new fuel
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p.3.2.1 rx plant operation
Description:
Overall process of reactor operation.

p.3.2.2 rxcntrl
Description:
Overall process of reactor control.

3.2.1 Operate ABWR
Description:
This function covers the acquisition of new fuel from storage, it's loading in the reactor, reactor burn cycle,
and the unloading of fuel for transfer to the spent fuel storage pool. This function can also load spent fuel
from the spent fuel pod for reload into the reactor to maximize the economic return once all the new fuel
has been exposed in the reactor, the choise is based on the number of completed reactor cycles.
Inputs:
new fuel xfer
source: 322.3.7 -fuel allocation
source: 322.3.7.4 -Allocate to reactor

startup msg
source: 3.22.2 - Reactor #7 startup

3.2.2 Control reactor complex
Description:
Top level function to control the reactor site processes.
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p.3.2.1.1 store spent fuel
Description:
Process containing reartor spent fuel storage, both spike & discharged.
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p.3.2.1.2 operate ABWR -1
Description:
Process containing functions for ABWR reactor number 1 operation.

p.3.2.1.3 new fuel store
Description:
Process containing reactor new fuel storage.

3.2.1.1 Spent Fuel Storage
Description:
This function accepts the discharged reactor fuel bundles in several categories for on-site storage, recycle
into the reactors, and final shipment to the DOE permanent disposal site.
Traced From:
SystemRequirement: A.3.6.4.b - Secured storage (time)
Inputs:
Reactor fuel transfer
source: 32.1.5 - Unload reactor fuel
Outputs:

HLWCask
destination: 5 - Permanent waste storage
(Allocated Onto: External System: DOE Waste Repository)

Pool fuel xfer
destination: 3.2.1.3 - Load reactor fuel
destination: 3.2.1.3.7 - Reload spent fuel

3.2.1.2 Initialize reactor operation
Description:
Initialize reactor operations via Timeltem 'start Rx' based on a message from control function to start;
when sufficient fuel is available in the new fuel storage pool.
Inputs:
startup msg
source: 3222 - Reactor #1 startup

3.2.1.3 Load reactor fuel
Description:
Covers the process of fuel load selection and loading into the reactor.
Inputs:
Pool fuel xfer
source: 32.1.1 - Spent Fuel Storage
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Outputs:
reload request
destination: 3.2.2.3 - Login zero BUfuel
destination: 3.2.23.6 - Set reactor unit & load size

whole core request
destination: 3.2.2.3 - Login zero BUfuel
destination: 3.2.2.3.6 - Set reactor unit & load size

3.2.1.4 Reactor burn cycle
Description:
This represents the reactor power production cycle which "bums" the fuel, and is currently set at
(167.3 - 35 days), or 3175 hours. The 35 days is allocated for fuel load & unloading operations.

3.2.1.5 Unload reactor fuel
Description:
Unload 384 bundles and place in spent fuel storage pool.
Outputs:
Reactor fuel transfer
destination: 3.2.1.1 - Spent Fuel Storage

3.2.1.6 Store new fuel
Description:
New fuel storage for the specific reactor. Rx loading is initially performed using this fuel inventory;
Resource — "Rxl new fuel". Maximum storage set at 1000 bundles. After all fuel has been cycled thru the
reactor once (17 operating cycles), fuel loading is from the spent fuel pool.
Inputs:
new fuel xfer
source: 322.3.7 -fuel allocation
source: 322.3.7.A -Allocate to reactor
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FIGURE 6-20 Behavior Model for "Load reactor fuel"
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Checks cycle number and requests fuel load from storage. If cycle = 1, then it's a new core of 872 bundles.
If cycle >1, it's a 384 bundle reload. This function is the first in the decision process with the actual fuel
load to follow.
Completion Criterion:
fresh core
reload

3.2.1.3.2 Obtain fresh core load
Description:
Assume Rx unit number 1, and obtain 872 fresh bundles from site new fuel storage via Timeltem "request
fresh core".
Outputs:
whole core request
destination: 3.2.2.3 - Login zero BUfuel
destination: 3.2.2.3.6 - Set reactor unit & load size

3.2.1.3.3 Loadfresh core
Description:
Iteratively proceed to load a new core with fresh fuel bundles.

3.2.1.3.4 Select reload source
Description:
Selects either new or spent fuel for the reload based on the cycle number. If the cycle is > 17 then the initial
spiking is completed and we reload from the spent fuel pool.
Completion Criterion:
Zero BUfuel
spent fuel

3.2.1.3.5 Obtain fresh reload
Description:
Identify Rx unit and obtain 384 fresh bundles from site new fuel storage via Timeltem "request fresh
reload".
Outputs:
reload request
destination: 3.2.2.3 - Login zero BUfuel
destination: 3.2.23.6 - Set reactor unit & load size

3.2.1.3.6 Reload with fresh fuel
Description:
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Perfonns a fresh fuel reload with fuel requested from the site inventory.

3.2.1.3.7 Reload spent fuel
Description:
Performs a spent fuel reload with fuel requested from the spent pool inventory.
Inputs:
Pool fuel xfer
source: 32.1.1 - Spent Fuel Storage
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p.3.2.2.1 rx startup
Description:
Process for reactor startup logic.

p.3.2.2.2 acquire ZBUF
Description:
Acquire and login the received ZBUF for allocation to reactor units.

3.2.2.1 Reactor startup logic
Description:
When the new fuel inventory exceeds 800 the reactor is ordered to startup.
(At the current time only one reactor will be started; this may change later in the study.)
Completion Criterion:
low inventory
startup

3.2.2.2 Reactor #7 startup
Description:
Sends msg to startup Rx number 1, then exits logic flow.

Outputs:
startup msg
destination: 3.2.1 - Operate ABWR
destination: 3.2.12 - Initialize reactor operation

3.2.2.3 Login zero BU fuel
Description:
To handle multiple reactors on one site, introduce this function to track received/accepted fuel bundles and
then allocate them to specific reactors.
Inputs:

ZBUFXfer
source: System Segment: 3.1 Fuel Fabrication Facility
source: 3.1.4 • Store &. Ship MOX bundles
source: 3.1.4.5 - Ship 20 bundles

reload request
source: 32.1.3 - Load reactor fuel
source: 32.1.3.5 - Obtain fresh reload

whole core request
source: 3.2.1.3 - Load reactor fuel
source: 32.1.32 - Obtain fresh core load
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p.3.2.2.2.1 receive ZBUF
Description:
Process to receive ZBUF from Fuel Fab Facility.

p.3.2.2.2.2 login ZBUF
Description:
login the received ZBUF for allocation to reactor unit.

p.3.2.2.2.3 allocate ZBUF
Description:
Allocate the received FFF fuel bundles to the operating reactors based on FIFO.

3.2.2.3.1 Receive & inspect new fuel
Description:
Fabricated ZBUF bundles are received and inspected for use in the reactor.
Completion Criterion:
Zero BU fuel ok
reject
Inputs:
ZBUFXfer
source: System Segment: 3.1 Fuel Fabrication Facility
source: 3.1.4 - Store & Ship MOX bundles
source: 3.1.4.5 - Ship 20 bundles

3.2.2.3.2 OK for site login
Description:
Function to transfer, via crane, the new fuel to the storage pool, (assume 2 bundles at 15 min each)
Outputs:
20 Zero BU to new
destination: 3.2.2.3.4 - Fuel login for site

3.2.2.3.3 Reject fuel to rework
Description:
The ZBUF bundle from the FFF is not acceptable in some way. The results of the functional path will be
addressed during phase 2 of the contract. The bundle IS NOT added to the new fuel storage. To reflect this
possibility the odds of this exit branch is set at 1/3000.
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3.2.2.3.4 Fuel login for site
Description:
The fuel is added to the computer inventory for allocation to a specific reactor where it will be placed in the
submerged storage racks. The function adds the value of the resourceAmount 'add new fuel' to the "Cmplx
new fuel" resource to track ZBUF received from the FFF.
Inputs:
20 Zero BU to new
source: 32232 • OKfor site login

3.2.2.3.5 Check site fuel inventory
Description:
Checks the amount of new fuel available and, if less than 100 bundles sends msg to FEF requesting a
shipment of new fuel, via Timeltem "Request ZBUF1. Also checks when inventory exceeds 800 to startup a
new reactor.
Outputs:
Request ZBUF
destination: System Segment: 3.1 Fuel Fabrication Facility
destination: 3.1.4 - Store & Ship MOX bundles
destination: 3.1.4.3 - Zero BUfuel shipment control

3.2.2.3.6 Set reactor unit & load size
Description:
Examine message content to identify fuel load batch size and assume reactor unit #1.
NOTE PROBLEM with User Code
Inputs:
reload request
source: 32.1.3 -Load reactor fuel
source: 3.2.1.3.5 - Obtain fresh reload

whole core request
source: 32.1.3 - Load reactor fuel
source: 32.1.32 - Obtain fresh core load
Outputs:

load size
destination: 3.2.2.3.7 -fuel allocation
destination: 3.2.2.3.7.1 - Set number of transfers

reactor unit
destination: 3.2.2.3.7 -fuel allocation
destination: 3.2.2.3.7.4-Allocate to reactor

3.2.2.3.7 fuel allocation
Description:
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Allocates fuel from the site ZBU inventory to specific reactor based on FIFO request.
Inputs:
load size
source: 3223.6

- Set reactor unit & load size

reactor unit
source: 322.3.6 - Set reactor unit & load size
Outputs:

new fuel xfer
destination: 3.2.1 - Operate ABWR
destination: 3.2.1.6 - Store new fuel
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FIGURE 6-23 Behavior Model for "fuel allocation"
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3.2.2.3.7.1 Set number of transfers
Description:
Calc the number of four bundle fuel batches required to meet reactor load request. Data used for control of
iterative loop via Domain set "xfers"
Inputs:
load size
source: 3223.6

- Set reactor unit & load size

Outputs:
Number of transfers

3.2.2.3.7.2 Confirm fuel inventory
Description:
Decision on where to allocate new arriving fuel from FFF. Check if sufficient fuel is in login inventory in
order to proceed. Default allocation is to Rx unit 1 (the only one in this study). Another reactor is brought
on-line only if the single reactor cannot meet the perfonnance index (A.3.9) to disposition the 100 MT of
Pu in 25 years.
Completion Criterion:
low inventory
storage ok

3.2.2.3.7.3 Wait for more fuel
Description:
Simulation wait for new fuel to be added to storage pool so that function for Rx transfer can be enabled.

3.2.2.3.7.4 Allocate to reactor
Description:
Assign 4 fuel bundles to reactor via message in output function User Code. (Note that I could not
get the replicate structure of several reactors to work properly.)
Inputs:
reactor unit
source: 322.3.6 - Set reactor unit & load size
Outputs:

new fuel xfer
destination: 3.2.1 - Operate ABWR
destination: 3.2.1.6 - Store new fuel
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p.4.1 supply PuM
Description:
Physical process to transfonn the weapons material into a metal fcsn suitable for the conversion process to
PuO2.

p.4.2 supply other Mat
Description:
Process to access and provide strategic materials other than Pu.

p.4.3 supply cntrl
Description:
Control process for the strategic materials supply function, and external interfaces.

p.4.4 supply safegd
Description:
Safeguards process for the strategic materials supply function, and external interfaces.

4.1 Supply Pu metal
Description:
This function is to process the weapons form into plutonium metal (PuM) suitable for the Conversion
function, place it in PuM casks and ship as requested. Local storage of casks is provided for up to 40 casks.
They are currently sniped two at a time, by rail.
Inputs:
Ship PuM message
source: 4.3 - Control Supply Process
source: 4.3.8 - order PuM shipment
Outputs:

Feedstock depleted message
destination: 4.3 - Control Supply Process
destination: 4.3.1 - Monitor feedstock

Pu metal shipment
destination: 2 - Convert PuM to PuO2
destination: 2.1 - Perform PuM conversion
(Allocated Onto: External System: PuM Conversion Sys)
destination: 2.1.1 - Receive <£ confirm PuM cask

4.2 Supply Other Strategic Mat
Description:
This function provides for supply of all other strategic materials, e.g. boron carbide, zirconium, etc
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4.3 Control Supply Process
Description:
Overall control of the "Supply Strategic Mat" functions. Receives permissions from Safeguards, and
requests for materials from other processes. Currently used to generate 'ship PuW cask' msg to test Pu
Cask function 4.1 Now set to ship cask every 5 days; 120 hours.
Inputs:
Feedstock depleted message
source: 4.1 • Supply Pu metal
source: 4.1J5 - Notify control function

Request Pu metal shipment
source: 2 - Convert PuM to PuO2
source: 2.3 - Control conversion process
source: 2.3.2 • Request PuM feed

Outputs:
• Ship PuM message
destination: 4.1 - Supply Pu metal
destination: 4.1.7 - Ship PuM cask ?

4.4 Safeguard Strategic Mat
Description:
This is the local safeguards function for the entire strategic materials functions and processes. It will be
decomposed in phase two of the contract.
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Description:
Process containing functions to deal with locally generated scrap & waste.

p.4.1.3 ship the PuM
Description:
Process containing functions topackage and ship the PuM.

4.1.1 Breakup weapons
Description:
Modify the weapons form into Pu metal (PuM) suitable for processing into initial fuel form.

4.1.2 Process & package in container
Description:
Further processing of the PuM material and packaging into a PuM shipping cask. All sageguards activities
are accounted for as an integral function on the line. Each cask is assumed to hold 20 Kg of PuM with NO
scrap.

4.1.3 Place container in inventory
Description:
Final safeguards & QA checks are made and the cask trasnported to the storge area where it is formally
entered as a PuW cask resource.

4.1.4 PuW feedstock .GE. 20 ?
Description:
Test to determine if sufficient PuW feedstock is available to continue the process. The selected value of 20
Kg is arbitary as of 7-13-93.
Completion Criterion:
PuWfeed gone
make PuM

4.1.5 Notify control function
Description:
When all of the PuW feedstock is depleted a message is sent to the control function for followup action.
Outputs:
Feedstock depleted message
destination: 4.3 - Control Supply Process
destination: 4.3.1 - Monitor feedstock
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4.1.6 Handle scraplwaste-4
Description:
Scrap & waste handling at the Pu metal fab functional level. This function will also deal with any
chemicals or solid waste generated during fuel processing.

4.1.7 Ship PuM cask?
Description:
Based on the input message 'Ship PuM message' the function is enabled, and 2 PuM containers
(40 Kg) are consumed via the shipped "PuMcask" Timeltem. The casks go via the Itemlink "Pu metal
raillink".
Completion Criterion:
no ship request
ship PuM
Inputs:
Ship PuM message
source: 4.3 - Control Supply Process
source: 4.3.8 - order PuM shipment

4.1.8 sendout PuM cask
Description:
Verify, document and ship the PuM cask to the Conversion Facility receiving function.
Outputs:
Pu metal shipment
destination: 2 - Convert PuM to PuO2
destination: 2.1 - Perform PuM conversion
(Allocated Onto: External System: PuM Conversion Sys)
destination: 2.1.1 -Receive & confirm PuM cask
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p.4.3.1 monfeed
Description:
Process containing functions to monitor the Pu feedstock.

p.4.3.2 mon containers
Description:
Process containing functions to monitor Che PuM containers.

p.4.3.3 mon other
Description:
Process containing functions to monitor the supply of other stragetic materials.

4.3.1 Monitor feedstock
Description:
Monitors the weapons feedstock supply via input from func 4.1.5
Confirms feedstock depletion to safeguards function and exits its process.
Completion Criterion:
feedstock gone
feedstock ok
Inputs:
Feedstock depleted message

source: 4.1 - Supply Pu metal
source: 4.1.5 - Notify control junction

4.3.2 notify safeguards
Description:

Sends msg to safeguards function on depletion of weapons feedstock.
( NOTE: Msg item not yet defined )

4.3.3 Check PuM containers
Description:
Compares container inventory with request for PuM cask and takes appropriate function exit.
Has an arbitrary timeout of 8 hours.
Completion Criterion:
low inventory
need PuM
no ship request
104

Unclassified

Unclassified
System Engineering Notebook

September 16,1993

6 System Functional Behavior Description

Inputs:
Request Pu metal shipment

source: 2 - Convert PuM to PuO2

<•

source: 2.3 - Control conversion process
source: 232- Request PuMfeed

4.3.4 verify feedstock supply
Description:
Based on low inventory of containers, check to see if there is still PuW feedstock available.
Completion Criterion:
feedstock gone
low inventory

4.3.5 Tell safeguards
Description:
Will send msg to safeguards function on status of feedstock.

4.3.6 PuW stock depleted
Description:
Exits the loop to make more Pu metal.

4.3.7 Wait for new containers
Description:
A delay in simulation to await production of new containers to satisfy the request for a PuM
shipment. Set time to 4 hours. (TBR)

4.3.8 order PuM shipment
Description:

Sends order to ship PuM cask to shipping function. (Has contents 'Ship PuM')
Outputs:
Ship PuM message
destination: 4.1 - Supply Pu metal
destination: 4.1.7 - Ship PuM cask ?•

4.3.9 Monitor Other Strategic Materials
Description:
This is a parallel function for the other materials of interest. It is not yet decomposed as the focus of the
work is on the Pu material.
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A.3.1 Pu disposition mass
Description:

The required overall performance is to disposition 100MT of PuW based on sec 3.1 of the
customer stated requirements In BRD sec A. (MT = metric ton = 1OT0 kg)
Units:

Value:

Category:
Customer stated infrastructure objective.
Exhibited By:
System: 1.0 - Pu Disposition Infrastructure
Traced Front:
SystemRequirement: A.3.1 - Weapons Grade Pu
SystemRequirement: A.3.9.D - Schedule (complete)

A.3.5 Rx capacity factor
Description:
Each ABWR shall have a minimum annual average capacity factor of 0.75, following an 18 month startup
period. This performance is required by SR A.3.5.
Units:
none
Value:
0.75
Category:
Minimum capacity factor
Traced From:
SystemRequirement: A.3.5 - Capacity Factor

A.3.6.4 Spent fuel storage capacity
Description:
The customer requirement for 10 years of spent fuel storage drives the sizing of the reactor spent fuel
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storage capacity, based on fuel bundle discbarge rates, heat loads, criticality constraints and tbe fuel
management scheme. This performance index is not yet determined.
Units:

Value:

Category:
Traced From:

SysternRequirement: A.3.6.4.b - Secured storage (time)
A.3.9 Pu disposition rate
Description:
The required overall performance is to disposition 100MT (metric ton = 1000 kg) of PuW within 25
years, based on section A.3.1 & A.3.9 of the customer stated requirements in the BRD.
Units:

Value:

Category:

Traced From:
SystemRequirement: A.3.9.b - Schedule (complete)
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Mixed oxide powders
Description:
One 16 Kg batch of MOX powders, at 3% PuO2, depletes PuO2 by 0.48 Kg.
Output From:
TimeFunction: 3.1.1.5 Transport powders
Input To:
TimeFunction: 3.1.1.2 fab MOX pellets
TimeFunction: 3.1.1.2.1 weigh U/PuO2
Carried by interface link:
Mixed oxide powder convyr

1 Zero BU bundle
Description:
One completed zero bumup fuel bundle, comprised of 60 fuel rods.
Output From:
TimeFunction: 3.1.2 Fab mechanical as'y
TimeFunction: 3.1.2.4 Fab & verify fuel bundles
TimeFunction: 3.1.2.4.4 Transport to bundle storage
Input To:
TimeFunction: 3.1.4 Store & Ship MOX bundles
TimeFunction: 3.1.4.1 Accept zero BU bundle

1 Zero BU rod
Description:
A new MOX fuel rod ready to be entered into inventory during bundle fab.
Output From:
TimeFunction: 3.1.2.2 Fab & accept rods
TimeFunction: 3.1.2.2.8 Place in rod storage
Input To:
TimeFunction: 3.1.2.3 Store OK rods
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2 PuM batches
Description:
2 batches of PuM, or 2x20 = 40 Kg
Output From:
TimeFunction: 2.1.4 send PuM batch to conv
Input To:
TimeFunction: 2.1.5 Transform PuM to PuO2
Carried by interface link:
Pu metal conveyor

5 PuO2 batches
Description:
Transfer of 5 blended batches to Pkg & Ship process
Output From:
TimeFunction: 2.1.14 Send blended batch to Pkg
Input To:
TimeFunction: 2.1.15 Package PuO2 into storage containers
Carried by interface link:
PuO2 conveyor

Number of transfers
Description:
The number of fuel transfers required to meet load request, in batches of 4 each. This parameter is
referenced by the domain set governing the iterative fuel allocation loop.
Output From:
TimeFunction: 3.2.2.3.7.1 Set number of transfers

Reworked rod
Description:
Reworked ZBU rod wich is now qualified for use.
Output From:
TimeFunction: 3.1.2.2 Fab & accept rods
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TimeFunction: 3.1.2.2.13 Send rework rod to storage
Input To:
TimeFunction: 3.1.2.3 Store OK rods

1 Pu metal shipment
Description:
The PuW feedstock is processed into the proper form for shipment and placed in containers, which are
aggreated into snipping casks. This Timeltem represent: one integral shipping cask for PuM material. It
also carries message information used for Safeguards functions. Mutiple casks can be shipped via a rail
link to the PuM Conversion function. The contents attribute denotes the 40 Kg of PuM associated with one
cask. The cask size is '40' which will be used later to examine the xport link constraints.
Output From:
TimeFunction: 4 Supply Strategic Mat
(Allocated Onto: External System: DOE Strategic Materials Sys)
TimeFunction: 4.1 Supply Pu metal
TimeFunction: 4.1.8 sendout PuM cask
Input To:
TimeFunction: 2 Convert PuM to PuO2
TimeFunction: 2.1 Perform PuM conversion
(Allocated Onto: External System: PuM Conversion Sys)
TimeFunction: 2.1.1 Receive & confirm PuM cask
Carried by interface link:
Pu metal raillink

2 PuO2 shipment
Description:
The PuW is converted and processed into PuO2 in the proper form for shipment and placed in casks. This
Timeltem represents one integral shipping cask for PuO2 material. It also carries message information used
for Safeguards functions. Mutiple casks are shipped via a rail link to the Xform PuO2 function. The
contents attribute denotes the Kg of PuO2 associated with one cask. The cask size is ' 1 ' which will be used
later to examine the xport link constraints.
Output From:
TimeFunction: 2 Convert PuM to PuO2
TimeFunction: 2.1 Perform PuM conversion
(Allocated Onto: External System: PuM Conversion Sys)
TimeFunction: 2.1.18 sendout PuO2 cask
Input To:
TimeFunction: 3 Transform PuO2 to high BU fuel
(Allocated Onto: System: PuO2 Transform Sys)
System Segment: 3.1 Fuel Fabrication Facility
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TimeFunction: 3.1.1 Fab MOX ceramics
TimeFunction: 3.1.1.7 Handle MOX feedstocks
TimeFunction: 3.1.1.7.1 receive MOX feedstocks
Carried by interface link:
PuO2raillink

3 Reactor fuel transfer
Description:
The MOX fuel bundles are discharged from the reactor, cooled in the local storage and then either reloaded
in the core or placed in the HFBU casks for shipment to the DOE HLW Repository. This Timeltem
represents one core unload for the reference fuel management option. It also carries message information
used for Safeguards functions.
Output From:
TimeFunction: 3.2.1.5 Unload reactor fuel
Input To:
TimeFunction: 3.2.1.1 Spent Fuel Storage
Carried by interface link:
High BU fuel conveyor

3.2.A 20 Zero BU to new
Description:
Accepted newly fab ZBUF to be placed in reactor new fuel pool. To track storage inventory we shall
identify these bundles as "Cmplx new fuel" for reactor site, zero BU, fuel. For now assume several bundles
are logged in at one time, say 20.
Output From:
TimeFunction: 3.2.2.3.2 OK for site login
Input To:
TimeFunction: 3.2.2.3.4 Fuel login for site
Carried by interface link:
New fuel crane

3.2.B reactor unit
Description:
State parameter identifying the reactor unit requesting a fuel load from the site new fuel storage pool.
Output From:
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TimeFunction: 3.2.2.3.6 Set reactor unit & load size
Input To:
TimeFunction: 3.2.2.3.7 fuel allocation
TimeFunction: 3.2.2.3.7.4 Allocate to reactor

3.2.C load size
Description:
State parameter identifying the size of the requested fuel load from the site new fuel storage pool.
It is based on the sending function ID and assumed fresh core and batch size.
Output From:
TimeFunction: 3.2.2.3.6 Set reactor unit & load size
Input To:
TimeFunction: 3.2.2.3.7 fuel allocation
TimeFunction: 3.2.2.3.7.1 Set number of transfers

4 Feedstock depleted message
Description:
Message to supply control function indicating that less than the minimum feedstock of PuW is available.
Output From:
TimeFunction: 4.1 Supply Pu metal
TimeFunction: 4.1.5 Notify control function
Input To:
TimeFunction: 4.3 Control Supply Process

TimeFunction: 4.3.1 Monitor feedstock

5 Request Pu metal shipment
Description:
Message to Supply controller that the PuW Conversion function wants more PuW.
Output From:
TimeFunction: 2 Convert PuM to PuO2
TimeFunction: 2.3 Control conversion process
TimeFunction: 2.3.2 Request PuM feed
Input To:
TimeFunction: 4 Supply Strategic Mat
(Allocated Onto: External System: DOE Strategic Materials Sys)
TimeFunction: 4.3 Control Supply Process
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TimeFunction: 4.3.3 Check PuM containers

6 Ship PuM message
Description:
Message via Supply controller that the PuM Conversion function wants more PuM.
Output From:
TimeFunction: 4.3 Control Supply Process
TimeFunction: 4.3.8 order PuM shipment
Input To:
TimeFunction: 4.1 Supply Pu metal
TimeFunction: 4.1.7 Ship PuM cask ?

7 Ship PuO2 message
Description:
Message from conv control to Pkg & Ship process function "ship PuO2 cask"
Output From:
TimeFunction: 2.3 Control conversion process
TimeFunction: 2.3.4 Output PuO2 cask
Input To:
TimeFunction: 2.1 Perform PuM conversion
(Allocated Onto: External System: PuM Conversion Sys)
TimeFunction: 2.1.17 Ship PuO2 cask ?

8 ZBUFXfer
Description:
This is the fresh, or Zero BU, MOX fuel bundle cask for transfer between the FFF and the reactor. It is
assumed to have a capacity for 20 bundles, or two days production.
Output From:
System Segment: 3.1 Fuel Fabrication Facility
TimeFunction: 3.1.4 Store & Ship MOX bundles
TimeFunction: 3.1.4.5 Ship 20 bundles
Input To:
v
TimeFunction: 3.2 Operate reactor site
(Allocated Onto: System Segment: Reactor Plant)
TimeFunction: 3.2.2.3 Login zero BU fuel
TimeFunction: 3.2.2.3.1 Receive & inspect new fuel
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Carried by interface link:
Zero BU fuel raillink

9 HLW Cask
Description:
This is the High Level Waste (HLW) cask for shipment from the on-site storage to the DOE pennanent
HLW facility. Mutiple HLW casks are shipped via a rail link to the DOE Pennstore function. The contents
attribute denotes the Kg of MOX associated with one cask. The cask size is '20' which will be used later to
examine the xport link constraints.
Output From:
TimeFunction: 3.2.1.1 Spent Fuel Storage
Input To:
TimeFunction: 5 Permanent waste storage
(Allocated Ont: • External System: DOE Waste Repository)
Carried by interface link:
High Level Waste raillink

10 Request ZBUF
Description:
Message to Supply controller that the reactor disposition function wants more ZBU fuel assemblies.
Output From:
TimeFunction: 3.2 Operate reactor site
(Allocated Onto: System Segment: Reactor Plant)
TimeFunction: 3.2.2.3.5 Check site fuel inventory
Input To:
System Segment: 3.1 Fuel Fabrication Facility
TimeFunction: 3.1.4 Store & Ship MOX bundles
TimeFunction: 3.1.4.3 Zero BU fuel shipment control

11 Pool fuel xfer
Description:
Transfer of fuel bundles from spent fuel storage back to reactor.
Output From:
TimeFunction: 3.2.1.1 Spent Fuel Storage
Input To:
TimeFunction: 3.2.1.3 Load reactor fuel
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TimeFunction: 3.2.1.3.7 Reload spent fuel

12 new fuel xfer
Description:
Xfer of four fuel bundles via canal.
Output From:
TimeFunction: 3.2.2.3.7 fuel allocation
TimeFunction: 3.2.2.3.7.4 Allocate to reactor
Input To:
TimeFunction: 3.2.1 Operate ABWR
TimeFunction: 3.2.1.6 Store new fuel

13 xfer new fuel msg
Description:
Msg from ABWR fuel control function to supply more fuel for reactor loading.

14 whole core request
Description:
message requesting an allocation of 872 bundles for a fresh core load. The message contents specifies the
rx unit making the request.
Output From:
TimeFunction: 3.2.1.3 Load reactor fuel
TimeFunction: 3.2.1.3.2 Obtain fresh core load
Input To:
TimeFunction: 3.2.2.3 Login zero BU fuel
TimeFunction: 3.2.2.3.6 Set reactor unit & load size

75 reload request
Description:
message requesting an allocation of 384 bundles for a fresh fuel reload. The message contents specifies the
rx unit making the request.
Output From:
TimeFunction: 3.2.1.3 Load reactor fuel
TimeFunction: 3.2.1.3.5 Obtain fresh reload

115 .

Unclassified

Unclassified
System Engineering Notebook

September 16,1993

8 Item Dictionary
Input To:
TimeFunction: 3.2.2.3 Login zero BU fuel
TimeFunction: 3.2.2.3.6 Set reactor unit & load size

16 startup msg
Description:
Message from abwr coordination branch to initiate a specific reactor operations. It is based on pile-up of
fuel in the site inventory, or by user code choise to explore this option.
Output From:
TimeFunction: 3.2.2.2 Reactor #1 startup
Input To:
TimeFunction: 3.2.1 Operate ABWR
TimeFunction: 3.2.1.2 Initialize reactor operation

17.1 Waste solution
Description:
The plutonium bearing scrap & waste material which is dissolved in a nitric acid solution.
Output From:
TimeFunction: 3.1.3.2.4 Transfer to recovery column
Input To:
TimeFunction: 3.1.3.2.5 Chemical recovery column
Carried by interface link:
waste pipe 1

17.2 Pu/U precipitate
Description:
This is the recovered Pu and U as a precipitate from the recovery column. For now it is "piped" over to the
final recovery process as a slury; this is presently unclear. The Itemlink is 'waste pipe 2'.
Output From:
TimeFunction: 3.1.3.2.5 Chemical recovery column
Input To:
TimeFunction: 3.1.3.2.6 Convert to powder
Carried by interface link:
waste pipe 2
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17.3 waste liquid
Description:
Liquid waste from the Pu/U recovery column which must be further treated.
Output From:
TimeFunction: 3.1.3.2.5 Chemical recovery column
Input To:
TimeFunction: 3.1.3.2.10 Treat recovery waste
TimeFunction: 3.1.3.2.10.4 Collect liquid wastes
Carried by interface link:
waste pipe 3

17.4 waste gas
Description:
Gaseous waste from the Pu/U recovery column which must be further treated.
Output From:
TimeFunction: 3.1.3.2.5 Chemical recovery column
Input To:
TimeFunction: 3.1.3.2.10 Treat recovery waste
TimeFunction: 3.1.3.2.10.8 Collect gas waste

18.1 MOX green scrap
Description:
Clean or dirty MOX GREEN scrap from the fab steps up to & including pellet pressing function. This
material can go directly back to the powder blend stage without chemical recovery (per Mike Petski;
9-08-93). Since the current scheme doesn't have a batch blending step, we'll show this material being
placed back into the received powder storage areas, with appropriate ratio on the Pu content.
Output From:
TimeFunction: 3.1.1.2.4 press MOX
Input To:
TimeFunction: 3.1.1.6.1 Identify recovered scrap
Carried by interface link:
Green scrap tube
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18.2 MOX sinter scrap
Description:
Assume 0.8% is scrap from the sintering function, which goes to the wet recovery process. Since we are
dealing with a whole process batch of 16 kg, we represent the 0.8% as 1 chance in 125 trys via the function
exit probability.
Output From:
TimeFunction: 3.1.1.2.11 Reject MOX sinter scrap
Input To:
TimeFunction: 3.1.3.1 Collect Pu scrap
TimeFunction: 3.1.3.1.1 Receive & sort scrap/waste
Carried by interface link:
MOX scrap tube

18.3 MOX grinder scrap
Description:
Assume 2.0 % is swarf from the grinding function, which goes to the wet recovery process.
(Swarf is material which falls down and is collected.) Also include the grinder water which needs
treatment.
Output From:
TimeFunction: 3.1.1.2.7 Shape pellets (grinder)
Input To:
TimeFunction: 3.1.3.1 Collect Pu scrap
TimeFunction: 3.1.3.1.1 Receive & sort scrap/waste
Carried by interface link:
MOX scrap tube

18.4 MOX pellet scrap
Description:
Assume 0.8 % is scrap from the inspection/acceptance function, which goes to the wet recovery process.
Output From:
TimeFunction: 3.1.1.2.10 pellet to MOX scrap
Input To:
TimeFunction: 3.1.3.1 Collect Pu scrap

TimeFunction: 3.1.3.1.1 Receive & sort scrap/waste
Carried by interface link:
MOX scrap tube
118

Unclassified

Unclassified
System Engineering Notebook

September 16,1993

8 Item Dictionary

18.5 MOX pellet loader scrap
Description:
Assume 0.6 % is scrap from the automated pellet loader function, which goes to the wet recovery process.
At 360 pellets to a rod this is approximately 0.006*360*(pellet mass). From Tbl 3.4-1 of phase 1A report
each pellet is approx = 8.16 grains; therefore the scrap is calculated at 17.625 grams of MOX, and 0.529
grams of PuO2 at 3%.
Output From:
TimeFunction: 3.1.2.2.3 Load fuel rod
Input To:
TimeFunction: 3.1.3.1.1 Receive & sort scrap/waste

18.6 Pu scrap
Description:
A "batch" of single Pu enrichment scrap for wet recovery processing; now set at 10 kg.
Output From:
TimeFunction: 3.1.3.1.9 Send to wet recovery
Input To:
TimeFunction: 3.1.3.2 Perform wet recovery
TimeFunctibn: 3.1.3.2.1 Crush materials
Carried by interface link:
Pu scrap conveyor

19 Recovered PuO2
Description:
The recovered PuO2 is transported back to the fab storage area for use.
Output From:
TimeFunction: 3.1.3.2.9 Transport recovered PuO2 to Fab
Input To:
TimeFunction: 3.1.1.6.1 Identify recovered scrap

20.1 bad rod
Description:
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A rod which failed the final inspections and requires rework or pellet removal.
Output From:
TimeFunction: 3.1.2.2.7 Send to rod rework
Input To:
TimeFunction: 3.1.2.2.9 Rework rods

20.2 good reclaimed pellets
Description:
A rod which failed the final inspections and required pellet removal resulted in usable pellets, which are
now forwarded.
Output From:
TimeFunction: 3.1.2.2 Fab & accept rods
TimeFunction: 3.1.2.2.12 Replace in inventory

20.3 bad reclaimed pellets
Description:
A rod which failed the final inspections and required pellet removal resulted in scrap pellets, which are now
forwarded.
Output From:
TimeFunction: 3.1.2.2 Fab & accept rods
TimeFunction: 3.1.2.2.11 Send bad pellets to scrap
Input To:
TimeFunction: 3.1.3.1 Collect Pu scrap
TimeFunction: 3.1.3.1.1 Receive & sort scrap/waste
Carried by interface link:
Bad rework pellet tube
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1 Ancillary Support Sys
Component Type: External System
Description:
This constitutes the aggratgate of systems which provide ancillary support functions. That is, all required
functions to support the infrastructure which are not specifically identified with other functions. THE PU
DISPOSITION INFRASTRUCTURE SYSTEM IS DEFINED FOR OUR DYNAMIC MODELING
PURPOSE AS A CLOSED SYSTEM.
Builds Higher-Level Component/System:
System: 1.0 Pu Disposition Infrastructure

2 PuM Conversion Sys
Component Type: External System
Description:
This system converts the weapons grade Pu into acceptable PuO2 for use in MOX fuel formation. For now,
it is assumed to be performed off the reactor complex site.
Builds Higher-Level Component/System:
System: 1.0 Pu Disposition Infrastructure
Allocated Functions:
TimeFunction: 2.1 Perform PuM conversion

3 PuO2 Transform Sys
Component Type: System
Description:
This is the overall system for transforming the converted weapons Pu to HLW via the
ABWR. It includes the formation of MOX fuel, fuel bundle fab, burnup in the ABWR, site storage,
local control & safeguards. It is the focus of this System Engr. activity.
Builds Higher-Level Component/System:
System: 1.0 Pu Disposition Infrastructure
Built From Components:
System Segment: 3.1 Fuel Fabrication Facility
System Segment: 3.2 Reactor Plant
Allocated Functions:
TimeFunction: 3 Transform PuO2 to high BU fuel
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3.1 Fuel Fabrication Facility
Component Type: System Segment
Description:
The Fuel Fabrication Facility (FFF) fabricates the mixed oxide fuels (MOX) and fuel bundles. It inputs the
PuO2 and UO2 (Special Nuclear Materials), as well as Gadalillium, Beryllium, Boron Carbide, etc and all
metal hardware required to fabricate the fuel bundles to the GE ABWR fuel specification.
The facility performs all those functions necessary to fabricate the fuel bundles from its elemental
components. It also provides for materials accountability, storage, safeguards, scrap recovery and waste
stream treatment per appropriate regulations.
The fresh fuel bundles are stored within the facility until they can be transfered, in approved casks, to the
reactor plant.
The facility primary interfaces for plutonium throughput are with the Fuel Conversion Facility, the DOE
Strategic Supply Facility, the ABWR reactor plant, and the DOE Lc.v-level Waste Repository.
Builds Higher-Level Compc vitlSystem:
Component: 3 PuO2 Transform Sys
Built From Components:
System: 3.1.1 Receiving & Storage Sys
System: 3.1.2 Fuel Fab System
System: 3.1.3 Rod Fab System
System: 3.1.4 Bundle Assembly System
System: 3.1.5 Bundle Store & Ship
System: 3.1.6 FFF Analytical Lab
System: 3.1.8 FFF Process Control
System: 3.1.9 FFF Safeguards Sys
Allocated Functions:
TimeFunction: 3.1 Fab MOX bundles
Traced From:
SystemRequirement: A.3.6 - Fuel Cycle
SystemRequirement: A.3.6.4.a - Secured storage (type)
Source Document:
Fuel Fab Facility Spec

3.1.1 Receiving & Storage Sys
Component Type: System
Description:
This system accepts all incoming materials, provides inventory control and transfer to allocated storage
areas. The system interfaces with the Fuel Fab Line via the MOX powder conveyor and the Green scrap
tube.
Builds Higher-Level Component/System:
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Component: 3.1 Fuel Fabrication Facility

3.1.2 Fuel Fab System
Component Type: System
Description:
This system fabricates the different fuel pellets from the constituent powders. It provides for inspection and
rejection of pellets which do not meet the Fuel Fab Spec. Qualified pellets are stored until a sufficient
quantity of each type aie available for the rod fabrication process. Pellets are then transported to the Rod
Fab line via the pellet conveyor.
The system is composed of commercially available (essentially) elements which are linked together to form
a continuous fabrication line, feeding into the Rod Fabrication System.

Non-green scrap materials are sent to the FFF Scrap Recovery system, via the MOX scrap tube. Green
scrap is handled internal to the system, or transported back to the Powder Storage subsystem of the
Receiving & Storage System. The Fuel Fab System also interfaces with the FFF Analytical Lab, with the
Rod Fab line via the reclaimed pellet conveyor, and the Safeguards system.
Builds Higher-Level Component/System:
Component: 3.1 Fuel Fabrication Facility
Built From Components:
HW Element: 3.1.2.1 Blender/spliter
HW Element: 3.1.2.2 Mill/granulator
HW Element: 3.1.2.3 Pellet press
HW Element: 3.1.2.4 Sinter furnace assembly
HW Element: 3.1.2.5 Grinder assembly
HW Element: 3.1.2.6 Automated Pellet Inspector
Subsystem: 3.1.2.7 Pellet storage assembly
Subsystem: 3.1.2.8 Glovebox filter subsystem

3.1.2.1 Blender/spliter
Component Type: HW Element
Description:
This system element is located in a glovebox and provides for weighing, mixing, and blending the MOX
powders for the fabrication campaign.
Builds Higher-Level Component/System:
Component: 3.1.2 Fuel Fab System

3.1.2.2 Mill/granulator
Component Type: HW Element
Description:
This system element is located in a glovebox and provides for milling and granulating the MOX powders
for the fabrication campaign.
Builds Higher-Level Component/System:
Component: 3.1.2 Fuel Fab System

(1.3
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3.1.2.3 Pellet press
Component Type: HW Element
Description:
This system element is located in a glovebox and presses the MOX powders into the appropriate pellet
shape and density for the sintering process.
Green scrap from the pressing process is collected and routed to the green scrap recovery area.
Builds Higher-Level Component/System:
Component: 3.1.2 Fuel Fab System

3.1.2.4 Sinter furnace assembly
Component Type: HW Element
Description:
This system assembly is composed of a loader, furnace and unloader. The furnace is located in a glovebox
to perform the sintering process, and has it's own local temperature controller. The pellt. ^-e automatically
loaded and unloaded into sintering "boats" at each end of the glovebox.
Builds Higher-Level Component/System:
Component: 3.1.2 Fuel Fab System

3.1.2.5 Grinder assembly
Component Type: HW Element
Description:
This system assembly is composed of a densitometer and grinder, both located in a glovebox. The pellets
are first inspected to verify that they meet density and shape specifications, and based on the outcome are
either rejected or forwarded to the grinder. The pellets are automatically ground to meet the final shape
specification.
Rejected pellets from the density check are either resintered to increase their density or identified as scrap.
Additionally, scrap (labeled swarf) and water from the grinding operation are collected and also forwarded
to the wet scrap recovery area.
Builds Higher-Level Component/System:
Component: 3.1.2 Fuel Fab System

3.1.2.6 Automated Pellet Inspector
Component Type: HW Element
Description:
This system element automatically inspects the pellets to verify that they meet fuel pellet specifications,
and based on the outcome are either rejected or forwarded to the pellet storage area. Rejected pellets are
sent to the wet recovery area.
Builds Higher-Level Component/System:
Component: 3.1.2 Fuel Fab System
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3.1.2.7 Pellet storage assembly
Component Type: Subsystem
Description:
The pellet storage assembly consists of specially designed bins to order in groups, maintain separation of
enrichments, and protect the pellets from damage. It also contains an automated function for inventory
control.
Builds Higher-Level Component/System:
Component: 3.1.2 Fuel Fab System

3.1.2.8 Glovebox filter subsystem
Component Type: Subsystem
Description:
The Glovebox filter subsystem maintains a positive inflow of air to all gloveboxes and treats the exhaust to
remove appropriate contaminants (radioactive and non-radioactive) to meet EPA and DOE env^oomental
requirements. Replaced filters and vacuum bags used to clean the glovebox internals are sent to the FFF
Scrap Recovery system.
Builds Higher-Level Component/System:
Component: 3.1.2 Fuel Fab System

3.1.3 Rod Fab System
Component Type: System
Description:
This system fabricates the different fuel rods from the constituent pellets. It provides for inspection and
rejection of rods which do not meet the Fuel Fab Spec. Qualified rods are stored until a sufficient quantity
of each type are available for the bundle assembly process. Rods are then transported to the Bundle
Assembly Line via the rod conveyor.

The Rod Fab System internally bandies rejected rods via the rod rework process. Requalified rods are sent
to rod storage, while the pellets are reclaimed from bad rods and returned to pellet storage via the reclaimed
pellet conveyor.
Builds Higher-Level Component/System:
Component: 3.1 Fuel Fabrication Facility

3.1.4 Bundle Assembly System
Component Type: System
Description:
This system fabricates the different fuel bundles from the constituent rods. It provides for inspection and
rejection of bundles which do not meet the Fuel Fab Spec. Qualified bundles are stored in the Shipping
area. Bundless are transported to the Storage area via the xxx crane.
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The Bundle Assembly System internally handles rejected bundles via a rework process. Requalified
bundles are sent to Storage, while the rods are reclaimed from bad bundles and returned to rod storage via
the reclaimed rod conveyor.
Builds Higher-Level Component/System:
Component: 3.1 Fuel Fabrication Facility

3.1.5 Bundle Store & Ship
Component Type: System
Description:
This system accepts newly fabricated and qualified fuel bundles, provides inventory control, and transfer to
allocated storage racks. A major requirement is to maintain margins for criticality control. When
appropriate, the bundles are packaged in approved shipping casks and shipped to the reactor plant site.
Builds Higher-Level Component/System:
Component: 3.1 Fuel Fabrication Facility

3.1.6 FFF Analytical Lab
Component Type: System
Description:
This system supports both process control and safeguards by providing timely information on the isotopic
content of the fuel and scrap. It takes statistical samples from the fabrication lines, including scrap, and
provides a determination of the quantities of materials, including statistical analysis and tren predictions.
This information is shared with both process control and safeguards via a data buffer. Unused or scrap
materials are sent to the Scrap Recovery System.
Builds Higher-Level Component/System:
Component: 3.1 Fuel Fabrication Facility

3.1.7 FFF Scrap Recovery Sys
Component Type: System
Description:
The Scrap Recovery System accepts scrap from throughout the FFF, identifies and sorts it by enrichment
and other factors, and reclaims as much SNM as possible. Residual waste is treated internally and prepared
for ultimate disposition at approved external sites. Recovered SNM is recycled back to the Fuel Fabrication
System.

3.1.8 FFF Process Control
Component Type: System
Description:
The FFF Process Control System obtains data on facility operations, maintains process system data logs,
performs inventory control, and communicates with the external interfaces. The facility operating data is
processed and used to coordinate local controller setpoints for the efficient fabrication of the fuel bundles.
This system also handles worker and maintainence scheduling, and tracks worker exposure. A key function
12-6
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of the system is to provide for SNM accountability within the overall facility and to cross check each
Materials Balance Area (MBA).
Builds Higher-Level Component/System:
Component: 3.1 Fuel Fabrication Facility

3.1.9 FFF Safeguards Sys
Component Type: System
Description:
The FFF Safeguards System performs an independent materials accountability function. It has priority over
the Process Control System in this function. It has access to all of the Process Control data, as well as
additional independent measures of material balances. It maintains inventory data logs, oversees inventory

control, and communicates with the external safeguards interfaces.
The primary function of the system is to provide for SNM accountability within the overall facility, within
each Materials Balance Area (MBA), and to cross check the Process Control System.
Builds Higher-Level Component/System:
Component: 3.1 Fuel Fabrication Facility

3.2 Reactor Plant
Component Type: System Segment
Description:
This system segment is an entire ABWR reactor plant complex, as modified for the Pu disposition function.
The reactor plant encompasses the ABWR and all its supporting systems including fresh & spent fuel
storage. Relative to the fuel material it inputs fresh fuel bundles from the Fuel Fab facility, burns it in a
reactor cycle, and ultimately outputs the High Burnup fuel (HBUF) to a designated DOE High Level Waste
(HLW) Disposal Site. The reactor plant also produces electrical output to a utility grid via the Balance of
Plant (BOP) segment An optional function is to specificially produce tritium.
Builds Higher-Level Component/System:
Component: 3 PuO2 Transform Sys
Allocated Functions:
TimeFunction: 3.2 Operate reactor site
TimeFunction: 3.3 Output Electrical Power
TimeFunction: 3.4 Tritium production (Option)
Traced From:
SystemRequirement: A.3.6.4.a - Secured storage (type)
SystemRequirement: A.3.6.4.b - Secured storage (time)

4 DOE Strategic Materials Sys
Component Type: External System
Description:
DOE system to supply all strategic materials. For example, Pu, Nb, Be etc.
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It includes the DOE supplied shipping systems for safeguarded materials.
Builds Higher-Level Component/System:
System: 1.0 Pu Disposition Infrastructure
Allocated Functions:
TimeFunction: 4 Supply Strategic Mat

5 DOE Waste Repository
Component Type: External System
Description:
DOE Waste Repository systems, including high level (HLW), low level (LLW), and shipping systems for
transport to the repository.
Builds Higher-Level Component/System:
System: 1.0 Pu Disposition Infrastructure
Allocated Functions:
TimeFunction: 5 Permanent waste storage

6 Pu Disposition Supervisory Control Sys
Component Type: External System
Description:
This system contrails the top level disposition processes and interfaces.
Builds Higher-Level Component/System:
System: 1.0 Pu Disposition Infrastructure
Allocated Functions:
TimeFunction: 6 Top Supervisory Control

7 Safeguard Sys
Component Type: External System
Description:
This is the top level safeguards infrastructure, to safeguard the Pu from cradle to grave.
It is assumed to be under DOE control.
Builds Higher-Level Component/System:
System: 1.0 Pu Disposition Infrastructure
Allocated Functions:
TimeFunction: 7 Provide DOE Safeguards

/2-8
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10 Interfaces Between Components
Derived Interfaces
Items Flowing "from" External System: DOE Strategic Materials Sys
"into" External System: PuM Conversion Sys
Timeltem: 1 Pu metal shipment
Output From: 4 - Supply Strategic Mat
Input To: 2.1 - Perform PuM conversion

Items Flowing "from" System Segment: Fuel Fabrication Facility
"into" System Segment: Reactor Plant
Timeltem: 8 ZBUFXfer
Output From: 3.1 - Fab MOX bundles
Input To: 32 - Operate reactor site

Items Flowing "from" External System: PuM Conversion Sys
"into" System Segment: Fuel Fabrication Facility
Timeltem: 2 PuO2 shipment
Output From: 2.1 - Perform PuM conversion
Input To: 3.1 -Fab MOX bundles

Items Flowing "from" External System: PuM Conversion Sys
"into" System: PuO2 Transform Sys

Timeltem: 2 PuO2 shipment
Output From: 2.1 - Perform PuM conversion
Input To: 3 - Transform PuO2 to high BUfuel

Items Flowing "from" System Segment: Reactor Plant
"into" System Segment: Fuel Fabrication Facility
Timeltem: 10 Request ZBUF
Output From: 32 - Operate reactor site
Input To: 3.1 - Fab MOX bundles

Database Interface Elements
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2.8 PuO2 MATERIAL SPECIFICATION
A draft specification titled P11O2 Powder, Ceramic Grade - Dry Process has been prepared and

is provided as attachment I. This draft specification provides initial requirements for the product
from the conversion of metallic plutonium into plutonium dioxide. The specification will need
to be updated as detailed information on the initial composition of the metallic plutonium is
made available. Currently the specification is based on an initial composition similar to
material recycled from reprocessing of fuel discharged from reactor operation which is quite
different from weapons grade plutonium.

2.8-1

ATTACHMENT 2.8-1
DRAFT SPECIFICATION
PuO2 Powder, Ceramic Grade - Dry Process
1.0

SCOPE

1.1

This specification establishes the requirements for ceramic grade plutonium dioxide powder.

2.0

APPLICABLE DOCUMENTS

2.1

The following publications form a part of this specification to the degree indicated where
applicable:
ASTM B214-1964

"Sieve Analysis of Granulated Metal Powders"

ASTM B329-1961

"Test for Apparent Density of Refractory Metals and
Compounds by the Scott Volumeter"

ASTM B330-1965

"Average Particle Size of Refractor)' Metals and
Compounds by the Fisher Sub-Sieve Sizer"

When the contents of this .specification conflict with any document referenced herein, the
specification takes precedence.
3.0

GENERAL DESCRIPTION

3.1

Powder Description
The plutonium dioxide powder described by this specification is to be used for production
of mixed (uranium-plutonium) oxide fuel pellets.
The material to be furnished in accordance with the specification shall be plutonium dioxide
ready for fabrication of mixed (uranium plutonium) oxide fuel pellets.
The supplier shall furnish all required reports and QC information defined in this
specification.
The supplier shall perform and report all tests required by this specification.

4.0

REQUIREMENTS

4.1

Functional Criteria
GE will specify the nominal plutonium isotope compositions.

Specification
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DRAFT SPECIFICATION
PuO2 Powder, Ceramic Grade - Dry Process
The requirements of this specification are for material in the form of homogeneous powder.
For this specification, homogeneity is defined as follows: A homogeneous lot shall consist
of all material produced for a single shipment in a continuous process sequence; or it shall
consist of a uniform blend of material produced in a batch-type process; and it shall consist
of an amount of material produced with constant process parameters.

Successful processing of this material is dependent upon the consistency of characteristics.
This specification provides for a wide range of limits for certain characteristics. Once the
supplier establishes a specific value for each characteristic within the w"' range, he shall
maintain this value within the specified narrow range. The limits of the narrow range
selected must fall within the wide range. The narrow limits shall include both material and
measurement variations.
4.2

Product Specification
All plans and procedures for obtaining (]) homogeneity. (2) samples for chemical analysis,
(3) chemical composition, and (4) physical properties shall be submitted to GE for
concurrence.
The following specification for plutonium dioxide powder shall be met:

4.2.1

Powder Composition

4.2.1.1 Plutonium Analysis
Plutonium

85 w o plutonium dioxide, minimum

Isotopic Content
Pu238. 239. 240. 241. 242

As specified

4.2.1.2 The total volatile content of the powder shall not exceed (TBD) w/o plutonium dioxide. The

total volatile content shall be determined by weight loss on heating a one gram sample at 750
_+ 25 Celsius for four hours in air or by an equivalent method approved by GE and agreed
to by the Supplier.
4.2.1.3 The plutonium shall be in the form of plutonium dioxide produced by oxidation in air of
plutonium metal at or below [500 Celsius).
Specificniion
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DRAFT SPECIFICATION
PuO2 Powder, Ceramic Grade - Dry Process

4.2.2 Impurities
4.2.2.1 Total impurities, shown on Table 1, shall not exceed 2,500 ppm plutonium for BWR
material.
4.2.2.2 The total fission products with half lives of 30 days or greater shall not exceed 8 fici/gm of
plutonium with no more than 2.5 /xci/gm being contributed by zirconium-niobium-95.
4.2.2.3 The Supplier shall determine the AM-241 content. The americium content shall not exceed
7000 ppm of plutonium.
4.2.2.4 The uranium content shall not exceed 2500 ppm of plutonium.
4.2.2.5 If this material is to be used for BWR fuel, the total measured impurities in 4.2.1 jhall be
such that:
Cj(B=) is equal to or less than 4.0 ppm by weight of natural boron excluding AM-241.
where:
C, =

Weight traction in units of parts per million parts of Pu of each impurity in Paragraph

4.2.2.1. and
(B=)= The natural boron equivalent of element i from the following list, which is based on
the neutron absorption cross sections in BNL-325 SI. and "Resonance Integrl Data,"
ANLNewslettcr No. 1. assuming a Maxwellian spectrum in the resonance region for a typical
thermal reactor. The atomic weights are on the physical scale. When impurities are
reported as less than a stated threshold of detection, the threshold value shall be used for
this calculation.
4.2.3

Physical Properties

4.2.3.1 All material must pass through a 325-mesh U.S. Standard sieve in accordance with ASTM
B214-1964. "Sieve Analysis of Granular Metal Powders".
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Table 1. TOTAL IMPURITIES
IMPURITY
Aluminum
Silver
Boron
Beryllium
Carbon
Calcium
Cadmium
Chlorine
Cobalt
Chromium
Copper
F l u o r i n e '••
Gallium

Iron
Hydrogen
Magnesium
Maganese
Molybdenum
Nitrogen
Sodium
Nickel
Lead
Silicon
Tin
Thorium
Vanadium
Tungsten
Zirconium
Gadolinium
Europium
Dysprosium
Samarium

BWR LIMIT PPM OF PU
400
25
1
500
250

1
25
75

400
400
130
400
400
—
200

200
400
100
400
400
400
200

400
10':<
400
100
400
/

h
V

'"Fluorine shall be limited to reported values of 130 ppm or less. There must be 95 percent
confidence that the mean is 100 pm or less.
(2)

The Th-230 content shall be less than five parts per billion plutonium. There shall be a 95 percent
confidence that the mean value of the total of all impurities in the above list does not exceed 2000
ppm of plutonium. Individual values may be twice the limit except for florine providing: (a) resample results are within limits, (b) the total impurities shall not exceed 2000 ppm parts of Pu.
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Element

Boron Equivalent
ppm B/ppm of Element

Element

Boron Equivalent
ppm B/ppm of Element

Aluminum

1.32X10-4

Magnesium

1.42X10"4

Boron

1.00

Manganese

4.01xl0"3

Cadmium

7.79x10-'

Molybdenum

1.32xlO"3

Calcium

2.87x10"4

Nickel

1.20xl0"3

Carbon

5.51x10-"

Nitrogen

2.76xlO-3

Chlorine

1.37x10*=

Samarium

0.524

Chromium

9.35x10"4

Silicon

8.24x10-5

Cobalt

1.25x10-=

Silver

2.98x10°

4

Copper

9.45x10-

Sodium

3.37xlO"4

Dysprosium

9.7x10":

Tin

2.06x10-4

Europium

0.434

Tungsten

7.02x10-'

Fluorine

3.48xiO-4

Vanadium

1.49x10-'

Gadolinium

4.191

Zinc

3.71x10"1

Gallium

4.000x10-*

Zinconium

2.93x10-5

Iron

7.43x10-4

Lead

1.23xl(r5
4.2.3.2 Bulk Density
The bulk density shall be no less than 1.0 gm/cc as determined by the Scott Volumeter per
ASTM B329-1961. "Test for Apparent Density of Refractory Metals and Compounds by the
Scott Volumeter". Once the Seller has established a value for bulk density, he shall maintain
this value within ±0.25 gm/cc for the total amount of material supplied under the purchase
contract.
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4.2.3.3 Surface Area
The surface area shall be determined by the Supplier by the B.E.T. method of analysis or an
equivalent method approved by GE. This requirement for surface area shall not be the basis
for the acceptance or rejection of material, but is requested for information only.
4.2.3.4 Particle Size
The particle size shall be determined by ASTM B330-1965. "Average Particle Size of
Refractory Metals and Compounds by the Fisher Sub-Sieve Sizer" and/or equivalent method
approved by the Buyer. This requirement for particle size shall not be the basis for the
acceptance or rejection of material, but is requested for information on._ 4.3

Quality Assurance Requirements

4.3.1

Concurrence of GE is required, where indicated in this specification, of the Supplier's
Quality Control Plans and Fabrication Procedures prior to the production of any material.
This concurrence may involve the witnessing of tests and test equipment at the Supplier's
plant. Any significant change in process operations by the Supplier is to be made known to
GE to permit joint performance evaluation. Such changes may be accidental or planned.

4.3.2

Check Analysis Sample
The Supplier shall take a sample from each lot of material sufficiently large that the Buyer
will receive a 20 gram sample. This sample is to be divided into four parts for (1) chemical
analysis by GE. (2) chemical analysis by Supplier. (3) chemical analysis by Referee if
necessary, and (4) archive sample held by Supplier, until shipper - receiver differences, if any,
are settled. The sample for GE shall be packaged, marked "Check Sample" and sent to GE
with the lot shipment.

4.3.3

Referee
In the event the Supplier and GE fail to agree as to the material produced meeting any
attribute of this specification or other requirements of the order, they shall jointly select a
third party and the method and degree of retesting. The finding of the third party shall be
final. The party whose value is farthest from the referee's value shall bear the cost of the
referee investigation.
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5.0

INSPECTION

5.1

The Supplier shall submit to the GE (prior to shipment) a Certificate of Test in triplicate
for each homogeneous lot of powder showing that the material conforms to this specification.
The certification shall include the purchase order number, GE specification designation, the
results of the required tests, and a statement certifying that the material is homogeneous.
The test results shall be so numbered that they can be identified with their related lot of
material. The certifications shall include the results of the following tests:
(a)

Analyses per Section 4.2. including the limit of detection for each. This section shall
include calculated total boron equivalent per the equation in Paragra^ . 4.2.2.5, if
applicable.

5.2

Production material is subject to return at the Supplier's expense unless the Certification of
Test accompanies the shipment.

6.0

PACKING. MARKING. AND CRITICALITY REQUIREMENTS

6.1

The material shall be packed in a manner which will prevent powder loss and contamination
spread during transit. Shipments must adhere to applicable United State Department of
Energy and-or United States Department of Transportation shipping regulations and licenses.

6.2

The shipping containers will be decided upon jointly by the GE and the Supplier such that
GE"s license is not violated. GE must be notified and approved all pending shipments.

6.3

The external and internal surfaces of the outer container and the external surface of the
inner container shall be as free from contamination as possible, and in no case shall exceed
United State Department of Transportation regulation for smearable contamination.

6.4

The Supplier shall identify each container as follows:
Outer Container:
(a)

Container numbers, inner and outer, including permit numbers

(b)

Purchase order numbers

(c)

Type of material and lot number

(d)

SS weight of material
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DRAFT SPECIFICATION
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Powder, Ceramic Grade - Dry Process

(e)

Shipment class (Fissile Class I, II, or III)

(f)

Radiation units

(g)

Buyer's address (to be specified on purchase order)

(h)

Two packing slips must be attached which include all shipping papers including two
courtesy copies of AEC transfer documents, and "Certificate of Tesfanalysis

Inner Container:
(a)

Container, number

(b)

Type of mi..:rial and lot number

(c)

Gross, tare, net and SS weight
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2.9 FEED MATERIAL CONVERSION
In order to produce MOX fuel for the ABWR Complex, it is necessary
to convert the plutonium metal into plutonium oxide. This has been
performed in several DOE facilities in the past. No facilities are
currently in operation that perform the conversion activities.
Existing facilities at various DOE sites were investigated to determine
technologies utilized and the status of existing facilities to determine
support capabilities for the ABWR Complex and the MOX Fuel
Fabrication Facility. Hanford and the Savannah River Site were
assessed. The Rocky Flats Plant was not assessed due to its
shutdown condition. Hanford Site technologies were reviewed and

deemed applicable,. but the facilities are in a shutdown mode and the
site mission is remediation with no plans for further production.
Savannah River Site facilities were assessed and toured as part of
this effort. The F-Area facilities appear to have applicable
technologies and could be restarted for this mission. The facilities to
be considered are F-Canyon, FB-Line, New Special Recovery, and the
Plutonium Storage Facility. The Savannah River Site appears to be
the most promising location with existing facilities that could meet
current codes, standards, and regulations, and be restarted after an
Operational Readiness Review.
The full report on Feed Material Conversion has been classified as
"Unclassified Controlled Nuclear Information" and therefore is not
included in this compilation. It is' available from the Pu Disposition
Project Master File where there is a "need-to-know."

2.9-1

3.0 INFRASTRUCTURE AND DEPLOYMENT

3.1.1 METAL TO OXIDE CONVERSION INFRASTRUCTURE

This section of the report presents a description of existing
Department of Energy (DOE) facilities which could be used to
convert plutonium metal to plutonium oxide and alternate DOE
facilities that could be modified or upgraded, including
construction of a new facility at a DOE site. It also compares and
evaluates these facilities from the standpoint of availability and
schedule, plant factors-capacity, operation and maintenance ease,
public acceptance, environmental/safety, safeguards and costs.

DESCRIPTION OF EXISTING DOE FACILITIES
The Department of Energy (DOE)' has several facilities where
plutonium metal has been converted to plutonium oxide (PuO2) . This
portion of the rei \c't describes these facilities. Facilities are
located at the Los Alamos National Laboratory (LANL), Rocky Flats
Plant, Savannah River Site (SRS), Lawrence Livermore National
Laboratory (LLNL) and at Hanford Washington.
Los Alamos National Laboratory
The Los Alamos National Laboratory contains a facility (The TA-55
facility) that has the capability of receiving the plutonium pits
from the Pantex Plant, shearing the initial shapes into material
suitable for processing, ignition and controlled burning of the
plutonium metal to the oxide in standard retort furnaces at
temperatures of 500° to 600°C. The powder is ground in ball mills
to produce a final product. The product can be packaged in a
standard container. The plant has instrumentation and analytical
capability to determine the size, density, impurity levels and
isotopic content of the product. The process currently occupies
2000 ft2 but the TA-55 building has 5,000 ft2 of space currently
available for this use. Plant personnel believed that considerably
more space could be made available in the building if required.
The building is one of the few in the country authorized to handle
plutonium in 'quantities required for the Plutonium Disposition
Program needs.
However, plant personnel stress that the plant was" a pilot
facility, maximum throughput was only 10 Kgs/Day, and it was not a
production facility. They believed that R & D is still required to
produce a production process. The only current work is a study to
develop a standard package for the final product. The area of
prime importance is determining whether the material produced in a
production line mode can meet the specifications to produce a mixed
oxide that will meet reactor fuel specifications. Los Alamos also
has the ability to produce some test fuel pins that could be placed
into a reactor- and irradiated to determine their characteristics
and performance. This would be a needed service if the program
would proceed. Other areas suggested for further R & D include the
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method of burning the metal to oxide.
Suggestions to use a
fluidized bed and the use of vibratory mills for grinding the
powder require further study as this equipment creates more dust,
which must be handled.
Another study area suggested was
determining the effects of americium buildup in the material.
While the older weapons plutonium raay be high in americium and
require precautions in handling, it will be mixed with large
amounts of uranium oxide so its effects should be mitigated in the
fuel. However, confirmatory tests would be prudent. The objective
of these studies would be to produce a plutonium oxide that would
not require further purification before mixing with the uranium
oxide.
Rocky Flats
The Rocky-Flats plant has production scale capability and. several
years experience in converting plutonium metal including plutonium
pits into plutonium oxide. They have the. large glove boxes, the
controlled air furnaces and transportation system within the plant
to move the material from step to step in the process. While
production figures for the plant are still classified, there
appears little doubt that the capacity exists at the plant to
handle the ABWR plutonium disposition complex's projected throughput. The facility also possesses all the auxiliary facilities to
analyze, inspect and handle any waste products.
However, the
facility is currently not operating and there is extreme public
pressure to close and dismantle the facility so it is highly
doubtful that approval could be obtained to operate such a
processing line for plutonium disposition purposes. Rocky Flats
does have some very knowledgeable people such as Graham Meyer and
members his staff, who would be invaluable in designing a facility
elsewhere. Also, depending on the ease of decontamination, the
equipment could be moved to a different location where the plant
would face less opposition. Rocky Flats has published a 2000 page
Transition Document which gives some details on this capability
which should be explored in the next phase of the program.
Savannah River Site
The Savannah River Site has many years experience ift handling

Plutonium on a production basis. Two new facilities could be used
with modifications to meet program needs. These facilities have
been built and equipment tested for operability but no plutonium
has been introduced. Therefore, any desired modifications can be
made without any decontamination expense. These facilities are the
Plutonium Storage Facility (PSF) and the New Special Recovery (NSR)
facility. A description of each follows.
Plutonium Storage Facility (PSF)
The Plutonium Storage Facility (PSF) is located in Building 221-F
in the 2 00 separation Area of the SRS. The PSF was built to
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receive, store, monitor, retrieve and ship packaged plutonium. The
facility was intended to be a terminal for solid plutonium products
or scrap products contained 'in approved standard shipping
containers awaiting transfer to or from an SRS processing facility.
The facility was intended to service the New Special Recovery (NSR)
facility which is described later. The PSF vault and the single
story maximum-resistance structure surrounding it were constructed
atop Building 221-F. Shipments are received at the loading dock
which is constructed at ground level. An elevator, stairway and
fifth level bridge corridor, enclosed in a standard building,
connect the loading dock with the fifth floor PFS structure. Doors
at the end of the PSF vault provide controlled access to the
staging and storage areas within the vault. The vault has space to
store containers on the floor and in racks that are serviced by a
stacker-retriever. There is storage capacity for several shipping
containers. The PSF is connected to the NSR facility by a maximum
resistance service corridor.
The facility has scales and NDT
equipment to check receipt of material against the material
shipped. The PSF could probably meet all program needs for receipt
and storage of plutonium pits.
New Special Recovery (NSF) Facility
The New Special Recovery (NSR) Facility is also located in the
Building 221-F in the 200 Separations Area of SRS. This facility
was designed to convert impure plutonium metal or oxide from onsite
or offsite scrap to pure plutonium nitrate solution.
The NSR
process equipment is housed in a large reinforced concrete building
located atop the F-Canyon facility, on the fifth and sixth floors
of the building.
The portions of the building that houses the
process equipment is Class I-Maximum Resistance Construction. The
offices, storage areas, equipment rooms, and the Distributed
Controlled Systems (DCS) room are in a Class C structure, a
conventional industrial design with no provision for blast
resistance. Access to the building is-provided by an elevator and
stairway. The facilities were designed to the DOE manual chapter
which was in effect at the time of construction and Dupont
standards, the plant operator at the time.
The

process

was

designed

as

a

batch

operation.

Solid

feed

materials, either metal or oxides, would be received from the PSF.
The feed would be assayed in either of two laboratories-a feed
assay room or in the Receipts Assay Facility.
Calorimetry
measurements and NDT measurement for plutonium content would be
made.
Next the feed would be introduced to feed preparation
gloveboxes. These glove boxes were equipped with equipment to cut
metal shapes, declad fuel, grind, screen and oxidize the material
to produce a powder suitable for dissolution. The plutonium metal
shapes were cut using a low speed circular saw with provisions to
cool the saw and collect any filings for later oxidation. Nitrogen
gas was used to inert tlie glove boxes in order to prevent
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spontaneous ignition of the plutonium metal. Oxidization was done
on a batch basis in an insulated, automatically temperature and air
flow controlled furnace. The furnace was vented to the facility's
vessel vent system. Oxidation occurred on a ceramic grate which
fit inside a multiple purpose pan which served as the powder
(oxidization product) container.
Note: if the oxidization step
produces a satisfactory plutonium oxide no further processing of
the material would be needed to meet the plutonium disposal program
needs.
If further purification is necessary the oxide material could
follow the normal flow route where it would be batched into another

glove box and be dissolved and filtered.
shaped and is mechanically agitated.

The dissolver is slabThe dissolvers were

constructed of materials to handle nitric acid, potassium fluoride
and aluminum nitrate compounds. The dissolvers can be heated by
removable-heating blocks. Another glove box was equipped with ion
exchange equipment where, if required, where further purification
could take place by removing fluorides, aluminum, americium and
uranium.
The normal mode of operation was to transfer any resultant
plutonium products into the F-canyon process tanks which were
located underneath the NSR.
The facility is well designed to minimize the spread of
contamination.
The tanks and vessels are enclosed in stainless
steel process enclosures, either cabinets or gloveboxes.
The
system is designed with an operating side and maintenance side
philosophy. Major pieces of equipment are located near the
maintenance side of enclosures.
An overhead transfer system
permits movement of the material from one area to the next. This
transfer area can handle two more stations than are presently
installed.
Lawrence Livermore National Laboratory
The Lawrence Livermore National Laboratory has a facility where
plutonium conversion work has been carried on a pilot plant scale
and is similar to work done at the LANL or Hanford sites. They
have developed a hydriding process which is believed to burn the

plutonium more efficiently than the direct plutonium oxidation
process.
LLNL has also developed specialized equipment to
accomplish the conversion which they believe will allow remote
glove box operations and permit easier maintenance. These glove
box operations are carried in inert argon atmosphere maintained at
~ 5 ppm oxygen levels. They have handled plutonium pits and have
ignited and burned the pits to produce plutonium powders.
The
facility also has a large number of unused glove boxes and floor
area that could be adopted to program production needs. However,
there is a problem because of local public opposition against
performing this type of plutonium processing operations at this
location, particularly production operations.
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Hanford Plutonium Finishing Facility
The plutonium finishing Facility on the Hanford Reservation (also
known as the-Z plant or Bldg. 234-5) has similar equipment to.that
found at Los Alamos including glove boxes with enclosed equipment
facilities ^o ignite and burn plutonium metal buttons.
Ring
burners are used to form a plutonium oxide powder. The facility
also has used blending equipment to produce a more homogenous
product. This facility used small scale equipment and has not run
on a production basis.
The greatest quantity handled was 10
Kgs/day.
Plant officials indicated they believed there was
sufficient floor space available to install equipment that would be
required to meet program goals. The Hanford site does have the
analytical and other technical support services that will be
required to conduct a production scale operation needed for this
work. However, it is believed that the' facility would require
major upgrade to meet current safety and environmental regulations.

DESCRIPTION OF ALTERNATE FACILITIES
Alternative facilities are described below that could be used,
constructed or modified to perform the conversion of plutonium
metal to PuO2. These include the construction of a new plant and
the modification of the existing hot cells at the Fuels Material
Examination Facility at Hanford, Washington or other facilities at
Los Alamos, Rocky Flats. LLNL, Savannah River and The Barnwell
Nuclear Fuel Plant (BNFL) to handle the conversion.
Construction of a New Conversion Facility
One option available is to build a completely new facility. One of
the reasons for considering a new facility is that the present DOE
facilities that perform this conversion, with the exception of
Rocky Flats, and possibly Los Alamos, are either laboratory or
pilot scale facilities which may require large additions or
complete renovation to produce at the needed throughput. Rocky
Flats and Hanford are currently not expected to support continued
DOE production operations and therefore are very unlikely
candidates.
A new facility could be located adjacent to the MOX fuel
fabrication plant and eliminate the need to ship powder. Common
services such as electric, water, analytical, etc. services could
be shared.
Another alternative would be to site a new conversion facility and
a new fuel fabrication plant at The Pantex plant where the weapons
are currently being dismantled. Siting both facilities there would
eliminate the need to ship the plutonium pits and/or oxide powders.
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The required through-put of the conversion plant is 5,200 Kgs of
Plutonium per year based on the spent fuel scenario selected for
this Phase IB study.
This rate can be met by at least two
operating modes: 1) Operate three shifts/day, 5 days/week or 2)
Operate three shifts/day, 7 days per week. If we allow for 8
holidays per year and two weeks shutdown for maintenance is
assumed, 232 days operation under the first mode and 343 days
operation under the second mode are available. This would require
respective processing rates of 0.934 Kgs/hour and 0.624 Kgs/hr. An
estimate of the space required for each rate has not been done,but
is planned for the next phase of the program. A good estimate
could be made by using Rocky Flats experience, if these figures are
not classified.
The process requires storage for the plutonium pits, controlled
burning furnaces, grinding equipment, packaging equipment and
storage of the plutonium powder product.
Under Phase 1A
assumptions, to provide 6 months supply to the fuel fabrication
plant, the product storage area would require storage slots for
storage of 3,000 Kgs of plutonium. Based on Belgium and French
experience
there are indicative limits for
plutonium storage after plutonium purification because of americium
buildup. These limits are:
•

PuO2 powders-2 years

• Master Blends (uranium and plutonium oxide blends)-4 years,
•

MOX fuel rods 10-13 years

•

Fresh MOX fuel assemblies-13 to 20 years

•

Spent MOX fuel assemblies-Unlimited.

In addition, because of plutonium self-heat generation from the 238Pu
of 15-20 watts/Kg, the storage of PuO2 powders requires special
precautions such as the use of a vented vault and chlorine free
packing materials.
The building must be constructed to meet
federal criteria for plutonium handling (either DOE orders or NRC
regulations). These include adequate seismic, tornado"and other
design basis event criteria, as well as, all criteria concerned
with radiation exposures and handling of toxic materials. All
environmental and regulatory permits must be obtained in accordance
with DOE/NEPA requirements.
Modification of the Hot Cells at the FMEF
The Fuels and Materials Examination Facility (FMEF) is a large reenforced concrete structure that was originally built on the
Hanford Reservation to provide post irradiation examination of
fuels and materials irradiated in the Fast Flux Test Facility
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(FFTF). Preliminary Design began in January 1978. Final design
began in April 1978 and construction began in December 1978. The
facility was completed in 1984 but was never equipped to perform
post irradiation examinations.
This six level building is formed by a core of shielded examination
cells surrounded by support cells and operating areas. Total floor
space is about 225,000 ft2. The main features are shown in Figure
1. The building overall dimensions are 256 ft long 156 ft wide and
130 ft high.
The TRIGA reactor shown in Figure 1 was not
installed.
The lowest level of the building was designed to
contain the destructive examination and pin cutting cells, hot and
suspect repair areas, a TRIGA reactor and neutron radiography film
exposure rooms, liquid waste handling, ion beam and electron
microprobe laboratories and supporting facilities.
The next
highest level was designed to house the building equipment such as
electric switchgear, emergency generator, air compressors and

ventilation. The next level is at
ground level and was to be the main operating floor with nondestructive testing and decontamination cells, building and cell
exhaust equipment plus building equipment support areas, receiving
and shipping, truck lock, and liquid waste load out.
Most
personnel access areas are on one side of the building at this
level. These include main entry, operation control and computer
rooms, and conference and locker rooms. The next level, above the
proposed NDE and decon cells, contained areas for repair shops and
spare parts storage. A high bay area is atop the receiving and
shipping, and decon cells.
The dimensions (in feet) of the major cells are as follows:
NDE cell 40W x 100L x 37H
Decon
40W x 30L X 37H
Entry Tunnel 10W x 85L x 3OH

Ship & Reed 40W x 85L x 94H .
Hot Repair 16W x 30L X 31H

The building is serviced by a number of cranes. There is a 68,000
Kg (75 ton) crane with an 18,000 Kg (20 ton) auxiliary hoist
servicing the high bay area covering the receiving and shipping and
decon areas. There are also two remotely operated 4,500 Kg (5 ton)
bridge cranes located at the upper level of NDE cell. These cranes
operate on common rails and are paired
for redundancy.
Interlocking capability allows one unit to move the other bridge
and carriage to a position below the repair hoist located in the
cell roof where its trolley can be remotely lowered and removed for
repair. The decon cell and hot repair room also have one remotely
operated- 4,500 Kg (5 ton) crane each, which are similar to those in
the NDE cell except that the decon cell crane has longer hook
travel to reach down into the transfer tunnel. other cranes are
located in the hot repair room, the area that was to contain the
TRIGA reactor, the suspect repair room, the solid waste loadout
area chamber of the decon cell. Cranes with a capacity of 4 54 Kg
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(half ton) are located in the DE, pin cutting cells and the
transfer tunnel. Some of these cranes are in storage on the site
and are not installed. In addition, the facility was designed to
have five rail mounted transporters to transfer heavy loads in the
FMEF. The largest was the entry tunnel transporter rated at 45,000
Kgs (50 tons) .
The unit was designed to provide for manned
control, contamination-free operation.
The ventilation system was designed to direct air flow from areas
of no or least contamination toward areas of higher contamination.
All cell atmosphere exhaust passes through at least two stages of
high efficiency particulate filters (HEPA) filters.
All air
leaving the facility also exhausts through HEPA filters.
The FMEF also has installed an elaborate system of tunnels,
corridors, shielded hatches, locks, valves and ports, including a
fully operational special nuclear material storage vault equipped
with a modern safeguards and security system and remotely operated
stacker-retriever.
The Secured Automated Fabrication (SAF) MOX fuel fabrication line

occupies most of uhe top floor of the building. This floor is 70
feet above ground level and the area covers roughly 100 x 160 x 20
feet high. This equipment is still in place but was designed for
fabrication of breeder fuel and would require some modification or
replacement for fabrication of ABWR fuel.
Use or Modifications of other DOE facilities
Use or modification of other DOE facilities was examined.
section discusses these possibilities.

This

Rocky Flats As noted above the existing Rocky Flats plant for
plutonium conversion could probably be used for the plutonium
disposal mission.
However, the current DOE plans for plant
shutdown would require revision.
Los Alamos TA-55 Facility
The TA-55 Facility at Los Alamos was studied by Los Alamos
personnel and it is their belief that the facility could handle
5,000 Kgs of plutonium/year. The ABWR Pu disposition spent fuel
case needs are 5,200 Kgs/year. It would appear that modifications
are possible that would physically permit this small expansion.
However, LANL employees have emphasized that this is not currently
a production facility and costs would be incurred to convert it to
that purpose. The facility occupies about 2000 ft2 of floor space.
There is limited room for expansion.

3.1.1-9

Lawrence Livermore National Laboratory
The Lawrence Livermore National Laboratory (LLNL) faci3 ities could
be physically rearranged to provide the necessary space to carry
out operations on a production basis.
LLNL has experience in
disassembling weapons and handling plutonium pits and converting
the metal to oxide form. They also have several currently unused
glove boxes that could be utilized. However, the laboratory has
significant local opposition to continued plutonium processing
operations. Gaining approvals to do work other than laboratory or
pilot-scale operations at LLNL would be very costly and time
consuming..
Plutonium Finishing Facility Hanford
The Plutonium Finishing Facility at Hanford may be able to be
modified to convert the plutonium metal into plutonium oxide.
However, the Hanford staff believed that the required facility
upgrades would be prohibitive.
Barnwell Nuclear Fuel Plant
The Barnwell Nuclear Fuel Plant (BNFP) is not a DOE facility but is
adjacent to SRS and is reportedly for sale at a reasonable price.
The plant has several facilities which could be converted to use as
a metal to oxide conversion plant and to a fuel fabrication
facility. It also has spent fuel storage pools and waste handling
facilities which could be utilized in other parts of the program
i.e. servicing the reactor operation. Two facilities- the Waste
Tank Equipment Gallery and the Emergency Utility Area are buildings
which are hardened structures with existing fixtures that could be
readily
removed and the space used for this purpose.
The
buildings appear to be in good physical condition.

EVALUATION OF FACILITIES
This section compares the use of existing, modified or new
facilities to perform the metal to oxide conversion.
The
evaluation is based on facility availability, program schedule,
plant features such as capacity, ease of operation and maintenance,
public acceptance, environmental/safety considerations, safeguards
and costs.
Availability and Schedule
None of the existing DOE or BNFP facilities is currently available

to meet production goals. While Rocky Flats has the equipment and
experience to do the processing, the plant is restricted from
operation for an indefinite time. SRS's Plutonium-Storage Facility
and New Special Recovery units appear to meet program needs and
with limited modification to equipment could be placed into
service. The Los Alamos TA-55 facility also appears to attain
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favorable but require further development and should be done in
Phase 2. LLNL facilities and the Hanford PFF appear to require
even longer schedules and more resources to make the necessary
•modifications. Installing equipment in the FMEF or in one of the
BNFP facilities appears to require less time than building a new
;facility at the ABWR site or at Pantex.
Public Acceptance
The Savannah River Site, Los Alamos and Hanford FMEF appear to have
the best public acceptance for nuclear operations. Rocky Flats and
LLNL have major opposition and therefore consideration of these
sites for the production mission is questionable. They could still
provide development and support work. A new facility at Pantex

would probably not raise much opposition.
Plant Factors- Capacity, Operating and Maintenance Ease
Rocky Flats is the only facility with existing capacity and
equipment to meet program needs. Both Rocky Flats and Savannah
River have operating and maintenance experience on a plutonium
handling production basis. Los Alamos requires a limited capacity
addition to meet program capacities and modifications to become a
production facility. However, the other facilities require more
significant modifications to meet program production goals. All
facilities considered have extensive experience in handling and
maintaining equipment in a plutonium environment.
Environmenta1/Safety
•All the facilities considered in this section have adequate
environmental protection and nuclear safety systems and procedures
in place to perform this work. Up-to-date features complying with
current federal/state /local regulations would be incorporated in
the design of any modifications or new facilities used.
Safeguards
Los Alamos is an international leader in developing safeguards for
nuclear processing work. All sites considered have had experience
in this field.
In addition, advanced safeguards and security
systems developed by Bechtel for the NPR program and methods
developed jointly by Bechtel, Oak Ridge National Laboratory and
Savannah River Laboratory for plutonium oxide storage are
available and were proposed in Phase IA.
Costs
It appears that using Rocky Flats facilities for conversion would
result in the lowest cost option as it has sufficient capacity
exist to meet program needs. Modifications to SRS's PSF and NSF
units and to Los Alamos TA-55 appears to be the next least costly
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option.
The SRS facilities appear to require a change out
certain equipment while the Los Alamos TA-55 building has nearly
the capacity and is an authorized facility to handle plutonium but
it too requires primarily equipment changes. TA-55 is also near
Pantex where the weapons will be dismantled. Modifications of the
LLNL facility and the Hanford-PFF would be more costly, followed by
equipping the FMEF or BNFP facilities. The roost costly option
would be building a new facility at an ABWR site or at Pantex. If
one considers locating the conversion and fabrication facilities at
same site the SRS appears to be the least costly choice.
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3.1.2 FACILITIES FOR FUEL FABRICATION
The use of existing facilities for fabricating mixed oxide fuels is
discussed in this section. The work dbne in Phase IA described the
features of a new on-site fuel fabrication facility required for
the disposition of Plutonium.
This- section describes one DOE
facility, the former secured Automated Facility at Hanford,
Washington that could be refurbished and used for the fuel
fabrication for the ABWR Plutonium Disposition Program and several
other domestic facilities that could possibly be used.
A
comparison is made between these facilities and the possible use of
some of the international facilities described in Section 1.1.14 .
This evaluation is based the facility's availability, production
schedules, plant factors-capacity, operating and maintenance ease,
environmental/safety considerations, safeguards and costs.

DESCRIPTION OF EXISTING DOE FACILITIES
Currently there are no DOE facilities that are producing mixed
oxide fuel elements. However, DOE built and equipped a mixed oxide
fuel fabrication line on the top floor of the Fuel Material
Examination Facility (FMEF) at Hanford, Washington. The facility
never operated on a production basis but could be refurbished to
produce fuel elements and is described in this section.
Secured Automated Fabrication Line at the FMEF at Hanford
Westinghouse Hanford Company managed the design, construction and
installation of the secured Automated Fabrication (SAF) .line on the
top floor of the FMEF on the DOE Hanford, Washington Reservation in
the early to mid 198O's. Its purpose was to produce MOX breeder
fuel pins for the FFTF and Clinch River Breeder Reactor. The SAF
line objectives were to increase productivity through automation,
improve quality through standardization by processing large uniform
batches, reduce radiation exposure to workers by utilizing remote
control, improve accountability through more rapid data collection
and analysis and improve safeguards by minimizing personnel access
to special nuclear material.
Operation of the SAF line's process
remote control centers and did not
process equipment, nuclear material
A control center for operation was

equipment was to be done from
require access to either the
or the manufactured products.
located above and adjacent to

the process area, visual surveillance of the fabrication area was

designed to be carried out by operation personnel using closed
circuit television (CCTV). in any instance, where entry was to the
remote line, a constant surveillance of. the area was carried out.
The line was designed to handle a throughput of approximately 2000
Kgs of PuO2/year. This is approximately 38.5 % of the capacity
required for the Phase IB (spent fuel case) plant.
It was
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anticipated that the PUO2 powder would have been received in 4 liter
canisters with tamper indicating devices, containing about 8 Kgs of
powder.
Upon receipt of the Incoming feed material the tamper
indicating device would be verified, the eanister weighed and
calorimetric nondestruetively assayed. The-canisters would then be
transferred to the storage area, which w&s completely automated for
in-process and short term.storage. Access to storage is through a
computer controlled elevator connecting the storage area with the
receiving area and the various processing levels. The system was
designed so a single canister would be inserted into the lift
mechanism, radiation shielding lewsr&d into place and the canister
conveyed to the vault.
In the storage area, a robot would ©Ktract the canister and carry
it to an assay station where the weight and identification were
automatically recorded. If the weight and the identification for

that canister were correct,, the robot then would- insert it into one
cf two wells in a stainless steel pallet. An automated stackerretriever unit would move the concrete-filled pallet to a
predetermined storage position. All movements would be controlled
by computer, so there would be no human intervention once the
process had commenced. within the storage area the capability
existed to perform an automated physical inventory. Each of the
canisters could be brought to the assay station where the weight
and identity could be verified against the computer.
On the processing line itself the canisters would be transported
from the elevator to the fissile receiving area in a power assisted
mobile cart.
The canisters were again weighed and identity
verified. The canisters were then opened remotely and the contents
emptied into hoppers. All material transfers within the process
line were performed pneumatically or by conveyor.
Prior to
transfer from an item safeguards, control area to a container or
boat, the shipping canister was laser scanned for batch identity
and weighed for accountability transfer.
At selected points in the fuel processing line, provisions were
made to take analytical samples using x-ray fluorescence
techniques. Samples could also be encapsulated within,the process
line and dispatched pneumatically to close-coupled analysis
stations where a combination of generic pick and place robots and
dedicated equipment could distribute them for analysis.
Special emphasis was given to safeguards protection in this
facility.
The design of the process and processing equipment
contributed to enhanced safeguards. Automation with remote control
separated personnel from the nuclear materials. The plant had a
great many sensors so both ends of a transfer could be measured and
recorded.
The safeguards system also could use results of
Plutonium/uranium ratios, oxygen to metal ratios, and sample
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weights to verify records.
computer system.

It also had a separate safeguards

Only a small number of cold startup tests were made on the system
so there is no operating record on how this unit could perform
under production conditions and whether it could consistently
produce a satisfactory fuel element that would perform well in the

reactor.

DOE cancelled the program in the mid 1980 's but has not dismantled
the line and all equipment is currently in place.

DESCRIPTION OF DOMESTIC COMMERCIAL
FUEL FABRICATION FACILITIES
Although . there are a number of non-U. S. commercial fuel
fabrication plants that were described in section 1.1.14, there
were at least three domestic fuel fabrication facilities that
produced MOX fuels, none of which is currently available. The GE
Valacitos Nuclear center produced 500 plutonium fuel rods. . The
Babcock & Wilcox (B & W) Company was one of two vendors selected by
Westinghouse Hanford to fabricate fuel pins for the cores 1 & 2 for
the Fast Flux Test Facility (FFTF) at Hanford, Washington. The
other fabricator was Kerr McGee at their plant in Oklahoma, which
received so much publicity over the Karen Silkwood lawsuit.
Discussions of the GE' plant and description of the B & W plant are
presented below as representative of the technology. Therefore,
the similar Kerr McGee facility is not described.
GE Vallecitos Nuclear Center
The GE Vallecitos Nuclear Center located near Pleasanton,
California has facilities for developing, fabricating, testing and

evaluating fuel materials. These include a fuel fabrication line,

a 50 MW test reactor, neutron test reactor and special alpha
radiation handling hot cells for examining plutonium enriched fuels
and materials.
GE designed and produced 500 mixed oxide plutonium rods that were
irradiated in the GE test reactor, the Plutonium Recycle Test
reactor, Dressen 1, Garigliano, Big Rock Point and the Quad Cities
power reactors. These irraditions were made from 1969 to 1975 with
burnups ranging from 10,000 MWD/MT to 40,000 MWD/MT.
Babcock & Wilcox Nuclear Materials Division
The Babcock & Wilcox (B & W) company's plant at Applo, Pennsylvania
was used to fabricate fuel pins for the cores 1 & 2 for the FFTF.
Each FFTF core required 11,105 fuel pins of 27.5% PuO2-UO2 for the
outer core and 6895 pins of 22.5% PUO2-UO2 for the inner core zone.
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-The fual pins are Type 316 stainless steel, Q«,230-in. diameter x
0.015-in. wall thickness and 93.5 in. long, contain 36 in. of
fuel, two inconel reflectors, each 5.7 in. long, a spring, plenum
tuba and gas tag. Bi'W made or purchased all the hardware except
the gas tags.
The fuel fabrication process selected was a dry process where PuO2
and UO, were mechanically blended to achieve fuel pellet
homogeneity. The plutoniiam oxid© was* calcined at 825°C in air, ball
milled as 2.5 Kg sublets, screened, V blended, and sampled as 15 to
30 Kg PUD, lots. The Puo2 was combined with the required amount of
U02 and dry recycle PuO2-UO3/ V blended, jet milled, and screened as
15 to 30 Kg sublots. Two sublets of this material were V-blended to
form a 30 to 60 Kg powder lot.
An orga'nic was added as a pore £©naer to produce low density
pellets of nominal 90.5% theoretical density (TD). The PUOJ-UOJ
with organic was slugged to 45 te 50% TD, graawlated, and screened
to -20 mesh fraction. A die lubricant of 0.3% sterotex was Vblended witu die granulates for press feed. Pellets were pressed
using a dual cavity hydraulic press at a rate of 36 pellets/minute.
The green pellets were loaded into molybdenum boats and presintered
at 700 to 800 "C for 2 hours in an Argon-8% H2 atmosphere. The
entire lot was sintered as a continuous line of boats, each boat
containing 1.5 Kgs of pellets. This was done in a continuous
pusher-type sintering furnace. The product was sintered at 1675 °C
for 4 hours using the argon-8% hydrogen gas.
Pellets were dry-centerless ground to 0.1945 ± 0.0015 in. diameter
using a Royal Master centerless grinder with a diamond grinding
wheel. Following grinding, the pellets were sampled for chemistry,
density ' and other certification requirements.
The total gas
3

release of as-sintered pellets was <0.05 cm /grara and did not
require vacuum outgassing to meet product specification.

Fuel pins were welded in lots of 40, and subsequent inspection with
the exception of fuel pin cleaning was performed on the basis of
a 40 pin lot.
The critical fabrication parameters for these pins were
homogeneity, oxygen-to-metal ratio, total gas release, pellet
diameter and smear density.
The Applo Plant in Pennsylvania, where these fuel elements were
produced, is being decommissioned so is not available. B & W's
other facility at Lynchberg, Va is not licensed to handle plutonium
and is also unavailable, unless its license is amended. The plant
produces naval and research reactor fuels.
other U.S. fuel
fabricators, such as GE, believe conversion of their facilities

would be costlier than building a new plant.
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DESCRIPTION OF ALTERNATE FACILITIES
Construction of a New MOX Fuel Fabrication Plant
An option is to build a new MOX fuel fabrication plant. As noted
above the only MOX fuel fabrication facility DOE has is the SAP
line at Hanford. The SAF line would require additional equipment
and a change-out of equipment to meet the Plutonium Disposal
.Program needs, as it was designed to produce breeder.reactor fuels
rather than LWR fuels and had a lower design through-put than is
required for this program.
As noted in Section 2.3.3.1,
collocation of the facility adjacent to the conversion facility has
several advantages such as common services and elimination of

shipping powders. If the Pantex site ware selected this would also
eliminate shipping the plutonium pits.
Based on the spent fuel case the plant would be sized to produce
136 MTHM of MOX fuels/year. This is larger than any current MOX
fuel plant (120 ITHM/year is the largest current plant ar>d that is
not yet in operation) .
The new plant would operate three
shifts/day, seven days/week or 342 days/year, assuming 8 holidays
and two weeks shutdown for maintenance.
This would require a
processing rate of 16.57 Kgs/hour.
An estimate of the space
required and preconceptual cost/schedule for this size facility
was done during Phase 1A of the program.
The flowsheet for the plant was based on the process used for the
SAF line. It incorporated powder storage, blending of uranium
oxides, plutonium oxides and scrap returns, pressing into pellets,
sintering, grinding, stacking of pellets, filling the cladding
tubes, welding the end plug, decontamination, pressure welding and
rod testing. The plant also had equipment to perform the necessary
inspections at key steps in the process. The plant also
incorporated the latest safeguards techniques.
Savannah River Site (SRS) Facilities
The 330-M area of SRS has been devoted to fuel manufacture for the
site's heavy water reactors, prior to the current shutdown of
operations. The fuel manufactured was considerably different than
what is required in the plutonium disposal program. Therefore, the

majority of the equipment on hand is not usable for this program.
Three buildings were production buildings.
Bldg. 313-M
manufactured aluminum clad uranium slugs, Bldg. 320-M manufactured
aluminum clad Al-Li target tubes and aluminum housing assemblies
and Bldg. 321-M manufactured aluminum clad enriched uraniumaluminum fuel tubes and Al-Li target tubes extrusions. There were
four other support facilities in this area. Bldg 315-M Essential
Materials Warehouse, Bldg. 341-M liquid Effluent Treatment
Facility, Bldg. 322-M Metallurgical Laboratory and Bldg. 320M also
housed the Essential Materials Laboratory.
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With the shutdown of the operating reactors on-site and
cancellation of the New Production Reactor the majority of these
facilities have no current mission. While the materials handled
and processed were different than the plu'toniaan disposition program
needs, some of the facilities listed above caald be converted to
MOX fuel fabrication. SRS officials stated iihat these facilities
are relatively close to the site boundaries and there is some
question as to where they would want to conduct plutonium
operations so there may be other buildings tihat could be used.
This would require considerable more study in Phase 2. However,

SRS staff and management were very cooperative and expressed a
desire to work closely with the program team on this study.
JBarnwell Nuclear Fuel Plant
At; noted in Section 2.3.2.3, another potential site where a MOX
fuel fabrication plant can be located is the Barawell Nuclear Fuel
Plant (BNFP). BNFP is located adjacent to SRS and at one time was
part of SRS. It was sold to Allied-Gulf in 1968 to build a private
reprocessing plant. The plant was built but only went through
checkout procedures and never operated on a production basis. The
majority of the equipment is in place and is still in very good
condition. There are at least two facilities on the site which
could be readily stripped of equipment and used to produce MOX fuel
assemblies. These are the Waste Tank Equipment Gallery and the
Emergency utility Building. Both of these buildings are hardened
facilities and appear to have sufficient floor space for program
needs. Other facilities such as the Fluorine Building and the UF6
buildings are just partially hardened but also appear to have
sufficient space. BNFL also has large spent fuel storage pools
which could be used if the ABWR was sited nearby.
As noted
earlier, this property is reported for sale at reasonable price.
If the siting of the entire complex of conversion facility, MOX
fuel manufacture and ABWR reactor operation is done at one
location/ the SRS-Barnwell site appears to offer many advantages
and would warrant a thorough study in Phase 2. It is recommended
that this study should be done in cooperation with SRS personnel,
some of whom are former BNFP employees.
Conversion of other Facilities
There may be other buildings at DOE sites, besides the FMEF at
Hanford and the SRS facilities described above, which can be used
to house the MOX fuel fabrication systems.
However, for the
reasons cited in the evaluation of sites for the conversion plant
facilities at LLNL and Rocky Flats do not appear to be viable
candidates. This leaves Los Alamos as the only location where such
a facility could be located. A specific facility at Los Alamos was
not identified in Phase IB. Therefore, it is suggested that the
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Los Alamos site be studied in Phase 2 to determine if such a
facility could be identified and how it would compare to facilities
at Hanford or SRS-Barnw;ell.
Another option would be to have the fuel fabricated in one or more
of the non-U. S. Plants-. However, due to transportation concerns,

this option does not appear attractive unless the weapons were
dismantled at the fuel fabrication site and both the conversion and

MOX fabrication were collocated. Another disadvantage is that
these plants have customer backlogs and would require expansions to
accommodate plutonium disposal program needs.
The Siemens plant is built and ready to operate but has not been
permitted to do so by the German Government. When or if they will
given permission is uncertain. Therefore, one alternative would be
to utilize the equipment from this plant and install it in an
existing building at a DOE site.

EVALUATION OF FACILITIES
This section evaluates the use of the various fuel fabrication.
facilities identified. The criteria used in the evaluation are as
follows:
facility availability, production schedule, plant
factors-capacity,
operating
and
maintenance
ease,
environmental/safety factors, safeguards and costs.
Availability and Schedule
None of the existing fuel fabrication facilities in the U. S. meet
program needs.
The SAF line, if refurbished, has the design
capacity, to meet about 38% of program needs. However, besides
additional capacity it would also require modifications to produce
ABV7R fuels, rather than the breeder fuel it was designed to
produce. Utilizing the salvageable equipment in place at the FMEF
may take less time to begin production than other options.
However, other DOE program needs may offer competition for this
building's use. A decision has yet to be made on this matter. The
other DOE sites and the BNFL have buildings that could be converted
but new equipment would be required.
None of the European or Japanese facilities by themselves have the
capacity to meet program needs. They are also committed to serve
other customers and would have to build additions to accommodate
program need.
At least one fuel supplier-, Siemens has shown
interest in working with the ABWR plutonium .disposition program.
Public Acceptance
There is some precedent for public acceptance at Hanford, Savannah
River, Los Alamos and at Pantex. Rocky Flats and LLNL would meet
intense opposition. If plutonium transportation obstacles could be
overcome overseas, fabrication in Belgium and France would meet
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with, the least opposition, followed by Japan and England.
Fabrication in Germany would have the most local opposition.
Plant Factors°capacity, Operating and Maintenance History
As noted above, none of the existing facilities identified have the
installed capacity to meet program needs. Depending on commercial
contracts, sufficient non-U. S. capacity asay be available if
production was divided between the Belgium, French and German
plants. The Belgium and French plants have osrtstanding operating
records, meeting or exceeding capacity for prolonged periods. The
Japanese have experienced the most difficulty in recent years in
their new plant. Since the Japanese plant has much lower capacity
and a full capacity commitment, its use is very unlikely. The UK
plants are of lower capacity and not yet in operation so their use
is also unlikely. The SAF line was designed for breeder fuel of a
different geometry and would require extensive modification. It
also has onlv had very limited startup experience.
Environmental and Safety
None of these plants have experienced significant environmental or
safety problems. Because of the nature of. operations, precautions
must be taken to protect the public and the plant workers. Plant
design and operation generally incorporates modern safety and
environmental protection features including extensive remote
operations and automation to reduce employee exposures to lower
than regulatory requirements.
Safeguards
The SAF line and the Japanese PFPF facilities were specifically
designed to incorporate the latest safeguards techniques. The

European plants arecovered by Euratom agreements and some by IAEA
agreements and
protection.

therefore

also

embody

adequate

safeguards

Costs
Depending on the amount of usable equipment in the SAF line,
modification and additions to the SAF line may be the least costly
option. If the conversion process was also installed in the
FMEF, the overall cost to the program appear to be the lowest. The
next least costly option would be to site both facilities in
existing building facilities at Savannah River, or possibly at Los
Alamos. However, a specific facility to house the MOX fuel
fabrication plant at Los Alamos has not been identified. Dependent
on the sale price of BNFP and a decision to collocate the entire
complex on one site, overall cost of locating such a complex at the
SRS-BNFP site may be an attractive option. Construction of new
facilities at other U. S. locations appear to be the most costly.
Negotiations with
European suppliers would be required to
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determine the cost of using their existing or planned facilities.
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3.1.3 NON-U.S. FUEL FABRICATION EXPERIENCE

This section of the report describes non-U.S. fuel fabrication
plants in Belgiuia, France, Germany, Japan and the United Kingdom.
It presents operating experience and plans for expansion of these
facilities.

COMMOX CONSORTIUM PLANTS - BELGIUM AND FRANCE
The COMMOX Consortium, which is a joint COGEMA (French) and
Belgonucleaire (Belgium) venture was formed in 1984 to promote and
sell MOX fuels. It has primarily been used to supply reloads to
French PWR reactors but has also made sales to reactors in other
European countries. This use of plutonium and recovered uranium in
Europe began in 1987 and is continuing today. The MOX fuel rods
are produced at the Belgonucleaire plant at Dessel, Belgium and the
Cadarache Production Facility of CEA (affiliated with Cogema) in
France.
The MOX rods are shipped to Pierrlatte, France and
assembled at the Franco-Beige de Fabrication de Combustables (FBFC)
plant.
Belqonucleariare Dessel Plant
The Belgonucleaire plant at Dessel began operation in 1973. The
design of the plant was based on R & D Work done at the Belgium
National Research Center CEN/SCK at Mol and results from the
company's pilot plant which operated from 1968-1973. The first MOX

assembly to have been recycled in the world was fabricated by the
company and loaded in BR3, a small PWR reactor in 1963. The last
reload in BR3 contained 7 0% MOX fuel. The capacity of the Dessel
Plant was increased from 4 MTHM/year to 35 MTHM/year in 1985. In
the course of this expansion and modernization, 14 glove boxes with
a volume of 66 m3 from the powder treatment section of the plant and
3 glove boxes, with a volume of 14 m3, from sintering, rod filling
and analytical sections were removed and decontaminated. These
boxes ranged in size from 0.5 to l.l m wide, 1.5 to 4.0 m long and
0.5 to 4.1 m high. The new plant has the capability of adding one
or two 35 MTHM/year modules on short notice if market demand
requires. The total capacity is expected to reach 75 MTHM/year of
MOX fuel by 1998. The expanded plant would be called"DEMOX-the
Dessel MOX plant.
The flowsheet for producing mixed oxide fuel for LWRs at this plant
consists of two main parts: plutonium powder conditioning, and
actual fuel fabrication.
The plutonium powder conditioning
consists of the preparation of a set of master blends containing a
blend of fresh U02 powder, fresh PuO2 powder and green or sintered
scrap or both. Plutonium is delivered in 20-60 kg batches whose
isotopic content can vary widely. To avoid large fuel management
problems in the reactor (such as too large maximum PuO2 particle
size) and to obtain complete solubility of the MOX fuel (as most
MOX users ?ntend to reprocess and recycle the material), the
isotopic composition is homogenized by a single or double cross
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blending at the micronizing step in which roaster blends are
developed by blending and crushing at the same time to allow the
uranium and plutonium to form a solid solution, with adequate
solubility after sintering and again: in a secondary blending step
prior to pelletizing.
During the secondary blending step the
ground master blend (about 20%) is homogenized with fresh UO2 powder
(75%) and sintered scrap (5%). Using this technique only about 20%
of the total throughput has to pass through the time consuming ball
milling process, and the free flowing character of the 75% fresh UO2
powder prevails during the pressing operation. Temperature rises
resulting from the exothermal reaction of UO2 powder initiated by
Pu self-heat generation means that the presses used to form the
pellets require lubricants with higher than usual melting points or
autolubrication. The plant has two parallel production lines and
the work is done in glove boxes. The pellets are then sintered in
an Argon-5% Hydrogen atmosphere.
The sintered pellets are dry
centerless ground to avoid using a water moderator in the
production line.
The pellets are screened, with the oversized
material regronnd. The material is then heat treated in order to
meet one of the main specifications for zircaloy clad LWR fuels of
very low hydrogen content.
Sub-stoichiometric mixed oxide fuel
pellets show a tendency to oxidize in water at room temperature
liberating hydrogen. Therefore, appropriate sintering conditions
and/or heat treatment is necessary. The pellets are then sent to
a pellet column preparation step, loaded into rods and the end caps
welded using a circular TIG weld that is specially designed to
optimize the welding quality and control capacity.
Contamination control is a prerequisite for the fuel rods leaving
the glove box containment and moving into the production building.
The rods are pressurized through a tiny hole in the end plug that
is TIG-sealed once the required helium pressure is reached. When
rod fabrication is complete a testing group performs all necessary
inspection and non-destructive tests. The rods are then assembled
into fuel assemblies which in turn are inspected. Some rods are
placed in storage and shipped to other sites. The plant does not
produce MOX fuel pellets and rods with different specifications
simultaneously in the same fabrication line.
The plant also has a production line capable of producing one
metric ton of uranium/gadolinia pellets and rods. This capability
has been available since 1985 and uses depleted uranium but has
used slightly enriched uranium with truncatures. These elements
have been tested in several reactors in Belgium, Germany, France
and Sweden.
The plant obtains its metallic components, such as fuel rod end
plugs, sleeves and shoulder screws from FBFC.
Some innovative
techniques are being used, such as laser identification of the
zircaloy tubes on delivery from the fuel rod manufacturer
following the bottom-end plug welding at the FBFC plant.
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The operating experience at this plant has been very good. Actual
plant deliveries in 1988 were 26 MTHM compared to a capacity of 25
MTHM, In 1989 production was 35 MTHM compared to a capacity of 35
MTHM and in 1990 actual production was 37 MTHM
compared to a
capacity of 35 MTHM.
CFCa Coaema/Cadarache Fabrication Plant

The Cadarache plant has been traditionally focused on FBR fuel.
Therefore, only pellet type fuel with a homogenous dilution of
Plutonium in the matrix is produced at this plant.
However,
additions have been made for this plant's fabrication technique for
fuels destined for use in LWRs (primarily Pressurized Water
Reactors (PWRs). The plant has a capacity of 35 MTHM/year. The
plant's flowsheet has some differences from the Dessel plant. Feed
is uranium and plutonium oxides and scrap. The scrap is material
not meeting specifications after the pelletizing, grinding or heat
treatment steps. The feed materials are blended and micronized,
precompacted, grar "'.ated, pelletized, sintered, centerless ground,
heat treated and placed in pellet columns. Pellets are then loaded
into rods and the end plugs welded closed. The rods are pressurized
and packaged and shipped.
FBFC Plant Pierrelatte, France
The Franco-Beige de Fabrication de Combustiables (FBFC) plant has
a capacity of 500 MTHM/year and produces mainly PWR fuels for
French reactors. However, it has the capability of producing mixed
oxide fuels for LWRs and is used to assemble the MOX fuel rods
produced at Cogema's Cadarache plant.

THE MELOX PLANT - FRANCE
The MELOX company which was created in July 1990 is a joint venture
of COGEMA and FRAMATOME. The company is in charge of construction
and the later operation of this new MOX fabrication plant, also
called the MELOX plant. Engineering for the plant is being done by

three organizations-USSI-INGENIERIE, FRAMATONE and Belgonucleaire.
The plant will have a capacity of 120 MTHM/year. The plant is under
construction at a 50,000 m2 site on COGEMA property in~Marcoule,
France.
The facility is designed around two main nuclear
buildings. One is dedicated to production and a laboratory, the
other to scrap handling and waste treatment. The civil works of
the production buildings, administration, and technical non-nuclear
buildings are completed. Equipment manufacture is nearing
completion and installation is under way. Inactive testing of some
of this equipment began in 1992 and is scheduled to be completed
this year. This will be followed by testing with UO2 beginning the
last half of 1993 and ending in 1994. Qualification testing is
scheduled to begin in the latter half of 1994, with production
slated to begin in 1995.
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The main process operations are similar to the MIMAS process
described for the Belgonucleaire Plant in Belgium. The flowsheet
selected is • based on the satisfactory operation of the
Belgonucleaire plant, the Cadarache and FBPC plants in their
respective fields.
The process will consist of using a master blend and micronizing
it, then blending in additional U02 and (U-PuJO, scrap, pelletizing,
sintering, dry centerless grinding, pellet inspection, pellet
column preparation, rod filling, end plug welding, pressurization,
rod decontamination and inspection, assembling, assembly inspection
and packing, storing and shipping to the customers!
The plant is designed to handle plutonium containing up to 30,000
ppm of americium (about 6 years old after reprocessing).
The
amount of plutonium in the fuel may be over 10%. The plant will
maintain dose rates very low for the workers (one tenth of the
legally permitted dose/year).
Selection of the Marcoule site was made partially on the fact that
several waste treatment facilities are already located there.
These include the Liquid Waste Treatment Plant, Vitrification Plant
and the Solid Waste Treatment and Conditioning Unit. Major design
criteria includes absolute confining of nuclear materials, avoiding
doses rates to personnel and securing good availability of the
equipment. To meet these criteria automated equipment was used in
glove boxes for the process and transfers. Plant operations would
be from controlled and monitored control rooms but maintenance and
or incidental operations would be handled directly by personnel
with sufficient protection.
Equipment is being designed to be
modular and standardized. The low activity liquid wastes are to be
treated in the Marcoule treatment unit but the plant is being
designed to allow recycling of as much plutonium solid waste as
possible. The scrap dissolution process is an oxydo-electrolytic
process. Waste which can be burned will be incinerated with the
plutonium being recovered from the ashes. The plant does not
expect to produce more than 100 m3 of storable waste per year, of
which only about 4 m3 will require underground storage.

SIEMENS - HANAU FUEL FABRICATION PLANT
There are two MOX fuel fabrication plants located at the Siemens AG
site in Hanau, Germany. The older plant has been in operation
since 1972 and the newer plant was granted a construction permit in
the fall of 1987 and construction began in December, 1987.
Construction of the new plant is completed but it has not been
allowed to operate due to political problems.
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Plant No. 1
The current production facility began operation in 1972 and has a
capacity of ~ 25 MT/year. The plant has produced fuel for both LWR
and the German (SNR) fast reactor.
Flowsheets Used
This facility uses two different processes. System equipment for
both processes are installed in two buildings at ground level.
The OCOM Process If oxide powders are used as a starting material,
an optimized co-milling (OCOM) process is used. The OCOM process
uses a dry ball mill to reduce particle size and obtain a
homogeneous blend of the UO2 and PuO2 powders. If the co-milled
product is to be used for Liquid Metal Reactors (LMR) fuels it is
ground again and then pressed into pellets. The co-milled powders
scheduled for LWR fuels are blended in a large blender with UO2.and
any returns or rejected material. This blended mixture is then
pressed into pellets.
The AUPuC Process A second method, The Ammonium Uranium Plutonium
Carbonate (AUPuC) process is used when the feed is plutonium
nitrate and uranium nitrate solutions and process returns. The

process is a co-precipitation process. The U/Pu nitrate solutions
are placed in a blending tank and are adjusted to a concentration
of 400 g/1 of heavy metal. The tetravalent plutonium is oxidized
with concentrated HNO3 to form hexavalent plutonyl nitrate. A batch
precipitation process includes continuous injection of this
solution into the blending nozzle of the precipitation plant. Two
further nozzles introduce ammonia gas and C02 to the plant.
A
tetra-ammonium tricarbonate dioxouranate/plutonate precipitate is
produced. This precipitate is then directly reduced at 750 °C in
a hydrogen stream. This product is then blended with free flowing
U02 which was also produced by this method. From this point forward
the flowsheet is identical to the OCOM process.
Pellet. Rod and Fuel Bundle Preparation
Pellets are formed by
mechanical presses or by a rotary pelleting machine that _has a much
higher capacity.
The pellets are sintered in a pusher type
sintering furnace.
They are then ground on large centerless
grinding machines.
Fuel rod fabrication is done differently for LWRs and LMRs. For
LWR MOX fuel rods a first step is to dry the pellet at a
temperature of 350°C in either a vacuum or inert gas. This is done
to remove the residual moisture. If this step is not done, the
resultant hydrogen that forms when moisture reacts with the
substoichiometric PuO, or. from radiolysi'.s will combine in the
reactor with the zirconium in the Zircaloy tubes to form zirconium
hydride, and lead to localized corrosion of the cladding tubes.
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This step is not needed for LMR fuels as the cladding material is
stainless steel so no reaction takes place.
The. pellet stacks are inserted in the tubes either under vacuum
with subsequent purging with helium or with rods filled directly in
a helium atmosphere.
Gas tungsten arc welding in helium is used to weld the second end
plug once the rod is filled with pellets. The plant measures such
items as helium purity and welding current for each rod produced
and records this information. The process is automatically stopped
if tolerances are not met. Helium is forced into fuel rods at a
pressure of up to 25 bar in a separate device. A hole in the
second end plug is opened by mechanical means and sealed again
using at the gas tungsten arc welding method.
After a check for plutbnium contamination on the fuel rod is made
the rods are given a final inspection.
At present, fv«i rods are assembled manually into fuel assemblies
using special shielding precautions.
Operating and Maintenance Experience
Plant No. 1 has produced fast breeder and thermal reactor fuels
containing 198 MT of heavy metal in the period from 1972-1990. The
plant operated at rated capacity of 25 MT/yr in 1990, the last year
complete records are available. The last five years of operation

were completely devoted to LWR fuel fabrication.
Several pieces of equipment in the plant have experienced
maintenance problems. However, this plant has incorporated some new
equipment and is an improvement over previous plants. For example
the mechanical presses and a large rotary pelleting machine with a
much higher capacity was installed. This equipment is gentler in
producing pellets than the mechanical or hydraulic powder presses
that were used to produce ceramic bodies in the past.
However, it is reported that the large centerless grinding machines
in this plant are very difficult to maintain and repair. The gas
control on the pusher type sintering furnaces is reported to
provide inadequate control at times.
Plant No. 2
Construction of the second plant is essentially completed but it
has not been given permission to operate by German State
authorities. This plant will have a design capacity of 120 MT of
mixed oxide/year.
The flowsheet is similar to Plant No 1.
However, the plant arrangement is different as it consists of two
production lines arranged on three levels. Production flow is
from the top level to the bottom. The uranium and plutonium
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reception area are on the top floor and represent the start of the
fabrication process for the OCOM method. Uranium is delivered in
intermediate sized containers by a newly developed stopper conveyor
system to the roller pulverizers on the floor below. Plutonium is
treated in the same way after the transport cans have been opened.
However, the plutonium storage is located outside the fabrication
building in a fissile material bunker.

The top floor also accommodates filter' housings linked to the
adjacent supply systems building, a new laboratory wing for
analysis during automated operation and a small plutonium
laboratory for R & D purposes.
The second floor houses the compaction and sintering equipment and
also houses storage for the master blend, the press feed storage
for the U/PU mixture (which has been adjusted to the desired
enrichment) and a returns storage area. Separate rooms on this
floor contain the blending and grinding sections. These use newly
developed ball mills, homogenizers and blenders. The same units
can be used for rejoots and scrap processing. The blending section
for press feed processing consists of proportioning equipment,
mixers, sieves, and homogenizers. The MOX powders are compacted in
rotary pelleting machines. Trials have been made on the pellet
conveying equipment.
The green pellets are stored and sinter
shuttles transport the green pellets to the pusher type sinter
furnace which has an improved gas control.
The pellets are
returned to storage and are then ground to size on newly developed
centerless grinding machines. These machines can be withdrawn in
disassembled form and the pellets moved to another automated
shelved storage after a surface examination. The pellets are then
transferred by a vertical transport system to the ground floor
where they are stacked on pallets with precise information recorded
on the weight and length of the stacks. The pellets are then dried
and passed to a newly designed automatic rod filling and resistance
welding system. In-line examination is made of the fuel geometry
and contamination. Then the rods are sent to a advance scanner
that finally checks the fuel rod structure. The fuel rod surfaces

are checked and a helium leak test is made.
Operation and Maintenance Experience
This plant has not operated except for trial runs. Work started in
December 1987 on construction of the Fabrication Building.
Construction has been completed and all equipment delivered. Plant
officials were hopeful that one of the production lines could start
up by December 1992 and the other line in the spring of 1993.
However, this has not occurred.
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PLUTONIUM FUEL FABRICATION AND
PRODUCTION FACILITIES - PNC JAPAN
The Power Reactor and Nuclear Fuel Development Corporation (PNC) in
Japan has operated three different MOX fuel fabrication plants.
The first two were called the Plutonium Fuel Fabrication Facility
(PFFF). PFFF-1 was a basic research and development facility that
operated from 1965 to 1972. This provided PNC with basic handling
techniques and fundamental chemical and physical properties of
Plutonium through various irradiation test fuel fabrications. PNC
also obtained information on criticality safety, material
accounting, radiation monitoring, and plant operation control from
this work.
PFFF-2 was used to fabricate fuels for JOYO, an
experimental fast breeder reactor and FUGEN, a prototype heavy
water moderated, light water cooled reactor. Design of this plant
was based on experience learned from PFFF-1 and had individual
pieces of equipment where automation techniques were used and semiautomatic operation of the equipment was performed.
PNC has
produced over a 100 MT of MOX fuel since 1972 in the PFFF. The
adoption of a computer system in this plant not only increased
production ever what was possible in PFFF-1 but PNC believes
increased criticality safety and material accounting accuracy as
well.
The third plant is called the Plutonium Fuel Production Facility
(PFPF). This plant is designed to have two operating lines to
produce fuels for two different types of reactors. The PFPF plant
has three buildings. A FBR building, common building and an ATR
building. The FBR building's main function is to produce mixed
oxide fuel for the prototype fast breeder reactor MONJU and
additional fuel for the JOYO fast reactor. The construction of
this plant started in 1982 and installation of equipment was
completed in 1987.
The checkout of equipment and hot test
operation using depleted uranium and plutonium was done in 1988. It
then started producing fuel for the JOYO reload fuel in November
1988.
A second line in the ATR building is planned to handle
production of ATR and Fugen Fuels and originally planned to start
operation in 1992. PNC believes that the ATR line can also supply
MOX fuel for the LWR reactors in Japan.
In contrast to PFFF-1 with a floor area of 5,000 square meters, and
PFFF-2 with 10,000 m2; the FBR line and common area in the
PFPF has 27,000 m2 and the ATR line has 15,000 m2 of floor area.
PFPF FBR Line
The PFBF FBR building and the common buildings have three floors,
one a basement floor. The FBR building measures 100 m x 90 m
including the common building which adjoins to one side. The common
building houses feed storage, a feed preparation process, a track
yard, central control computer and administrative offices.
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The production capacity is 5 MT of MOX/yr or 25,000 fuel pins and
150 assemblies. Normal operation is expected to be 3.5 tons/yr
representing about 900 kgs of plutonium. The plant flow sheet can
be divided into two sections: Pellet Preparation-consists of feed
preparation processing, powder processing, and pellet formation:
Pin Fabrication and Assemblv-which includes pellet loading, end
plug welding, contamination inspection and leak testing.
One of the unique features of the plant is in the pellet
preparation section where each major step-feed preparation, powder
processing and pellet formation-is followed by an intermediate
storage section.
Work is done in glove boxes. Each equipment
glove box measures 3 m wide x 3 m high x 1 m deep.
Material
accounting glove boxes measure O . 7 m x l m x O . 7 m .
The main
source of feed is from the PNC Tokai reprocessing plant and
Plutonium*Conversion Development Facility. Batch size is 40 Kgs of
MOX containing 20 Kg of plutonium. Since physical characteristics
vary between batches, blending and stabilization process steps have,
been introduced to produce a more uniform product. The first step
is weighing the feed plutonium oxide, feed uranium oxide and any
recovered powder to make a production lot with a certain fissile
isotope ratio of plutonium.
This is then blended to make a
homogenous powder, a lubricant is added, and granulation and
pelletizing steps follow. Rotative feed hoppers with dome covers
are employed for each piece of equipment to prevent dusting in the
hoods. All materials are transferred in dedicated containers and
transferred by transfer carts which are installed in each transfer
glove box. A material accounting glove box is connected to the
transfer glove box where weighing of containers transferred to and
from the process glove box is done. The weight and ID number of
the container is transmitted through a process control computer to
a central control computer system which provides on-line real time
material accountancy.
Continuous type dewaxing and sintering furnaces are employed to
increase throughput and stabilize the quality of the pellet. Batch
size furnaces are also installed for small scale fabrication of
JOYO fuel or as backup for the continuous furnaces.
After
sintering, the pellets are checked for diameter, grinding is done
on the larger pellets, then degassing for production lots with high
vaporable impurities is performed. Sampling is done for chemical
analysis, dimension/density inspection .
Quality assurance
inspections are also made by domestic authorities.
Finished
pellets are transferred to the pin loading process.
The pin fabrication and assembly areas are located on two floors of
the building. The pellet loading, end plug welding and inspection
and leak testing are located on the second floor. The finished
pellets are transferred from pellet fabrication to a core pellet
supply glove box and each pellet stack is weighed for material
accountability.
Cold components and blanket pellets are brought
into a dedicated supply glove box through an air lock chamber. All
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components are gathered at the glove box located in the middle of
the supply glove boxes for fuel pin column making. The pellets are
inserted into the cladding tubes and the end plugs are welded.
This is done in a helium atmosphere.
After pin surface
contamination inspection is carried out in a hood, each of 24 pins
are put on a fuel pin .tray which is on a roller conveyor system.
The pins are then helium leak tested and the fuel pin tray is
brought down to the first floor.
Equipment on the first floor includes fuel pin storage, fuel pin
washing, wire wrapping, fuel pin temporary storage, fuel assembly,
fuel assembly and x-ray inspections, assembly packing and assembly
storage in a pit under the floor.
To
realize
automated
operations,
each
piece
of
fabrication/inspection equipment-which is individually automated-is
connected by a roller conveyor system. As an example, in front of
each piece of equipment is a tray stopping station where a tray
transfer arm device can pick up and bring the material into the
equipment. ?*• this station a unique ID number on the tray is read
by an optical number reader for material accounting purpose and the
information is transmitted back to the central control computer.
Similar arrangements are made throughout the process line so the
system can obtain inventories at each process step on a real-time
basis.
The plant has complete analytical capability to check for plutonium
fissile ratio, isotopic ratio, impurities, etc.
Feed storage
consist of two storage halls with 450 storage pits each.
The
product storage can accommodate 3 00 fuel assemblies.
Operation and Maintenance Experience

As noted above, the operating and maintenance experience was
generally good in the PFFF plants 1 & 2. The experience gained in
these smaller facilities was used to design the PFPF. However, the
PFPF has not met. production goals. The process was unable to meet
PNC density specification of 85% ± 1%, as most of material was 92%
density. This gave a high rejection rate. PNC decided to crush
the rejected material, mix it with heavy organics and alcohol and
resinter. Instead of being able to produce the fuel for the MONJU
FBR on a schedule of one shift/day in one year, PNC has estimated
that the PFPF will require a three shift/day operation for one and
half years. It is estimated about 60 to 70% of the fuel has now
been produced.
However, a new problem has developed that has
caused major damage to the sintering furnace. A laser detector
used to check the movement of trays through the sintering furnace
failed and allowed trays to stack up and buckle in the furnace.
The buckled trays caused major damage to the furnace liner.
Repairs will be lengthy because the plant used recycled plutonium
which has a relatively high radioactivity. Worker exposure is a
problem requiring shielding protection and low exposure times to

3.1.3-10

individual workers. In addition, the furnace was supplied by the
French which has delayed parts replacement. PNC estimates it will
be April 1994 before production can resume but independent
observers believe that it will be fall of 1994 before operations
can begin again.

SELLAFIELD BNFL UK
The UK intends to have two plants in operation to produce MOX fuels
in this decade.
These plants are based on the experience the UK has developed over
the past 25 years producing uranium and MOX fuels for irradiation
in both thermal and fast reactors. The experience is being used in
two new facilities to manufacture thermal MOX fuels.
The first of these plants is a cooperative effort between British
Nuclear Fuels Ltd. (BNFL) and The Atomic Energy Authority (AEA)
Technology. The ->lant is called the MOX Demonstration Facility
(MDF). This plant is scheduled to go into operation in 1993. The
second plant, also a joint effort between the same two entities,
will be called the Sellafield MOX plan and will be a much larger
plant scheduled for operation in the late 1990's.
MDF Plant
The MDF plant which was first authorized in 1990 was scheduled to
begin operation this spring. The plant will have a capacity of 8
MTHM/year and is being built in an existing refurbished building at
AEA Fuel Services at Windscale, England. It will consist of four
main areas supported by appropriate security, maintenance,
safeguards,and safety infrastructure. The four main areas are:
fuel manufacture, rod production, rod inspection and assembly and
assembly inspection.
The plant will use U02 produced using the Integrated Dry Route (IDR)
process which was used to produce some 2,500 MT of high density
pellets that have been irradiated in the UK's Advanced Gas Cooled
Reactors (AGRs) , 4,500 MT of IDR-UO,/CONPOR fuel that_ has been
irradiated in LWRs, and another 7,000 MT of IDR UO2 fuel that has
been produced under license in France and the U.S. It will use PuO2
powder produced from the reprocessing of PWR fuel irradiated to
30,000 MWD/MT.
In the final steps of reprocessing, a plutonium
oxalate precipitation process is used, in which the plutonium

oxalate is converted into Pu02 via a reaction sequence involving the
formation of intermediate products at temperatures up to 250 °C.
Following conversion, the PuO, is calcined to produce powder
suitable for both fuel fabrication or storage.
The UK work on the process began in earnest in the mid 1980's on
the milling/blending and granulation processes.
These initial
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studies showed that the most homogenous products were made in a
steel ball mill using a long blending time. However, in a large
plant the wear of mill walls and balls would cause unacceptably
high levels of impurities being picked up in the powder. Work on
MOX fuels for fast breeder reactor use has always involved
granulation using an organic binding agent. However, this process
produces pellets which contain large areas of open porosity which
are not ideal for thermal reactor fuel.
Therefore a new binderless fabrication route known as the Short
Binderless Route (SBR) was developed for thermal fuels.
This
process involves the blending of U0 2 and PuO2 powder in an attritor
mill followed by granulation of the material in a newly developed
piece of equipment called a spherioidizer.
This resulted in a
flowsheet where only two pieces of equipment are needed prior to
green pellet production.
Its advantage is that the powder is

contained up to the pelletizing stage.
Fuel will be produced in 25 Kg batches of MOX. The first step is
mixing the powders in the attritor. The attritor mill consists of
a stationary steel mill pot which contains harden steel balls which
are stirred by a rotating paddle to comminute the powders. The
very high energy input to the mill results in the U02 and PuO2
powders being blended into a homogeneous mixture in about 2 0
minutes. This compares to several hours in a conventional ball
mill.
The use of short milling times results in levels of
impurities being well below the tightest LWR fuel specifications
and also results in excellent fuel homogeneity. Zinc stearate is
added to the attritor.
During the SBR process stages, CONPOR pore former and pressing
lubricants can be added to the powder in appropriate quantities- to
produce high density, homogeneous sintered pellets with pores of
controlled size distribution.
The next step is granulation using a spheriodizer.
The
spheriodizer consists of a steel containment in the which the mixed
oxide powder is rolled by means of a rotating blade producing freeflowing granules suitable for feeding to a production press. Zinc
stearate is also added at this step.
The SBR-produced granules are pressed into pellets using a 10 ton
capacity ESSA Meyer press. The green pellets are transferred to
the sinter furnace where they are sintered at high temperatures in
a hydrogen/argon gas mixture. The sintered pellets will be dry
ground to specification before they are transferred to an in-line
pellet storage area. All facilities will be interlinked with pellet
transfer via a novel cushion transfer system and a pellet handling
system using pick and place machines.
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The inspected fuel pellets will be removed to an adjoining facility
where they will be built into stacks prior to being loaded into
rods. Filled rods will be transferred from the pellet load glove
box station to the end plug insertion station using an engineered
bagless transfer posting system developed by BNFL.
Sealed and externally cleaned rods will be inspected using
conventional techniques including mass spectrometry leak testing
and X-Ray radiography.
All of the equipment used in the rod inspection area will be

heavily shielded and modified to meet a target total dose uptake of
5 mSv/year (internal and external). The plant will be shielded to
reduce both gamma and neutron radiation dose and is designed for
minimum operator intervention during the processing of fuel and
includes a number of new features to reduce operator dose.
Inspected and certified rods will be transferred to a rod storage
area where rods will be stored in magazines prior to being loaded
into LWR fuel assembly skeletons.
The assembly and inspection
equipment being installed in. MDF uses conventional Westinghouse
technology suitably adapted by the use of shielding to reduce
operator dose uptake. The output will be finished PWR assemblies.
When the assemblies have been constructed and inspected they will
be loaded into an underground assembly storage vault pending
transfer to customers.
Sellafield MOX Plant (SMP)
The second plant the UK plans to build is the Sellafield MOX plant
(SMP) . This plant will have a much larger capacity of 50 to 70
MTHM/year and will be located close to the reprocessing facilities
on the Sellafield, England site to ensure co-ordination between the
two facilities.
SMP will also use a common pellet fabrication route based on the
short binderless process with feed modules for rod fabrication,

inspection and assembly.

This modular design concept will allow

PWR and BWR fuel rods and assemblies to be produced in segregated
areas.
The SMP will be designed to handle PuO2 ranging from long aged (up
to 10 year) and high burn-up fuel (up to 60,000 MWD/MT) providing
increased flexibility to utilities in their plutonium utilization
programs.
The handling of plutonium derived from such sources
becomes increasingly difficult due to the presence of significant
quantities of gamma emitting isotopes. With the trend toward high
burn-up fuel, future MOX fuel fabrication plants will need to make
use of more extensive automatic and remote handling techniques.
Design of the plant is being targeted for final investment
decisions in 1995 and plant operation in 1998 or 1999.
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3.2.1 CRITICAL EXPERIMENTS REQUIREMENTS AND
ADVANCED FUEL BENEFITS ASSESSMENT
I. Critical Experiments Requirements Assessment;
A preliminary assessment of the need for critical experiments to support the nuclear
design was carried out. In view of the fact that the materials proposed for fuel design
are well established, additional critical tests may not be necessary.

A further

evaluation in this regard will be made when the results from Lead Assembly Tests
(LTA) and detailed code qualification steps have been implemented. Such activities,
for criticals, will be initiated when substantial results from LTA testing becomes
available.
II. Advanced Fuels Benefits Assessment:
Advanced MOX fuel designs employing 9 x 9 rod configuration to 11 x 11 rod
configuration have been designed with urania fuel. In the case of MOX fuel, advanced

fuel assemblies have generally been designed as island designs where MOX fuel rods
are placed in the interior of the assembly surrounded by Urania fueled rods.
Preliminary screening studies have indicated that full MOX core designs where all the
fuel rods in the bundle are MOX rods are possible although detailed nuclear analysis
for these configurations were not possible during this phase within schedule and
funding limitations. Preliminary assessments however indicate that these advanced
designs may not be economical for application to the plutonium disposition program.
The cost of the bundle increases almost linearly with the number of rods and pellets
while the corresponding benefit from the increased exposure capability is unlikely to
be of benefit to the disposition program. In the spike, store and reuse scenario leading
to a discharge exposure of 28,000 MWd/MT for instance, even with the 8 x 8 design,
enough MOX fuel is available for up to 50 reactor operating years, sufficient for 1
ABWR for its design life of 60 years or for 2 ABWRs for 25 years. If the disposition
time is extended, the 8 x8 fuel design could be stretched to cover 120 reactor years of
operation with a discharge exposure of 38,000 MWd/MT. Thus, advanced fuels with
capabilities for exposure up to 50,000 MWd/MT and 18 month fuel cycles will lead to
an even higher number of potential reactor years for disposition. The higher exposures
achievable with advanced fuels are unlikely to be of value unless one of the following
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scenarios is adopted for plutonium disposition: in the first case, a very high demand for
electric power in a local region is identified and an energy park is established with
several (between 6 and 8) ABWRs or in the alternate case, plutonium disposition is
accomplished by its use in existing reactors as partial core loads rather than in a new
reactor. The first scenario is considered impractical at this time, given the extent of
capital availability and electricity demands. In the latter case, when Pu is used to fuel
existing reactors, there is an incentive to derive as much energy from the plutonium as
possible and to conform as best as possible to current day urania fuel cycle which is
generally on the order of 18 months. For this reason, it may be necessary to design
advanced MOX fueled configurations, for otherwise, the partial core load of MOX fuel
might not meet the cycle length requirements. However, a number of issues relative
to such a disposition scheme have to be resolved, including safeguards verification,
coordination and licensing of transportation of MOX bundles to a number of different
sites, licensing of the reactor for MOX use, continuing and varied fuel reload designs
with MOX fuel which could be plant specific and finally, the interface responsibilities
between the Government and Utilities for the design, procurement, transport,
licensing, performance and final disposal of the spent fuel. In addition, some of the

older plants may not readily meet the safety criteria for MOX usage that will be met
by the ABWR, since the ABWR is designed to accommodate full core loads of MOX
fuel.
For these reasons, further detailed analysis of advanced fuel designs with MOX fuel
is deferred to later phases of this study. It should however be pointed out that all the
nuclear, thermal-hydraulic, structural and other criteria associated with the fuel will be
easily met by the advanced designs.
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3.2.2
INCLINED FUEL TRANSFER
BETWEEN IN-REACTOR AND EX-REACTOR
SPENT FUEL STORGE POOLS

The design concept developed for the Phase 1A ABWR Plutonium Consumption Study
included an Inclined Fuel Transfer System (IFT) which has been previously utilized
in BWR 6 plants to transfer spent fuel between the ABWR reactor spent fuel storage
pool and an ex-reactor spent fuel storage pool. This concept was selected to minimize
operational complexity and project costs associated with spent fuel transfer by
shielded cask. However, time and budget limitations did not allow detailed evaluation
of this concept during Phase 1A.
The phase IB effort consisted of developing a layout sketch showing the relative
locations of the reactor, ex-reactor fuel pool, and the IFT system. This sketch was
then evaluated by design engineers familiar with the design of the reactor building
and the external spent fuel pool. Consensus was obtained for the location of the
system and the required modifications to the ABWR reactor building needed to
implement this concept. Time and budget limitations did not allow resolution of all
details, such as access to the reactor emergency generator, but the feasibility of the
concept was conceptually verified.
A summary table showing the modifications that would be required to a standard
ABWR plant was developed.
The layout sketch, descriptive text from the Phase 1A report, and the table showing
modifications required to install the IFT system in a standard ABWR are attached.
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3.2.2-2

MODIFICATIONS REQUIRED FOR INSTALLATION OF
THE INCLINED FUEL TRANSFER SYSTEM

rTEM DESCRIPTION

BASIS/REMARKS

Installation of the Inclined Transfer
System

IFT system is same as the system used
for some BWR 6 plants

Modification of reactor building

Requires modifications as shown on the
study sketch

Relocation of equipment and services in the
reactor building

May require modification of existing HVAC
ductwork, electrical cable trays, etc. in
the FDR/EEE rooms (see sketch)

Modification of reactor fuel pool cranes, fuel
handling controls, software, etc.

Involves redesign of the fuel pool crane &
controls for the interface with the IFT

Modifications to ex-reactor fuel pool for IFT
system installation

See study sketch. Includes added fuel pool
walls for maintenance access, pool structural modifications at the pool bottom and
changes in the access doors to the emerg.
diesel generator.

Seismic joint between reactor & ex-reactor pool

Requires seismically designed joint
between buildings to allow for differential
movement of building walls.
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3.2.3

FRESH MOX FUEL STORAGE, HANDLING, AND
INSPECTION IN THE REACTOR BUILDING

Evaluations of on contact radiation dose rates associated with new

MOX fuel indicate that dose rates of the order of 10's of mrem/hr
could exist at the core midplane, and dose rates about 2mrem/hr
could exist at 3 feet from the bundle at the core midplane. These
dose rates are at a level such that, if confirmed, significant,
unacceptable exposure would be endured when work is required in
the immediate vicinity of new fuel.
The standard procedure for inspection of new uranium fuel upon
receipt at the reactor site requires lengthy manual inspection
activities. The inspection insures that no damage has occurred
during shipment from the factory to the site. Aspects of the
inspection include the following:
Removal of shipping spacers; the spacers are required
to provide vertical support for the fuel rods during
horizontal shipment to prevent wear and damage to the
fuel rod spacers.
Visual inspection for cleanliness (fingermarks, oil
smears, rust, dirt, etc.).
Visual inspection for foreign material (obstructions,
rags, paper, etc.).
-

Visual inspection of visible surfaces for burrs, bent
surfaces, or other visual defects.
Inspection of visible surfaces of fuel rods for
scratches, nicks, or dents. A scratch depth gage is
used when required.

- Visual inspection for fuel rod spacer damage.
-

Numerous clearance and dimensional measurements using
various gages and calipers.

Based upon the dose rates, it is expected that the inspections of
MOX fuel will need to be performed under water- This implies that
the inspection methods will require a significant degree of
automation. Methods must be evaluated for addressing each of
the inspection tasks required.
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3.2.4 TRANSPORT OF FRESH MOX FUEL ASSEMBLIES

The standard fuel assembly shipping containers for fresh UO2
assemblies for the commercial ABWR are certified right rectangular boxes
consisting of an outer container of wooden construction and a metal inner
container separated by cushioning material. There are two fuel assemblies
in a shipping container. From the perspective of personnel exposure, this
packaging is sufficient since the radiation from the UO2 has minimal exposure
impact when handling. For short distance shipping (on site), the metal
container is adequate. For longer shipping distances (off site), the metal
container is enclosed in the outer wooden container.
Assemblies containing MOX fuel may have a higher radiation level. The
final composition of the PDR fuel is yet to be established and it is likely that the
enrichment and impurities will be low and that a low radiation level will be
readily accommodated. If this low level can not be achieved, design,
qualification and certification of a shielded shipping container for transport of
MOX fuel assemblies from the MOX fabrication facility to the reactor will be
required. It should be noted that both French and Belgium fabricators have
qualified shipping containers adapted for routine transport of BWR and PWR
MOX fuel assemblies around Europe.
In the design of the MOX fuel for the FFTF, the radiation level was such
that the fuel fabricated at the SAF line was to be transported to the FFTF in a
specially designed shielded shipping container. This container, (see attached
sketch) was described as a clamshell container, properly cushioned with
shielding on both halves. A piston strong back is provided to accommodate
grappling for insertion and removal of the assembly. This container holds a
single assembly.
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Sketch of Shielded Shipping Container
for Fresh FFTF Fuel.

3.3 OVERALL PROJECT COST AND SCHEDULE ANALYSIS
This report covers the following aspects of the overall Pu Disposition Project
cost and schedule:
(1)

Update of the estimated cost, schedule, and facilities for the development
activities believed to be needed to support the design of the ABWR Pu
Disposition Complex.

(2)

Review of the cost evaluations of the ABWR PDR and the MOX fuel fabrication
facility conducted by ORNL and reported in the DOE Phase 1A final report.

(3)

Update of the Pu Disposition Project schedule to reflect the results of the
Phase 1B evaluations.

DEVELOPMENT NEEDS, COST AND SCHEDULE SUMMARY
The summary description of the development activities believed at this time to be needed to
support the design of the ABWR Pu Disposition Complex, and a first estimate of the cost,
schedule, and facilities, are described in the following paragraphs. These activities, and
other areas currently being (or planned to be) evaluated to identify development needs, if
any, are listed in Table 1.
Most of these activities are properly termed "design verification," since little technology
development is involved. However, for the purposes of this listing, "development" includes
all these design verification activities and is taken to mean all additional supporting
activities requiring funding and/or facilities beyond those already included in the overall
project cost accounts for the design, safety and environmental approval, construction and
operation of the complex. For instance, lead test assembly irradiations in existing reactors
are routinely conducted for new fuel designs expected to perform within NRC approved
criteria for a given reactor plant, such as MOX fuel in an ABWR. Although this activity is
design verification, and not development, it is included here for completeness because it is
not part of the reactor plant cost estimate.

The summary descriptions in the following paragraphs are organized around
the Phase II WBS structure. For instance, the activities needed to support the
fuel cycle are found in Section II, consistent with the WBS 2.0, "Fuel Cycle" in
the DOE statement-of-work.
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I.

SYSTEM DESIGN

a. Develop Core Analysis Methods and Validate Core Design Codes
A number of options have been incorporated in core design to provide maximum flexibility
during implementation. The primary focus during this phase of the study was on full mixedoxide cores as a means of both dispositioning the plutonium quickly and to derive the
energy benefit from this fuel. Additional Monte Carlo analysis would be required to verify
that the diffusion/transport codes currently being used are accurate.
The first phase of the Monte Carlo analysis to verify existing codes is expected to take
three months and cost $150K while the second phase of core analysis to completely
validate the diffusion and transport codes is expected to take 12 months and cost $500K.
b.

Complete Core Analysis for Very High Pu Content Cores (development
not required)

c.

Detailed Design of Secondary Pool and Transfer Tube:

The current design of the ex-reactor spent fuel pool is based on already existing NRC

licensed designs for the transfer tube arrangement currently in use. Tradeoff studies are
needed to confirm the technical and economic advantages for the application of this
concept for the Pu Disposition Reactor (PDR). If this concept is retained, further detailed
design will be needed to implement this concept and to mate this arrangement with the
standard ABWR design. This is not an area requiring development in the conventional
sense, but needs to be addressed to assure it is not on the critical path.
The review of details of the transfer tube and secondary pool storage design is expected to
take 6 months and cost $250K.
II.

FUEL CYCLE

In order to carry out the lead tests on MOX fuel and verify the fabrication parameters and
qualify weapons Pu conversion to MOX fuel, a national laboratory should be chosen by
DOE. Details of such a program are outlined in the Phase 1B report, section 2.2.
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a.

Confirmatory Tests/Analysis for Rapid Conversion of
Plutonium to PuO 2 :

in order to enhance safeguards, it is desirable to convert the metallic plutonium to
plutonium-oxide in a rapid and cost effective manner. Although a number of processes are
available to do this, a direct controlled oxidation, coupled with or sequenced after the
hydride/dehydride reactions to remove the Pu from its container, appears to be very
promising. The activities encompass an initial literature survey, analysis and process
specifications and laboratory scale testing to confirm the advantages of this process. This
will take approximately six months.
b. Confirmatory Tests for MOX Pellet Fabrication:
Only one area of MOX pellet fabrication is expected to require confirmatory testing. This
relates to the possible evaporation of americium in high americium fuel during the sintering
process. Features will be required in the design to trap this americium and ensure that all
the environmental regulations are met. A simulated sintering run of depleted urania fuel
with either americium or another element to simulate americium will need to be conducted.
Several sintering furnaces which have been used with plutonium fuel are available in many
national laboratories which could be used for this test.
To design, procure material and establish interfaces is expected to take six months. The
sintering tests could be conducted in three months followed by examinations in three
months.
c.

Confirm Fabrication Procedures for (U,Pu,Gd) Oxide Pellets:

Urania fuel with gadolinia (burnable poison) is now routinely fabricated by GE. The
addition of plutonium to (urania-gadolinia) to fabricate (urania-plutonia-gadolinia) is not
expected to pose any problems. Control of oxygen has been the primary concern in the
production of (urania-gadolinia) pellets. Given that plutonium-oxide could exist in a wide
band of stoichiometries, it should be less difficult to sinter (U.Pu.Gd) oxide.
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However, it is necessary to confirm this by test. Sintering furnaces which could utilize
plutonium are available in a number of national laboratories.
The initial phase, to design the test, establish interfaces, and procure necessary materials,
is expected to take six months and cost $300K. The sintering test and post-sintering
examinations are expected to take six more months and an additional $300K.
d. Lead MOX Bundle Test in a BWR Reactor to Confirm Performance:
Although mixed-oxide fuel has been tested and found to perform satisfactorily in
BWRs, a limited number of lead mixed-oxide tests are desirable with the principal objective
of providing benchmark data for nuclear analysis. No critical experiments are planned at
this time as the core designs are well within the envelope of existing data. The initial tests
will be on individual rods with bundle tests possible at a later date.
The lead mixed-oxide rod tests are expected to take up to 12 months to design and
establish interfaces with the test reactor facility, up to 36 months to test with another 12
months for completion of post-irradiation examinations. The total cost for this activity is
estimated at $1200K/year with initial results becoming available after 36 months.
As stated earlier, a national laboratory site has to be chosen and funding provided for MOX
fabrication. The cost for this element should be obtained from the laboratory, and would
depend upon other work being performed on the same line. Initial estimates are that it will
cost approximately $25 million per year to keep a line open and support tasks "a" toHd"
above. In addition, a national laboratory test site, has to be funded as well. It is estimated to
cost $1 million per year, including costs for post-irradiation examination.
e.

Develop Approach for Bundle Reuse and Outline Confirmatory Tests
for Reuse:
A key option that has been proposed pertains to quick dispositioning followed by extended
use of the discharged fuel to utilize the plutonium for energy production. Although bundles
from spent fuel pools have been reused after nearly eight years of storage, the proposed
scenario envisions reuse after very long periods of storage, approaching 20 or more years.
It is necessary in these cases to define the quality assurance and confirmatory test steps
that may be needed including aspects related to core management, spent fuel pool water
chemistry control and qualification steps prior to reuse of the bundle. In addition, a plan for
confirming the possibility of reuse by lead tests on BWR discharged bundles is possible.
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A number of activities are proposed, each of which is expected to take the specified
durations with the associated costs
•

Outline reuse verification plan: 2 months, $75K

•

Evaluate core management aspects: 6 months, $150K

•

Spent fuel pool water chemistry studies: 6 months, $100K

•

Specify confirmatory steps prior to reuse: 4 months, $75K

•

Test plan for reuse with existing BWR bundle in storage: 4 months, $100K

•

Conduct reuse confirmatory test and needed post-irradiation examinations up to 12
months, $ 450K.

However, many of these activities will be conducted in parallel with a total schedule time for
this task of 24 months.
f. Safeguards Dispositioning Process Simulation:
Computer simulation of the dispositioning process is proposed from the pit to irradiated
bundle, including time sequencing the material flow, hold-up points, incorporating
downtime for maintenance and inventory control, checking material characterization and
accountability, simulating unavailability of specific plant equipment and statistical errors in
assays to identify needs for redundancy, and detailing levels of transparency and
components of reciprocity that need to be agreed upon if dispositioning takes place in two
countries.
The output of this computer simulation is expected to provide the following information for
the detailed design:
a)
b)
c)
d)

Statistical sampling requirements with regard to accountability
Redundancy needs for material accountability
Storage requirements at various points in the process
Points of maximum vulnerability. That is, points where the loss of material might be
hardest to detect because of margins of error in assay and transit times.

e)

Possible impact of levels of transparency and frequency of complete physical
inventory. Complete physical inventory with the process lines in not operating would
tend to increase the downtime but may provide the best verification for
accountability.
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f)

Detail areas relative to lead/lag requirements and reciprocity in bilateral agreements
if dispositioning were to occur in the U.S. and CIS simultaneously, and if the
dispositioning rates were to differ due to unavailability of process equipment.
This activity is expected to take six months and cost $300K.
g.

Safeguards Literature Survey and Site Visits to Document Latest
Advances

This task will involve a survey of safeguards implementation at operating plants and a
survey of literature and equipment for implementing safeguards and their applicability to
this project. In particular, the safeguards implemented in the DOD weapons program for

protecting fissile material will be examined for such potential application to this program.
This eativity is expected to take nine months and cost $150K.
h. Safeguards Software Requirements:
Software requirements for implementing safeguards including reciprocal arrangements for
release of material from one station to the next, from pits to irradiated assemblies. In
handling plutonium bearing material and its movement through the process cycle, it is
anticipated that much of the process will be automated. In implementing safeguards
provisions, it will occasionally be necessary for movement of the material in a fashion other
than the specified process flow steps pointing in the forward direction. An example would
be a case where a previous process step must be repeated or where the material must be
removed from a downstream station and reintroduced at an earlier station for recycling.
These are generally recognized to be vulnerable points for diversion, which may require
more stringent controls, such as movement authorization by two or more persons. These
conditions (sign-offs) will be incorporated in the software of the automated equipment. This
development task will identify such potential areas and the type of software needed for
such actions. This activity is expected to take 12 months and cost $240K.
III.
a.

INFRASTRUCTURE AND DEPLOYMENT
Utility Participation:

The turbine island is identified to be owned by a Utility. Potential participation by a utility
should be established with special emphasis on the interfaces between the reactor and
turbine Island during design, construction, operation and post-disposition operations.
Specifically, this could relate to the additional costs in operating the turbine island arising
from increased security/safeguards arrangements in the balance of the complex.
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b.

International Deployment:

A number of areas require further analyses potentially resulting in formal bilateral
agreements. These include levels of transparency and reciprocal arrangements in
safeguards verification, resource sharing in implementation, applicable environmental
regulations and handling of any delays in the dispositioning as it is unlikely that
dispositioning will take place at the same rate at two different sites. These are specific to
the proposed dispositioning method for plutonium and are in addition to other numerous

agreements that doubtless will be negotiated in executing a project such as this in two
countries.
Infrastructure development costs and schedules for the two areas listed here will be
developed once a formal request for implementation of the dispositioning project is issued.
IV.

SAFETY AND ENVIRONMENTAL APPROVAL

(No development activities identified to date.)
V.

TRITIUM OPTION (NOT EVALUATED IN PHASE 1B)

a. Completion of Target Rod Development Program:
The Tritium Target Development Program (TTDP) was terminated before all the activities
required for deployment of an LWR tritium production target were complete. However, as
part of the TTDP closeout activity a program completion strategy was developed which
included the following three phases:
• Phase I Completion of the target system development, lead test assembly

fabrication and evaluation of deployment options
• Phase II
• Phase III

Preparation for deploying the selection option
Deployment of the selected production option

In the context of the plutonium disposition study, only the following parts of Phase I are
considered development since the core design and plant evaluation activities in Phase I
and all of Phases II and III are included within the project costs for the plutonium disposition
complex.
• Finalizing the target component fabrication parameters and specifications and
conducting vendor qualification testing to verify that the required quality is maintained at
the desired production rates.
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• Complete target rod design criteria and performance modeling activities.
• Constructing and operating a prototype fuil-Iength extraction furnace using deuteriumloaded getters for optimizing process parameters.
• Evaluation activities within the overall project cost for the piutonium disposition complex.
• Fabricating, irradiating and examining one or more lead test assemblies.

Cost and Schedule: It is estimated that the above activities will require approximately three
years to complete (including the lead test assemblies irradiation and examination) at a total
estimated cost of $35 million.
This is less than the $45 million listed in the TTDP completion strategy due to inclusion of
the planning, design and evaluation activities within the overall project cost for the
Plutonium disposition complex.
b.

Complete Core Design for a Single Cycle Design:

During the current phase, the equilibrium cycle for tritium production has been defined.
This approach will require additional target rod development as only a third of the rods in
the core produce the requisite annual production levels and the tritium production in the
individual rods exceed the currently available database. Two alternatives exist: one is to
remove the target rods from each of the core assemblies at the end of each cycle to replace
them with new target rods, and another is to employ a single cycle core. In the latter case,
a new core of fuel will be needed at the end of each cycle. The equilibrium core analysis is
needed as a starting point to prescribe the type of fuel enrichments that are needed for a
single cycle core. Again, no additional development in the conventional sense is needed,
but further analysis will be performed to define this single cycle core, if this option should
be chosen. The additional analysis to define the single cycle tritium core is expected to
take six months and cost $250K.
c.

Automated Bundle Disassembly Hardware:

The ABWR fuel bundle is designed to be disassembled remotely using existing manual
tooling. However, this operation was intended for occasional use rather than a high volume
production activity. While experience indicates that a single crew can process four bundles
per shift, which is more than adequate, it is proposed to develop a semi-automated
disassembly machine to minimize worker exposure, reduce operating costs and minimize
the potential for errors and/or damage to target rods during disassembly . It is estimated
that this would involve construction and testing of a full size prototype which would require
six months and $500K.
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TABLE 1

fuls DEVP.

ABWR Pu DISPOSITION COMPLEX DEVELOPMENT ACTIVITIES

For the purposes of this study, "development" means all additional supporting activities (requiring funding and facilities)
beyond those already included in the overall project cost accounts for the design, safety and environmental approval,
construction, and operation of the Plutonium Disposition Complex (PDC).
DEVELOPMENT ACTIVITY
I.

FACILITIES

SYSTEM DESIGN
a. Develop Core Analysis Methods and
Optimize Core Design Codes
b. Complete Core Analysis for Very High Pu Content Cores

ESTIMATED DURATION

$650K

15

Months

DEVELOPMENT itOT REQUIRED

c. Detailed Design of Secondary Pool and Transfer Tube

II.

ESTIMATED COST

$250K

6 months

o Critical Experiments

ON HOLD, PENDING LTA AND METHODS QUAL RESULTS

o Fresh MOX Fuel Assembly Shipping Container

DEVELOPMENT REQUIREMENTS EVALUATION IN PROGRESS

o Fresh MOX Fuel Assembly In-Reactor Handling/Inspection

DEVELOPMENT REQUIREMENTS EVALUATION IN PROGRESS

o Refueling Bridge Software/Hardware for Handling
Inclined Fuel Transfer In-Reactor/Ex-Reactor

DEVELOPMENT REQUIREMENTS EVALUATION PROPOSED

FUEL CYCLE
a. Confirmatory T e s t s / A n a l y s i s
of Plutonium to PuO2

for Rapid Conversion

b.

Confirmatory T e s t s
During S i n t e r i n g

for Americium

c.

Confirm F a b r i c a t i o n Procedures
(U,Pu,Gd) Oxide P e l l e t s

d. Lead MOX Bundle T e s t
Confirm Performance

6 months

Separation/Trapping

12 months

for

in a BWR Reactor

to

Fabrication: LANL
Irradiation: TBD
PIE: TBD

$600K

12 months

$1.2M/year

5 years

e.

Develop Approach for Bundle Reuse and Outline
Confirmatory T e s t s for Reuse

$950K

24 Months

f.

Safeguards D i s p o s i t i o n i n g

$300K

6 Months

g.

Safeguards L i t e r a t u r e Survey and S i t e

$150K

9 Months

$240K

12 Months

h. Safeguards Software

Process

Requirements

Simulation
Visits

TABLE 1
II.

ABWR PU DISPOSITION COMPLEX DEVELOPMENT ACTIVITIES

(CON'T)

FUEL CYCLE (continued)
o Safeguards Instrumentation/Software for Fab Plant

DEVELOPMENT REQUIREMENTS EVALUATION PROPOSED
DEVELOPMENT REQUIREMENTS EVALUATION IN PROGRESS

o Advanced Fuel
DEVELOP>ENT REQUIREMENTS EVALUATION PROPOSED
o Generic Gd/Er/Other Burnable Poison Fuel Development
DEVELOPMENT REQUIREMENTS EVALUATION IN PROGRESS
o Water Chemistry Development for Long Storage Life

III.

INFRASTRUCTURE AND DEPLOYMENT
a . Utility Participation

ON HOLD

b.

ON HOLD

International Deployment

o US (or International) Commitments for Pu Metal-to—
Oxide Conversion and MOX Fuel Fabrication
IV.

V.

ENVIRONMENTAL AND SAFETY APPROVAL
o NRC Approval of MOX Analysis Methods and Criteria

TRITIUM OPTION (not included in Phase IB evaluation)
a. Target Rod Development
Phase I
Completion of the target system development,
lead test assembly fabrication, and
evaluation of deployment options
Phase II Preparation for deploying the selected option
Phase III Deployment of the selected option

DEVELOPMENT REQUIREMENTS EVALUATION IN PROGRESS

DEVELOPMENT REQUIREMENTS EVALUATION PROPOSED

Fabrication: TBD
Irradiation: TBD
PIE: TBD

Total: ~$35M

Total: "3 year

b. System Design
Establish optimum core design to implement the
the single cycle tritium option.

None

•$12SK

6 sonths

c. Automated Bundle Disassembly
Design, construction, and testing of a full size
prototype semi—automated disassembly machine.

TBD

•500K

6 months

REVIEW OF PHASE 1A COST EVALUATIONS
This section covers the GE ABWR project team comments on the cost estimate evaluation of
the Phase 1A GE ABWR concept presented in the July, 1993 U.S. DOE Plutonium
Disposition Study Technical Review Committee (TRC) Report.

DOE Adjustments for a First-of-a Kind (FOAK) Plant
In both sections 4.3.7 of the main body of the DOE report and section 2.4 of the
Subcommittee 6 Report (Cost and Schedule), the statement is made that "It appears that
the capital cost estimate for the reactor/ECA is inordinately low for a FOAK scenario. While
this plant design may have had preceding overseas orders, it may not be appropriate to
exclude FOAK costs for this analysis." The report then states that "...the reactor/ECA capital
costs were increased by 25 percent to reflect the design and construction of a plant under
government ownership/regulation."
As described in the GE ABWR Phase 1A report, the original GE capital cost estimate for a
nth-of-a-kind (NOAK) plant was adjusted to reflect a third-of-a-kind, first commercial U.S.
plant. This designation reflects the experience gained in the design and construction of the
two ABWR Japanese units currently under construction, as well as the considerable
engineering effort done in support of the NRC licensing process. Also, the DOE/industry
funded U.S. first-of-a-kind engineering (FOAKE) program has been started, and extensive
cost evaluations are being conducted in support of a recent commercial ABWR Proposal to
the government of Taiwan.
While it is appropriate to continue to reflect the latest information from the extensive ongoing activities cited above in revisions as needed to the cost estimate, the ABWR project

team does not believe that it is appropriate to adjust ABWR capital costs to reflect a FOAK
plant.
Contingency Adjustment
Again, in sections 4.3.7 of the main report and 2.4 of the Cost and Schedule Subcommittee
Report, the text reads "In addition, the contingency percentages used by GE were too low,
particularly for reactor plant and equipment and indirect costs. DOE Guideline percentages
were applied, resulting in an overall 20 percent contingency."
As shown in Table 10.1-3 of the ABWR Phase 1A report, the contingencies used at the
direct cost level and the basis of these contingencies were as follows:
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•

15% for the reactor plant equipment (based on GE/Japanese experience)

•

12% for the turbine generator and all other equipment (industrial grade equipment)

•

20% for all other site labor and materials (nuclear grade quality required)

•

25% for the new fuel fab facility and the new spent fuel storage facility as well as the
new safeguards systems introduced because of the use of plutonium fuel (conceptual
design status)

• 15% was applied to the indirect costs (GE/Bechtel experience)
The composite total contingency was 16.5%
We would concur with the DOE applied 20% contingency for a "first-of-a-kind plant.
However, the ABWR Pu Disposition project team believes that the ABWR reactor is "better
than first-of-a-kind" and that these contingencies follow the DOE cost guidelines for the
estimated reactor costs. As noted earlier, the reactor and turbine generator costs are based
on previous GE experience for similar reactor facilities including the Japanese reactors and
turbine generators currently under construction.
Discounted Net Cost Including Revenue
The discounted net cost including revenue calculated by DOE for the ABWR spent fuel case
resulted in a net cost over the assumed 40 year plant lifetime of $854 million. The cost
appears to present the ABWR spent fuel concept in a less favorable position than the other
light water reactor vendors for this option, as both the Westinghouse and ABB-Combustion
Engineering concepts resulted in a net positive revenue to the government of about $3
billion.
However, the ABWR "best foot forward" concept deliberately assumed that a critical criterion
for the Plutonium Disposition Program is low peak capital outlay which is achieved by low

initial capital cost and low annual operating cost as well as a shorter schedule to full power
operation. As presented in the DOE adjusted cost tables, the ABWR gross total cost over 40
years is about $8.9 billion, while the Westinghouse concept (assuming 10 PDR-600
reactors) resulted in a gross total cost of over $37 billion and the ABB-Combustion
Engineering gross total cost (assuming four System 80+ reactors) was over $27 billion. As
a result, the ABWR has by far the lowest DOE peak outlay (or investment) of all the
concepts. For the Pu spent fuel alternative, the DOE outlay peaks at $3.8B, while the next
lowest of the other concepts versus the ALMR at $9.1 B.
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The DOE cost guidelines and the Pu Disposition Study Requirements document did not
indicate a preference for program lifetime revenue over gross total cost. If overall lifetime
revenue generation is considered more important than low initial first cost and operating
cost or low total DOE investment, then the ABWR concept can be revised to include more
reactors in order to generate revenues comparable to the competing reactors.
However, the advantage of low initial government investment and lifetime operating cost as
well as shorter overall schedule to full operation will be lost.
Consistent Treatment of Competing Concepts
As noted above, the DOE report adjusted the ABWR cost estimates to allow for a FOAK
scenario and for "..construction of a plant under government ownership/regulation."

However, this adjustment was not done to any of the other competing concepts even
though it is admitted that these concepts are closer to a truly FOAK scenario than the
ABWR. There does not appear to be a valid reason why the other two light water reactor
vendor estimates were not also adjusted from a commercial plant scenario to a government
owned and operated facility.
If the ABWR cost estimates appeared to DOE to be low in comparison to the other light
water reactor vendor estimates, it does not necessarily follow that the estimates should be
adjusted for the reasons given.
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PLUTONIUM DISPOSITION PROJECT SCHEDULE

The overall Pu disposition project schedule, and the cost estimate, are based on
construction and operation of a single ABWR plant, modified to include an ex-reactor spent
fuel storage pool located adjacent to the reactor building, and a fuel fabrication facility,
including the capability to produce tritium target rods, co-located on the same site. The site
layout was developed during Phase IA, and is shoun here as Figure 1 for completeness.
The plan is to first construct the fuel fabrication facility with it's own safeguards and security
system, so that construction of the ABWR plant, which starts later, can proceed without
constraints due to safeguards requirements. The secure perimeter will be expanded to
include the reactor plant following completion of construction and prior to the first fuel
loadirg.
The project schedule was updated in Phase IB to add development work prior to formal
start of the project, safety verification, fuel licensing, and operational readiness reviews for
the PDR plant and the MOX fuel fabrication facility. The updated project schedule is
provided in Figure 2.
The schedule used in Phase IA assumed, for the purposes of consistency in responses to
DOE, that the project would be formally intitiated on October 1,1993, including the
development activities. The updated schedule shows, more realistically, that development
activities will begin soon, while the project start may be several years from now. This period
between the start of development work and the formal initiation of the Plutonium Disposition
Project is designated "year zero" on the schedule.
A safety verification activity is now included in the PDR project schedule. This activity covers
both the design and the construction of the complex, and provides for review and resolution of
open safety items throughout the design, construction, and pre-op/startup phases up to
approval for production operation.
New fuel designs for commercial BWRs are licensed by the NRC. It is assumed for planning
purposes that the MOX fuel assembly will be considered to be a new fuel design, and that a
similar procedure will be followed for it's approval.
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The facility operational readiness review (ORR) is a major review conducted in parallel with the
final activities before startup. An ORR is now shown on the project schedule for both the PDR
plant and the MOX fuel fabrication facility.

The project schedule will continue to be updated as more definitive information becomes
available.
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SAFETY AND ENVIRONMENTAL APPROVAL

4.1

MIXED OXIDE FUEL FABRICATION FACILITY
SAFETY AND ENVIRONMENTAL APPROVAL EXPERIENCE

At least 10 different mixed (plutonium-uranium) nuclear reactor fuel fabrication
operations were licensed in the 1960's and 1970's by the Nuclear Regulatory Commission
(NRC) or its predecessor agencies under Title 10 Part 70 of the Code of Federal
Regulations (10CFR70). Nine of the licensed operations produced oxide (MOX) fuels
on a pilot or small production scale while the tenth was an experimental facility for the
development of mixed carbide fuels. The facilities are identified in Table 1. Nearly all
mixed fuel development and fabrication activity was phased out in the few years
following the Carter administration's April 1977 policy decision renouncing indefinitely
plans for commercial reprocessing and recycling of plutonium produced in the U.S.
nuclear power program. Because of the changes that have since taken place in nuclear
licensing and environmental regulation in the past 20 to 30 years, the details of the
licensing and approval process that led to operation of these facilities would not be
particularly relevant to the construction and licensing of a MOX fuel fabric?*;°r> facility
in the late 1990's.
NRC REGULATIONS AND GUIDANCE
The body of NRC regulations, guidance, and review criteria (sometimes termed the
"regulatory base") applicable to the licensing of mixed-oxide fuel fabrication activities was
going through significant change.and upgrading in the late 1970's when most of the
operations listed in Table 1 began to be closed or scaled back. The regulations (Part 70)
have continued to be revised and updated regularly because Part 70 covers all nuclear
fuel fabrication operations, not just those involving plutonium. Thus, it is generally
agreed that the current regulations would need little or no revision to allow NRC's
Office of Nuclear Materials Safety and Safeguards (NMSS) to accept an application and
to issue a license for a MOX fuel fabrication operation.
Unlike the regulations, however, the Regulatory Guides that pertain specifically to
operations with plutonium have not been maintained. From the perspective of a license
applicant, the Regulatory Guides, which spell out acceptable methods of meeting the
requirements of the regulations, are essential elements of the regulatory base. The
Guides provide the applicant with details of the format, content, data requirements, and
technical approach that the NRC staff will view favorably. Of thirteen Division 3 (Fuels
and Materials Facilities) Regulatory Guides, listed in Table 2, that deal specifically with
plutonium operations, only one has been updated since 1979. Regulatory Guide 3.39,
"Standard Format and Content of License Applications for Plutonium Processing and
Fuel Fabrication Plants" has not been updated since its initial issuance in 1976. A
"Standard Review Plan" for fuel fabrication license applications has never been issued by
the NRC. A Standard Review Plan, such as exists for power reactor license applications,
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Table 1: Mixed (Pu-U) Fuel Fabrication Facilities licensed In the U.S.
Comments

Facility/Location

Docket/License No.

Babcock & Wilcox,
Leechburg, PA

70-364

PiwJuction scale, MOX, produced
FFTF driver feel of ~ 2 5 % Pu.
Decommissioned.

Babcock & Wilcox
Apollo, PA

70-135

Low and High enriched U, some Pu
wotk.

Babcock & Wilcox
Lynchburg, VA

70-824

Exxon Nuclear,
Richland, WA

70-1257

Westinghouse PFDL,
Cheswick, PA

70-1143

Kerr-McGee,
Cimarron, OK

70-925, 70-1193

Operated 1970-75, MOX, produced
FFTF driver fuel of - 2 5 % Pu.
Decommissioned.

GE Advanced Fuel
Laboratory, Vallecitos,
CA

70-754

Pilot scale, MOX, produced LWR
fuel of 10 - 25% Pu

Atomics International
NMDF, Santa Susana, CA

License No. SNM-21

Development Facility, mixed
carbide fuels. Decommissioned

General Atomic
San Diego, CA

70-734

Nuclear Fuel Services
Erwin, TN

70-143

Production scale, MOX, LWR Fuel
of about 3 - 5.5% Pu. Decommissioned

Manufactured some LWR MOX fuel,
facility decomissioned

sets forth the methods and acceptance criteria that the NRC staff will use in reviewing
the application. Therefore, it can serve as a valuable guide to preparing a license
submittal that will meet most of the tests and conditions likely to be placed on it by the
NRC reviewers. Anyone submitting a license application without the benefit of a current
Standard Content and Format Guide and a Standard Review Plan would have to
anticipate a more involved and lengthy give-and-take with the NRC staff than would
otherwise be necessary. However, it could be expected that with advance notice of an
impending application, the NRC staff would either 1) review the existing Regulatory
Guides and update them or else advise the applicant of changes in position or
interpretation, or 2) agree to a pre-licensing conference with the applicant in which the
staff would be prepared discuss its proposed acceptance criteria in some detail. If actual
issuance of a NRC license were anticipated, such a pre-licensing conference would
probably have to be open to the public. If the DOE were to propose to build a
"licensable" MOX fuel fabrication facility without actually requesting a license, it is likely
that the NRC would choose a less formal approach to carrying out its responsibility,
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Table 2: NRC Division 3 Regulatory Guides
That Specifically Address Plutonium Operations
Guide Number
Date

Title

3.3

Quality Assurance Program Requirements for Fuel Reprocessing
Plants and for Plutonium Processing and Fuel Fabrication Plants

3/74

3.7

Monitoring of Combustible Gases and Vapors in Plutonium
Processing and Fuel Fabrication Plants

3/73

3.10

Liquid Waste Treatment System Design Guide for Plutonium Processing
and Fuel Fabrication Plants

6/73

3.12

General Design guide for Ventilation Systems of Plutonium Processing
and Fuel Fabrication Plants

8/73

3.14

Seismic Design Classification for Plutonium Processing and Fuel
Fabrication Plants

10/73

3.16

General Fire Protection guide for Plutonium Processing and Fuel
Fabrication Plants

1/74

3.21

Quality Assurance Requirements for Protective Coatings Applied
to Fuel Reprocessing and to Plutonium Processing and Fuel
Fabrication Plants

3/74

3.28

Welder Qualification for Welding in Areas of Limited Accessibility
Fuel Reprocessing and in Plutonium Processing and Fuel Fabrication
Plants

5/75

Preheat and Interpass Temperature Control for the Welding of Low-Alloy
Steel for Use in Fuel Reprocessing Plants and in Plutonium Processing
and Fuel Fabrication Plants

5/75

3.35

Assumptions Used for Evaluating the Potential Radiological Consequences
of Accidental Nuclear Criticality in a Plutonium Processing and Fuel
Fabrication Plant

7/79

3.39

Standard Format and Content of License Applications for Plutonium
Processing and Fuel Fabrication Plants

1/76

3.40

Design Basis Floods for Fuel Reprocessing Plants and for Plutonium
Processing and Fuel Fabrication Plants

12/77

3.47

Nuclear Criticality Control and Safety of Homogeneous Plutonium-Uranium
Fuel Mixtures Outside Reactors

7/81

3.29

•

Latest Rev.

4.1-3

(such as a pre-licensing conference and on-going consultation with the DOE) rather than
invest the resources necessary to update the entire body of guidance just to deal with one
review. In this latter case, conferences between the NRC and DOE staffs would
probably not be subject to the open meeting requirement.
ENVIRONMENTAL REGULATION

Since the licensing and operation of the MOX facilities listed in Table 1, the body of
environmental regulation which applies to any such facility has undergone major change.
Airborne emissions of radioactive materials from DOE-controlled facilities are subject to
the regulations of EPA.
Airborne Effluents. The primary regulation is 40 CFR Part 61 (NESHAPs). The list of
hazardous air pollutants regulated under the NESHAPs is provided in Subpart A,
"General Provisions". The specific emissions standards and monitoring requirements for
radionuclides are contained in Subpart H, "National Emission Standards r" - Emissions of
Radionuclides Other Than Radon From Department of Energy Facilities". Subpart H
standards cover all DOE operations that emit radionuclides other than radon to the air,
except for facilities subject to 40 CFR Part 191, Subpart B (disposal of spent nuclear
fuel, high-level and transuranic radioactive wastes) and 40 CFR Part 192 (uranium and
thorium mill tailings). The basic limit imposed by NESHAPs is that radioactive
emissions from each DOE site not cause the maximally exposed individual to receive
greater than 10 mrem/year effective dose equivalent (EDE). All previous MOX
facilities that have operated in the U.S. were licensed under NRC/AEC regulations
which permitted radioactive effluent concentrations that could, in theory, result in a dose
of up to 500 mrem/year to the maximally exposed offsite individual.
Subpart H of the NESHAPs presents detailed requirements for emissions monitoring and
test procedures (61.93), compliance and reporting (61.94), record-keeping requirements

(61.95) and exemptions from the reporting and testing requirements of 40 CFR Part
61.10 (61.97). Radionuclide emission rates from stacks and vents must be measured at
all release points that have the potential to discharge radionuclides into the air in
quantities which could cause an effective dose equivalent (EDE) in excess of 1% of the
standard (or 0.1 mrem/year). The potential to discharge radionuclides must be based on
the discharge from the effluent stream that would result if all pollution control
equipment did not exist, but facility operation(s) was otherwise normal [40 CFR part
61.93 (b)(4)(ii)]. For release points that have a potential to release radionuclides into
the air, but have effluents below the continuous monitoring standard, periodic
confirmatory measurements must be made to verify low emissions. Furthermore, all
radionuclides which could contribute greater than 10% of the potential EDE for each
release point must be measured. With prior EPA approval, alternative methods to the
one described, including process knowledge, can be substituted for measurement to
determine the emission levels of individual radionuclides.
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Subpart H, Section 61.93, of the NESHAPs specifies the monitoring requirements for
determining radionuclide emission rates. These requirements include sampling points,
appropriate sampling methods, flow rate determinations, frequency of sampling, analytical methods, and quality assurance procedures, or via other procedures approved
by the EPA. Direct measurement of air concentrations of radionuclides at the receptor
point is acceptable if the criteria in Section 61.93(b)(5) are met. These criteria include
continuous monitoring of released radionuclides, satisfactory detection limits, quality
assurance, and prior EPA approval.
The NESHAPs state that plants are required to monitor their operations continuously
and keep records of the results of their monitoring onsite for five years. Facility
operators will have to certify on a semiannual basis that no changes in operations that
would require new testing have occurred. Although the report is based on the calendar
. year, the emission limit applies to any period of 12 consecutive months.
Additional EPA requirements on hazardous substances are contained in 40 CFR Part
302.4. This regulation provides information on reportable quantities of nonrad. -ctive
hazardous substances. Unlisted hazardous substances designated by 40 CFR Part 302.4
are regulated in accordance with the EPA toxicity of the contaminant.
Several DOE Orders provide requirements for monitoring of radioactive and
nonradioactive airborne effluents from DOE facilities. These orders state that DOEcontrolled facilities must comply with 40 CFR Part 61 (NESHAPs). The two principal
orders are DOE Order 5400.5, "Radiation Protection of the Public and the Environment"
and DOE Order 5484.1, "Effluent and Environmental Monitoring Program
Requirements".
States and local air pollution control authorities can also regulate the emission of
pollutants to the atmosphere. For example, in the state of Washington, airborne
effluents are regulated by the Washington Clean Air Act. General regulations for air
pollution sources are presented in WAC 173-400, including emission standards for
sources emitting hazardous air pollutants in WAC 173-400-075.
Liquid Effluents. Requirements limiting the exposure of the public to radioactive
materials from DOE-controlled activities through the drinking water pathway are
presented in DOE Order 5400.5, Chapter II, paragraph l.d. Although the radiological
criteria of the public community drinking water standards of 40 CFR Part 141 are not
applicable to DOE-operated drinking water systems, it is the policy of DOE to provide
an equivalent level of protection for all persons consuming the water from a drinking

water supply operated by, or for, the DOE. These systems shall not cause any person
consuming the water to receive an EDE greater than 4 mrem in a year, excluding
naturally occurring radionuclides. In addition, DOE facility operators shall ensure that
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the liquid effluents from DOE activities shall not cause private or public drinking water
systems downstream of the facility discharge to exceed the drinking water radiological
limits of 40 CFR Part 141.
The dose limit is consistent with the drinking water criteria in 40 CFR 141, "National
Interim Primary Drinking Water Regulations (Safe Drinking Water Act)". The dose
limit is the EDE to an individual whose exclusive source of drinking water contains a
radionuclide, or a mixture of radionuclides, at a level of four percent of the appropriate
DCG value. The maximum contaminant levels in public water systems are found in 40
CFR 141.15 (generally radium and alpha emitters) and in 40 CFR 141.16 (beta and
gamma emitters).
Liquid effluents from DOE-controlled facilities that have the potential for radioactive
contamination must be monitored in accordance with the requirements of DOE Orders

5400.1 and 5400.5. Facility operators must provide monitoring of liquid waste streams
adequate to: (1) demonstrate compliance with the applicable requirements of DOE
5400.5, Chapter II, (2) quantify radionuclides released from each discharge point, and (3)
alert affected process supervisors of upsets in processes and emissions controls.
Depending on where a liquid effluent (wastewater) is discharged to, certain regulations
apply. These regulations are implemented through issuance of permits by Federal, State,
and/or local agencies. It is the responsibility of the facility, to apply for the permit
appropriate to the effluent being discharged. Prior to applying for any permits, the
applicant must know the sources of its wastewater discharges and to where the
wastewater is being discharged. The following regulations apply based on where the
wastewater is discharged:
Wastewater discharged to a Publicly Owned Treatment Works (POTW) is subject
to Federal regulations found in 40 CFR Parts 403 to 471 and may also be subject
to local regulations and limitations. Permits for such discharges are obtained
from the local sewerage agency into which the effluent is discharged, or in some
cases, from the State.
Wastewater discharged into a navigable waterway is subject to State regulations
(in Washington, Chapter 173-220 WAC) under the National Pollution Discharge
Elimination System (NPDES). The State issues NPDES permits for such
discharges.
States may control discharges to ground and surface waters of the State through
issuance of permits for such discharges (in Washington, the applicable regulation
is Chapter 173-216 WAC). A permit of this type would be necessary for any
discharges to land which could infiltrate to groundwater.
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Each type of discharge permit identified above will typically contain discharge limitations
and monitoring requirements. However, the limitations and monitoring requirements
will vary depending on the source and type of wastewater being discharged. For
instance, discharges to a POTW will be subject to pretreatment standards which are
based on the production process which generates the wastewater for those processes
which have been categorized by EPA. Categorical processes are identified in 40 CFR
Parts 403-471. Specific limitations, monitoring, and reporting requirements have been

promulgated for each categorical process. In addition to EPA's requirements, the State

and local sewerage agency may impose additional limitations, monitoring, and reporting
requirements. Discharges to a navigable waterway will also be subject to certain
standards based on the industrial process which generated the wastewater; certain
additional limitations are also typically imposed in the NPDES permit. In all cases, the
specific pollutants to be monitored and the frequency of monitoring and reporting will be
based on the applicable regulations and the language of the permit.
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4.2 DOE ORDER APPLICABILITY ASSESSMENT FOR ABWR COMPLEX
The assessment began with a review of the Directives Checklist of
DOE Orders(RL N 0000.IS) and the identification of those DOE Orders
that were potentially applicable to the ABWR Complex operations and
• activities. The resulting list of potentially applicable Orders is
documented in Attachment 1. This Attachment provides a one page
statement for each Order including the Order purpose and scoping
statements, a determination of applicability, and a justification
statement for that decision. Attachment 2 provides the marked copy
of the Directives Checklist of DOE Orders. An "X" is placed in the
left margin to indicate the potentially applicable orders
evaluated.
Each Order was reviewed for applicability and a brief justification
prepared based on familiarity with the DOE Order and the ABWR
Complex facility layout, activities and operation. Seventy-seven
DOE Orders were determined to apply to the ABWR Complex. Orders
were considered not applicable if they simply did not a p p ^ or if
the DOE Order contained no requirement statements applicable to a
contractor.
A tabular summary of the Orders evaluated and the statement of
applicability is provided in Table 1.
This provides a quick
overview of all the orders assessed and their applicability to the
ABWR Complex.
An item of interest that was identified during this review is that
several DOE Orders include exclusionary statements that if the
reactor or facility is licensed by the NRC, then the DOE Order does
not apply (ie. 5480.6, .22, .23, .24, .26, .28 and .30) These
orders are included in the assessment since it has not been
determined if the DOE will actively pursue an NRC license or simply
utilize the NRC expertise during the review and approval periods
which could preclude the public review activities required by the
formal licensing process.
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TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT

DOE Order
Number

Title

Applicable

Page

Justification

YES

This Order does contain requirements pertinent to nuclear material control
at the ABWR Complex:
.

1

DEPARTMENT OF ENERGY STANDARDS
PROGRAM

No

Although this applies to all DOE elements and contractors, it is not
anticipated that personnel in the ABWR organizations will be appointed to
membership on standards committees.

2

RECORDS DISPOSITION

Yes

This Order details records disposition ("action taken to rcnibye records
from current files . . .") and contains general Site nsquifemcnta applicable to
all DOE facilities. The requirements of this Order will need to be.
implemented through site-wide programs and/or, documents during '

1270.2A

SAFEGUARDS AGREEMENT WITH THE
INTERNATIONAL ATOMIC ENERGY
AGENCY

1300.2A

1324.2A

operation..

••

:

-•

;

':'•,/.••-.•'••:-.

:

-.,/•"'•

1330. ID

COMPUTER SOFTWARE MANAGEMENT

Yes

This Order contains general requirements appUcable to aU DOE facilitie3.
The requirements of this Order willbfe implemented through *ile-wide
programs and/or documents. .

1332.1A

UNIFORM REPORTING SYSTEM

Yes

This Order contains general requirements applicable to all DOE factikties.
The requirements of this Order will be implemented through sitfe-wido
programs and/or documents.
, : -^\? ;• ' '.''. ... . ; ..:..-

1360.2A

UNCLASSIFIED COMPUTER SECURITY
PROGRAM

Yes

This Order contains general requirements applicable to all DOE facilities.
The requirements of this Order will be implemented through site-wide
programs and/or documents.
•
:

(Shaded boxes indicate applicable orders.)

•3

•. ;5

7

;
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TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT
DOE Order
Number

Title

Applicable

Justification

Page

1360.4A

SCIENTIFIC AND TECHNICAL
COMPUTER SOFTWARE

No

Although computer software program development is within the scope of
work at the ABWR Complex, the software would fall under the exclusion
categories listed. Therefore, this Order does not contain requirements
pertinent to the Facility.

1540.1

MATERIALS TRANSPORTATION AND
TRAFFIC MANAGEMENT

Yes

The ABWR Complex will ship radioactive and other hazardous materials:-.f:t"%
directly offsite. Therefore, this Order does contain r^iieniiehtspertinent
to the Facility.

•

'

••,';"•',•

"•'.'

y:*<:'•.'•':.-.'.••'•i-'&

•'•

9

'•'••'•,

1540.2

HAZARDOUS MATERIAL PACKAGING
FOR TRANSPORT - ADMINISTRATIVE
PROCEDURES

Yes

The ABWR Complex will be involved in preparing radioactive and other '•'?
hazardous materials for offsitc shipment. ..Therefore, this Order idoes
contain requirements pertinent to the Facility.

1540.3

BASE TECHNOLOGY FOR RADIOACTIVE
MATERIAL TRANSPORTATION
PACKAGING SYSTEMS

No

Implementation of DOE policies for the coordination and planning of base
technology for radioactive material transportation packaging systems is a
DOE responsibility. The ABWR Complex should not be involved with
design, development, or testing of nuclear materials packaging systems
because commercially available systems will be utilized.

1540.4

PHYSICAL' PROTECTION OF
UNCLASSIFIED IRRADIATED REACTOR
FUEL IN TRANSIT

Yes

The:ABWR Complex wlii be invoJvibd.^Wth^eshipmciniof ^ S i a t e d . -L

FEDERAL EMPLEYEE OCCUPATIONAL
SAFETY AND HEALTH PROGRAM

No

3790. IB

(Shaded boxes indicate applicable orders.)

reactor fuel. Therefore, this Order66^
the Facility.

.

'

'

'•.}/••'

?.'• 1 0 ••'.

=•=•'« v
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;

,

':.•>*, V

^tAiihTcqhiitiA^iiptii^tnih.->;J
•'

' ' - : - ; J - t l '•:•'•• .

'•'•••!''••-

: :

'-

This Order is applicable to Federal DOE employees and does not address
contractors. Therefore, this Order does not contain requirements pertinent
to the Facility.

••'
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TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT
DOE Order
Number

Title

Applicable

Justification

Page

3791.2A

FEDERAL EMPLOYEE MOTOR VEHICLE
SAFETY PROGRAM

No

This Order is applicable to Federal DOE employees and docs not address
contractors. Therefore, this Order docs not contain requirements pertinent
to the Facility.

16

4330.4A

MAINTENANCE MANAGEMENT
PROGRAM

Yes

The maintenance management programs will apply:to the fuel-fabrication.
facility and the spent fuel storage facility
.
..

4700.1

PROJECT MANAGEMENT SYSTEM

Yes

This Order contains general site requirements applicable to all DOE
facilities. The requirements of this Order are implemented through she*
wide programs and/or documents.- -•
- • ' •
•..-..••

•

17

19
•

5OOO.3A

OCCURRENCE REPORTING AND
PROCESSING OF OPERATIONS
INFORMATION

Yes

This Or ler contains general site requirements applicable to all DOE
facilities. The requirements of this Order will be implemented at the
ABWR Complex.
=
' ' ••
:s

53O0.2D

TELECOMMUNICATIONS: EMISSION
SECURITY (TEMPEST)

Yes

Classified information systems or compoheftwiwill be used in the ABWR '..
Complex, especially the fuel fabrication facility. Therefore, this Order does
contain requirements pertinent to the Cdmplex^•••-..
: '•-• ••

53OO.3B

TELECOMMUNICATIONS:
COMMUNICATIONS SECURITY

Yes

The ABWR Complex operations Will involve Classified triifbrmatibn or
special systems/devices used for protecting information from compromise. '••
Therefore, this Order does contain requirements pertinent to; the Facility; •'

23 ..

53O0.4C

TELECOMMUNICATIONS: PROTECTED
DISTRIBUTION SYSTEMS

Yes

The fuel fabrication facility will be involved with transmission of classified •
information or protect^ distribution systems. Therefore, this Order does
contain requirements ] rtinent to the.Facility.

25

5400.1

GENERAL ENVIRONMENTAL
PROTECTION PROGRAM

Yes

This Order specifies general requirements for ensuring environmentally safe
operations. These requirements are pertinent to the ABWR Complex.

26

(Shaded boxes indicate applicable orders.)

20

TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT
DOE Order
Number

Title

Applicable

Justification

Page

5400.2A

ENVIRONMENTAL COMPLIANCE ISSUE
COORDINATION

No

This Order specifics internal department coordination of issues and docs not
contain requirements pertinent to the ABWR Complex.

27

5400.3

HAZARDOUS AND RADIOACTIVE
MIXED WASTE PROGRAM

No

This Order contains only policy statements and responsibilities of the DOE,
not specific contractor requirements.

28

5400.4

COMPREHENSIVE ENVIRONMENTAL
RESPONSE, COMPENSATION, AND
LIABILITY ACT REQUIREMENTS.

No

This Order contains only policy statements and responsibilities of the DOE,
not specific contractor requirements.

30

5400.5

RADIATION PROTECf ION OF THE
PUBLIC AND THE ENVIRONMENT

Yes

This Order will be applicable to ABWR Complex operations arid: radiation • ;
protection programs. A program will be implemented on a site-wide basis
for implementation. Specifically, Chapter IV outlines the "requirements
and guidelines for cleanup of residual radioactive material and management
of the resulting wastes and residues and release of property.". . . ; . . . . . • . "

31

5440. ID

NATIONAL ENVIRONMENTAL POLICY
ACT COMPLIANCE PROGRAM

No

This Order contains only policy statements and responsibilities of the DOE,
not specific contractor requirements.

32

5480. IB

ENVIRONMENT, SAFETY, AND HEALTH
PROGRAM FOR DEPARTMENT OF
ENERGY OPERATIONS

No

This Order contains only policy statements and responsibilities of the DOE,
not specific contractor requirements.

33

5480.3

SAFETY REQUIREMENTS FOR THE
PACKAGING AND TRANSPORTATION
OF HAZARDOUS MATERIALS,
HAZARDOUS SUBSTANCES, AND
HAZARDOUS WASTES

Yes

This Order contains general site requirements applicable to all t x ) E
V ;:
facilities.. Because it is in the scope of activities of the ABWR Complex to"_..,
ship packaged hazardous waste off-site, the requirements of this Order will
be imposed at the ABWR Complex.

34

(Shaded boxes indicate applicable orders.)

TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT
DOE Order
Number

Title

Applicable

Justification

P«ge

5480.4

ENVIRONMENTAL PROTECTION,
SAFETY, AND HEALTH PROTECTION
STANDARDS

Yes

This Order contains general site requirements applicable to all D0B
facilities. The requirements of this Order will be implemented through sitewide programs and/or documents.

5480.5

SAFETY OF NUCLEAR FACILITIES

Yes

This Order contains general site requirements applicable to all DOE
facilities. The requirements of this Order will be implemented at the
ABWR Complex.

37

5480.6

SAFETY OF DEPARTMENT OF ENERGYOWNED NUCLEAR REACTORS

Yes

The ABWR Complex includes a nuolear reactor. Therefore; this Order
does contain requirements pertinent to the ABWR Complex, but not to the

38

fuel fabrication facility.

5480.7

FIRE PROTECTION

Yes

CONTRACTOR OCCUPATIONAL

•.:.,••:

• ••

.....••..

•

> , x H '...•••:•• • :•

This Order contains general site requirements applicable to ail DOE
facilities. The requirements of this Order will be implemented through shewide programs and/or documents.

5480.8A

.

••;#

39

,,••, \

Yes

This Order contains general site requirements applicable to all DOE
facilities* The requirements of this Order will be implemented through sitewide programs and/or documents.
;.••.•':
.

40

MEDICAL PROGRAM

5480.9

CONSTRUCTION SAFETY AND HEALTH
PROGRAM

Yes

The ABWR Complex will include construction activities. Therefore, this
Order does contain requirements pertinent to the complex.
••

41

5480.10

CONTRACTOR INDUSTRIAL HYGIENE
PROGRAM

Yes

This Order contains general site requirements applicable to all DOE
»,
facilities. The requirements of this Order willbe implemented through sii&widc programs and/or documents.

42

(Shaded boxes indicate applicable orders.)

TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT
DOE Order
Number
5480.11

Title
RADIATION PROTECTION FOR
OCCUPATIONAL WORKERS

Applicable

Yes

Page

Justification
This Order contains general site requirements applicablei toailDOE':;'; ,
facilities. The requirements of this Order will be implemented at the
A B W R Complex..

.

•.

-.;. '..•}{.

s

• > ; 4 3

"'•.. .."': - x ' . : ; V . • . • ' " v • • '

5480.13 .

AVIATION SAFETY

No

Aviation activities are not a part of the ABWR Complex operations.
Therefore, this Order does not contain requirements pertinent to the facility.,

44

5480.15

DEPARTMENT OF ENERGY
LABORATORY ACCREDITATION
PROGRAM FOR PERSONNEL
DOSIMETRY

No

This Order establishes requirements for dosimetry program evaluation,
which will be provided by an independent commercial contractor for the
ABWR Complex.

45

5480.16

FIREARMS SAFETY

Yes

Security personnel in the ABWR Complex will b e issued firearms.
Therefore, this Order does contain requirements pertinent to the complex*

5480.17

SITE SAFETY REPRESENTATIVES

Yes

This Order contains general site requirements applicable to all DOE
facilities.. The requirements of this Order will be implemented through sitewide programs arid/of documehw.

48

5480.18A

ACCREDITATION OF PERFORMANCEBASED TRAINING FOR CATEGORY A
REACTORS AND NUCLEAR FACILITIES

Yes

Nuclear reactor facilities arc required to" follow the provisions of the Order.
Therefore, this Order does contain requirements pertinent to the ABWR
Complex*

49

5480.19

CONDUCT OF OPERATIONS
REQUIREMENTS FOR DOE FACILITIES

Yes

This Order contains general site requirements applicable to all DOfi
facilities. The requirements of this Order will be implemented at the
ABWR Complex.

51

(Shaded boxes indicate applicable orders.)

. 47

•}•••

TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT
DOE Order
Number
5480.20

5480.21

Title

Justification

Applicable

PERSONNEL SELECTION,
QUALIFICATION, TRAINING, AND
STAFFING REQUIREMENTS AT DOE
REACTOR AND NON-REACTOR
NUCLEAR FACILITIES

Yes

UNREVIEWED SAFETY QUESTIONS

Yes

Page

This Order contains general site requirements appiicable tolif £>OE
facilities. The requirements of this Order will be implementSa at the

..
.:

,52 '

:

ABWR Complex.
•

•

•

-

•'

:

- •

••':•"

-•

:.' . : '

•

'

•-.•:.;-: -

•

This Order contains general site requirements applicable to ail DOE
facilities. The requirements of this Order will be implemented at the
ABWR Complex.

. •

.

'. :•:;•"?••• \

•.

' V&

.
..

:\

5480.22

TECHNICAL SAFETY REQUIREMENTS

Yes

This Order contains general site requirements applicable to ait DOE
''. •-'55
facilities, therefore, the requirements of this order will be implemented at .
the ABWR. If the reactor is licensed by NRC, this will not apply to the
reactor itself, but will apply to the fuel fabrication facility and spent fiiel
storage facility.

5480.23

NUCLEAR SAFETY ANALYSIS REPORTS

Yes

This Order contains general site requirements appiioabie to. all DOE
facilities, the requirements of this order win be implemented at the ABWR
Complex. If the reactor is licensed by NRC, this will apply to. the non- ; ,
r e a c t o r f a c i l i t i e s w i t h i n t h e . c o m p l e x . •..

.

- : • '•'•' •'<•••••'

•'''•• '•.'<• '•'"•'••

;

56

•'. '

5480.24

NUCLEAR CRrnCALlTY SAFETY

Yes

This Order contains general requirements applicable t&Vall DOE facilities;
The requiremetns of this Order will be implemented through site-wide
programs and/or documents.
• ••
;. • i?
'
: .•:• \ - c .••.••

5480.26

TRENDING AND ANALYSIS OF
OPERATIONS INFORMATION USING
PERFORMANCE INDICATORS

Yes

This Order contains general requirements applicable to all DOE facilities.
The requiremetns of t. Order will be implemented through site-wide
programs and/or docun ents.

(Shaded boxes indicate applicable orders.)

''

:

;... 57 ,.:

58

TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT
DOE Order
Number

Title

Applicable

Justification

Page

5480.28

NATURAL PHENOMENA HAZARDS
MITIGATION

Yes

This Order contains' general requirements applicable td allDOE'huclcaf • '•'•_"'."•
: . i » •'•:.
facilities. The requirements of this order will be implemented afthe ABWR;
Complex. If the reactor is licensed by NRC, this will apply to the nbrtreactor facilities within the complex.-.
•
'
•;;.. . . " •
•

5480.30

NUCLEAR REACTOR SAFETY DESIGN
CRITERIA

Yes

This Order contains requirements specifically, applicable to"the Reactor ' ':'.>.,•
Facility only. If the reactor is licensed by NRC, this Orctcf does not apply.

6 1

5481.IB

SAFETY ANALYSIS AND REVIEW
SYSTEM

No

This Order has been superceeded by DOE 5480.23 for nuclear facilities.

62

5482. IB

ENVIRONMENT, SAFETY, AND HEALTH
APPRAISAL PROGRAM

Yes

This Order contains general site requirements applicable to all DOB
facilities. The requirements of this Order will be implemented through shewide programs and/or documents.

63

5483.1A

. OCCUPATIONAL SAFETY AND HEALTH
PROGRAM FOR DOE CONTRACTOR
EMPLOYEES AT GOVERNMENT-OWNED
CONTRACTOR-OPERATED FACILITIES

Yes

The ABWR Complex will likely be managed under a GOCO Contract,
Therefore, the requirements of this order are pertinent to the Facility.

64

5484.1

ENVIRONMENTAL PROTECTION,
SAFETY AND HEALTH PROTECTION
INFORMATION REPORTING
REQUIREMENTS

Yes

This Order contains general silc requirements applicable to all DOE
facilities.' The requirements of this Order will be implemented through sitewide programs nnd/or documents.

65

5500. IB

EMERGENCY MANAGEMENT SYSTEM

No

This Order outlines the policy and requirements for the Emergency
Management System (EMS). Requirements listed are at the DOE level.
Therefore, this Order does not contain requirements pertinent to the ABWR
Complex.

66

(Shaded boxes indicate applicable orders.)

'

:

TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT
DOE Order
Number
5500.2B

55OO.3A

THle

Applicable

EMERGENCY CATEGORIES, CLASSES,
AND NOTIHCATION AND REPORTING
REQUIREMENTS

Yes

PLANNING AND PREPAREDNESS FOR
OPERATIONAL EMERGENCIES

Yes

Justification

Page
:

This Order contains general site requirements applicable tift alt DOE
facilities. The requirements of this Order will be implemented atthe
A B W R

C o m p l e x . '

' • • • • •

-;-;

'

.

•

• •«;•.••>•'•'•/'••y-/?;>f-i

•
\

.'',.'

This Order contains general site requirements applicabla to all DOE "'"' • ".
facilities. The potential for an operational accident requires planning for fin
emergency, including personnel training, in accordance with DOE 5500.3A. .
The requirements of this Order will be implemented at tticABWR
.•:
Complex.

•'

' '.:- '.'. p .'..''.',••; jv ,

•••'

PUBLIC AFFAIRS POLICY AND
PLANNING REQUIREMENTS FOR
EMERGENCIES

Yes

5500.7B

EMERGENCY OPERATING RECORDS
PROTECTION PROGRAM

No

This Order contains only policy statements ai H responsibilities of the DOE,
not specific contractor requirements.

72

5500.10

EMERGENCY READINESS ASSURANCE
PROGRAM

Yes

This Order is applicable to the ABWR Complex. Thei Ordfer sfequtoes
development of Emergency readiness Aistiranec Plans ,(ESAI^):arid
Appraisal Programs to ensure that the Emergenoy Managesneni-System
(EMS) specified in DOE 5500.IB is adequate,
1

73

5530.1 A

ACCIDENT RESPONSE GROUP

No

Activities performed at the ABWR Complex will not involve nuclear
.weapons or components thereof (assumming Pu Oxide is delivered to the
Fuel Fabrication Facility). Therefore, this Order does not contain
requirements pertinent to the ABWR Complex.

74

5500.4

(Shaded boxes indicate applicable orders.)

This Order contains general site requirements.appiidftbl* iti all 1>6U
facilities. The requirements of this Order will be implcmefttcdthroujgh shewide programs and/or documents.

"• •'•

:

. .'.•'•'./,-V;

70

•',...••

TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT
DOE Order
Number

Title

Applicable

Justification

Page

5600.1

MANAGEMENT OF THE DEPARTMENT
OF ENERGY WEAPON PROGRAM AND
WEAPON COMPLEX

No

The scope of the ABWR Complex operations does not include weapons or
weapons components. Therefore, this Order does not contain requirements
pertinent to the complex.

75

5610.1

PACKAGING AND TRANSPORTING OF
NUCLEAR EXPLOSIVES, NUCLEAR
COMPONENTS, AND SPECIAL
ASSEMBLIES

No

The scope of the ABWR Complex operations does not include weapons or
weapons components. Therefore, this Order does not contain requirements
pertinent to the Facility.

76

5610.2

CONTROL OF WEAPON DATA

No

Although fuel fabrication quantities may be classified, the ABWR Complex
activities do not involve weapons data. Therefore, this Order does not
contain requirements pertinent to the ABWR Complex.

77

5610.10

NUCLEAR EXPLOSIVE AND WEAPON
SAFETY PROGRAM

No

The ABWR Complex is not involved in handling nuclear
weapons/explosives. Therefore, this Order docs not contain requirements
pertinent to the Facility.

78

5610.11

NUCLEAR EXPLOSIVE SAFETY

No

The ABWR Complex is not involved in any activities dealing with nuclear
explosive/components. Therefore, this Order does not contain requirements
pertinent to the Facility.

79

5610.13

JOINT DEPARTMENT OF
ENERGY/DEPARTMENT OF DEFENSE
NUCLEAR WEAPON SYSTEM SAFETY,
SECURITY, AND CONTROL ACTIVITIES

No

The ABWR Complex organization is not involved with weapon system
safety, security, and control activities. Therefore, this order does not
contain requirements pertinent to the ABWR Complex.

80

5630.8A

SAFEGUARDING OF NAVAL NUCLEAR
PROPULSION INFORMATION

No

The ABWR Complex operations do not involve Naval Nuclear Propulsion
Information. Therefore, this Order does not contain requirements pertinent
to the Facility.

81

(Shaded boxes indicate applicable orders.)

10

TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT
DOE Order
Number
5630.11

Title
SAFEGUARDS! AND SECURITY
PROGRAM

Applicable

Justification

Page

Yes

Safeguards and Security will be an integral part of the ABWR Complex
operations. Therefore, this Order does contain requirements pertinent to the

82

Complex.

'

;

•••

•

•

•

••..

• • •

••

5630.12A

SAFEGUARDS AND SECURITY
INSPECTION AND EVALUATION
PROGRAM

Yes

This Order contains general site requirements applicable to all DOE
facilities. The requirements of this Order will be implemented through site:
wide programs and/or documents. ','
'
.'•' " : '

83

5630.13 A

MASTER SAFEGUARDS AND SECURITY
AGREEMENTS

Yes

The program outlined in this Order will be implemented for tn6 overall
complex. Therefore, this Order does contain requirements pertinent to the
ABWR Complex.
* .;.
•

84

5630.14A

SAFEGUARDS AND SECURITY
PROGRAM PLANNING

Yes

The program outlined in this Order will be implemented fot the pvferaU
complex. Therefore, this Order does dontairj requirement* pertinent to the?
A B W R Complex.
••/',.'•

85

5630.15

SAFEGUARDS AND SECURITY
TRAINING PROGRAM

Yes

Safeguards and Secunty will be an integral part of the A3WR Complex,
operations. Therefore, this Order does <sc-ntain requirement pertinent to the
Complex.
, .
. .
. . . .
,.:•„.!,.

86

5631.IB

SECURITY EDUCATION PROGRAM

Yes

This Order contains general requirements applicable & stt DOE labilities.
The requirements of this Order will be implemented through site-wide
programs and/or documents.

5631.2B

PERSONNEL SECURITY PROGRAM

(Shaded boxes indicate applicable orders.)

Yes

This Order contains ge-eral requirements applicable to all DOE .facilities.
The requirements of u Order are implemented through site-wide programs
and/or documents.

88
;

90

n

TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT
DOE Order

Number
5631.4A

Title
CONTROL OF CLASSIFIED VISITS

Applicable

Justification

Page

Yes

The program outlined in this Order witi be implemented! a t thrf ABWR
Complex. Therefore, this Order does contain requirements' pertinent to the

,',•.92: :

Facility.

5631.5

VIOLATION OF LAWS, LOSSES, AND

PERSONNEL SECURITY ASSURANCE
PROGRAM

PROTECTION PROGRAM OPERATIONS

. . .

.; :-'.- . ,';• •/;.,; ./..

;,

This Order contains general requirements applicable to hU DOE facilities.
;
The requirements of this Order will be implemented through site^wide
programs and/or documents.
. _ ' • • • ' '

93

Yes

This Order contains general site requirements applicable to all DOE
facilities. The requirements of this Order will be implemented through site-

94

wide programs and/or documents.

5632. IB

' ••;

Yes

INCIDENTS OF SECURITY CONCERNS

5631.6

•

Yes

. •

..••'••[.,-•'.•••••

. ;i:,::. : ....:; v

This Order contains general site requirements appllcableto^BilDOE:: >
facilities. T h e requirements of this Order will be implemented through sitewide programs and/or documents. ...-.•.•.
. ':
, v.:-;-.::'!'.]],\ ' .
• • ••.''

95
*"•?*{I-

5632.2A

PHYSICAL PROTECTION OF SPECIAL
NUCLEAR MATERIAL AND VITAL
EQUIPMENT

Yes

97,
The ABWR. Complex will contain tccessibieSNM anclvUal equipment (per
the definitions o f this Order). Therefore, this Order does contain . • ,]''
requirements pertinent to the ABWRiComplexi.: . '.; .•.•'••:..'";i:;;.'?!::''•;•.:'.> ''•'•".; '•'.' :

5632.5

PHYSICAL PROTECTION OF CLASSIFIED
MATTER

Yes

Activities at the ABWR Complex 1 will involve classified matter,:; Therefore; ,'

PHYSICAL PROTECTION OF DOE
PROPERTY. AND UNCLASSIFIED
FACILITIES

Yes

5632.6

(Shaded boxes indicate applicable orders.)

this Order does contain requirements pertinent to. tne ABWR Complex.;
This Order contains general requirements applicable to aH Dbfe facilities.
The requirements of this Order will be implemented through site-wide
programs and/or documents.

;•

.'='-98'.:..

:
:

99

12

TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT
DOE Order
Number

Title

Applicable

Justification

Page

5632.7

PROTECTIVE FORCES

Yes

The requirements of this Order apply! to the ABWR Complex Deeause- V
protective forces will be specifically assigned to control accessi; Therefore; '
this Order does contain requirements pertinent to the ABWR Complex.

100

5632.8

PROTECTION PROGRAM OPERATIONS:
SYSTEM PERFORMANCE TESTS

Yes

Applicable to all DOE facilities utilizing Safeguards and Security physical
protection systems. Therefore, this Order does contain requirements
pertinent to the ABWR Complex.
...
..:.;.
,.

101

5632.9A

ISSUANCE, CONTROL, AND USE OF
BADGES, PASSES, AND CREDENTIALS

Yes

The program outlined in this Order will be implemented at the ABWft •. •
Complex. Therefore, this Order does contain requirements pertinent to the
Facility..
,
.. ... : V. . v.;..:•;.,?:•:..,•/...;: : • -.

102

5632.10

SAFEGUARDS AND SECURITY (S&S)
EQUIPMENT STANDARDIZATION

No

The ABWR Complex will utilize commercially available components in the
Safeguards and Security systems. DOE standards will be implemented, but
not developed. Therefore, this Order does no' contain requirements
pertinent to the ABWR Complex.

103

5633.2

CONTROL AND ACCOUNTABILITY OF
NUCLEAR MATERIALS:
RESPONSIBILITIES AND AUTHORITIES

Yes

Nuclear materials will be handled at the ABWR Complex. Tneiefofe, this
Order does contain requiremc its pertinent to th6 Facility,. . ,.• ,-..•:.

104

5633.3

CONTROL AND ACCOUNTABILITY OF
NUCLEAR MATERIALS

Yes

Nuclear materials will be handled at the ABWR Complex. Therefore, this
Order does contain requirements pertinent to. the. facility. ••
•;
...

105

5633.4

NUCLEAR MATERIALS.TRANSACTIONS:
DOCUMENTATION AND REPORTING

Yes

Nuclear materials will be.received and shipped from the ABWR Complex...
Therefore, this Order does contain requirements pertinent to the Facility.

106

(Shaded boxes indicate applicable orders.)
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TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT
DOE Order
Number
5633.5

Title
NUCLEAR MATERIALS REPORTING
AND DATA SUBMISSION PROCEDURES

Applicable

Justification

Yes

Nuclear materials arc received, retained,,and shipped at the. ABWR
Complex. Therefore, this Order does contain requirements pertinent to the:
complex.

'

Page

. . ' • • '

The ABWR Complex will receive, :prpccss,: ship' Arid handle classified > .
materiarand SNM. Therefore, this Order does contain requirements ''•':•-.
:
pertinent to the ABWR Complex.
:
'•
:

ios

FACILITY APPROVALS, SECURITY
SURVEYS, AND NUCLEAR MATERIALS
SURVEYS

Yes

5635.1 A

CONTROL OF CLASSIFIED DOCUMENTS
AND INFORMATION

Yes

The ABWR Complex will receive,! process^ship anHhwidJle classified •'•'•••• ••;%
material and SNM. Therefore, this Order does contain requirements: :.. . ••'{
pertinent to the ABWR Complex; :y:.: .. : . : . • : . . : . ;:.
.• . '•]••••

5635.2B

PROTECTION OF CLASSIFIED
NATIONAL SECURITY COUNCIL
INFORMATION

No

It is not anticipated that NSC information will be handled or utilized by the
ABWR Complex, therefore, this Order does not contain requirements
pertinent to the complex.

no

5635.3

HAND-CARRYING CLASSIFIED MATTER
ON AIR CARRIERS

Yes

There will be classified information used or transmitted in the ABWR
Complex operations. Therefore, this Order does contain requirements
pertinent to the facility operation»

in

5635.4

PROTECTION OF UNCLASSIFIED
CONTROLLED NUCLEAR INFORMATION

Yes

It is anticipated that some of the data related to the operation of the ABWR
Complex will be UCNI. The program outlined in this Order will need to
be implemented at. the complex. Therefore, this Order, does contain
requirements pertinent to the Facility,

112

5636.1 A

PROrllBITIONS ON ILLICIT
WIRETAPPING AND EAVESDROPPING

Yes

The program outlined in this Order, Midll need to be implemented, at the
ABWR Complex. Therefore, this Order does contain requirements .
pertinent to the Facility;

5634.1 A

(Shaded boxes indicate applicable orders.)

*

,.

Il3

14

TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT
DOE Order
Number

Title

Applicable

Justification

Page

5637.1

CLASSIFIED COMPUTER SECURITY
PROGRAM

Yes

It is anticipated that there will be classified computer systems at the ABWR
Complex. Therefore, this Order does contain requirements pertinent to the
Facility.
.
. . • • , .
.
;

114 .

5650.2B

IDENTIFICATION OF CLASSIFIED
INFORMATION

Yes

This Order contains general site requirements applicable to all DOE
facilities. The requirements of this Order will be implemented through sitewide programs and/or documents.
• •••: •
'•,.•.:

115

5650.3A

IDENTIFICATION OF UNCLASSIFIED
CONTROLLED NUCLEAR INFORMATION

Yes

This Order contains general site requirements applicable to all DOE
:
facilities. The requirements of this Order will be implemented through site-!
wide programs and/or documents. .
.'•••:•..• . :
..•

116 "\

5660.1

MANAGEMENT OF NUCLEAR
MATERIALS

Yes

The ABWR Complex will contain nuclear materials. Therefore, this Order ;
does contain requirements pertinent to the ABWR Complex.

117

5670.1 A

MANAGEMENT AND CONTROL OF
FOREIGN INTELLIGENCE

No

This Order contains only policy statements and responsibilities of the DOE,
not specific contractor requirements.

118

5670.2

SECURITY OF FOREIGN INTELLIGENCE
INFORMATION AND SENSITIVE
COMPARTMENTED INFORMATION
FACILITIES

No

This Order is applicable only if Foreign Intelligence Information is
requested or retained by ABWR Complex personnel. Such information is
not expected to be requested or retained as a part of the ABWR Complex
level of activities.

119

5700.6C

QUALITY ASSURANCE

Yes

This Order contains general site requirements applicable to all DOE
facilities. The requirements of this Order will be implemented at the
ABWR Complex.

120

(Shaded boxes indicate applicable orders.)
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TABLE 1
ABWR COMPLEX DOE ORDER APPLICABILITY ASSESSMENT
DOE Order
Number

Title

Applicable

Justification

Page

5820.2A

RADIOACTIVE WASTE MANAGEMENT

Yes

This Order contains general site requirements Applicable to! all DOE v _!".•;
facilities. The ABWR Complex will contain radioactive'Wastes and;
.,;
therefore the requirements of this Order will be implemented at the Facilfty. .

121

6430.1 A

GENERAL DESIGN CRITERIA

Yes

This Order contains general site requirements applicable to.all non-reactor nuclear facilities. The requirements of this Order 'wilt be implemented
.:
through programs and/or documents for the fuel fabrication facility.
,,-.'.

122

to

(Shaded boxes indicate applicable orders.)
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ATTACHMENT

4.2-1

ABWR COMPLEX
DOE ORDER EVALUATION

DOE 1270.2A
7-29-83
NUMBER: DOE 1270.2A
TITLE:

SAFEGUARDSAGREEMENTWITHTHEINTERNATIONALATOMICENERGY AGENCY

PURPOSE:

To prescribe policies and responsibilities of the Department of Energy (DOE) for compliance with the
agreement, including the associated protocol, between the Government of the United States of America
(U.S.) and the International Atomic Energy Agency (IAEA) for the application of safeguards in the U.S.
(hereinafter designated the "agreement" and the "protocol").
SCOPE:
The provisions of this Order apply to all Departmental Elements and to all contractors and
subcontractors who perform work for the Department and possess or are responsible for nuclear
materials subject to the agreement, and as provided by contract and/or law.
POLICY AND OBJECTIVES:
a. All nuclear activities in the U.S. are eligible for IAEA safeguards pursuant to t'
excluding only those of direct national security, significance.

.greement,

b. Procedures in this Order for establishing and changing the list of eligible facilities apply to all
facilities participating in DOE programs and possibly eligible for safeguards under the agreement,
including both DOE-owned and contractor-owned facilities that are either exempt from or subject to
requirements for licensing by the U.S. Nuclear Regulatory Commission. Procedures in this Order, other
than those related to establishing and changing the list of eligible facilities, apply to DOE-owned
facilities that are exempt from requirements for licensing by the U.S. Nuclear Regulatory Commission.
These latter procedures include, for example, negotiating subsidiary arrangements, and reporting
information to the IAEA to carry out inspections.
c. DOE facilities, selected by the IAEA pursuant to the agreement or protocol shall comply with the
provisions of the .agreement or protocol.
d. Information classified as restricted data or formerly restricted data shall not be transmitted to the
IAEA.
e. Nuclear materials transaction, material balance, and inventory information shall be transmitted to
the IAEA pursuant to the agreement or protocol and shall include national security information on a
controlled basis, as necessary to comply with the agreement or protocol.
f. Implementation activities required pursuant to terms of the agreement or protocol and the
subsidiary arrangements shall avoid unnecessary interference in the operation of faculties, be consistent
with prudent management practices, and incur minimal costs.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order does contain requirements pertinent to nuclear material control at the ABWR Complex.

DOE 1300.2A
05-19-92

NUMBER: DOE 1300.2A
TITLE:

DEPARTMENT OF ENERGY STANDARDS PROGRAM

PURPOSE:
This Order establishes general policy guidelines, authorities and responsibilities for Department of
Energy (DOE) standards programs and guidelines for participation in private sector standards
organizations.
SCOPE:

The provisions of this Order apply to all Departmental elements, including the Federal Energy
Regulatory Commission, and to all DOE contracts which require adherence to Departmental Directives.
EXCLUSIONS:
This Order does not apply to Federal interagency standards development, such as automatic data
processing and datr communication standards, or to the internal Directives system of the Department.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
Although this applies to all DOE elements and contractors, it is not anticipated that personnel in the
ABWR organizations will be appointed to membership on standards committees.

DOE 1324.2A
9-13-88

NUMBER: DOE 1324.2A
TITLE:

RECORDS DISPOSITION

PURPOSE:
To assign responsibilities and authorities and to prescribe policies, procedures, standards, and guidelines
for the orderly disposition of records of the Department of Energy (DOE) and its management and
operating contractors.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.

BACKGROUND:
The introduction of technology and the rising costs of personnel, space, and equipment have made it
necessary to review and revise the policies and procedures promulgated by DOE 1324.2, RECORDS
DISPOSITION, of 5-28-80. This Order focuses on the procedures for disposition of records and
attempts to provide a clear set of guidelines to assist Departmental and contractor managers for
controlling and managing the records of the Department.
POLICY:
a. Use of the General Records Schedules, published by the National Archives and Record
Administration (NARA) is mandatory. Those schedules, along with internally generated, NARA
approved schedules, will be used for disposition of Departmental records.
b.

Managers are accountable for records management programs in their organizations.

c.

Departmental records shall be:
(1)

Created, maintained, and used in an effective, efficient and authorized manner; and

(2)

Routinely disposed of in accordance with procedures in this Order.

OBJECTIVES:
The objectives of the Departmental records management program are to minimize the paperwork and
recordkeeping burden in the Department and in the public sector; minimize the cost of records
management activities; and , maximize the usefulness of Departmental records. Specific objectives
pertaining to records disposition are to
a.

Establish a system for inventorying, maintaining, and obtaining disposition authority.

b.

Identify and plan for the preservation of records.

c.

Develop a planned approach to retire or transfer records no longer required.

d.

Actively pursue the disposition of records on a regular basis.

DOE 1324.2A
9-13-88
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order details record disposition ("action taken to remove records from currentfiles...")and contains
general site requirements applicable to all DOE facilities. The requirements of this Order will need to
be implemented through site-wide programs and/or documents during operation.

DOE 1330.1D
5-18-92

NUMBER: DOE 1330.1D
TITLE:

COMPUTER SOFTWARE MANAGEMENT

PURPOSE:

To establish policies and responsibilities for computer software management.
SCOPE:
The provisions of this Order apply to all Departmental Elements and to all management and operating
(M&O) contracts, and those other contracts which call for the acquisition, development, modification,
and/or maintenance of computer software, as provided by law and/or contract and as implemented by
the appropriate contracting officer.
COVERAGE:
a. Administrative/business-oriented software, including:
(1) Administrative functions, such as payroll, accounting, and financial-oriented application
software; and
(2) Business management-oriented software such as inventory, ordering, scheduling, transportation,
and materials management-related software, program management support-oriented software,
such as project management applications, and automated office support systems.
b. System software, including:
(1) Utility packages and/or systems, including sets of mathematical routines, sorts, merges,a nd
graphics software;
(2) Operating systems;
(3) Compilers;
(4) Program libraries;
(5) Data base management systems;
(6) Data dictionaries, directories, and/or encyclopedia; and
(7) Programming productivity enhancement tools, including report and code generators.
c. Scientific/engineering software, including:
(1) Scientific-oriented technical, experimental, and modeling software;
(2) Engineering development and analysis software; and
(3) Control systems (scientific/engineering/research oriented);
d. Manufacturing-oriented software, including:

DOE 1330.1D
5-18-92
(1) Computer-integrated manufacturing (CIM);
(2) Computer-aided design/computer-aided manufacturing (CAD/CAM); and
(3) Control systems manufacturing oriented).
EXCLUSIONS:
At the discretion of each site manager, certain software may be exempt from the local software
management program. The rationale for such exemptions will be included in the documentation
describing the overall software management progrian. Examples of software which may be exempted
from coverage area:
a. The software which is acquired and used with general purpose automatic data processing (ADP)
equipment that is integrally embedded within the instrumentation associated with an experiment or
device. An example of this is equipment and associated softw'j-e embedded within a weapons system.
b. The software wb" :h is acquired and used with general purpose ADP equipment that is not integrally
embedded but is acquired as part of a larger non-ADP turnkey system provided under one contract and
in which the selection or supplier of the software chosen is not at the discretion of the Department or
contractor. An example of this is software acquired as part of a fire alarm system or other physical
security or environmental monitoring system. Departmental Elements should not use this exclusion to
avoid severing acquisitions of software from larger procurement, in accordance with Federal Information
Resources Management Regulation (FIRMR) 201-1.0002-2, when it is operationally feasible to do so
and when such action will promote economy and efficiency.
c. The software which is acquired and used as an integral part of the power transmission systems of
the power marketing administrations, including the software which is used for power system control.
d. The National Energy Information System, developed, maintained, and operated by the Energy
Information Administration.
e. Software being developed and utilized in support of research projects which is developed internally
and used in scientific applications which are undergoing a continuing state of change. An example of
this is scientific software that is being used in the rapid prototyping of devices and/or instruments which
are in the direct support of Department authorized scientific programs.
f. Systems software used to support those applications indicated in paragraph 5e above. For example,
systems software developed internally which is used to support prototype device and instrumentation
applications and is unique to the site, regardless whether it has general utility or not.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.

DOE 1332.1A
10-15-85
CHG1 6-12-92

NUMBER; DOE 1332.1A
TITLE:

UNIFORM REPORTING SYSTEM

PURPOSE:
To establish the Department of Energy (DOE) uniform reporting system for contracts, loans, and loan
guarantees, and to provide implementing formats, forms, instructions, and procedures for information
that is essential for effective management.
SCOPE:
The provisions of this Order apply to all Departmental Elements (except the Bonneville Power
Administration) and participants performing work for the Department as provided by law and/or
. contractual agreement and as implemented by the appropriate contracting officer.
APPLICABILITY:
Reporting, as follows, shall be limited to only that information essential for effective management and
satisfaction of technical reporting requirements. This Order provides a compendium of standard forms,
outlines, and procedures from which a program or project manager selects those plans and status reports
applicable to a specific contractual agreement.
a. Type of Contractual Agreements. This Order applies to all loans and loan guarantees, interagency
agreements, and contracts and subcontracts for work for the Department.
b. Existing Contractual Agreements. Revision of reporting requirements of existing contractual
agreements to incorporate the provisions of this Order is not required. Revision of existing contractual
agreements shall be at the discretion of cognizant program and project managers in concert with the
contracting officer at time of renewal.
c. Management and Operating Contractors. DOE 5700.7C, WORK AUTHORIZATION SYSTEM,
of 5-18-92, provides specific guidance with respect to the applicability of the uniform reporting system
to management and operating contracts. DOE 5700.7C provides that the uniform reporting system plans
and reports be used by operating and management contractors whenever management reports on work
packages or tasks are required. The specific plans and reports to be used and their frequency are
negotiated between the program manager, through the responsible DOE Field Office, and the
contractor.
d. Duration. A contractor shall continue to furnish all required forms and reports to the project
manager on a timely basis through contract close-out or, for loans and loan guarantees, until full
repayment of the loan.
e. Exclusion. Reporting requirements for special research contracts are prescribed in Department of
Energy Acquisition Regulations (DEAR) 917.7109 and 917.7113, appendix B, article B-XX1.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.

DOE 1360.2A
5-20-88

NUMBER: DOE 136O2A
TITLE:

UNCLASSIFIED COMPUTER SECURITY PROGRAM

PURPOSE:
To establish requirements, policies, responsibilities, and procedures for developing, implementing, and
sustaining a Department of Energy (DOE) unclassified computer security program.
SCOPE:
The provisions of this Order apply to all Departmental Elements and management and operating
contractors as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABILITY:
Where appropriate, this Order should be used in conjunction with DOE Orders related to
telecommunications security and classified computer security. This Order does not apply to classified
computer systems used to process or store classified and unclassified information
currently. In such
situations, the provisions of DOE Orders related to classified computer security apply.
COVERAGE:
This Order covers unclassified computer systems including microcomputers and word processors; it
provides for protecting such computer systems and sensitive unclassified automated information and it
provides for the continuity of operations of unclassified computer systems and applications that support
DOE mission-essential functions.
EXCLUSIONS:
In certain situations, other protective measures may already be in place to meet the general
requirements but not the specifics contained within this Order. Exceptions from implementing the
specifics of this Order may be granted by the managing organization overseeing the site's activities, as
identified in paragraph lOd of this Order.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.

DOE 1360.4A
10-07-87

NUMBER: DOE 1360.4A
TITLE:

SCIENTIFIC AND TECHNICAL COMPUTER SOFTWARE

PURPOSE:
To prescribe Department of Energy (DOE) policies and procedures pertaining to unclassified scientific,
technical, and technology-related computer software programs developed for or on behalf of DOE.
SCOPE:
The provisions of this Order apply to all Departmental Elements, contractors, and financial assistance
recipients performing work for the Department as provided by law and/or contractual agreement and
as implemented by the appropriate contracting officer.
COVERAGE:
This Order addresses scientific and technical computer software programs, developed and/or modified
during work supported by DOE or during work carried out for others at DOE facilities, tr-~* h v e been

issued, released, or provided by the developing researcher or organization to others for use in the
conduct of their research and development activities, or have potential application to other DOE
programs or others outside the Department. The Order does not address management of the software
development, itself.
EXCLUSIONS:
Excluded from the provisions of this Order are:
a.

The Energy Information Administration.

b. Operational system software, necessary to ensure the fundamental operability of automated data
processing equipment, whether supplied by the manufacturer of the system hardware or others and
whether or not proprietary.
c. Software containing information controlled by the International Traffic in Arms Regulations, Export
Administration Regulations, the Nuclear Non-Proliferation Act of 1978, or sensitive information such
as Unclassified Controlled Nuclear Information that would compromise national security.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
Although computer software program development is within the scope of work at the ABWR Complex,
the software would fall tinder the exclusion catagories listed. Therefore, this Order does not contain
requirements pertinent to the Facility.

DOE 1540.1A
07-18-92
CHG 4: 7-2-90
NUMBER: DOE 1540.1A
TITLE:

MATERIALS TRANSPORTATION AND TRAFFIC MANAGEMENT

PURPOSE:
To establish Department of Energy (DOE) policies and procedures for the management of materials
transportation activities, including traffic management, for other than intra-building and intra-site
transfers.
SCOPE:
The provisions of this Order apply to all Elements of the Department of Energy involved in
transportation activities and responsible for the payment or reimbursement of charges for transportation
services.
POLICY:
It is Departmental policy to ensure that traffic and transportation management shall be accomplished
in a manner comment rate with:
a. Operational requirements for transportation services;
b. Established practices and procedures for transportation safety, economy, efficiency, and cargo
security,
c. National transportation policy as established by Congress in 49 U.S.C. and implemented by the
Federal agencies; and
d. Applicable Federal, State, local and international transportation regulations.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The ABWR Complex will ship radioactive and other hazardous materials directly offsite. Therefore,
this Order does contain requirements pertinent to the Facility.
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DOE 1540.2
9-30-86
CHG 112-19-88

NUMBER: DOE 15402
TITLE:

HAZARDOUS MATERIAL PACKAGING FOR TRANSPORT - ADMINISTRATIVE
PROCEDURES

PURPOSE:

To establish administrative procedures for the certification and use of radioactive and other hazardous
materials packaging by the Department of Energy (DOE).
APPLICABILITY:

The provisions of this Order apply to DOE employees and management and operating contractors who
are responsible for packaging, shipping, and transporting radioactive and other hazardous materials in
offsite shipment operations.
EXCLUSIONS:

Packaging for the shipment of complete nuclear explosives, components, and special assemblies is
excluded from the certification and approval requirements of this Order. (See DOE 5610.1,
PACKAGING AND TRANSPORTING OF NUCLEAR EXPLOSIVES, NUCLEAR COMPONENTS,
AND SPECIAL ASSEMBLIES.)

BACKGROUND:
This Order standardizes the current approval procedures to ensure that DOE packaging designs and
transportation operations provide for public health and safety in accordance with regulations of the DOT
and in accordance with standards that are equivalent to the standards prescribed by NRC.
POLICY:

It is Departmental policy to ensure that all packagings approved for use in transporting radioactive and
other hazardous materials meet all applicable safety requirements.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:

The ABWR Complex will be involved in preparing radioactive and other hazardous materials for offsite
shipment. Therefore, this Order does contain requirements pertinent to the Facility.
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DOE 1540.3
2-29-88

NUMBER: DOE 15403
TITLE:

BASE TECHNOLOGY FOR RADIOACTIVE MATERIAL TRANSPORTATION
PACKAGING SYSTEMS

PURPOSE:
To establish Department of Energy (DOE) policies and responsibilities for coordinating and planning
base technology for radioactive material transportation packaging systems.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract involving responsibility for packaging radioactive
materials for transport, and as implemented by the appropriate contracting officer.
BACKGROUND:
a. As defined in the Hazardous Materials Transportation Act, the Department of Transportation
(DOT) has broad regulatory responsibility for safety in the transportation of aL ^dzardous materials,
including radioactive materials. This responsibility extends to all modes of transportation that would
be considered for shipping radioactive materials.
b. The DOE derives its regulatory authority in part from regulations promulgated under the
aforementioned Act and also from the Atomic Energy Act, as amended, and the Department of Energy
Organization Act of 1977.
c. The Nuclear Regulatory Commission (NRC) is an independent regulatory agency established by
Congress to regulate commercial entities that possess and use radioactive materials. The DOE employs
the same standards as the NRC for accident resistant packaging designs.
d. The Office(s) of the Assistant Secretary of Defense Programs (DP-1), Assistant Secretary for
Nuclear Energy (NE-1), Civilian Radioactive Waste Management (RW-1), and Energy Research (ER-1)
have major and diverse responsibilities for lie development and use of radioactive material
transportation packaging systems.
e. These DOE Elements have a need to be consistent with the technical bases that demonstrate
compliance with regulatory requirements.
f. For organizations identified in paragraph d, above, there is a need to improve the planning of base
technology activities intended to support the development of packaging with either a DOE Certificate
of Compliance, an NRC Certificate of Compliance, or both.
g. On 12-5-83, the Secretary of Energy (S-l) assigned the Assistant Secretary for Defense Programs
(DP-1) responsibility for establishing and maintaining an integrated management and administrative
program for certification of applicable DOE radioactive material packaging.
h. On 1-6-86, the Under Secretary established the certification of DOE radioactive material packaging
by a Headquarters Certifying Official. The Headquarters Certifying Official is responsible for the
Management and Administration of the program for certification of DOE radioactive material packaging
and the establishment of an independent technical evaluation staff, except as provided for in DOE
1540.9, paragraph 9.
12
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POLICY:
It is Departmental policy to ensure that the development of radioactive material packaging systems shall
be accomplished in a manner commensurate with:
a. Operational and programmatic requirements for radioactive material packaging;
b. Compliance with all applicable safety regulations of DOE, the Department of Transportation, NRC,
and other appropriate agencies;
c. Planning, acquisition, and utilization of radioactive materials packaging in the most efficient and
effective manner; and
d. Delegation of responsibility for the design, development, control, and use of specific packagings to
individual operations offices to support their assigned programs.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
Implementation of DOE policies for the coordination and planning of base technology for radioactive
material transportation packaging systems is a DOE responsibility. The ABWR Complex should not
be involved with design, development, or testing of nuclear materials packaging systems because
commercially available systems will be utilized.
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DOE 1540.4
3-8-89
CHG 1 10-24-89

NUMBER: DOE 1540.4
TITLE:

PHYSICAL PROTECTION OF UNCLASSIFIED IRRADIATED REACTOR FUEL IN
TRANSIT

PURPOSE:
To prescribe the Department of Energy (DOE) policies, objectives responsibilities, and authorities for
the physical protection of unclassified irradiated reactor fuel in transit and to establish minimum physical
protection requirements and standards for this material..
SCOPE:
The provisions of this Order apply to all Departmental Elements DOE contractors performing work for
the Department as provided by law and/or contract and as implemented by contracting officers.
EXCEPTION:
The provisions of thU Order do not apply to DOE shipments mandated by the Nuclear Waste Policy
Act (NWPA), as amended, and managed by the Office of Civilian Radioactive Waste Management
(RW).
POLICY:
The Department's shipments of unclassified irradiated reactor fuel will be protected from unauthorized
access, sabotage, and other hostile acts which may cause adverse impacts on national security or health
and safety of the public. When such acts occur, there must be sound procedures in place for early
detection, response, and dissemination of information to the proper authorities, including DOE. Levels
of protection appropriate to particular shipments are to be provided consistent with the potential risks.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The ABWR Complex will be involved with the shipment of irradiated reactor fuel. Therefore, this
Order does contain requirements pertinent to the Facility.
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DOE 3790.1B
1-7-93
NUMBER: DOE3790.1B
TITLE:

FEDERAL EMPLOYEE OCCUPATIONAL SAFETY AND HEALTH PROGRAM

PURPOSE:

To set forth policy for the implementation and administration of the Federal Employee Occupational
Safety and Health Program for the Department of Energy (DOE).
POLICY:

It is the policy of the Department to:
a. Provide places and conditions of employment that are as free as possible from recognized hazards
that cause or are likely to cause illness or physical harm.
b. Assure that employees and employee representatives shall have the opportunity to participate in the
Federal Employee Occupational Safety and Health Program.
c. Establish programs in safety and health training for all levels of Federal employees.
d. Assure that no Federal employee is subject to restraint, interference, coercion, discrimination, or
reprisal for filing a report of an unsafe or unhealthful working condition, or other participation regarding
the safety and health of Federal employees.
e. Consider all Occupational Safety and Health Administration (OSHA) and 29 CFR part 1960
requirements to be minimum standards for Federal employees.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:

This Order is applicable to Federal DOE employees and does not address contractors. Therefore, this
Order does not contain requirements pertinent to the Facility.
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DOE 3791.2A
12-24-86
NUMBER: DOE 3791.2A
TITLE:

FEDERAL EMPLOYEE MOTOR VEHICLE SAFETY PROGRAM

PURPOSE:
To establish minimum licensing requirements for Department of Energy DOE employees operating
Government-owned or leased motor vehicles and powered industrial equipment; to establish
requirements for wearing of seat belts; and to establish operator training and safe driver award
requirements.
EXCLUSION:
Licensing requirements in this Order do not apply to employees on travel status requiring the use of
rental vehicles. This Order also does not apply to employees who are subject to more stringent
alternate requirements that have been formally established as position qualifications.

APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
This Order is applicable to Federal DOE employees and does not address contractors. Therefore, this
Order does not contain requirements pertinent to the Facility.
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DOE 4330.4A
10-17-90
CHG 2 6-20-91
NUMBER: DOE4330.4A
TITLE:

MAINTENANCE MANAGEMENT PROGRAM

PURPOSE:

To provide general policy and objectives for the establishment of programs for the management and
performance of cost-effective maintenance and repair of Department of Energy (DOE) property, which
includes facilities.
SCOPE:
The provisions of this Order apply to all Departmental Elements, except as otherwise provided by
statute or by specific delegation of authority from the Secretary, and to all contractors and
subcontractors performing work for the Department whose contract may involve maintenance
responsibilities for production, operation, research, development, or demonstration. This includes sites
owned and leased or controlled by DOE, where maintenance is contractually the responsibility of DOE
and where Federal funds are used totally or in part.
EXCLUSIONS:
a. Sites that consist entirely of space controlled and maintained by the General Services Administration
(GSA) or property leased by DOE or DOE contractor^) for which maintenance is contractually the
responsibility of the lessor.
b. Activities conducted in conjunction with the Electrical Tester Control Program contained in DOE
5610.3, PROGRAM TO PREVENT ACCIDENTAL OR UNAUTHORIZED NUCLEAR
DETONATIONS, of 12-18-80, Chapter VII.
c. In accordance with Section 302 of the Department of Energy Organization Act (PL 95-91), the
Secretary operates and maintains the Power Marketing Administration (?MA) electric power
transmission systems by and through the PMA Administrators. The PMA's have in place maintenance
management programs, which are geared to the special needs of utility operations, are responsive to
coordinated multi-utility system requirements, and are in conformance with prudent utility practice. In
view of the unique nature of the Administrators' obligations to meet their statutory and public utility
responsibilities for the safety, security, and reliability of electric power transmission and of their legal
and contractual obligation, the Administrators shall determine the appropriate maintenance management
program for their facilities, which will include consideration of appropriate parts of the criteria set forth
by this Order.
BACKGROUND:

The DOE has management responsibility for over 100 million square feet of specialized laboratory,
research, industrial, production, manufacturing, and support space. This space is located throughout the
United States on over 2 million acres of DOE-controlled land and includes many miles of utility systems,
roads, and railroad tracks.

The DOE has a statutory responsibility to oversee this complex and to demonstrate to the Executive
Branch, the Congress, and the public that this considerable investment in property is being maintained
in the most judicious and economical manner possible. This mandate translates into ensuring that all
organizations responsible for the use and management of DOE property incorporate maintenance
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CHG 2 6-20-91
management programs that preserve and extend the lives of these facilities in a manner that is in the
best interest of the Government.
In regard to the Department's nuclear facilities, experience in the commercial nuclear industry has
shown that good maintenance practices enhance the reliability and safety of facility operation.
POLICY:
It is the Department's policy that:
a. The maintenance management program for all DOE facilities be consistent with this Order and that
property is maintained in a manner which promotes operational safety, worker health, environmental
protection and compliance, property preservation, and cost-effectiveness while meeting the programmatic
mission.
b. Structures, components, and systems (active and passive) that are important to safe operation of
a property or facility i-all be subject to a maintenance program to ensure that they meet or exceed their
design requirements throughout the life of the property or facility.
c. Periodic examination of structures, systems, components, and equipment be performed to determine
deterioration or technical obsolescence which threaten performance and/or safety.
d. Primary responsibility, authority, and accountability for the direction and management of the
maintenance programs for all facilities and equipment reside with the line management assigned direct
programmatic responsibility.
e. Budgeting and accounting for maintenance programs are consistent with DOE Orders and guidance.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION: The maintenance management programs will apply to the fuel fabrication facility and the
spent fuel storage facility.
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DOE 4700.1
3-6-87

NUMBER: DOE 4700.1
TITLE:

PROJECT MANAGEMENT SYSTEM

PURPOSE:
To establish the Department of Energy (DOE) project management system and provide implementing
instructions, formats, and procedures, and to set forth the principles and requirements which govern the
development, approval, and execution of DOE's outlay program acquisitions as embodied in the project
management system (PMS).
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
POLICY:
a. It is Departmental policy to manage all projects in accordance with this Order. The chapters of this
Order provide instructions, formats, and procedures to implement the project management system.
b. The Order applies to the Assistant Secretary for Defense Programs to the extent practicable.
Where these programs are conducted in response to the mission needs of the Department of Defense
and work is accomplished on a classified basis in Government-owned facilities, the procedures followed
will be tailored accordingly.
c. Formality and documentation requirements will be significantly greater for major system
acquisitions (MSA) and major projects, but this fact does not lessen the responsibility for proper
planning and execution of any project. Program Secretarial Officers and heads of field elements shall
ensure that the project management system is implemented at a proper level in all projects.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general site requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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DOE 5000.3A
5-30-90
NUMBER: DOE 50003A
TITLE:

OCCURRENCE REPORTING AND PROCESSING OF OPERATIONS INFORMATION

PURPOSE:
To establish a system for reporting of operations information related to DOE-owned or operated
facilities and processing of that information to provide for appropriate corrective action in accordance
with the policy set forth in Paragraph 6 of this Order.
SCOPE:
Except as noted below, the provisions of this Order apply to Departmental Elements and contractors
performing work for the Department as provided by law and/or contract and as implemented by the
appropriate contracting officer.
This Order describes the requirements for reporting and processing of occurrences related to the
operation of those DOE-owned or operated facilities defined in Paragraph 5 '""'tiding occurrences
related to safety, health, security, property, operations, or environment up to and including emergencies.
Specifically excluded from this Order are:
a. Nuclear explosive occurrence reporting, analysis, and information dissemination required by DOE
5610.3, Chapter VIII;
b. Reporting by the Power Marketing Administrations of major electrical power outages, disturbances,
and fuel shortages which are subject to the emergency power system reporting requirements prescribed
in 10CFR205, 350 through 354, Report of Major Electric Utility Systems Emergencies;
c. The Naval Nuclear Propulsion Program; (Paragraph 9h);
d. Reporting required by other DOE Orders for normal record-keeping purposes; and
e. Additional reporting as required by external regulatory agencies.
POLICY:
It is the policy of the Department to encourage a positive attitude toward reporting occurrences and that
occurrences be consistently reported to assure that both DOE and DOE contractor line management,
including the Office of the Secretary, are kept fully and currently informed of all events which could:
(1) affect the health and safety of the public; (2) seriously impact the intended purpose of DOE
facilities; (3) have a noticeable adverse effect on the environment; or (4) endanger the health and safety
of workers. It is also the policy of the Department that there be a system for determining appropriate
corrective action and for ensuring that such action is effectively taken. Specifically, it is DOE policy to
ensure:
a. Timely identification, categorization, notification, and reporting to DOE and contractor management
of all Reportable Occurrences at DOE-owned or operated facilities;
b. Timely evaluation of and implementation of appropriate corrective actions;
c.

Maintenance of a central DOE operational data base containing all occurrence reports;
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d. Review of Reportable Occurrences to assess significance, root causes, generic implications, and the
need for corrective action; and
e. Dissemination of occurrence reports to DOE operations and facilities to prevent similar
occurrences.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:

This Order contains general site requirements applicable to all DOE facilities. The requirements of this
Order will be implemented at the ABWR Complex.
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DOE 5300.2D
05-08-92

NUMBER: 53002D
TITLE:

TELECOMMUNICATIONS: EMISSION SECURITY (TEMPEST)

PURPOSE:
To establish the Department of Energy (DOE) emission security (TEMPEST) policy and program for
automated information and telecommunications information processing equipment pursuant to national
program requirements.
SCOPE:
The provisions of this Order apply to all Department Elements and DOE contractors and subcontractors
performing work for the Department as provided by law, and/or contract, and as implemented by the
appropriate contracting officer.
POLICY:
It is DOE policy to prevent the unauthorized intercept of compromising emanations that may be present
in classified information processing communication equipment, systems, and components. To accomplish
this, all classified information processing applications will be evaluated to determine what, if any
TEMPEST countermeasures are necessary. TEMPEST countermeasures will only be provided where
required based on conducting an on-site threat and vulnerability analysis. Because of the high cost of
installing and maintaining TEMPEST countermeasures the evaluations will focus on threat and
vulnerability analysis. The most economical TEMPEST countermeasure will be deployed for areas
deemed threatened by hostile exploitations. No TEMPEST countermeasure costing over $50,000 will
be deployed without the written approval of the "DOE TEMPEST Authority. TEMPEST
countermeasures are not required for unclassified systems or components.
GENERAL:
a. Each DOE and contractor location which processes classified information shall be evaluated
according to national TEMPEST standards, based on this policy.
b.

Where zone testing is required, testing shall be conducted at least once every 3 years or whenever

a significant modification of equipment at the facility occurs.
c. Follow-on testing shall be performed based on the results of zone testing.
d. The basis for all TEMPEST countermeasures shall be a function of threat and vulnerability.
e. TEMPEST information must be classified in accordance with minimum national requirements.
TEMPEST information, even though properly marked "unclassified," cannot be released without prior
DOE TEMPEST Authority approval.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
Classified information systems or components will be used in the ABWR Complex, especially the fuel
fabrication facility. Therefore, this Order does contain requirements pertinent to the Complex.
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DOE 53003B
2-12-87
NUMBER: DOE53003B
TITLE:

TELECOMMUNICATIONS: COMMUNICATIONS SECURITY

PURPOSE:

To establish policy, responsibilities, and guidance concerning the communications security (COMSEC)
aspects of the telecommunications services of the Department of Energy (DOE), and implement
national policy on telecommunications and automated information systems security.
SCOPE:

The provisions of this Order apply to all Departmental Elements and to contractors performing work
for the Department as provided by law and/or contract, and as implemented by the appropriate
contracting officer.
POLICY:
a. The National Telecommunications and Information Systems Security Policy contains the following:
(1) Systems which generate, store, process, transfer, or communicate classified information in
electrical form shall be secured by such means as are necessary to prevent compromise or
exploitation.
(2) Systems handling other sensitive, but unclassified, Government or Government-derived
information, the loss of which could adversely affect the national security interest, shall be protected
in proportion to the threat of exploitation and associated potential damage to the national security.
b.

It is the policy of the Department of Energy:
(1) To provide a reliable and responsive COMSEC capability for DOE telecommunications in
accordance with the national policy. Ah* classified information transmitted via Departmental
telecommunications shall be secured by using National Security Agency-approved cryptographic
equipment or protected distribution systems. Unclassified information that would be useful to an
adversary should be protected when transmitted via Departmental communications.
(2) To operate a central office of record and a COMSEC material control system to direct,
manage, and control the acquisition, distribution, accountability, and disposition of COMSEC
materials within the Department.

APPLICABILITY:

a. This Order prescribes COMSEC responsibilities and authorities. It also provides policy on the
planning, engineering, installation, operation, maintenance, and control of COMSEC material, Such
material encompasses both Government-furnished equipment and commercial devices that provide
privacy or employ the data encryption standard. This Order applies to all forms of telecommunications,
including narrative, voice, data, video, imaging, and facsimile information exchange and the major

components employed to protect information, including.:
(1) Government cryptographic equipment, software, and associated keying material;
(2) General COMSEC instructional documents, operating instructions, and maintenance materials;
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(3) Crypto-ancillary hardware or software designed specifically to facilitate operation of
crypto-equipment;
(4) Commercial privacy devices, when authorized by the Department; and
(5) Commercial devices employing the data encryption standards when authorized by the
Department.
b. All COMSEC information is considered especially sensitive because of the need to safeguard U.S.
cryptographic principles, methods, and material against exploitation and to protect the classified
information encrypted in U.S. cryptosystems. Access to COMSEC information will be controlled as
referenced in DOE 5631.2A, PERSONNEL SECURITY PROGRAM, page 1-2, paragraph 2.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:

The ABWR Complex operations will involve classified information or special systems/devices used for
protecting information from compromise. Therefore, this Order does contain re
cments pertinent
to the Facility.

24

DOE 5300.4C
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NUMBER: DOE5300.4C
TITLE:

TELECOMMUNICATIONS: PROTECTED DISTRIBUTION SYSTEMS

PURPOSE:
To establish policy and provide guidance concerning protected distribution systems used to transmit
classified or sensitive unclassified Information related to national security.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer, and who use Departmental telecommunications equipment, systems, or facilities to process
classified information.
POLICY:
A protected distribution system shall be designed, engineered, installed, operated, and m? : "t»ined in a
manner that assures, to the maximum extent practical, electromagnetic end electrical integrity and
protection against physical access by unauthorized personnel.
GENERAL:
a. A protected distribution system provides a means for the transmission of unencrypted classified
information when economical, technical, and operational factors make that system more suitable than
a cryptographic system. This is accomplished by the application of emission security end physical
security measures to the system in lieu of cryptographic protection. The extent of the measures required
shall be dependent upon the existing integrity of the system, the physical security aspects of the area to
be traversed, and the classification level of the information to be protected.
b. A protected distribution system may traverse controlled or uncontrolled access areas or may be
installed wholly within an area accessed by cleared personnel holding different levels of security
clearance. Installation criteria for each system will very according to the security clearances of
unescorted personnel, classification of information being handled, and access controls exercised over
these areas. Specific installation criteria can be found in the Procedural Guide. Specific physical
security measures shall be determined by the Department security office having cognizance over the

facility.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The fuel fabrication facility will be involved with transmission of classified information or protected
distribution systems. Therefore, this Order does contain requirements pertinent to the Facility.
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NUMBER: DOE 5400.1
TITLE:

GENERAL ENVIRONMENTAL PROTECTION PROGRAM

PURPOSE:
To establish environmental protection program requirements, authorities, and responsibilities for
Department of Energy (DOE) operations for assuring compliance with applicable Federal, State and
local environmental protection laws and regulations, Executive orders, and internal Department policies.
The Order more specifically defines environmental protection requirements that are generally
established in DOE 5480.1B.
SCOPE:
The provisions of this Order apply to all Departmental elements and contractors performing work for
the Department as provided by law and/or contract as implemented by the appropriate contracting
officer.
POLICY:
a. It is DOE policy to conduct its operations in an environmentally safe and sound manner. Protection
of the environment and the public are responsibilities of paramount importance and concern to DOE.
All DOE activities should recognize and reflect this concern and public trust. To that end, DOE is
firmly committed to ensuring incorporation of national environmental protection goals in the formulation
and implementation of DOE programs. It has an equal commitment to advance the goals of restoring
and enhancing environmental quality, and ensuring public health. Accordingly, it is DOE policy to
conduct the Department's operations in compliance with the letter and spirit of applicable environmental
statutes, regulations, and standards. In addition, DOE is committed to good environmental management
of all its programs and at all its facilities to correct existing environmental problems, to minimize risks
to the environment or public health, and to anticipate and address potential environmental problems
before they pose a threat to the quality of the environment or the public welfare. Finally, it is DOE's
policy that efforts to meet environmental obligations be carried out consistently across all operations and
among all field organizations and programs.
b. While responsibility for good environmental management is a Departmental one, environmental
protection practices will, of necessity, be carried out at the levels and locations where many DOE
activities are performed by its management and operating contractors. Thus, although the Department
will continue to indemnify its management and operating contractors for fines, penalties, and other
liabilities that are incurred pursuant to their contracts and not the result of willful misconduct or lack
of good faith, it is DOE policy that contractors will share the Department's commitment to good
environmental management. DOE expects its management and operating contractors to conduct their
operations in an environmentally sound manner that limits the risks to the environment and protects the
public health. DOE will actively oversee contractors' activities to assure compliance.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The Order specifies general requirements for ensuring environmentally safe operations.
requirements are pertinent to the ABWR Complex.
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NUMBER: DOE5400.2A
TITLE:

ENVIRONMENTAL COMPLIANCE ISSUE COORDINATION

PURPOSE:
To establish the Department of Energy (DOE) requirements for coordination of significant
environmental compliance issues to ensure timely development and consistent application of
Departmental environmental policy and guidance.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
This Order specifies internal department coordination of issues and does not contain requirements
pertinent to the ABWR Complex.
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2-22-89
NUMBER: DOE 54003
TITLE:

HAZARDOUS AND RADIOACTIVE MIXED WASTE PROGRAM

PURPOSE:

To establish Department of Energy (DOE) hazardous and radioactive mixed waste policies and
requirements and to implement the requirements of the Resource Conservation and Recovery Act
(RCRA) within the framework of the environmental programs established under DOE 5400.1.
EXCEPTIONS:

The provisions of this Order apply to hazardous waste regulated under RCRA and to all radioactive
mixed waste as defined in this Order. Byproduct material as defined in the Atomic Energy Act (AEA)
is excluded under this Order provided that it is not mixed with hazardous waste.

BACKGROUND:
The Department issued a final interpretative rule (Title 10 CFR Part 962) regarding radioactive waste
and byproduct material for the purpose of clarifying DOE's obligations -Jer the Resource
Conservation and Recovery Act, as amended, and the Atomic Energy Act on 5-1-87. Title 10 CFR Part
9623, "Byproduct Material", issued pursuant to the Atomic Energy Act of 1954, as amended, contains
the following definitions:
a. Byproduct Material means (1) any radioactive material (except special nuclear material) yielded in
or made radioactive by exposure to the radiation incident to the process of producing or utilizing special
nuclear material, and (2) the tailings or wastes produced by the extraction or concentration of uranium
or thorium from any material processed primarily for its source material content.
b. Any Radioactive Material, as used in subsection (a) of the Atomic Energy Act of 1954 (42 U.S.C.
2011 et.seq.), refers only to the actual radionuclides dispersed or suspended in the waste substance. The
nonradioactive hazardous component of the waste substance will be subject to regulation under the
Resource Conservation and Recovery Act.
DOE interprets these definitions to mean that whenever any hazardous waste identified or listed In Title
40 CFR Part 261 is inadvertently mixed with any source material, special nuclear material, or byproduct
material, the hazardous waste component is subject to regulation under Subtitle C of RCRA. The May
1, 1987 Federal Register notice did not affect materials that are defined as byproduct material under
Section lle(2) of the Atomic Energy Act.
POLICY:

It is the policy of DOE to:
a. Manage all Departmental hazardous and radioactive mixed wastes according to the requirements
of Subtitle C of the Resource Conservation and Recovery Act, and the Atomic Energy Act, respectively.
RCRA applies to the extent it is not inconsistent with AEA. The radioactive component of radioactive
mixed waste is subject to the requirements of DOE 5820.2A.
b. Protect the environment and the safety and health of the public* DOE and DOE contractor
employees by managing operations to the greatest extent practicable In a manner that provides for the
safe handling, transportation, treatment, storage, or disposal of hazardous and radioactive mixed wastes
generated by those operation.
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c. Implement a hazardous and radioactive mixed waste program complying with applicable laws and
regulations.
d.

Implement waste minimization measures as specified in RCRA for hazardous and radioactive mixed

wastes.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
This Order contains only policy statements and responsibilities of the DOE, not specific contractor
requirements.
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10-6-89
NUMBER: DOE 5400.4
TITLE:

COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION, AND LIABILITY
ACT REQUIREMENTS

PURPOSE:
To establish and implement Department of Energy (DOE) Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) policies and procedures as prescribed by the National Oil
and Hazardous Substances Pollution Contingency Plan (NCP) and under the authorities of Executive
Order 12580 within the framework of the environniental programs established under DOE 5400.1.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract implemented by the appropriate contracting officer.
EXCLUSION:
a. Any release of source, special nuclear or byproduct material as those terms are defined in the
Atomic Energy Act (AEA) of 1954, in compliance with a legally enforceable license, permit, regulation,
or order (including DOE Orders) issued under the AEA, is considered by definition a federally
permitted release. Therefore, releases of source, special nuclear, or byproduct material under DOE
Orders are considered federally permitted releases. Federally permitted releases are exempt from the
notification requirements in CERCLA sections 103(a) and 103(b). However, all relevant reporting
requirements established by DOE Orders are applicable.
b. This Order does not address Title III of the Superfund Amendments and Reauthorization Act
(SARA) of 1986, which is also known as the Emergency Planning and Community Right to-Know Act
of 1986.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
This Order contains only policy statements and responsibilities of the DOE, not specific contractor
requirements.
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NUMBER: DOE 5400.5
TITLE:

RADIATION PROTECTION OF THE PUBLIC AND THE ENVIRONMENT

PURPOSE:
To establish standards and requirements for operations of the Department of Energy (DOE) and DOE
contractors with respect to protection of members of the public and the environment against undue risk
from radiation.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
POLICY:
It is the policy of DOE to implement legally applicable radiation protection standards and to consider
and adopt, as appropriate, recommendations by authoritative organizations, e.g., the National Council
on Radiation Protection and Measurements (NCRP) and the International Commission on Radiological
Protection (ICRP). It is also the policy of DOE to adopt and implement standards generally consistent
with those of the Nuclear Regulatory Commission (NRC) for DOE facilities and activities not subject
to licensing authority.
OBJECTIVES:
a. Protecting the Public. It is DOE's objective to operate its facilities and conduct its activities so that
radiation exposures to members of the public are maintained within the limits established in this Order
and to control radioactive contamination through the management of real and personal property. It is
also a DOE objective that potential exposures to members of the public be as far below the limits as
is reasonably achievable (ALARA) and that DOE facilities have the capabilities, consistent with the
types of operations conducted, to monitor routine and non-routine releases and to assess doses to
members of the public.
b. Protecting the Environment. In addition to providing protection to members of the public, it is
DOE's objective to protect the environment from radioactive contamination to the extent practical.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order will be applicable to ABWR Complex operations and radiation protection programs. A

program will implemented on a site-wide basis for implementation. Specifically, Chapter IV outlines
the "requirements and guidelines for cleanup of residual radioactive material and management of the
resulting wastes and residues and release of property."
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2-22-91
NUMBER: DOE5440.1D
TITLE:

NATIONAL ENVIRONMENTAL POLICY ACT COMPLIANCE PROGRAM

PURPOSE:

To establish internal Department of Energy (DOE) responsibilities and procedures to implement the
National Environmental Policy Act of 1969 (NEPA).
SCOPE:
This Order applies to all elements of DOE except the Federal Energy Regulatory Commission.
POLICY:

NEPA establishes a national policy to ensure that consideration is given to environmental values and
factors in Federal planning and decision making. The Department of Energy's policy is to comply fully
with the letter and spirit of NEPA. To ensure that environmental factors are considered in the decision
making process and to promote environmentally responsible decisions, DOE will incorporate NEPA
requirements early in the planning process for proposed actions. DOE also will
. Jinate its NEPA
activities with the States that host DOE facilities. The Department is committed to complete assessment
and full disclosure of the environmental consequences of its proposed actions.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:

This Order contains only policy statements and responsibilities of the DOE, not specific contractor
requirements.
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CHG 4 3-27-90
NUMBER: DOE5480.1B
TITLE:

ENVIRONMENT, SAFETY, AND HEALTH PROGRAM FOR DEPARTMENT OF ENERGY
OPERATIONS

PURPOSE:

To establish the Environment, Safety, and Health (ES&H) Program for Department of Energy (DOE)
operations.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:

This Order contains only policy statements and responsibilities of the DOE, not specific contractor
requirements.
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NUMBER: DOE 54803
TITLE:

SAFETY REQUIREMENTS FOR THE PACKAGING AND TRANSPORTATION OF
HAZARDOUS MATERIALS, HAZARDOUS SUBSTANCES, AND HAZARDOUS WASTES

PURPOSE:
To establish requirements for the packaging and transportation of hazardous materials, hazardous
substances, and hazardous wastes.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer, who are involved with the packaging and/or transportation (shipping, carrying, or receiving) of
hazardous materials, hazardous substances, or hazardous wastes.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general site requirements applicable to all DOE facilities. Because it is in the scope
of activities of the ABWR Complex to ship packaged hazardous waste off-site, the requirements of this
Order will be imposed at the ABWR Complex.
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NUMBER: DOE 5480.4
TITLE:

ENVIRONMENTAL PROTECTION, SAFETY, AND HEALTH PROTECTION STANDARDS

PURPOSE:
To specify and provide requirements for the application of the mandatory environmental protection,
safety, and health (ES&H) standards applicable to all Department of Energy (DOE) and DOE
contractor operations, to provide a listing of reference ES&H standards; and to identify the sources of
the mandatory and reference ES&H standards.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABILITY:
This Order shall be followed during facility design, construction, operation, modification, and
decommissioning. Facilities covered by this Order include those owned, leased, or otherwise controlled
by the DOE or leased by DOE contractors for use in work for the DOE, and include those of either
a permanent or temporary nature (e.g., trailers, rented spaces, and field sites). Specifically, this Order
is applicable in all situations where, under the contractual arrangements for the work to be performed,
DOE has authority to establish and enforce environmental protection, safety, and health protection
program requirements.
a. This Order applies to Departmental Elements and DOE contractor organizations which are subject
to the mandatory ES&H standards of this Order, as well as non-DOE legally required ES&H standards
which are not included in this Order. For example, where a DOE contractor is also a Nuclear
Regulatory Commission licensee, the DOE contractual relationship does not exempt the contractor from
compliance with the Nuclear Regulatory Commission license or ES&H regulations.
Similarly, where Department of Energy contractors are tenants on a Department of Defense installation
and a host-tenant agreement has been executed, the DOE contractual relationship does not provide
exemption from the ES&H standards required by the host. In such cases, both DOE and non-DOE
ES&H requirements must be met.
b. This Order also applies to Departmental Elements and DOE contractor organizations at
DOE-owned reactor plants which are prototype reactor plants for design and development of naval
reactor plants, and which are concomitantly used for training of operators for naval nuclear propulsion
plants. Since organizations at these plants have certain unique requirements because of their military
application, all of them and their supporting laboratory facilities are under the cognizance of the Deputy
Assistant Secretary for Naval Reactors, NE-60, who jointly serves as the Director of the Naval Nuclear
Program, U.S. Navy. Accordingly, the Deputy Assistant Secretary for Naval Reactors is responsible for
assuring that adequate standards are applied for emergency preparedness, environmental protection,
nuclear safety, and health protection for organizations at naval reactor prototype plants and supporting
laboratory facilities owned by DOE.
c. In instances where both DOE and non-DOE ES&H standards are applicable and mandatory and
there are conflicts between such standards, the ES&H standards providing greater protection shall
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govern. Similarly, where there are conflicts between the mandatory ES&H standards of this Order, or
between those of this Order and other DOE Orders or requirements, the mandatory ES&H standards
or requirements providing the greater protection shall govern.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:

This Order contains general site requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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NUMBER: DOE 5480.5
TITLE:

SAFETY OF NUCLEAR FACILITIES

PURPOSE:
To establish nuclear facility safety program requirements to assure that:
a. Nuclear facilities are sited, designed, constructed, modified, operated, maintained, and
decommissioned in accordance with generally uniform standards, guides, and codes which are consistent
with those applied to comparable licensed nuclear facilities;
b. Radioactive and fissionable materials are produced, processed, stored, transferred, or handled in such
a manner that the probability of an accident is acceptably low,
c. An environment, safety, and health (ES&H) program is established in accordance with the
requirements stipulated in paragraphs 8 through 13 of this Order;
d. Environment, safety, and health (ES&H) matters are comprehensively addressed and receive an
objective review, with all identifiable risks reduced to acceptably low levels, and management
authorization of the operation is documented;
e. Consideration is given to all potential criticality hazards associated with fissionable material
operations outside nuclear reactors; and
f. Government property and essential operations are protected from the effects of potential accidents.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general site requirements applicable to all DOE facilities. The requirements of this
Order will be implemented at the ABWR Complex.

37

DOE 5480.6
9-23-86

NUMBER: DOE 5480.6
TITLE:

SAFETY OF DEPARTMENT OF ENERGY-OWNED NUCLEAR REACTORS

PURPOSE:
To establish reactor safety program requirements to assure that:
a. The safety of each Department of Energy-owned (DOE-owned) reactor is properly analyzed,
evaluated, documented, and approved by DOE; and
b. Reactors are sited, designed, constructed, modified, operated, maintained, and decommissioned in
a manner that gives adequate protection for health and safety and will be in accordance with uniform
standards, guides, and codes which are consistent with those applied to comparable licensed reactors.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The ABWR Complex includes a nuclear reactor. Therefore, this Order does contain requirements
pertinent to the ABWR Complex, but not to the fuel fabrication facility.
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NUMBER: DOE 5480.7
TITLE:

FIRE PROTECTION

PURPOSE:
To establish requirements for an "improved risk" level of fire protection sufficient to attain Department
of Energy (DOE) objectives. A higher standard of protection may be justified in certain instances for
the purpose of national security, program continuity, or protection of the public.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented the appropriate contracting
officer.
OBJECTIVES:
a. To ensure that no threats to the public health or welfare will result from fire;
b. That there are no undue hazards to employees from fire;
c. That vital DOE programs will not suffer unacceptable delays as a result of fire; and
d. That property damage will be held to manageable levels.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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NUMBER: DOE 5480.8A

TITLE:

CONTRACTOR OCCUPATIONAL MEDICAL PROGRAM

PURPOSE:
To establish the minimum occupational medical program requirements for the Department of Energy
(DOE).
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
OBJECTIVES:
a. To protect DOE contractor employees against health hazards in their work environments.
b. To assist management in assuring the placement of DOE contractor employees in work that they
can perform without undue hazard to themselves, their fellow workers, plant facilities, plant site
environments, the public at large, or the general environment.
c. To provide continuing medical surveillance of DOE contractor employees and their job tasks and
work environments.
d. To assure the early detection, treatment, and rehabilitation of the ill or injured employee.
e. To apply preventive medical measures toward the maintenance of good physical and mental health
of employees.
f. To encourage DOE contractor employees to maintain their physical and mental health and educate
themselves in health and safety by providing them with professional guidance and counseling.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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NUMBER: DOE 5480.9
TITLE:

CONSTRUCTION SAFETY AND HEALTH PROGRAM

PURPOSE:
To establish procedures and provide guidance for protection of the Department of Energy (DOE) and
DOE contractor employees engaged in construction activities; protection of the general public from
hazards in connection with Departmental construction activities; protection of adjacent property from
damage; and prevention of delay or interruption of DOE programs caused by accidents and/or fires.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The ABWR Complex wili include construction activities.
requirements pertinent to the complex.
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NUMBER: DOE 5480.10
TITLE:

CONTRACTOR INDUSTRIAL HYGIENE PROGRAM

PURPOSE:
To establish the requirements and guidelines applicable to Department of Energy (DOE) contractor,
operations for maintaining an effective industrial hygiene program to preserve employee health and
well-being.
SCOPE:
The provisions of this Order apply to all Departmental Elements and to contractors performing work
for the Department as provided by law and/or contract and as implemented by the appropriate
contracting officer.
APPLICABILITY:
The Order lists the responsibilities and authorities of Departmental Elements for policy development
and overview of industrial hygiene programs at Government-owned contractor-operated (GOCO)
facilities. The industrial hygiene program elements contained in this Order apply to contractor
organizations performing the actual work or job-related tasks and whose contracts include the
occupational safety and health contract clause specified in DOE Acquisition Regulation, 48 CFR
570.5204-2, "Safety and Health." The program elements do not apply to control of occupational exposure
to ionizing radiation. The provisions of this Order do not apply to non-GOCO contractor employees
doing work for the Department or the Federal employees occupational safety and health program as
defined by DOE 3790.1A.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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NUMBER: DOE5480.il
TITLE:

RADIATION PROTECTION FOR OCCUPATIONAL WORKERS

PURPOSE:
To establish radiation protection standards and program requirements for the Department of Energy
(DOE) and DOE contractor operations with respect to the protection of the worker from ionizing
radiation.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
POLICY:
a. It is the policy of DOE to implement radiation protection standards that are consistent with the
Presidential approved guidance to Federal Agencies promulgated by the Environmental Protection
Agency (EPA) and based on the recommendations by authoritative organizations, e.g., the National
Council on Radiation Protection and Measurements (NCRP), and the International Commission on
Radiological Protection (ICRP).
b. It is the policy of DOE to operate its facilities and conduct its activities so that radiation exposures
are maintained within the limits promulgated by this Order and as far below the limits of this Order as
reasonably achievable. This policy applies to annual, committed, and cumulative dose equivalents.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented at the ABWR Complex.
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NUMBER: DOE 5480.13
TITLE:

AVIATION SAFETY

PURPOSE:
To establish procedures and provide guidance to ensure that Department of Energy (DOE) and DOE
contractor aviation operations are conducted in the safest manner possible, and that, to the extent
possible, passenger and hazardous cargo air carrying operations maintain a level of safety equivalent to
that attained by United States air carriers operating under 14 CFR Part 121.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
Aviation activities are not a part of the ABWR Complex operations. Therefore, this Order does not
contain requirements pertinent to the facility.
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NUMBER: DOE 5480.15
TITLE:

DEPARTMENT OF ENERGY LABORATORY ACCREDITATION PROGRAM FOR
PERSONNEL DOSIMETRY

PURPOSE:

To establish requirements for evaluating Departmental and contractor dosimetry programs.
SCOPE:

The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABILITY:

The requirements of this Order apply to all Department of Energy (DOE) Federal activities and
contractor activities for which the DOE exercises safety responsibilities defined in DOE Acquisition
Regulations 48 CFR 923.70,48 CFR 970.23, or other contractual provisions where DOL uas elected to
enforce environment, safety, and health requirements by specific negotiated contract provisions.

BACKGROUND:
a. The Department of Energy Laboratory Accreditation Program for personnel dosimetry is established
to ensure the integrity of dosimetry results. Accreditation is based on the results of a performance
testing laboratory evaluation of the dosimeter against established criteria and an onsite assessment of
the quality assurance, documentation, and technical adequacy of the system.
b. The Department's Accreditation Program is managed through the Office of Nuclear Safety, EH-33,
by a designated program administrator who establishes accreditation program procedures, selects a pool
of technical experts who may serve as onsite assessors or members of the Oversight or Appeals Boards,

and designates the Performance Evaluation Administrator and performance telling laboratories. The
Performance Evaluation Administrator is responsible for conducting the performance testing and site
assessments. Results of the performance test and the site assessment are submitted by the Performance
Evaluation Administrator to the Oversight Board which reviews this documentation and makes
recommendations concerning accreditation to the Program Administrator. The Program Administrator
reviews the recommendations and makes the final decision regarding accreditation. Should accreditation
be denied, appeals are reviewed by the Appeals Board.
EXCEPTIONS:

The following exceptions apply:
a. The Deputy Assistant Secretary for Naval Reactors is responsible for all personnel dosimetry
requirements and practices within the Pittsburgh Naval Reactors Office and the Schenectady Naval
Reactors Office, including administering and monitoring compliance with such requirements and
practices. These responsibilities and actions are excluded from Environment, Safety and Health
responsibility and authority as set forth in this Order.
b. Activities involving contracts (e.g., small university contracts) containing the Radiation Protection and
Nuclear Criticality clause (48 CFR 952.223-72) may choose to obtain accreditation from either the DOE
Laboratory Accreditation Program or the National Voluntary Accreditation Program, administered by
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the National Bureau of Standards, if the contractor does sot
not routinely report
significant doses received by personnel

perform in-house dosimetry and does

APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
This Order establishes requirements for dosimetry program evaluation, which will be provided by an
independent commercial contractor for the ABWR Complex.
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NUMBER: DOE 5480.16
TITLE:

FIREARMS SAFETY

PURPOSE:
To provide standards and procedures for the safe use of firearms by Department of Energy (DOE) and
contractor personnel involved in carrying out Departmental activities in Department installations.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work as
provided by law and/or contract and as implemented by the appropriate contracting officer.
POLICY:
a. Firearms shall be used in a manner that ensures the safety and health of DOE and contractor
personnel, as well as the public, and is consistent with operational objectives.
b. Only firearms provided by the Department of Energy and listed as approved by the Director of
Safeguards and Security (DP-34) shall be used by on-duty DOE employees and contractor personnel.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
Security personnel in the ABWR Complex will be issued firearms. Therefore, this Order does contain
requirements pertinent to the complex.
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DOE 5480.17
10-5-88

NUMBER: DOE 5480.17
TITLE:

SITE SAFETY REPRESENTATIVES

PURPOSE:
To establish the interim functions and procedures for Environment, Safety and Health (EH)
organization Site Safety Representatives.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABILITY:
This Order applies to DOE management and operating contractors and their appropriate contracting
officers excluding those facilities arid activities conducted under Executive Order 12344 and Public Law
98-525 section 1634, 98 Stat. 2649.
BACKGROUND:
The National Academy of Science and Engineering, in its report to the Secretary of Energy of 10-28-87,
recommended that the Department's oversight organization should have a permanent and significant
onsite presence with a formal reporting relationship between onsite personnel and Headquarters. In
response to this recommendation, EH Site Safety Representatives are being assigned to selected field
sites through a multiphased prograim to be implemented over a period of several years. The EH Site
Safety Representative presence in the field is to enhance EH's independent oversight role by providing
firsthand observation of field activities. The objective is to assure that DOE's safety performance is
sound. Effective two-way communication is fundamental to achieving this objective. Accordingly, this
Notice defines interim functions and procedures for EH Site Safety Representatives for interaction
between DOE Headquarters elements, field elements, and the EH Site Safety Representatives.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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DOE 5480.18A
7-19-91
NUMBER: DOE 5480.18A
TITLE:

ACCREDITATION OF PERFORMANCE-BASED TRAINING FOR CATEGORY A
REACTORS AND NUCLEAR FACILITIES

PURPOSE:
To establish a performance-based training process for reactor and non-reactor nuclear facilities in the
Department of Energy (DOE).
SCOPE:
The provisions of this Order apply to all contractors performing work for the Department as provided
by law and/or contract and as implemented by the appropriate contracting officer.
APPLICATION:
This Order shall be applicable to training programs for operations, maintenance, and technical support
positions at operable DOE Category A reactors (Attachment 1) and non-reactor m ' ~s facilities
(Attachment 2). All other facilities shall have training programs that are formally documented and
implemented in accordance with applicable DOE Orders. This Order shall not be applicable to reactors
or facilities listed in Attachment 1 or 2 that are in a standby status, as long as they remain in that status.
EXEMPTIONS:
a. This Order does not apply to activities with nuclear explosives, nuclear explosives components, or
nuclear explosive-like assemblies which are covered under DOE 5610.1, PACKAGING AND
TRANSPORTING OF NUCLEAR EXPLOSIVES, NUCLEAR COMPONENTS, AND SPECIAL
ASSEMBLIES, of 09-11-79, and 5610.3, PROGRAM TO PREVENT ACCIDENTAL OR
UNAUTHORIZED NUCLEAR EXPLOSIVE DETONATIONS, of 12-18-80.
b. This Order does not apply to safeguards training and security education wrich are included in the
DOE 5630 series.
BACKGROUND:
Since the Three-Mile Island accident in 1979, increased attention has been focused on the conduct of
training for DOE reactor and non-reactor operations and operations support personnel.
Performance-based training has been identified as a highly effective means of ensuring that these
personnel are trained to conduct their work safely and efficiently. The requirements identified in this
Order formalize DOE's endorsement of performance-based training and initiate requirements within
DOE to ensure training program quality. The DOE accreditation program is modeled after other
successful industrial programs.
OBJECTIVES:
The program objectives are to provide:
a.
Guidance for DOE contractors, field organizations, and cognizant program offices for the
development and evaluation of performance-based training programs that produce well-qualified,
competent personnel to conduct and support facility operations.
b. Standards by which contractors can systematically develop, evaluate, maintain, and improve training
programs.
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DOE 5480.18A
7-19-91
c. Assurance and recogmtion that accredited training programs meet and maintain established
standards in the objectives and criteria identified in tkt Trailing Accreditation Program Manual, TAP
1, of 2-4-91.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
Nuclear reactor facilities are required to follow the provisions of the Order. Therefore, this Order does
contain requirements pertinent to the ABWR Complex.
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DOE 5480.19
7-9-90

NUMBER: DOE 5480.19
TITLE:

CONDUCT OF OPERATIONS REQUIREMENTS FOR DOE FACILITIES

PURPOSE:
To provide requirements and guidelines for Departmental elements to use in developing directives,
plans, and/or procedures relating to the conduct of operations at DOE facilities. The implementation
of these requirements and guidelines should result in improved quality and uniformity of operations.
SCOPE:
The provisions of this Order apply to all Departmental elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
POLICY:
It is the policy of the Department that the conduct of operations at DOE facilities be managed with a
consistent and auditable set of requirements, standards, and responsibilities and that, consistent with the
requirements of this Order:
a. Operations at DOE facilities be managed, organized, and conducted in a manner to assure an
acceptable level of safety;
b. Operators at DOE facilities have procedures in place to control the conduct of their operations;
c. Line organizations review existing and planned programs important to safe and reliable facility
operations; and
d. Line organizations assess the effectiveness of corporate directives, plans, or procedures at facilities
under their cognizance.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented at the ABWR Complex.
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DOE 5480.21
2-20-91

b. Any changes made to a facility that directly or indirectly affect the facility authorization basis, and
therefore its safety, be reviewed in accordance with the provisions of this Order.
c Primary responsibility, authority, and accountability for the direction and management of the USQ
process reside with the Une management of the facility organization responsible for the design and safety
analyses.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented at the ABWR Complex.
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DOE 5480.22
2-25-92

NUMBER: DOE 5480.22
TITLE:

TECHNICAL SAFETY REQUIREMENTS

PURPOSE:
To clearly state the requirements to have Technical Safety Requirements (TSR) prepared for
Department of Energy (DOE) nuclear facilities and to delineate the criteria, content, scope, format,
approval process, and reporting requirements of these documents and revisions thereof.
SCOPE:
The provisions of this Order apply to all Departmental Elements and to covered contractors to the
extent implemented under a contract or other agreement. A covered contractor is a seller of supplies
or services, involving a DOE-owned or -leased nuclear facility, under a contract or subcontract
containing one of four contract clauses as follows: (a) Safety and Health (Government-owned or -leased
facility) [DEAR 970.5204-2], (b) Nuclear Facility Safety [DEAR 9703204-26], (c) Radiation Protection
and Nude?- rriticality [DEAR 952.223-72], or (d) another clause whereby DOE elects to require
compliance with DOE nuclear safety requirements. The provisions of this Order will be applied to
DOE-owned nuclear facilities and operations exempt from Nuclear Regulatory Commission (NRC)
licensing, excluding those facilities and activities conducted under Executive Order 12344 and Public Law
98-525.
EXCLUSION:
Director of the Naval Nuclear Propulsion Program: Executive Order 12344, statutorily prescribed by
P.L. 98-525 (42 U.S.C. 7158, Note) establishes the responsibilities and authorities of the Director of the
Naval Nuclear Propulsion Program (who is also the Deputy Assistant Secretary for Naval Reactors
within the Department) for all facilities and activities that comprise the Program, a joint Navy-DOE
organization. These executive and legislative actions establish that the Director is responsible for all
matters pertaining to naval nuclear propulsion, including direction and oversight of environment, safety,
and health matters for all program facilities and activities. Accordingly, the provisions of this Order do
not apply to the' Naval Nuclear Propulsion Program.
POLICY:
It is the policy of the Department that nuclear facilities operate within PSO approved Technical Safety

Requirements which prescribe the bounds for safe operation of these facilities in order to protect the
health and safety of the public and reduce risk to workers.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. Therefore, the requirements
of this order will be implemented at the ABWR. If the reactor is licensed by NRC, this will not apply
to the reactor itself, but will apply to the fuel fabrication facility and spent fuel storage facility.
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DOE 5480.23
4-10-92
Effective Date: 4-30-92

NUMBER: DOE 5480.23
TITLE:

NUCLEAR SAFETY ANALYSIS REPORTS

PURPOSE:
To establish requirements for contractors responsible for the design, construction, operation,
decontamination, or decommissioning of nuclear facilities to develop safety analyses that establish and
evaluate the adequacy of the safety bases of the facilities. The Nuclear Safety Analysis Report (SAR)
required by this Order documents the results of the safety analysis.
SCOPE:
The provisions of this Order apply to all Departmental Elements and to covered contractors to the
extent implemented under a contract or other agreement. A covered contractor is a seller of supplies
or services, involving a DOE-owned or -leased nuclear facility, under a contract or subcontract
containing one of four extract clauses as follows: (1) Safety and Health (Government-owned or -leased
facility) [DEAR 970.5204-2]; (2) Nuclear Facility Safety P E A R 9703204-26]; (3) Radiation Protection
and Nuclear Criticality [DEAR 952.223-72]; or (4) another clause whereby DOE elects to require
compliance with DOE nuclear safety requirements. The provisions of this Order will be applied to
DOE-owned nuclear facilities and operations, excluding: (a) those subject to Nuclear Regulatory
. Commission (NRC) licensing; and (b) those facilities and activities conducted under Executive Order
12344 and Public Law 98-525; and (c) activities conducted under Section 91 of the Atomic Energy Act
of 1954 as amended.
POLICY:
It is the policy of the Department that nuclear facilities and operations be analyzed to identify all hazard
and potential accidents associated with the facility and the process systems, components, equipment, or
structures and to establish design and operational means to mitigate these hazards and potential

accidents. The results of these analyses are to be documented in SARs. The identified hazards and the
SAR are to be approved by DOE.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE nuclear facilities. The requirements
of this order will be implemented at the ABWR Complex. If the reactor is licensed by NRC, this will
apply to the non-reactor facilities within the complex.
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DOE 5480.24
8-12-92
NUMBER: DOE 5480.24
TITLE:

NUCLEAR CRITICALITY SAFETY

PURPOSE:
To establish nuclear criticality safety program requirements ensuring that:

a. Criticality safety is comprehensively addressed and receives an objective review, with all identifiable
risks reduced to acceptable low levels and management authorization of the operation is documented.
b. The public, workers, Government property and essential operations are protected from the effects
of a criticality incident.
SCOPE:
The provisions of this Order apply to all Departmental elements and to covered contractors to the extent
implemented under a contract or other agreement. A covered contractor is a seller of supplies or
services performing work on-site at a Department of Energy (DOE) -owned or -leased facility and
involving significant quantities of fissionable material (excluding that inside the reactor core) on nuclear
sites. A covered contract includes procurement contracts and subcontracts. The term "contract" does
not include small purchases.
This Order does not apply to activities that are regulated through license by the Nuclear Regulatory
Commission (NRC) or a NRC agreement State.
This Order does not apply to those facilities and activities under Executive Order 12344 and Public Law
98-525 that comprise the Naval Nuclear Propulsion Program.
This Order does not apply to activities involving nuclear explosives.
POLICY:
Fissionable materials shall be produced, processed, stored, transferred, disposed or handled in such a
manner that the probability of a criticality incident is acceptably low, and to the extent practical,
Government and private personnel and public and private property are protected from damaging effects
and undue hazards that may arise from a criticality incident.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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DOE 5480.26
1-15-93
NUMBER: DOE 5480.26
TITLE:

TRENDING AND ANALYSIS OF OPERATIONS INFORMATION USING PERFORMANCE
INDICATORS

PURPOSE:

To establish a uniform system of Performance Indicators (Pis) for trending and analyzing operational
data from Department of Energy (DOE) facilities. The PI program defined in this Order will help
assess and support progress in improving performance and in strengthening DOE line management
control of operations in accordance with the policy set forth in Paragraph 5 of this Order.
SCOPE:
The provisions of this Order apply to all Departmental Elements and to covered contractors to the
extent implemented under a contract or other agreement. A covered contractor is a seller of supplies
or services, involving a DOE-owned or -leased nuclear facility, under a contract or subcontract
containing one of four contract clauses as follows: (a) Safety and Health (Government-owned or leased facility) [DEAR 970.5204-2], (b) Nuclear Facility Safety [DEAR 970.5204-26], (c) Radiation
Protection and Nuclear Criticality [DEAR 952.223-72], or (d) another clause whereby DOE elects to
require compliance with DOE nuclear safety requirements. The provisions of this Order will be applied
to DOE-owned nuclear facilities and operations exempt from Nuclear Regulatory Commission (NRC)
licensing, excluding those facilities and activities conducted under Executive Order 12344 and Public Law
98-525. This Order describes the requirements for trending, analyzing, and reporting of Pis, described
in DOE-STD-1048-92, related to the operation of those DOE-owned or operated facilities which are
included in the DOE PR program. Specifically excluded from this Order are:
a. Facilities and activities that are subject to licensing or regulation by the Nuclear Regulatory
Commission;
b.

The Naval Nuclear Propulsion Program (Paragraph 6g); and

c.

Office space acquired through the General Services Administration.

POLICY:
It is the policy of the Department that:
a. A positive attitude be encouraged toward reporting occurrences, Performance Indicators, and other
operations information to assure that both DOE and DOE contractor line management, including the
Office of the Secretary, are kept fully and currently informed;
b. DOE and DOE contractor line management utilize this information to perform trend analysis which
may assist in early identification of potential environment, safety, health (ES&H), and operational
conditions/problems; deteriorating/improving ES&H conditions; lessons learned; and good practices.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.

58

DOE 5480.28
1-15-93
NUMBER: DOE 5480.28
TITLE:

NATURAL PHENOMENA HAZARDS MITIGATION

PURPOSE:
To establish Department of Energy (DOE) policy and requirements for natural phenomena hazard
(NPH) mitigation for DOE sites and facilities using a graded approach.

BACKGROUND:
a. The Department of Energy has been using the requirements of model building codes (e.g., seismic
requirements of the Uniform Building Code) and National standards (e.g.; ASCE 7 - formerly ANSI
A58.1 for wind requirements) to mitigate the effects of natural phenomena hazards. DOE standards,
guidance, and practices were developed and promulgated by DOE 6430.1A through the DOE General
Design Criteria Manual to provide levels of design for: occupant life safety, reduction in loss of
government property, functioning of essential operations and confinement of hazardous material.
b. The Gt. ..ai Design Criteria implemented the policy of DOE Orders on Environment, Safety, and
Health (DOE 5480.1B), and promulgated the seismic guidance of the National Earthquake Hazards
Reduction Program (NEHRP) contained in the Interagency Committee on Seismic Safety in
Construction (ICSSC) reports (RP-1 and RP-3). Recent evaluations under the NEHRP studies have
found that the standards used by DOE for design and evaluation of buildings to be "substantially
equivalent" to the NEHRP provisions required by the Executive Order (E.O.) on Seismic Safety (E.O.
12699 dated 1-5-90) and substantially more conservative for levels of design beyond those judged
acceptable for life safety.
POLICY:
a. It is the policy of the Department of Energy to design, construct, and operate DOE facilities so that
workers, the general public, and the environment are protected from the impacts of natural phenomena
hazards on DOE facilities. DOE NPH mitigation requirements are consistent with the safety poh'cy and
goals of DOE 5480.1B, DOE 5481.1B, the National Earthquake Hazards Reduction Program, and
Executive Order 12699, for all its facilities. For nuclear facilities, DOE additionally requires that the
nuclear safety policy of DOE 5480.23 and Secretary of Energy Notice (SEN), SEN-35-91, NUCLEAR
SAFETY POLICY, of 9-9-91, be met for NPH mitigation, and that cost effectiveness is considered. The
goals of design, evaluation, and construction for NPH mitigation include:

(1) Providing for safe work places;
(2) Protecting against property loss or damage;
(3) Continued operation of essential facilities; and
(4) Protecting public health, property, and the environment against exposure to hazardous materials.
b. Presently, General Design Criteria for DOE facilities are included in DOE 6430.1A. This Order
(DOE 5480.28) does not supersede DOE 6430.1A. Requirements related to natural phenomena hazards
in this Order govern where there are inconsistencies.
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DOE 5480.28
1-15-93
EXCLUSIONS:
a. This Order does not apply to the parts and portions of DOE-owned or -leased facilities which are
licensed by the Nuclear Regulatory Commission.
b. This Order does not apply to activities of the Naval Nuclear Propulsion Program which are excluded
by Executive Order 12344 and Public Law 98-525.
c Except as excluded by paragraph 5b, the provisions of this Order apply to all DOE sites and
facilities.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE nuclear facilities. The requirements
of this order will be implemented at the ABWR Complex. If the reactor is licensed by NRC, this will
apply to the non-reactor facilities within the complex.
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DOE 548030
1-19-93
NUMBER: DOE 548030
TITLE:

NUCLEAR REACTOR SAFETY DESIGN CRITERIA

PURPOSE:

To establish nuclear safety design criteria applicable to the design, fabrication, construction, testing, and
performance requirements of nuclear reactor facilities and safety class structures, systems, and
components (SSCs) within these facilities. This Order applies to both new and existing reactor facilities.
SCOPE:
Except for the exclusions in paragraph 3b, the provisions of this Order apply to all Departmental
Elements.
a. Application to Contracts. Except for the exclusions in 3b, the provisions of this Order are to be
applied to covered contractors and the provisions will apply to the extent implemented under a contract
or other agreement. A covered contractor is a seller of supplies or services designing, constructing,
operating, or decommissioning, a DOE-owned or-leased nuclear facility, exempt from Nuclear
Regulatory Commission (NRC) licensing, and awarded a procurement contract, or a subcontract,
containing one of four contract clauses as follows: (1) Safety and Health (Government-owned or -leased
facility [DEAR 970.5204-2], (2) Nuclear Facility Safety [DEAR 970.5204-26], (3) Radiation Protection
and Nuclear Criticality [DEAR 970.223-72], or (4) another clause whereby DOE elects to require
compliance with DOE nuclear safety requirements. All paragraphs of this Order are to be applied to
covered contractors except paragraph 7, RESPONSIBILITIES AND AUTHORITIES.
b. Exclusions. To avoid duplicative or conflicting requirements, DOE facilities, projects and programs
that are licensed or subject to regulation by the NRC or an NRC Agreement State shall use the rules,
standards and criteria specified by the NRC or NRC Agreement State in lieu of this Order. Also
excluded from the provisions of this Order are those facilities and activities covered under Executive
Order 12344 and Public Law 98-525.4.
POLICY:

It is the policy of the Department of Energy (DOE) that the general public be protected such that no
individual bears significant additional risk to health and safety from the operation of a DOE nuclear
facility above the risks to which members of the general population are normally exposed. DOE facility
workers are to be protected such that the risks to which they are exposed as a result of operating the
facility are to be maintained ALARA. Accordingly, DOE nuclear reactor facilities and activities shall
be designed, constructed, operated, and decommissioned to assure the protection of the public, workers,
and the environment.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:

This Order contains requirements specifically applicable to the Reactor Facility only. If the reactor is
licensed by NRC, this Order does not apply.
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DOE 5481.1B
9-23-86
CHG 1 5-19-87

NUMBER: DOE 5481.1B
TITLE:

SAFETY ANALYSIS AND REVIEW SYSTEM

PURPOSE:
To establish uniform requirements for the preparation and review of safety analyses of Department of
Energy (DOE) operations, including identification of hazards, their elimination of control, assessment
of the risk, and documented management authorization of the operation. Detailed requirements for the
review and authorization processes for nuclear faculties and reactors are addressed in DOE 54805 and
DOE 5480.6.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
EXCLUSIONS:
a. Operations having hazards only of a type and magnitude routinely encountered and/or accepted by
the general public;
b.

The nuclear safety of weapon designs;

c.

Construction-related work activities; and

d.

The Federal employee occupational safety and health program as described in DOE 3790.1A.

APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
This Order has been superceeded by DOE 5480.23 for nuclear facilities.
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DOE 5482.1B
09-23-86
CHG 1 11-18-91
NUMBER: DOE 5482.1B
TITLE:

ENVIRONMENT, SAFETY, AND HEALTH APPRAISAL PROGRAM

PURPOSE:
To establish the Environment, Safety, and Health (ES&H) Appraisal Program for the Department of
Energy (DOE).
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
Officer.
EXCLUSIONS:
This Order J~o<: not apply to:
a. The easting nuclear weapons safety program administered by the Assistant Secretary for Defense
Programs (DP-1);
b. Appraisals conducted or required as part of the Federal employee occupational safety and health
program as described in DOE 3790.1A; and
c. Facilities and activities conducted pursuant to Executive Order 12344 and statutorily prescribed by
P.L. 98-525 (42 U.S.C. 7158, Note).
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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DOE 5483.1A
6-22-83
NUMBER: DOE5483.1A
TITLE:

OCCUPATIONAL SAFETY AND HEALTH PROGRAM FOR DOE CONTRACTOR
EMPLOYEES AT GOVERNMENT-OWNED CONTRACTOR-OPERATED FACILITIES

PURPOSE:

To establish requirements and procedures to assure that occupational safety and health standards
prescribed pursuant to the Atomic Energy Act of 1954, as amended, the Energy Reorganization Act of
1974, and the Department of Energy Organization Act of 1977, provide occupational safety and health
protection for Department of Energy (DOE) contractor employees in Government-owned
contractor-operated (GOCO) facilities which is consistent with the protection afforded private industry
employees by the occupational safety and health standards promulgated under the Occupational Safety
and Health Act of 1970 (OSHA), Public Law 91-596.
SCOPE:
The provisions of this Order apply to all elements of DOE and to DOE contractors whose contracts
include the occupational safety and health contract clause specified in DOE Procurement Regulation
(PR) 9-50.704-2(a). T * provisions of this Order apply only with respect to radiation harirds in the
workplace to DOE contractors whose contracts include the radiation protection contract clause specified
in DOE PR 9-50.704-2(b).

BACKGROUND:
Based upon section 4(b)(l) of the Occupational Safety and Health Act of 1970, the provisions of that
Act do not apply to the working conditions of DOE contractor employees working in GOCO facilities
since DOE exercises statutory authority to prescribe and enforce safety and health standards at these
facilities.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The ABWR Complex will likely be managed under a GOCO Contract. Therefore, the requirements
of this order are pertinent to the facility.
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DOE 5484.1
2-24-84
CHG 7 10-17-90

NUMBER: DOE 5484.1
TITLE:

ENVIRONMENTAL PROTECTION, SAFETY AND HEALTH
PROTECTION INFORMATION REPORTING REQUIREMENTS

PURPOSE:
This Order establishes the requirements and procedures for the investigation of occurrences having
environmental protection, safety, or health protection significance, and for efficient and environmental
monitoring of Department of Energy Operations.
SCOPE:
This Order applies to all Department of Energy contractor operations where, under the contractual
arrangements for the work to be performed, the Department of Energy has established control over
environmental protection, safety, and health protection program content. The provisions of this Order
also apply to Federal operations but not to the Federal employee occupational safety and health
program (as defined in DOE 3790.1A). This Order will serve as guidance for the Federal employees
occupational safety and health program until it is specifically amended to apply directly to that program.
This Order does not apply to the reporting and analysis of operational occurrences by the line
organizations for the purpose of minimizing recurrence and improving operations, which is addressed
in DOE 50003A, OCCURRENCE REPORTING AND PROCESSING OF OPERATIONS
INFORMATION.
POLICY AND OBJECTIVES:
It is the policy of the Department of Energy that:
a. Occurrences involving Department of Energy and Department of Energy contractor operations be
investigated by investigation boards chaired by an individual from an organization other than the line
organization responsible for facility operations.
b. Procedures are established for the development and reporting of occupational radiation exposure
information to the Radiation Records Repository th'at will be of assistance to the Department of Energy
in determining that radiation doses to individuals are maintained at the lowest levels technically and
economically practicable.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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DOE 5500.1B
4-30-91
NUMBER: DOE 5500.1B
TITLE:

EMERGENCY MANAGEMENT SYSTEM

PURPOSE:
To establish overall policy and requirements for the Department of Energy (DOE) Emergency
Management System (EMS). The EMS provides the framework for development, coordination, and
direction of planning, preparedness, and readiness assurance activities. This Order addresses responses
to Operational, Energy, and Continuity of Government (COG) Emergencies involving DOE or requiring
DOE assistance.
SCOPE:
The provisions of this Order apply to all DOE Elements and contractors performing work for DOE as
provided for by law and/or contract and as implemented by the appropriate contracting officer.
BACKGROUND:
a. This Order revises the Department's EMS, originally described in DOE 5500.1A, to reflect
initiatives to improve the emergency preparedness and response capabilities of the Department and to
reflect changes in missions and functions and corresponding organizational realignments.
b. This Order uses a broad definition of the term "facility" that encompasses operations and activities.
See Attachment 2, this Order, for the explicit definition of "facility" as used in the 5500 series Orders.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
This Order outlines the policy and requirements for the Emergency Management System (EMS).
Requirements listed are at the DOE level. Therefore, this Order does not contain requirements
pertinent to the ABWR Complex.
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DOE 5500.2B
4-30-91

NUMBER: DOE5500.2B
TITLE:

EMERGENCY CATEGORIES, CLASSES, AND NOTIFICATION AND REPORTING
REQUIREMENTS

PURPOSE
To establish Department of Energy (DOE) emergency categories, classes, and notification and reporting
requirements to facilitate the communication and reporting of emergency events.
SCOPE
The provisions of this Order apply to all DOE Elements and contractors performing work for DOE as
provided for by law and/or contract and as implemented by the appropriate contracting officer.
POLICY:
It is DOE policy to promptly and accurately categorize all occurrences as part of the comprehensive
reporting system outlined in DOE 5000.3A, determine the appropriate category and class of events
categorized -u> emergencies, and make appropriate notifications and reports. Emergencies are
continually monitored for the purpose of reclassification as they evolve towards increased or decreased
severity.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented at the ABWR Complex.
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DOE 5500.3A
4-30-91
NUMBER: DOE 55003A
TITLE:

PLANNING AND PREPAREDNESS FOR OPERATIONAL EMERGENCIES

PURPOSE:
To establish requirements for planning and preparedness for Operational Emergencies involving the
Department of Energy (DOE) or requiring DOE assistance.
SCOPE:
The provisions of this Order apply to all DOE Elements and contractors performing work for DOE as
provided for by law and/or contract and as implemented by the appropriate contracting officer.
POLICY:
It is DOE policy to:
a. Operate facilities and conduct operations and activities in a responsible manner, thereby ensuring
the safety and health of workers and members of the general public, as well as protecting the
environment;
b. Develop and maintain emergency planning, preparedness, and response capabilities, as well as
effective public and interagency communications, in order to minimize the consequences to workers,
national security, the public, and the environment from incidents involving DOE operations;
c. Respond to emergencies in an effective and timely manner to mitigate the consequences and bring
the emergency situation under control;
d. Maintain consistency in the general approach and nomenclature of emergency planning and
preparedness among elements within DOE, other Federal agencies, private industry, and state, tribal,
and local authorities;
e. Provide support, within resource constraints, to other local, state, tribal, and Federal agencies and
international organizations, as requested, and in accordance with pertinent Federal regulations and plans,
appropriate interagency agreements, and international conventions; and
f. Comply with the provisions of applicable legislation, implementing regulations, Executive Orders,
and Federal plans, such as:
(1) The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and
the Superfund Amendments and Reauthorization Act of 1986 (SARA);
(2) The Resource Conservation and Recovery Act (RCRA);
(3) The Emergency Planning and Community Right-to-Know Act (EPCRA);
(4) Executive Orders 12580 and 12656;
(5) Title 40 CFR 300, NATIONAL OIL AND HAZARDOUS SUBSTANCES POLLUTION
CONTINGENCY PLAN;
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(6) Title 40 CFR 302, DESIGNATION, REPORTABLE QUANTITIES, AND NOTIFICATION;
and
(7) The various Federal Plans for responses to manmade and natural disasters (e.g., the Federal
Radiological Emergency Response Plan, the Federal Radiological Monitoring and Assessment Plan,
and the Federal Response Plan).
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:

This Order contains general requirements applicable to all DOE facilities. The potential for an
operational accident requires planning for an emergency, including personnel training, in accordance
with DOE 5500.3A. The requirements of this Order will be implemented at the ABWR Complex.
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NUMBER: DOE 5500.4
TITLE:

PUBLIC AFFAIRS POLICY AND PLANNING REQUIREMENTS FOR EMERGENCIES

PURPOSE:

To establish requirements for Department of Energy (DOE) public affairs actions for emergency
situations, and to provide guidelines for each Departmental organization or facility to develop a public
information plan that will ensure that necessary public affairs actions are planned, coordinated, and
taken as an integral part of the total emergency response effort.
GENERAL:
This Order covers emergency situations involving an actual, potential, or perceived threat to onsite
personnel, public health and safety, and/or to the environment. These emergencies can range from
natural disasters (tornados, floods, earthquakes, fires) to man-caused incidents (explosions, fires, releases
of toxic or radioactive materials). Emergencies affecting the supply of energy resources are covered by
separate order. The handling of the public affairs aspects associated with accidents or incidents
involving nuclear weapons, related materials, or components, within DOE, or where DOE acts in a
support role to the Department of Defense, requires additional guidance as provided in Attachment 2.
APPLICABILITY:

This Order is applicable:
a. To the Department of Energy, including the power administrations, petroleum reserves,
government-owned contractor operated facilities and other facilities in which the Department has
responsibility for the protection of public health and safety and the environment.
b. In instances where the Department is obligated by law, Executive order, or interagency agreement
to provide assistance in accidents or other emergencies in or to DOE or non-DOE facilities. This
includes, but is not limited to, assistance provided by the Federal Radiological Monitoring and
Assessment Plan (formerly Interagency Radiological Assistance Program, IRAP); the Aerial
Measurement System (AMS); the Nuclear Emergency Search Team (NEST) and the Accident Response
Group (ARG); transportation accidents involving nuclear and other hazardous materials; and natural
disasters or industrial accidents.
c. In cases where DOE provides technical support and assistance to another government agency or
private organization.
POLICY:

It is the policy of DOE to provide accurate and timely information to the public by the most expeditious
means whenever possible in all situations involving the Department's response to any emergency that
may affect onsite personnel, public health and safety, and the environment. DOE operates under an
open information policy in the release of accident or other emergency information in conformance with

established DOE information policies, the Freedom of Information Act and the Privacy Act, except for
the release of information classified for national security purposes or otherwise legally prohibited from
release. DOE is responsible for public affairs actions taken in emergencies at DOE facilities. Such
actions shall be coordinated with other agencies when appropriate.
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APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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NUMBER: DOE5500.7B
TITLE:

EMERGENCY OPERATING RECORDS PROTECTION PROGRAM

PURPOSE:
To establish the policy, responsibilities, and requirements for a Departmental Emergency Operating
Records Protection Program to safeguard that core of records deemed necessary to assure continuity
of essential Governmental activities during and following disaster and attack-related emergency
conditions.
SCOPE:
The provisions of this Order apply to all Departmental elements and to covered contractors to the extent
implemented under a contract or other agreement. A covered contractor is a seller of supplies or
services involving the management of an emergency operations center under a management and
operating contract or "lbcontracts thereunder.

BACKGROUND:
Two types of records constitute vital records: emergency operating records and rights and interests
records. This Order covers the requirements to protect the former. The protection requirements for
the latter are contained in DOE 1324.8, RIGHTS AND INTERESTS RECORDS PROTECTION
PROGRAM, of 10-23-91.
POLICY:
DOE shall establish and maintain an Emergency Operating Records Protection Program that ensures
the protection, availability, and control of information critical to support disaster and attack-related civil
defense.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
This Order contains only policy statements and responsibilities of the DOE, not specific contractor
requirements.
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NUMBER: DOE 5500.10
TITLE:

EMERGENCY READINESS ASSURANCE PROGRAM

PURPOSE:
To establish the requirements of the Emergency Readiness Assurance Program with a goal of assuring
that the Department of Energy (DOE) Emergency Management System (EMS) is ready to respond
promptly, efficiently, and effectively to any emergency involving DOE facilities or requiring DOE
assistance.
SCOPE:
The provisions of this Order apply to all DOE Elements and contractors performing work for DOE as
provided for by law and/or contract and as implemented by the appropriate contracting officer.
EXCLUSIONS:
a. All DOE facilities subject to Nuclear Regulatory Commission (NRC) license requirements are
specifically exempted from the requirements of this Order.
b. The Power Marketing Administrations are temporarily exempted from the coverage of this directive
provided that, within one calendar year of the effective date of this Order, the Power Marketing
Administrations shall develop, in coordination with the Director of Emergency Operations (DEO),
emergency management directives appropriate to their specific regional power missions, compatible with
DOE's EMS and supplementary DOE EMS directives.
c. If a DOE Element or contractor can demonstrate that it is subject to emergency management
program requirements under the authority of other Federal regulatory agencies that are at least as
stringent as the requirements of this Order, then an exemption may be requested. Requests for
exemptions from the requirements of this Order shall document the basis for each exemption and shall
establish and justify alternatives equivalent to, or exceeding, this Order. Requests for exemptions shall
be submitted for approval by the Under Secretary, with the concurrence of: the cognizant Program
Senior Official (PSO); the DEO; and, if applicable, the Assistant Secretary for Environment, Safety, and
Health (EH-1). The Under Secretary shall resolve any differences among the PSO, DEO, and, if
applicable, EH-1.
BACKGROUND:
This Order establishes a formal program of emergency readiness assurance. It uses a broad definition
of the term "facility" that encompasses operations and activities.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order is applicable to the ABWR Complex. The Order requires development of Emergency
Readiness Assurance Plans (ERAPs) and Appraisal Programs to ensure that the Emergency
Management System (EMS) specified in DOE 5500.1B is adequate.
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NUMBER: DOE 5530.1A
TITLE:

ACCIDENT RESPONSE GROUP

PURPOSE:
To establish Department of Energy (DOE) policy for DOE response to accidents and significant
incidents involving nuclear weapons or nuclear weapon components.
SCOPE:
The provisions of this Order apply to all Departmental Elements, to contractors performing work for
the Department as provided by law and/or contract, and as implemented by the appropriate contracting
officer.
POLICY:
DOE shall maintain a continuing capability to provide immediate response to peacetime accidents and
significant incidents involving nuclear weapons or radiological nuclear weapon components.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
Activities performed at the ABWR Complex will not involve nuclear weapons or components thereof
(assumming Pu Oxide is delivered to the Fuel Fabrication Facility). Therefore, this Order does not
contain requirements pertinent to the ABWR Complex.
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NUMBER: DOE 5600.1
TITLE:

MANAGEMENT OF THE DEPARTMENT OF ENERGY WEAPON PROGRAM AND
WEAPON COMPLEX

PURPOSE:
This directive establishes the policy and procedures for the management of the Department of Energy
(DOE) weapon program and weapon complex and the utilization of the weapon complex facilities for
nonweapon DOE activities.
SCOPE:
This Order applies to all elements of the Department of Energy and to all weapon complex facilities.
POLICY:
It is the policy of the DOE that the paramount mission of the weapon complex is the successful
execution of tl«* weapon program, and such steps will be taken as are necessary to preserve this
principle. Tne utilization of the capabilities of the weapon complex in support of DOE's nonweapon
responsibilities or other programs of national interest is encouraged but limited to the extent that such
utilization does not adversely impact the weapon program.
OBJECTIVES:
(1) To assure the effective management of the weapon complex and the weapon program.
(2) To assure the continuing capability of the weapon complex to carry out its primary mission, to
conduct the weapon program.
(3) To encourage the effective use of the capabilities and resources of the weapon complex in support
of DOE's nonweapon responsibilities or other programs of national interest, subject to the need to
assure that such programs do not adversely impact the weapon program.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
The scope of the ABWR Complex operations does not include weapons or weapons components.
Therefore, this Order does not contain requirements pertinent to the complex.
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NUMBER: DOE 5610.1
TITLE:

PACKAGING AND TRANSPORTING OF
COMPONENTS, AND SPECIAL ASSEMBLIES

NUCLEAR

EXPLOSIVES,

NUCLEAR

PURPOSE:
This order establishes Department of Energy (DOE) policy and assigns responsibilities and authorities
for the packaging and transporting of nuclear explosives, nuclear components, and special assemblies.
SCOPE:
The provisions of this order apply to all Departmental elements and all contractors and subcontractors
performing work for or as a part of the Department's defense programs.
POLICY:
Nuclear explosives, nuclear components, and special assemblies shall be packaged and transported in
a manner which assures public safety and shall be packaged and transported with the highest level of
safety practicable. Su<_h level of safety shall meet or exceed that provided by the packaging and
shipment, in accordance with applicable regulations, of other radioactive and explosive materials.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
The scope of the ABWR Complex operations does not include weapons or weapons components.
Therefore, this Order does not contain requirements pertinent to the Facility.
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NUMBER: DOE 56102
TITLE:

CONTROL OF WEAPON DATA

PURPOSE:
This Order establishes the procedures for the control of weapon data.
SCOPE:
The provisions of this Order apply to all elements of the Department of Energy (DOE) and all
contractors and subcontractors performing work for the Department, who have or may have weapon
data under their custody or control.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
Although fuel fabrication quantities may be classified, the ABWR Complex activities do not involve
weapons data. Therefore, this Order does not contain requirements pertinent to the ABWR Complex.
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NUMBER: DOE 5610.10
TITLE:

NUCLEAR EXPLOSIVE AND WEAPON SAFETY PROGRAM

PURPOSE:
To establish the Department of Energy (DOE) policy, objectives, standards and criteria, authorities, and
responsibilities for its Nuclear Explosive and Weapon Safety Program.
SCOPE:
The provisions of this Order apply to DOE Headquarters and field elements and its contractors and
subcontractors that conduct nuclear explosive and nuclear weapon system safety, security, and control
activities in support of the nuclear weapons program as provided by law and/or contract and as
implemented by the appropriate contracting officer.
APPLICABILITY:
This Order applies to all activities and operations involving nuclear explosives and nuclear weapons
conducted under the Department's nuclear weapon program.
POLICY:
Protection of the public health and safety is of paramount importance in the planning and conduct of
the DOE's nuclear weapons program. The primary goal shall be to assure safety while effectively
conducting the program in the national security interest. Nuclear explosive and weapon safety issues
shall be resolved through a systematic process whereby:
a. The concept of operation is totally considered.
b. Attendant risks are identified, analyzed, evaluated, and documented.
c. Informed decisions are made at the appropriate management level to ensure that the degree of
safety provided is adequate and consistent with overall program objectives.
d. To this end, the DOE shall maintain a formal, comprehensive, and systematic nuclear explosive and
weapons safety program.
OBJECTIVES:
The objectives of the nuclear explosive and weapons safety program are to:
a. Assure that all nuclear explosive and nuclear weapon operations by DOE and DOE contractors are
conducted safely.
b. Discharge DOE's dual-agency role for the safety of nuclear weapons in DOD custody.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
The ABWR Complex is not involved in handling nuclear weapons/explosives. Therefore, this Order
does not contain requirements pertinent to the Facility.
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NUMBER: DOE5610.il
TITLE:

NUCLEAR EXPLOSIVE SAFETY

PURPOSE:
To establish the Department of Energy (DOE) policy, procedures, authorities, and responsibilities for
assuring the safe conduct of nuclear explosive activities under the Department's Nuclear Explosive and
Weapon Safety Program.
SCOPE:
This Order applies to DOE Headquarters and field elements and its contractors and subcontractors that
conduct activities involving nuclear explosive in support of the nuclear weapons program as provided by
law and/or contract and as implemented by the appropriate contracting officer.
APPLICABILITY:
This Order aoolies to all activities and operations involving nuclear explosives and nuclear weapons
conducted un<_-;< the Department's nuclear weapon program.
POLICY:
Nuclear explosive activities and operations shall be comprehensively reviewed, evaluated, and
documented to enable informed management decisions to implement the overall objectives of the
Department's nuclear explosives and weapons safety program.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
The ABWR Complex is not involved in any activities dealing with nuclear explosives/components.
Therefore, this Order does not contain requirements pertinent to the Facility.
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NUMBER: DOE 5610.13
TITLE:

JOINT DEPARTMENT OF ENERGY/DEPARTMENT OF DEFENSE NUCLEAR WEAPON
SYSTEM SAFETY, SECURITY, AND CONTROL ACTIVITIES

PURPOSE:
To establish Department of Energy (DOE) policy, procedures, authorities, and responsibilities for
addressing joint nuclear weapon and nuclear weapon system safety, security, and control activities in
conjunction with the Department of Defense (DOD).
SCOPE:
The provisions of this Order apply to DOE Headquarters and field elements and its contractors and
subcontractors that conduct nuclear weapon and nuclear weapon system safety, security, and control
activities in support of the nuclear weapons program, as provided by law and/or contract and as
implemented by the appropriate contracting officer.
APPLICABILITY:
Requirements set forth in this Order apply to all joint DOE/DOD nuclear weapon and nuclear weapon
system safety, security, and control activities from initial design through the retirement phase of each
nuclear weapon system.
POLICY:
DOE shall establish and maintain inter- and intra-Departmental procedures for addressing and
conducting joint DOE/DOD nuclear weapon and nuclear weapon system safety, security, and control
activities to assure that these areas are adequately addressed from the initial conceptual design through
the retirement phase of each weapon system.
OBJECTIVE:
To establish and implement systematic procedures to assure nuclear weapon and nuclear weapon system
safety, security, and control are adequately addressed throughout all phases for each nuclear weapon
system.
This effort shall include, but not be limited to, the DOE's participation in the development, staffing, and
implementation of safety rules that shall govern all nuclear weapon system operations throughout the
stockpile-to-target sequence.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
The ABWR Complex organization is not bvolved with weapon system safety, security, and control
activities. Therefore, this Order does not contain requirements pertinent to the ABWR Complex.
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X
NUMBER: DOE 5630.8A
TITLE:

SAFEGUARDING OF NAVAL NUCLEAR PROPULSION INFORMATION

PURPOSE:
To promulgate the official definition of naval nuclear propulsion information (NNPI), to outline
disclosure policies and general safeguarding requirements for such information, and to establish
requirements for disposal of material which contains NNPI.
SCOPE:
The provisions of this Order apply to all Departmental Elements, and to contractors, subcontractors,
and consultants who originate, receive, process, handle, store, transmit, dispose of, or are otherwise
entrusted with the custody of, or have access to, naval nuclear propulsion information, and whose
contracts contain provisions that require conformance with the provisions of this Order.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
The ABWR Complex operations do not involve Naval Nuclear Propulsion Information. Therefore, this
Order does not contain requirements pertinent to the Facility.
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NUMBER: DOE5630.il
TITLE:

SAFEGUARDS AND SECURITY PROGRAM

PURPOSE:

To establish the policy and responsibilities for the Department of Energy Safeguards and security
program.
POLICY:

To protect DOE interests from theft or diversion of special nuclear material (SNM), sabotage,
espionage, loss or theft of classified matter or government property, and other hostile acts which may
cause unacceptable adverse impacts on National security, or on the health and safety of employees, the
public, or the environment.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:

Safeguards and Security will be an integral part of the ABWR Complex operations. Therefore, this
Order does contain requirements pertinent to the Complex.
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NUMBER: DOE5630.12A
TITLE:

SAFEGUARDS AND SECURITY INSPECTION AND EVALUATION PROGRAM

PURPOSE:
To establish an independent inspection, performance testing, and evaluation program to assess the
effectiveness of the implementation of the Department's safeguards and security policies, procedures,
systems, and operations.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
BACKGROUND:
The effectiv0--"^ of the Department's safeguards and security programs shall be assessed through a
program of independent inspection, performance testing, and evaluation conducted by the Assistant
Secretary for Defense Programs (DP-1) through the office of Security Evaluations (DP-4).
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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NUMBER: DOE 5630.13A
TITLE:

MASTER SAFEGUARDS AND SECURITY AGREEMENTS

PURPOSE:
To establish the Department of Energy (DOE) policy, requirements, responsibilities, and authorities for
the development and implementation of Master Safeguards and Security Agreements (MSSA's).
SCOPE:
The provisions of this Order apply to Departmental Elements and contractors performing work for the
Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABILITY:
a. Facilities which have Category I quantities of special nuclear material (SNM) or those facilities that
have Category II quantities within the same protected area that roll-up to a Category I quantity,
b. Facilities which have a radiological sabotage threat which would cause an unacceptable impact on
the health and safety of the public,
c. Facilities which have an industrial sabotage threat which would cause an unacceptable impact to those
DOE programs supporting national defense and security, and/or
d. Other facilities that Heads of Departmental Elements deem appropriate.
POLICY:
a. Levels of protection shall be provided in consideration of the potential risks to national security and
the health and safety of the public.
b. The levels of protection identified in approved facility MSSA's shall be the basis for facility planning,
executing, and evaluating the protection program.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The program outlined in this Order will be implemented for the overall complex. Therefore, this Order
does contain requirements pertinent to the ABWR Complex.

84

DOE 5630.14A
11-16-88

NUMBER: DOE 5630.14A
TITLE:

SAFEGUARDS AND SECURITY PROGRAM PLANNING

PURPOSE:
To establish a standardized approach to protection program planning, and to prescribe Department of
Energy (DOE) policy, objectives, responsibilities, and authority for that planning process.

BACKGROUND:
This is a new order which consolidates existing site and master plan requirements.
SCOPE:
The provisions of this Order apply to Departmental Elements and contractors performing work for the
Department as provided by law and/or contract and as implemented by the appropriate contracting
officers.
APPLICABILITY:
a. Facilities which have Category I quantities of special nuclear material (SNM), or those facilities that
have Category II quantities within the same protected area that roll-up to a Category II quantity;
b. Facilities which have a radiological sabotage threat which would, cause an unacceptable impact on
the health and safety of the public;
c. Facilities which have an industrial sabotage threat which would cause an unacceptable impact to those
DOE programs supporting national defense and security, and/or
d. Other facilities that Heads of Departmental Elements deem appropriate.
POLICY:
a. Protect DOE interests from theft or diversion of SNM, sabotage, espionage, loss or theft of
classified/controlled matter or Government property, and other hostile acts which may cause
unacceptable adverse impacts on national security or on the health and safety of the public.
b. Provide, in a graded manner, levels of protection appropriate to particular safeguards and security
interests in accordance with the potential risks to national security and the health and safety of the
public
c. Reduce identified safeguards and security vulnerabilities to acceptable levels.
d. Use a systematic process of planning for determining and achieving an appropriate level of
safeguards and security.
e. Consider operational safety requirements and safety impacts in protection program planning.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The program outlined in this Order will be implemented for the overall complex. Therefore, this Order
does contain requirements pertinent to the ABWR Complex.
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NUMBER: DOE 5630.15
TITLE:

SAFEGUARDS AND SECURITY TRAINING PROGRAM

PURPOSE:
To establish procedures for standardizing and implementing the Department of Energy (DOE)
Safeguards and Security Training Program for safeguards and security personnel, and to prescribe the
policy, responsibilities, and authority for that training program.
APPLICATION TO CONTRACTS:
Except as excluded under paragraph 4, the provisions of this Order are to be applied to covered
contractors and they will apply to the extent implemented under a contract or other agreement. A
covered contractor is a seller of supplies or services involving access to and protection of classified
matter, nuclear materials or other safeguards and security interests under a procurement contract or
subcontract.
EXCLUSION:
DOE facilities and activities regulated by the Nuclear Regulatory commission (NRC) are exempt from
the requirements of this Order. Office of Civilian Radioactive Waste Management (RW) personnel and
activities not directly associated with the NRC licensed facilities and thus not covered by the NRC
directives are subject to the provisions of this Order.
POLICY AND OBJECTIVES:
DOE and DOE contractor personnel involved in DOE safeguards and security programs and activities
shall be trained to a level of proficiency and competence that provides high assurance that the
safeguards and security programs of the Department shall be successful. As a means to providing such
assurance, the following key elements shall be an integral part of the Safeguards and Security Training
Program:
a. Safeguards and security training methodology and courses shall be standardized throughout DOE.
The scope and level of training provided to individuals shall be tailored to their assigned duties and
responsibilities and shall be based upon an analysis of their prior safeguards and security experience and
training
b. Safeguards and security training programs shall be based on the results of job analyses to document
the review and codification of major tasks and skill requirements identified as a result of those analyses.
c. knowledge and performance-based testing shall apply to all required training to measure the skills
acquired from the training programs developed.
d. For specialized skill requirements, such as armorers, personnel security specialists, nuclear materials
custodians, and technical security countermeasures technicians, performance testing will form the
primary basis for certification.
e. A Training Approval Program shall be developed and implemented to assure that safeguards and
security training conducted at DOE facilities other than the Safeguards and Security Central Training
Academy (CTA) meet established standards in course content and presentation, utilize DOE certified
instructors, and have available facilities and equipment to perform such training
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f. Employees, including minorities, women, and persons with disabilities, shall be provided reasonable
opportunities for career development consistent with existing or anticipated work force needs.
g. The provisions of this Order shall be fully implemented within 3 years after the date of this Order.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
Safeguards and Security will be an integral part of the ABWR Complex operations. Therefore, this
Order does contain requirements pertinent to the Complex.
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NUMBER: DOE 5631.1B
TITLE:

SECURITY EDUCATION PROGRAM

PURPOSE:
To establish procedures for implementing a security education program for Department of Energy
(DOE) employees and DOE consultants, contractors, subcontractors, and their consultants and access
permittees in compliance with provisions of the Atomic Energy Act of 1954 (as amended), Executive
Order 12356, National Security Decision Directive 197, and Information Security Oversight Office
(ISOO) Directive Number 1.
SCOPE:
The provisions of this Order are applicable to all Departmental Element and contractors performing

work for the Department as provided by law and/or contract and as implemented by the appropriate
contracting officer.
OBJECTIVES:
a. This Order ensures that the aforementioned individuals (indicated in paragraph 1) are informed of
security responsibilities associated with DOE programs and activities, particularly those activities
involving access to classified information and materials, and to alert such individuals to actual or
potential threats to DOE programs, thereby motivating such persons to develop and maintain a high
level of security awareness. An effective security education program must be a joint effort between
trained security personnel and local supervisors and should ensure that:
(1) New hires receive an initial general orientation on local security requirements and an overview
of specific information related to their security responsibilities regardless of clearance level or access
authorization.
(2) Prior to being granted access to classified information, an uncleared individual must receive
additional comprehensive security briefings relative to their responsibilities as cleared individuals.
In cases where the new individual will receive an access authorization immediately, the initial and
comprehensive briefings may be conducted simultaneously.
(3) During the course of an individual's access to classified information and at no more than
12-month intervals after the initial comprehensive briefing, the individual shall receive a refresher
briefing to enhance security awareness.
(4) Individuals who are promoted to new positions, reassigned, or terminate employment, shall
receive a formal briefing or an appropriate orientation or debriefing structured to ensure continued
safeguarding of classified information to which access was authorized.
b. Individuals at all levels will receive an initial briefing, comprehensive briefing, continuing access
refresher briefings, and a termination briefing tailored to their specific level. These are necessary to
maintain an effective security education program and are considered the "minimum standards."
c. The Headquarters Office of Safeguards and Security (DP-34) is developing a standard curriculum
for use by security education coordinators prescribing the specific materials and topics to be discussed
in different types of security briefings. This curriculum will be used to train security education
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coordinators in a standardized methodology for teaching security education and will be published in FY
1987 and distributed as necessary.
POLICY:

DOE requires the formulation and maintenance of a structured security education program in all
organizations, especially those in which individuals have access authorizations, are engaged b classified
work, require access to special nuclear materials, or are engaged in the protection of or control over
access to special nuclear materials. These are the most sensitive positions within DOE, and persons
holding these positions should be given the highest priority for security education to ensure the
safeguarding of classified information or materials in the interest of national security. As a condition
of employment, the aforementioned individuals (indicated ic paragraph 1) are, with management support
and direction, required to attend briefings, adhere to security regulations and to report conditions
affecting their clearance, as indicated on page 10, paragraph llc(7), and page 12, paragraph 12b(2).
APrLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:

This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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NUMBER: DOE 5631.2B
TITLE:

PERSONNEL SECURITY PROGRAM

PURPOSE:
To establish the policy, responsibilities, and authorities for implementing the Department of Energy
(DOE) personnel security program.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department, as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABILITY:
The personnel security program of the Department applies to its employees, contractors, subcontractors,
and any other individuals who require access to DOE classified information or special nuclear material,
as follows:
a. The provisions of the Atomic Energy Act of 1954, as amended, Executive Orders 10450 and 12356,
and Federal Personnel Manual chapter 732 apply to Departmental employees, applicants for
employment, consultants, and employees of other Federal agencies, for employment and/or access to
classified information.
b. The provisions of the Atomic Energy Act of 1954, as amended, and Executive Orders 10865 and
12356 apply to Departmental contractors, subcontractor employees and consultants, and access
permittees.
c. The provisions of the Atomic Energy Act of 1954, as amended, apply to an other individual, not
falling within the meaning of a and b, above, for access to Restricted Data, or special nuclear material
under DOE control.

POLICY AND OBJECTIVES:
a. It is Departmental policy to grant individuals access to classified information, special nuclear
material, or an exclusion area when DOE has determined that such access will not endanger the
common defense and security and is clearly consistent with the national interest.
b. DOE contractors may not request clearances for the purpose of establishing cleared pools of
potential employees or to alleviate responsibilities for escorting uncleared individuals within a security
area. A clearance shall be requested only for individuals who have been offered employment or for
personnel who are expected to fill projected vacancies or requirements.
c. Numbers and levels of security clearances will be kept to the minimum for operational efficiency.
As soon as possible, after an individual no longer needs access to classified information or special
nuclear material, DOE will terminate an individual's security clearance in accordance with the
procedures of this Order. Security clearances will not be continued or kept active merely for an
individual's personal convenience.
APPLICABLE TO ABWR COMPLEX: YES
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DOE 5631.2B
5-18-88

JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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DOE 5631.4A
07-08-92

NUMBER: DOE5631.4A
TITLE:

CONTROL OF CLASSIFIED VISITS

PURPOSE:
To prescribe Department of Energy (DOE) standards and procedures for controlling visitors to DOE,
DOE contractor, subcontractor, and access permittee facilities.
SCOPE:
The provisions of this Order apply to all Departmental Elements, access permittees, and contractors and
subcontractors performing work for the Department as required by contract and/or law and as
implemented by the appropriate contracting officer.
POLICY:
It is DOE policy that:
a. Only authorized persons receive access to classified information.
b. Need-to-know, as determined by a division director or higher official, will be a basic principle to be
observed.
c. Employees of access permit holders receive only categories of restricted data authorized by their
specific access permit.
d. Foreign visitors receive access to classified information limited to that which is prescribed in
approved agreements for cooperation.
e. Access to classified information is afforded to the following personnel only on the basis of properly
executed certifications or DOE access authorizations: members of the Armed Forces; employees of the
Department of Defense (DOD) and its contractors and subcontractors; and the National Aeronautics
and Space Administration (NASA) and their contractors and subcontractors.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The program outlined in this Order will need to be implemented at the ABWR Complex. Therefore,
this Order does contain requirements pertinent to the Facility.
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DOE 56313
2-12-88
CHG 1 7-2-90

NUMBER; DOE 56315
TITLE:

VIOLATION OF LAWS, LOSSES, AND INCIDENTS OF SECURITY CONCERNS

PURPOSE:
To set forth Department of Energy (DOE) procedures to assure timely and effective action relating to
violations of criminal laws, losses, and incidents of security concern to DOE.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
POLICY:
It is the policy of DOE to protect special nuclear materials, classified matter, and property whose theft,
destruction or damage would impact DOE activities and operations by maintaining security programs
and procedures which deter, detect, and ensure the prompt reporting of actual or suspected criminal
violations, losses of classified matter or special nuclear material and incidents of security concern to
DOE.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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DOE 5631.6
1-19-89

NUMBER: DOE 5631.6
TITLE:

PERSONNEL SECURITY ASSURANCE PROGRAM

PURPOSE:
To establish policies, objectives, procedures, responsibilities, and authorities for implementing and
maintaining a Department of Energy (DOE) personnel security assurance program. This Order
describes the management, medical, and security review process required for access authorization to a
Personnel Security Assurance Program (PSAP) position. Criteria and procedures for determining
eligibility for access to these positions, including an appeals process, are covered in 10 CFR Part 710.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law, regulation, and/or contract, and as implemented by the appropriate
contracting officer, under the statutory provisions of the Atomic Energy Act of 1954, as amended.
APPLICABILITY:
The PSAP specifically applies to all applicants for, or current employees of the Department or its
contractors, subcontractors, and consultants in, positions defined under this Order as PSAP positions.
EXCEPTIONS:
Critical duty positions identified under the Personnel Assurance Program in Chapter II of DOE 5610.3,
PROGRAM TO PREVENT ACCIDENTAL OR UNAUTHORIZED NUCLEAR EXPLOSIVE
DETONATIONS, are specifically exempt from the Personnel Security Assurance Program.
POLICY:
a. The protection of certain of the Department's security interests, with the potential, if misused, of
causing unacceptable damage to the national security, requires the implementation of a program
designed to assure that individuals occupying positions affording access to certain material, facilities, and
programs meet the highest standards of reliability. This objective is accomplished under the PSAP
through a system of continuous evaluation which identifies those individuals whose judgment may be

impaired by physical and/or emotional disorders, the use of controlled substances, or the use of alcohol
habitually to excess. The process will reduce the risk resulting from the potential threat represented by
such employees to an acceptable level.
b. The determination to grant initially and to continue annually the access authorization to a PSAP
position is based upon a DOE security assessment of any information of security concern developed in
the course of an initial and annual security review process. Personnel actions affecting Federal
employees, such as details to other work, reassignments, or removals that result from the revocation or
denial of this Q(R) access authorization, can only be taken if they are consistent with applicable Federal
law, regulation, and DOE Orders.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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DOE 5632.1B
09-18-92

NUMBER: DOE5632.1B
TITLE:

PROTECTION PROGRAM OPERATIONS

PURPOSE:
To establish Department of Energy (DOE) policies for the physical protection of security interests and
baseline physical protection standards.
SCOPE:

The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.

BACKGROUND:
a. Physical protection of security interests encompasses three major activities: physical security
systems, prc*"~*";e forces, and system performance tests. It covers the entire physical security program
at a facility including security equipment, procedures, protective forces, management and supervision,
and the integration of these elements into a total physical protection security system.
b. This Order establishes the authorities and responsibilities for managing and implementing the
protection of security interests and sets forth the framework for the following 5632 Order series which
defines the policies and baseline requirements specific to related aspects of protection program
operation:
(1) Physical Protection of Special Nuclear and Vital Equipment;
(2) Physical Protection of Classified Matter;
(3) Physical Protection of Departmental Property and Unclassified Facilities;
(4) Protective Forces:
(5) Protection Program Operations - Systems Performance Tests; and
(6) Issuance, Control, and Use of Badges, Passes, and Credentials.
c. The standards set forth in the DOE Standards and Criteria have their foundation in DOE Orders
which contain the policy for developing a safeguards and security program. These standards are
supported by criteria which are examples of some of the mechanisms available for use by management
in appropriately implementing the policy. The Protection Program Operations section of the DOE
Safeguards and Security Standards and Criteria provides information and guidance for operation of an
effective protection program. The Standards and Criteria shall be considered when designing, modifying,
or operating DOE facilities. Standards and Criteria applicable to each facility shall be identified on a
site-specific basis and modified, as appropriate, to address site-specific needs. Protection programs must
be designed to address site-specific characteristics.
d. The classified generic threat guidance issued by the Assistant Secretary for Defense Programs
(DP-1) must be considered in the design and implementation of protection programs.
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DOE 5632.1B
09-18-92

POLICY:
The Department's security interests are to be protected from theft or diversion of special nuclear
material (SNM), industrial sabotage, radiological sabotage (e.g^ induced criticality), espionage, loss or
theft of classified matter or Government property, and other hostile acts which may cause unacceptable
adverse impacts on national security or on the health and safety of the public. Specific policies and
objectives, as identified in this Order series, are expressed in terms of -what is required. Levels of
protection appropriate to particular security interests are to be provided hi a graded fashion in
accordance with the potential risks to national security and the health and safety of the public. The
protection provided Departmental security interests shall be comparable to that provided by other
Government agencies with similar security interests.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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DOE 5632.2A
2-9-88
CHG 1 2-9-88

NUMBER: DOE5632.2A
TITLE:

PHYSI<^O.PROTECTIONOFSPEClALNU(XEARMATCRIALANDVrrALEQUIPMENT

PURPOSE:
To prescribe the Department of Energy (DOE) policy for the physical protection of special nuclear
material (SNM) and vital equipment, including nuclear reactors, and to establish baseline requirements
and standards for those security Interests.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
POLICY:
SNM and vital equipment, including nuclear reactors, under the jurisdiction of the Department are to
be protected from theft, sabotage, and other hostile acts which would cause adverse impacts on national
security or on the health and safety of the public. Levels of protection appropriate to particular facilities
are to be provided in a graded fashion in accordance with the potential risks as set forth in applicable
site-specific safeguards and security plans and/or Master Safeguards and Security Agreements (MSSAs).
APPLICABILITY:
This Order applies to all SNM and vital equipment which is in the possession of Departmental Elements
or Departmental contractors, or other organizations performing work for the Department, and which
is not subject to license by the Nuclear Regulatory Commission (NRC). SNM under international or
bilateral agreement (not subject to license by the NRC) shall be protected in accordance with the
specific terms of that agreement or this Order, whichever is more restrictive.
APPLICABLE TO ABWR COMPLEX: YES

JUSTIFICATION:
The ABWR Complex will contain accessible SNM and vital equipment (per the definitions of this
Order). Therefore, this Order does contain requirements pertinent to the ABWR Complex.
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DOE 5632.5
2-3-88

NUMBER: DOE 5632.5
TITLE:

PHYSICAL PROTECTION OF CLASSIFIED MATTER

PURPOSE:
To establish the Department of Energy (DOE) policy and objectives for the physical protection of
classified matter and to establish baseline physical protection requirements and standards for those
interests.
SCOPE:
The provisions of this Order apply to all Departmental Elements, contractors, and subcontractors
performing work for the Department as provided by law and/or contract and as implemented by the
appropriate contracting officer.
POLICY:
Classified matter under the jurisdiction of the DOE shall be protected from theft, destruction, loss, or
compromise.
APPLICABILITY:
This Order applies to all classified matter which is in the possession of Departmental Elements or
Departmental contractors, but specifically excludes electronic transmissions, which are covered in DOE
5300.1, TELECOMMUNICATIONS. In addition, requirements for control of classified information
contained in DOE 5635.1A, CONTROL OF CLASSIFIED DOCUMENTS AND INFORMATION, and
DOE 5637. 1, CLASSIFIED COMPUTER SECURITY PROGRAM, also apply. NATO classified
documents and information shall also be protected under the basic requirements prescribed to in this
Order and in accordance with the United States Security Authority Instruction (USSAN 1-69), United
States Implementation of NATO Security Procedures. (USSAN 1-69 is available through the U.S. DOE
NATO Subregistry.)
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
Activities at the ABWR Complex will involve classified matter. Therefore, this Order does contain
requirements pertinent to the ABWR Complex.
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DOE 5632.6
2-9-88

NUMBER: DOE 5632.6
TITLE:

PHYSICAL PROTECTION OF DOE PROPERTY AND UNCLASSIFIED FACILITIES

PURPOSE:
To establish Department of Energy (DOE) policies and procedures for the physical protection of DOE
property and unclassified facilities and to establish baseline physical protection requirements and
standards for those interests.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for

the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
POLICY:
Government property shall be protected against damage or destruction arising from deliberate acts of
arson, civil <." uler, riot, sabotage, terrorism, Vandalism, or theft in a manner consistent with its value
and the impact of its loss.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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DOE 5632.7
2-9-88
NUMBER: DOE 5632.7
TITLE:

PROTECTIVE FORCES

PURPOSE:

To prescribe Department of Energy (DOE) policies and requirements for the management, operation,
training, and equipping of protective forces charged with the protection of security interests at DOE
facilities.

SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work For
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABILITY:

This Order applies to all protective forces at DOE facilities whose members are authorized to bear
. firearms and to make arrests without warrant under the authority of section 161k of the Atomic Energy
Act of 1954 (42 U.S.C. 2201k). Certain portions of this Order also apply to protective forces which have
members who have no authority to bear arms under section 161k of the Atomic Energy Act of 1954,
but who are designated as guards for the protection of classified material and United States property
in the custody of the DOE or a DOE contractor.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The requirements of this Order apply to the ABWR Complex because protective forces will be
specifically assigned to control access. Therefore, this Order does contain requirements pertinent to the
ABWR Complex.
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DOE 5632.8
2-4-88
NUMBER: DOE 5632.8
TITLE:

PROTECTION PROGRAM OPERATIONS: SYSTEM PERFORMANCE TESTS

PURPOSE:

To establish the Department of Energy (DOE) requirements for the evaluation of protection system
capabilities through system performance tests.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
POLICY:
The effectiveness of protective systems shall be verified through system performance tests.
APPLICABILITY TO ABWR COMPLEX: YES
JUSTIFICATION:

Applicable to all DOE facilities utilizing Safeguards and Security physical protection systems. Therefore,
this Order does contain requirements pertinent to the ABWR Complex.
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DOE 5632.9A
09-23-92
NUMBER: DOE 5632.9A
TITLE:

ISSUANCE, CONTROL, AND USE OF BADGES, PASSES, AND CREDENTIALS

PURPOSE:
To establish and prescribe Department of Energy (DOE) policies and procedures for the issuance,
control, and use of badges, passes, and credentials.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
POLICY:
a. A security badge and/or pass system shall be implemented to ensure that only authorized personnel
enter, occupy, or leave a security area and to indicate limitations placed on access to special nuclear
material (SNM) and classified matter.
(1) A badge or pass system shall be used to control access to security areas in which 30 or more
persons are employed.
(2) Personal recognition may be used in lieu of a badge or pass system to control access to security
areas in which fewer than 30 persons are employed.
(3) Badges shall be worn conspicuously on the upper portion of the body while in designated areas
unless prohibited by health or safety considerations.
b. Credentials, which confer various legal authorities to the bearer, will be issued only to DOE security
employees and contractors for v/hom such issuance is deemed essential in the performance of official
duties.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The program outlined in this Order will need to be implemented at the ABWR Complex. Therefore,
this Order does contain requirements pertinent to the Facility.
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DOE 5632.10
1-12-90
NUMBER: DOE 5632.10
TITLE:

SAFEGUARDS AND SECURITY (S&S) EQUIPMENT STANDARDIZATION

PURPOSE:
To provide policies and procedures for the development of performance standards for selected S&S
equipment and to ensure the most efficient and economic methods of procurement.
SCOPE:
The provisions of this Order apply to all Departmental safeguards and security elements and contractors
performing work at facilities owned by DOE or under exclusive control of DOE.
POLICY AND OBJECTIVES:
a. The objective of the safeguards and security equipment standardization program is to achieve cost
savings and other efficiencies through equipment standardization and/or common procurement, where
appropriate
b. It is Departmental policy to develop and implement standards for items of S&S equipment for
which it can be demonstrated that a proper combination of the following will apply:
(1) There is an overall cost benefit involved.
(2) Reduction in training costs or equipment maintenance.
(3) Increase in worker safety.
(4) Enhanced mission capability.
(5) Future demand (lifetime requirement) for item is likely and significant.
c. The Operations Office and DOE operating contractors have been determined to be the best
resources in developing standards for S&S equipment. Lead Offices assigned to specific equipment
categories will make recommendations relative to standardization and procurement actions on these
items.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
The ABWR Complex will utilize commercially available components in the Safeguards and Security
systems. DOE standards will be implemented, but not developed. Therefore, this Order does not
contain requirements pertinent to the ABWR Complex.
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DOE 5633.2
1-29-88
NUMBER: DOE 56332
TITLE:

CONTROL AND ACCOUNTABILITY OF NUCLEAR MATERIALS: RESPONSIBILITIES
AND AUTHORITIES

PURPOSE:
To prescribe the Department of Energy (DOE) policies, responsibilities, and authorities for control and
accountability of nuclear materials.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABILITY:
This Order applies to DOE-owncd nuclear materials at licensed and license-exempt facilities when these
materials are not covered by Nuclear Regulatory Commission (NRC) license, with exceptions as
specifically stated.
POLICY:
The nuclear materials subject to this Order shall be controlled and accounted for in a graded manner
consistent with the generic threat and with their strategic and monetary importance. Where applicable,
the site-specific Master Safeguards and Security Agreement (MSSA) will contain the generic threat
requirements which may reflect some modifications to meet site-specific needs. Material Control and
Accountability (MC&A) systems will provide accurate nuclear materials inventory information; control
nuclear materials in order to deter and prevent loss; provide timely and localized detection of
unauthorized removals of nuclear materials within specified limits; provide assurance that all nuclear
materials are accounted for and that theft/diversion has not occurred and assist in the prevention of
dispersal of nuclear materials. In addition, DOE will:
a. Assure that material control and material accountability measures are designed to facilitate, to the
extent practical cost effective integration of the operational mission of the program with environmental,
health and safety, and physical protection considerations.
b. Provide accountability and control data on a timely and uniform basis for nuclear material safeguards
and nuclear materials management.
c. Assure that nuclear materials or equipment supplied to nations or persons abroad are subject to
measures designed to assure that they are used for official purposes only pursuant to an agreement for
cooperation or other understanding with the United States.
d. Facilitate the development of foreign country and International Atomic Energy Agency (IAEA)
safeguards systems.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
Nuclear materials will be handled at the ABWR Complex. Therefore, this Order does contain
requirements pertinent to the Facility.
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DOE 56333
2-3-88
CHG 1 6-29-90
NUMBER: DOE 56333
TITLE:

CONTROL AND ACCOUNTABILITY OF NUCLEAR MATERIALS

PURPOSE:
To prescribe the Department of Energy (DOE) minimum requirements and procedures for control and
accountability of nuclear materials.
**
SCOPE:
The provisions of this Order apply to all Departmental Elements and license-exempt contractors which
possess, use, or ship nuclear materials, and perform work for the Department as provided by law and/or
contract and as implemented by the appropriate contracting officer.
APPLICABILITY:

Specifically, the Order applies to DOE-owned nuclear materials at licensed and licensed-exempt facilities
when these materials are not covered by Nuclear Regulatory Commission (NRC) license, with exceptions
as specifically stated.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
Nuclear materials will be handled at the ABWR Complex. Therefore, this Order does contain
requirements pertinent to the Facility.
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DOE 5633.4
2-9-88

NUMBER: DOE 5633.4
TITLE:

NUCLEAR MATERIALS TRANSACTIONS: DOCUMENTATION AND REPORTING

PURPOSE:
To establish policies and define procedures for the documentation of nuclear materials transactions,
preparation of periodic summaries and reports concerning material balances of nuclear materials,
reporting the status of nuclear materials held in inventory, and reporting nuclear materials transactions,
material balances, and inventory data to the Nuclear Materials Management and Safeguards System.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABILITY:
This Order applies to DOE-owned nuclear materials at licensed and license-exempt facilities when these
materials are not covered by Nuclear Regulatory Commission (NRC) license, with exceptions as
specifically stated.
POLICY AND OBJECTIVES:
a. All Departmental Elements shall document all nuclear materials transactions, material balances, and
inventories in accordance with the guidance provided in DOE 5633.5, NUCLEAR MATERIALS
REPORTING AND DATA SUBMISSION PROCEDURES, and shall transmit this information to the
Nuclear Materials Management and Safeguards System
b. The Nuclear Materials Management and Safeguards System shall be used to accumulate and
distribute information concerning nuclear materials transactions and inventories. The objective of the
system is to achieve reporting of accurate and complete data as soon as possible after the events

described by the data occur.
c. The Nuclear Materials Management and Safeguards System shall provide nuclear materials
information relating to safeguards, materials manageMent and production, inventory valuation, and other
programs as requested or required b.y DOE or NRC.
d. In addition, the Nuclear Materials Management and Safeguards System shall serve as the centralized
reporting facility to provide the information required under the provisions of the U.S./IAEA Agreement.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
Nuclear materials will be recieved and shipped from the ABWR Complex. Therefore, this Order does
contain requirements pertinent to the Facility.
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DOE 56333
5-22-87

NUMBER: DOE 56333
TITLE:

NUCLEAR MATERIALS REPORTING AND DATA SUBMISSION PROCEDURES

PURPOSE:

To define procedures for reporting of nuclear materials transactions, inventories, and material balances,
and to define procedures for submission of nuclear materials transaction, inventory, and material balance
data to the nuclear materials management and safeguards system (NMMSS).
SCOPE:

The provisions of this Order apply to all Departmental Elements coBtractors performing work for the
Department including those Nuclear Regulatory Commission (NRC) and "Agreement State" licensees
that are Department of Energy (DOE) contractors, as provided by law and/or contract and as
implemented by the appropriate contracting officer.

BACKGROUND:
This Order replaces Atomic Energy Commission (AEC) Appendix 7401-C, Part n, Documentation of
Transactions, Part III, Material Status - Report, the inventory reporting provisions contained in AEC
Manual 7401 and all previous AEC, Energy Research and Development Administration (ERDA), and
DOE issuances (i.e., AEC Immediate Action Directives and AEC, ERDA, and DOE memorandums
of instructions) pertaining to reporting of nuclear materials data or to submission of nuclear materials
data to the nuclear materials management and safeguards system.
OBJECTIVE:

To assure that data concerning nuclear materials transactions, inventories, and material balances are
. properly reported and submitted to the nuclear materials management and safeguards system, by
providing clear, concise instructions for the proper use of all DOE nuclear materials reporting and data
processing forms.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
Nuclear materials are received, retained, and shipped at the ABWR Complex. Therefore, this Order
does contain requirements pertinent to the complex.
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DOE 5634.1A
2-3-88

NUMBER: DOE 5634.1A
TITLE:

FACILITY APPROVALS, SECURITY SURVEYS, AND NUCLEAR MATERIALS SURVEYS

PURPOSE:
To establish the Department of Energy (DOE) requirements for granting facility approvals prior to
permitting safeguards and security interests on die premises and the conduct of on-site security and/or
nuclear material surveys of facilities with safeguards and security interests.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and implemented by the appropriate contracting
officer.
BACKGROUND:
DOE shall assure that all facilities eligible to receive, process, reproduce, store, transmit, or handle
classified matter or ^ jcial nuclear material (SNM) have been granted facility appro ?J prior to
permitting access to such matter or material.
POLICY:
DOE special nuclear materials (SNM) and classified interests shall not be permitted on premises
occupied by the DOE and/or its contractors, subcontractors, consultants, or other organizations
performing work for the DOE until facility approval is granted. Activities involving the possession, use,
and production of nuclear materials and classified matter shall be afforded appropriate levels of
protection to prevent unacceptable adverse impact to national security or the health and safety of the
public.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The ABWR Complex will receive, process, ship and handle classified material and SNM. Therefore,
this Order does contain requirements pertinent to the ABWR Complex.
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DOE 5635.1A
2-12-88

NUMBER: DOE5635.1A
TITLE:

CONTROL OF CLASSIFIED DOCUMENTS AND INFORMATION

PURPOSE:
To provide uniform standards and operating procedures for safeguarding and controlling classified
documents and information, to ensure that classified documents are furnished only to authorized
personnel on a "need-to-know" basis, and to prevent loss or compromise of classified information.
SCOPE:
The provisions of this Order apply to all Departmental Elements contractors performing work for the
Department, as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABILITY:
This Order applies to military personnel, employees of other Government agencies assigned or detailed
to the Department, and other persons performing classified work for the Department.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The ABWR Complex will receive, process, ship and handle classified material and SNM. Therefore,
this Order does contain requirements pertinent to the ABWR Complex.
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DOE 5635.2B
4-19-89

NUMBER: DOE5635.2B
TITLE:

PROTECTION OF CLASSIFIED NATIONAL SECURITY COUNCIL INFORMATION

PURPOSE:
To establish procedures to protect classified National Security Council (NSC) information.
POLICY:
It is DOE policy to protect all classified information, including Classified National Security Council
information, from unauthorized disclosures and dissemination.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
It is not anticipated thatNSC information will be handled or utilized by the ABWR Complex. Therefore,
this Order does not contain requirements pertinent to the complex.
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DOE 56353
1-29-88
NUMBER: DOE 56353
TITLE:

HAND-CARRYING CLASSIFIED MATTER ON AIR CARRIERS

PURPOSE:
To provide guidance and procedures for hand-carrying classified matter on air carriers.
SCOPE:
The provisions of this Order apply to all Departmental Elements and to contractors, subcontractors, and
access permittees who are authorized to hand-carry classified information for the Department of Energy
(DOE) as provided by law and/or contract and as implemented by the appropriate contracting officer.
POLICY:
a. It is Departmental policy to transmit Secret and Confidential matter within the United States by
authorized courier, U.S. Postal Service, approved express service organizations (in emergency situations),
or by hand-carrying on other than air carrier transportation (see DOE 5635.1A, pages IV-I and IV-2
paragraphs _ _id 3). Such information shall not be hand-carried aboard an air carrier unless neither
the time nor the means are available or unless approved by Heads of Departmental Elements or DP-34.
b. Secret and Confidential matter may be transmitted to U.S. Government organizations, U.S.
Government contractor employees, or members of the U.S. armed forces in a foreign country by use
of Department of State diplomatic pouch. This method of transmission shall be used only if approval
has been obtained from DP-34.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
There will be classified information used or transmitted in the ABWR Complex operations. Therefore,
this Order does contain requirements pertinent to the facility operation.
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DOE 5635.4
2-3-88
NUMBER: DOE 5635.4
TITLE:

PROTECTION OF UNCLASSIFIED CONTROLLED NUCLEAR INFORMATION

PURPOSE:
To establish Department of Energy (DOE policy and procedures for the protection of Unclassified
Controlled Nuclear Information (UCNI).
SCOPE:
The provisions of this Order apply to all Departmental Elements contractors performing work for the
Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
POLICY:
Government information shall be made publicly available to the fullest extent possible. This Order shall
be interpreted and implemented so as to apply the minimum restrictions needed to protect the health
and safety of the puuuc and the common defense and security of the Nation, consistent with the
requirements in 42 U.S.C. 2168 and 10 CFR, 1017, to prohibit the unauthorized dissemination of UCNI.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
It is anticipated that some of the data related to the operation of the ABWR Complex will be UCNI.
The program outlined in this Order will need to be implemented at the complex. Therefore, this Order
does contain requirements pertinent to the Facility.
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DOE 5636.1A
06-12-92
NUMBER: DOE5636.1A
TITLE:

PROHIBITIONS ON ILLICIT WIRETAPPING AND EAVESDROPPING

PURPOSE:
This Order specifies the Department of Energy (DOE) policy of prohibiting the procurement of devices
designed specifically for wiretapping or eavesdropping and the installation or use of such equipment.
SCOPE:
This Order is applicable to all Department of Energy organizatioxts and all contractor or subcontractors
performing work for DOE at any building, installation or real property owned or leased by the U.S.
Government for the use of DOE.
POLICY:
Devices designed specifically for wiretapping or eavesdropping shall not be procured with DOE funds
or installed or used in any building, installation, or real property owned or leased by the U.S.
Government for other use of the U.S. Department of Energy.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The program outlined in this Order will need to be implemented at the ABWR Complex. Therefore,
this Order does contain requirements pertinent to the Facility.

DOE 5637.1
1-29-88
NUMBER: DOE 5637.1
TITLE:

CLASSIFIED COMPUTER SECURITY PROGRAM

PURPOSE:
To establish uniform requirements, policies, responsibilities, and procedures for the development and
implementation of a Department of Energy (DOE) Classified Computer Security Program to ensure
the security of classified information in Automated Data Processing (ADP) systems.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors who process, store,
transfer, or provide access to classified information on an ADP system, as provided by law and/or
contract and as implemented by the appropriate contracting officer.
POLICY:
a. It is the policy of DOE that classified information and classified ADP systems shall be protected
from unauthorized access (including the enforcement of need-to-now protection), alteration, disclosure,
destruction, penetration, denial of service, subversion of security measures, or improper use as a result
of espionage, criminal, fraudulent, negligent, abusive, or other improper actions. The DOE shall use
all reasonable measures to protect ADP systems that process, store, transfer, or provide access to
classified information or PARD (Protect As Restricted Data) to include but not limited to the following:
physical security, personnel security, telecommunications security, administrative security, and hardware
and software security measures. This Order establishes this policy and defines responsibilities for the
development, implementation, and periodic evaluation of the DOE Classified Computer Security
Program.
b. The DOE Classified Computer Security Program shall be consistent with Federal policies,
procedures, and standards and shall progress toward parity with the criteria for protection of ADP
systems as specified in DOD 5900.28-STD, "Department of Defense Trusted Computer System
Evaluation Criteria."
APPLICABILITY:
This Order is applicable to all ADP systems, including word processors, microprocessors, personal
computers, controllers, Automated Office Support Systems (AOSS) memory typewriters, and other
stand-alone or special systems that process, store, transfer, or provide access to classified information.
This order also applies to sensitive, mission essential, and other unclassified information processed on
classified ADP systems.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
It is anticipated that there will be classified computer systems at the ABWR Complex. Therefore, this

Order does contain requirements pertinent to the Facility.
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12-31-91
NUMBER: DOE 5650.2B
TITLE:

IDENTIFICATION OF CLASSIFIED INFORMATION

PURPOSE:
To specify responsibilities, authorities, policy, and procedures for the management of the Department
of Energy (DOE) classification system.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors and subcontractors
performing work for the Department as provided by law and/or contract and as implemented by the
appropriate contracting officer.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order
usias general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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DOE 56503A
06-08-92
NUMBER: DOE56503A
TITLE:

roENTIFICATION

OF UNCLASSIFIED CONTROLLED NUCLEAR INFORMATION

PURPOSE:

To establish policy and procedures for identifying Unclassified Controlled Nuclear Information (UCNI)
and for reviewing and marking documents and material containing UCNI.
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
POLICY:
a. Government information shall be made publicly available to the fullest extent possible. This Order
shall be interpreted and implemented so as to apply the minimum restrictions needed to protect the
health and safety of tt public and the common defense and security of the Nation consistent with the
requirement of section 148 of the Atomic Energy Act (42 U.S.C.) 216A) and its implementing
regulations (10 CFR Part 1017) to prohibit the unauthorized dissemination of UCNI.
b. UCNI is not subject to disclosure under the FOIA. However, a document or material requested
under the FOIA containing both UCNI and other information shall have all reasonably segregable
portions of the document or material not containing UCNI released, to the maximum possible extent,
to the FOIA requester, subject to the other exemptions of the FOIA (e.g., classified information and
Official Use Only information).
c. The fundamental DOE policy of full disclosure of documents prepared under the National
Environmental Policy Act and its implementing regulations shall be followed to the fullest extent
possible. In some cases, this means that UCNI may be excised from a document to be made publicly
available and the UCNI prepared as an appendix, or otherwise segregated, so as to allow the release
of as much of the document as possible.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:

This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented through site-wide programs and/or documents.
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DOE 5660.1
11-30-88
NUMBER: DOE 5660.1
TITLE:

MANAGEMENT OF NUCLEAR MATERIALS

PURPOSE:
To establish policy, objectives and procedures for the management of nuclear materials within the
Department of Energy (DOE).
SCOPE:
The provisions of this Order apply to all Departmental Elements and contractors performing work for
DOE, as provided by law and/or contract and as implemented by the appropriate contracting officers.
POLICY AND OBJECTIVES:
DOE provides nuclear materials to its programs and other Government agencies, as required, at the
lowest cost to the Government, insofar as practicable, supplying those needs from existing inventories,
procurement, or new production. The objectives of the nuclear materials management program are to:
a. Optimize nuclear material inventories consistent with program requirements and economic inventory
levels;
b. Consider cost-benefits of nuclear materials before initiating new programs or continuing existing
programs;
c. Develop the annual DOE-wide materials management plan for near-term and long-term production
and use of nuclear materials;
d. Ensure that DOE scrap and irradiated nuclear materials are identified properly and processed
promptly for reuse, as appropriate; and
e. Ensure that decisions concerning production operations include not only programmatic considerations
but also the minimi/ing of environment, safety, and health impacts.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
The ABWR Complex will contain nuclear materials. Therefore, this Order does contain requirements
pertinent to the ABWR Complex.
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DOE 5670.1A
01-15-92
NUMBER: DOE5670.1A

TITLE:

MANAGEMENT AND CONTROL OF FOREIGN INTELLIGENCE

PURPOSE:
To provide for the management of, and assign responsibilities for, the foreign intelligence activities of
the Department of Energy (DOE).
SCOPE:
The provisions of this Order apply to all Departmental elements and contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
POLICY:
It is Departmental policy that all DOE foreign intelligence activities shall conform to the applicable
provisions contained in Executive Order 12333, "United States Intelligence Activities," of 12-4-81; such
Executive Orders as may supersede it; the National Security Act of 1947, as amended; and all other
applicable laws.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
This Order contains only policy statements and responsibilities of the DOE, not specific contractor
requirements.
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DOE 5670.2
10-28-88
NUMBER: DOE 5670.2
TITLE:

SECURITY OF FOREIGN INTELLIGENCE INFORMATION
COMPARTMENTED INFORMATION FACILITIES

AND

SENSITIVE

PURPOSE:
To establish responsibilities and authorities for the protection of Foreign Intelligence Information (FH)
and Sensitive Compartmented Information Facilities (SCEFs) within the Department of Energy.
SCOPE:

The provisions of this Order apply to all Departmental Elements and.contractors performing work for
the Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
APPLICABILITY:
This Order «oolies to all Department of Energy (DOE) Elements, including DOE-owned,
contractor-operated and/or subcontractor-operated activities performing work for the Department which
require access, receipt, storage, processing and/or handling of Foreign Intelligence Information. DOE
Elements shall follow the provisions, policies, procedures, responsibilities and authorities detailed in this
Order, which are applicable to properly establish, manage, and operate facilities which receive, store,
process, and disseminate HI, including Sensitive Compartmented Information (SCI).
POLICY:
The security afforded DOE foreign intelligence information and activities shall not pose an unacceptable
risk to the national security act and security shall conform to the applicable provisions of Executive
Order 12333, "United States Intelligence Activities," of 12-4-81; Executive orders as may supersede it;
and to applicable Director of Central Intelligence Directives.
APPLICABLE TO ABWR COMPLEX: NO
JUSTIFICATION:
This Order is applicable only if Foreign Intelligence Information is requested or retained by ABWR
Complex personnel. Such information is not expected to be requested or retained as a part of the
ABWR Complex level of activities.
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DOE 5700.6C
8-21-91

NUMBER: DOE5700.6C
TITLE:

QUALITY ASSURANCE

PURPOSE:
To establish quality assurance requirements for the Department of Energy (DOE).
SCOPE:
The provisions of this Order apply to the work performed by all Departmental Elements and
management and operating (M&O) contractors as provided by law and/or contract and as implemented
by the Department's Contracting Officer. If conflicts between this and other Departmental Orders exist,
the quality assurance requirements of DOE 5700.6C take precedent.
EXEMPTIONS:
a. Work associated with nuclear weapons administered by the Assistant Secretary for Defense
Programs.
b.

Work administered by the Energy Information Administration.

c.

Work conducted under the Naval Nuclear Propulsion Program (subparagraph lOg).

d. Work licensed by the U.S. Nuclear Regulatory Commission (NRC) or an NRC Agreement State
and subject to the quality assurance requirements of that agency.
e.

Research and development work results which undergo peer review for publication.

POLICY:
It is DOE policy to establish quality assurance requirements to ensure that risks and environmental
impacts are minimized and that safety, reliability, and performance are maximized through the
application of effective management systems commensurate with the risks posed by the facih'ty and its
work. This Order implements the policy of the Department to ensure that quality assurance
requirements are clearly specified for the broad spectrum of work performed by DOE and its
contractors, including safeguards and security.
OBJECTIVES:
DOE's objectives are to ensure the following:
a. That senior management provides planning, organization, direction, control, and support to achieve
the organization's objectives;
b.

That the line organization achieves quality, and

c.

That overall performance is reviewed and evaluated using a rigorous assessment process.

APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented at the ABWR Complex.
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DOE 5820.2A
9-26-88
NUMBER: DOE5820.2A
TITLE:

RADIOACTIVE WASTE MANAGEMENT

PURPOSE:
To establish policies, guidelines, and minimum requirements by which the Department of Energy (DOE)
manages its radioactive and mixed waste and contaminated facilities.
SCOPE:
The provisions of this Order apply to all DOE elements and, as required by law and/or contract and
as implemented by the appropriate contracting officer, all DOE contractors and subcontractors
performing work that involves management of waste containing radioactivity and/or radioactively
contaminated facilities for DOE under the Atomic Energy Act of 1954, as amended (Public Law 83-703).
EXCLUSION:
This Order does not apply to the management by the Department of commercially generated spent
nuclear fuel or high-level radioactive waste, nor to the geologic disposal of high-level waste produced
by the Departments activities and operations. Such materials are managed by the Office of Civilian
Radioactive Waste Management under the requirements of the Nuclear Waste Policy Act of 1982, as
amended (Public Law 97-425).
POLICY:
Radioactive and mixed wastes shall be managed in a manner that assures protection of the health and
safety of the public, DOE, and contractor employees, and the environment. The generation, treatment,
storage, transportation, and/or disposal of radioactive wastes, and the other pollutants or hazardous
substances they contain, shall be accomplished in a manner that minimizes the generation of such wastes
across program office functions and complies with all applicable Federal, State, and local environmental,
safety, and health laws and regulations and DOE requirements.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The ABWR Complex will
contain radioactive wastes and therefore the requirements of this Order will be implemented at the
Facility.

121

DOE 6430.1A
4-6-89

NUMBER: DOE 6430.1A
TITLE:

GENERAL DESIGN CRITERIA

PURPOSE:
To provide general design criteria (GDC) for use in the acquisition of the Department's facilities and
to establish responsibilities and authorities for the development and maintenance of these criteria.
CANCELLATION:
DOE 6430.1, GENERAL DESIGN CRITERIA, of 12-12-83.
SCOPE:
The provisions of this Order apply to all Departmental Elements except as otherwise provided by statute
or by specific delegation of authority from the Secretary of Energy, and all contractors and
subcontractors performing work for the Department whose contract may involve planning, design, or
facility acquisitions. This includes DOE-owned, -leased, or -controlled sites where Federal funds are
used totally or in part, except where otherwise authorized by separate statute or where specific
exemptions are granted by the Secretary or his designee.
APPLICABILITY:
a. The GDC provided by this Order shall be applied to all facilities which shall be reported on in the
Department's Real Property Inventory System (RPIS), or which shall be reported on in the General
Services Administration's annual "Summary Report of Real Property Owned by the United States
Throughout the World."
b. The GDC provided by this Order are not intended to provide complete coverage for the diverse
faculties by type and complexity that are needed to support the varied Departmental program-mission
requirements. Specific project criteria and/or specifications need to be developed to satisfy the needs
for a particular facility, incorporating applicable requirements of these general design criteria and
supplemented with required criteria from applicable codes and standards.
c. It is recognized that many of the Departmental organizations having responsibilities for facility
planning, design, and construction may establish and apply more comprehensive criteria to satisfy the
particular program mission or operating requirements. There is no intent that the GDC take
precedence over such other criteria, where those criteria meet or exceed the GDC requirements. Where
there exists a conflict between those criteria and the GDC provided by this Order, however, the GDC
governs.
POLICY AND OBJECTIVES:
a. It is DOE policy that:
(1) Professional architectural and engineering principles and practices be applied to the planning,
design, construction, alterations, and/or acquisition of the Department's facilities.
(2) All Departmental facilities will comply with the Federal and Departmental regulations for energy
conservation and use of renewable energy.
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DOE 6430.1A
4-6-89
(3) The planning, design and construction of the Department's facilities will be performed in a manner
that will satisfy all applicable Executive Orders, Federal laws and regulations. While the Department
is not required to comply with state and local building codes, laws, and ordinance, the planning, design,
and construction processes should accommodate them to the extent consistent with the accomplishment
of the Department's mission.
(4) All Department facilities are to be designed and constructed to be reasonable and adequate for their
intended purpose and consistent with health, safety, security, and environmental protection requirements.
b. Objectives.
(1) To provide GDC that ensures implementation of the Department's policy covering:
(a) The basic architectural and engineering disciplines.
(b) Certain types of the Department's known facility requirements.
(c) Specialized requirements based on programmatic and operating experience.
(2) To establish authorities, responsibilities, and procedures that ensure timely development and
maintenance of the GDC.

BACKGROUND:
a. The organization of this Order is adapted from tfc^ MASTERFORMAT system developed by the
Construction Specifications Institute. The 16 divisions are devoted to major building systems or design
specialties. Additional information concerning the organizations of the GDC is contained on page 1-3,
Section 0101-3, Organization and Use of These Criteria. Note that the first two numbers of the section
referred to, relate directly to the pertinent division. For example, the section in the preceding statement
is located in Division 1.
b. It is recognized that there will arise valid reasons for deviating from the GDC. Allowable deviations
and deviations requiring prior Headquarters review or approval, and procedures to be followed, are
described on page 1-2, Section 0101-2, Criteria Deviations.
c. Assistance and support from Departmental organizations having responsibilities assigned in
paragraph 8 and operating contractors will be required on a continuous basis for the effective
development and maintenance of these GDC. The development of new criteria, where required, and
the maintenance of these GDC will be supported by the GDC Planning Board.
d. Past experiences (lessons learned) can be of significant benefit in the planning and performance of
construction projects. Incorporation of design-related lessons learned into the GDC will maximize the
Department's benefits. Field organizations are encouraged to submit design-related lessons learned to
the Director of Project and Facilities Management using the "GDC Improvement Proposal" form, a
sample of which is provided on page 17-45. Proposed changes to the GDC will be evaluated by the
GDC Planning Board with recommendations made to the Director of Project and Facilities
Management. Copies of this form are available upon request to the Chairman, GDC Planning.
APPLICABLE TO ABWR COMPLEX: YES
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JUSTIFICATION:

This Order contains general requirements applicable to all non-reactor nuclear facilities. The
requirements of this Order will be implemented through programs and/or documents for the fuel
fabricaton facility.

124

ATTACHMENT 4.2-II
ABWR COMPLEX
DIRECTIVES CHECKLIST OF DOE ORDERS

U.S. DEPARTMENT OF ENERGY

NOTICE

RICHLAND FIELD OFFICE
RL N 0000.IS

Issued: 10-14-92
Expires: 01-14-93
SUBJECT:
1.

DIRECTIVES CHECKLIST AS OF OCTOBER 1, 1992

PURPOSE. This Notice transmits a listing of current U.S. Department of
Energy (DOE) and DOE, Richland Field Office (RL) directives received and
distributed to RL on or before October 1, 1992 (see Attachment 1). The
checklist identifies DOE Orders, Notices, Secretary of Energy Notices
(SEN), and Page Changes; as well as RL Orders, Implementing Procedures
(RLIP), Notices, RL Manager Notices, and Pages Changes.

2. • CANCELLATION. RL N 0000.1R, DIRECTIVES CHECKLIST AS OF JULY 1, 1992.
3.

EFFECTitc DATE. The information in this Notice is effective as of
October 1, 1992.

4.

REFERENCE.
a. DOE 1321.IB, DEPARTMENTAL DIRECTIVES SYSTEM, of April 7, 1983, which
provides direction on the distribution and maintenance of directives
by user organizations; and
b. RL 1321.'lB, RICHLAND OPERATIONS OFFICE DIRECTIVES SYSTEM, of
May 8, 1986, which cites specific responsibilities for both RL and
contractor organizations regarding distribution and maintenance of
directives.

5.

ACTION.
a. RL Office/Division Directors shall:
(1) Maintain hard copies of directives used in daily conduct of
work. The requirement in DOE 1321.IB, to maintain a complete
set of directives for every ten employees, is satisfied by
providing employees access to Hanford Information (HI) on the
Hanford Local Area Network (HLAN). See 6.a.
(2) Use the attached listing, which will be issued quarterly, as a
checklist to maintain office copies on a current basis.
(3) Review this listing to assure that directives within their

area of functional responsibility are properly reflected.

The RL Directives Control Point (RL-DCP) should be notified
of any required changes. Notifications can Abe sent to a) DOE
Directives, Mailstop A4-19, b) cc:Mailed to DOE Directives, or
c) called in on 376-7498.
DISTRIBUTION:
RL. Office/Division Directors
and Branch Chiefs
RL Contractors

INITIATED BY:
Office of Planning and
Integration

RL N 0000.IS
10-14-92
b.

RL Contractors shall:
(1) Use the attached listing to review and update their reference
set of directives; and
(2) Review their responsibilities and provide current information
to the individual within their organization who is designated
as the Directives Point of Contact (DPOC) (see DOE 1321.IB and
RL 1321.IB).

6.

REQUESTS FOR COPIES OF DIRECTIVES.
a. Automated Viewing and Retrieval
The DOE and RL directives are on HI of the HLAN system. Anyone with

access to HLAN on a PC, has the capability to view and retrieve

directives on the attached listing. Information for assistance in
viewing anu printing directives is also available on HI.
b.

Hard Copy Distribution
The Central Mailroom makes the initial distribution according to
established requirements.
Copies of directives can be accessed through the Automated Viewing
and Retrieval process; or directives
with a high volume of pages may
be requested through cc:Mail from A DOE Directives.

John D. Wagoner
Manager
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RECORDKEEPING

03/26/92

DEPARTMENTAL HISTORY PROGRAM
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DEPARTMENT OF ENERGY
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2, 01/23/84
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4, 04/25/85
5, 09/16/86
6, 06/09/89
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RICHLAND OPERATIONS OFFICE
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CORRESPONDENCE MANUAL

DOE 1325.2

05/23/83

STATIONERY

AHA

DOE N 1325.23

04/07/92

SUHMARY MEMORANDUM FOR ACTION
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08/13/93

/

/

ITEMS TO THE OFFICE OF THE
SECRETARY

DOE N 1325.24
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DISTRIBUTION OF CORRESPONDENCE
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SYSTEMS AT RICHLAND
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COMPUTER SOFTWARE MANAGEMENT
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09/18/89

DATA .ADMINISTRATION AT RICHLAND
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DOE 1331. ID

05/18/92

PROCUREMENT AND ASSISTANCE DATA

PRO

SYSTEM

DOE 1331.28

05/18/92

PRO

DEPARTMENTAL BUSINESS INSTRUMENT
NUMBERING SYSTEM
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DOE 1332.1A

10/15/85 •

UNIFORM REPORTING SYSTEM

DOE 1332.2

10/31/83

UNIFORM REPORTING SYSTEM FOR
FEDERAL ASSISTANCE (GRANTS AND
COOPERATIVE AGREEMENTS)
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DOE 1340.1A
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MANAGEMENT OF PUBLIC

1, 04/14/83
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COMMUNICATIONS PUBLICATIONS AND
SCIENTIFIC, TECHNICAL, AND
ENGINEERING PUBLICATIONS
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RLIP 1340.1C

01/13/92

PRINTING, COPYING, AND DUPLICATING
ACTIVITIES AT RL

DOE 1350.1

10/28/81

AUDIOVISUAL AND EXHIBITS
MANAGEMENT

RLIP 1350.1A

05/07/92

AUDIOVISUAL AND EXHIBITS
MANAGEMENT

DOE 1360.1A

05/30/86

ACQUISITION AND MANAGEMENT OF
COMPUTING RESOURCES

RL 1360.IB

09/15/87

ACQUISITION AND MANAGEMENT OF
COMPUTING RESOURCES
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RLIP 1360.2

11/13/91

UNCLASSIFIED COMPUTER SECURITY
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1, t f26/84
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COM
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1, 12/02/86
2, 05/12/87
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PROGRAM
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DOE 1360.2A

05/20/88

UNCLASSIFIED COMPUTER SECURITY
PROGRAM

SID

RLIP 1360.3

04/04/91

POLICY FOR GRANTING ACCESS FOR
NON-HANFORD ENTITIES TO DOE-RL
AUTOMATED INFORMATION RESOURCES

SID

DOE 1360.3B

11/15/90

AUTOMATIC DATA PROCESSING
STANDARDS

SID

DOE 1360.4B

12/31/91

SCIENTIFIC AND TECHNICAL COMPUTER
SOFTWARE
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DOE 1360.6

05/30/86

AUTOMATIC DATA PROCESSING

SMD
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EQUIPMENT/DATA SYSTEMS
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DOE 1360.7A

06/12/92

USE OF TERMINALS AND
MICROCOMPUTERS/WORD PROCESSORS
OFFSITE AS WELL AS PRIVATELY-OWNED
ONES ON- OR OFFSITE
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DOE 1360.8A

05/18/92

ANALYSES OF BENEFITS AND COSTS FOR
INFORMATION TECHNOLOGY RESOURCES
INITIATIVES
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DOE 1370.2A

06/12/92

COMPUTER-AIDED DESIGN,
ENGINEERING, AND MANUFACTURING
RESOURCES

SID

RL 1400.1A

10/20/88

HAHFORO SITE SERVICES
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DOE 1410.IB

05/23/83

ROUTING SYMBOL SYSTEM
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DOE 1410.2

04/29/85

MAIL MANAGEMENT

SID

DOE 1430.1C

02/27/92

MANAGEMENT OF SCIENTIFIC AND
TECHNICAL INFORMATION
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DOE 1430.2A

12/14/87

SCIENTIFIC AND TECHNICAL
INFORMATION PROGRAM

1. 12/28/88

POS

DOE 1430.3A

02/27/92

POLICY FOR THE DISSEMINATION OF
AND ACCESS TO DEPARTMENTAL
UNCLASSIFIED SCIENTIFIC AND
TECHNICAL INFORMATION

1. 05/14/92
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DOE 1430.4A

05/18/92

LIBRARY SERVICES

COM

DOE 1450.1C

09/03/86

ACQUISITION, UTILIZATION, AND
ADMINISTRATION OF TELEPROCESSING
SERVICES

SID

DOE 1450.2C

02/28/92

TELEPROCESSING SERVICES PROGRAM
POINTS OF CONTACT
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DOE 1450.3A

09/12/91

CALL CONTROL/VERIFICATION PROGRAMS

SID

AND AUTHORIZED USE OF GOVERNMENT
TELEPHONE SYSTEMS

RL1P 1500.1A

04/22/92

FOREIGN TRAVEL AUTHORIZATION

DOE 1500.2A

06/07/89

TRAVEL POLICY AND PROCEDURES
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1, 09/27/89

FMD

2, 02/07/90
;., 03/15/90
4. 06/19/90
5, 01/11/91
6, 03/19/91
7. 06/20/91
8, 07/31/91
9, 04/01/92

DOE 1500.3

11/10/86

FOREIGN TRAVEL AUTHORIZATION

1, 02/05/87
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2. 06/17/87
3, 12/22/87
4, 03/30/89
5, 05/18/90
6, 02/28/92

DOE 1500.4A

04/22/91

TRAVEL CHARGE CARD PROGRAM

FMD

DOE N 1500.44

12/19/91

PAYMENT DELINQUENCY AND MISUSE OF

FMD

12/19/92

FHD

06/17/93

GOVERNMENT-ISSUED CHARGE CARDS

DOE N 1500.46

06/17/92

DESIGNATION OF AH ALTERNATE PLACE
AS AN AUTHORIZED POINT OF TRAVEL
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MATERIALS TRANSPORTATION AND
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TRAFFIC MANAGEMENT
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DOE 1540.2

09/30/86

HAZARDOUS MATERIAL PACKAGING FOR
TRANSPORT - ADMINISTRATIVE
PROCEDURES

1, 12/19/88
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DOE 1540.4

BASE TECHNOLOGY FOR RADIOACTIVE
MATERIAL TRANSPORTATION PACKAGING
SYSTEMS
03/08/89

PHYSICAL PROTECTION OF
UNCLASSIFIED IRRADIATED REACTOR
FUEL IN TRANSIT
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RL 1600.1

04/03/85

EQUAL EMPLOYMENT OPPORTUNITY
PROGRAM FOR THE RICHLAND
OPERATIONS OFFICE

HRD

DOE 1600.1A

05/14/92

FEDERAL UOMEN'S PROGRAM

HRD

DOE 1600.2B

06/14/85

SECRETARY'S COMMITMENT TO EOUAL
OPPORTUNITY

HRD

DOE 1600.3

06/15/81

POLICY OH SEXUAL HARASSMENT

HRD

DOE 1600.4

02/02/82

HISPANIC EMPLOYMENT PROGRAM

HRD

DOE 1600.5

05/26/82

SYSTEM FOR PROCESSING COMPLAINTS
OF DISCRIHINATION

HRD

DOE 1600.6A

05/14/92

CIVIL RIGHTS COMPLIANCE IN
FEDERALLY ASSISTED PROGRAMS

HRD

DOE N 1600.29

05/29/92

1992 CALENDAR OF AFFIRMATIVE
EHPLOYHENT CONFERENCES
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DOE 1700.1

11/19/79

FREEDOM OF INFORMATION PROGRAM

1, 10/08/81

12/31/92
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2, 04/05/82
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DOE 1800.1A

DOE 1900.1D

08/31/84

01/31/86

PRIVACY ACT

1, 05/18/92
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FEDERAL REGISTER MANAGEMENT

1. 04/29/86

OCC
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DOE 1900.2C

03/26/92

PROCEDURES FOR PROCESSING FEDERAL
REGISTER DOCUMENTS

DOE 19O0.3A

05/28/86

INDEX TERMS FOR RULES AND
REGULATIONS

OCC

1. 03/26/92

OCC
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DOE 2020.1A

06/12/92

LEGISLATIVE IMPLEMENTATION SYSTEH

DOE 2030.2

04/08/81

DISSEMINATION OF DEPARTMENTAL
REGULATIONS ON ACCEPTANCE OF GIFTS
AND TRAVEL FROM FOREIGN
GOVERNMENTS

1. 0. 18/92

HRD

DOE 2030.3

09/29/89

FEDERALISM GUIDELINES

1. 05/14/92

OCC

DOE 2030.AB

05/18/92

REPORTING FRAUD, WASTE, AND ABUSE
TO THE OFFICE OF INSPECTOR GENERAL

FMD

DOE N 2030.7

08/05/92

REPORTING FRAUD, UASTE, AND ABUSE

FMO

RL 2100.IB

01/23/90

ADMINISTRATIVE CONTROL OF FUNDS

FMD

DOE 2100.3A

06/08/92

TRANSFER OF CONTRACTS E1TWEEN
DEPARTMENTAL ELEMENTS

FMD

DOE 2100.8

03/03/83

COST ACCOUNTING, COST RECOVERY,
AND INTERAGENCY SHARING OF DATA
PROCESSING FACILITIES

DOE 2100.12A

06/09/92

PAYMENTS FOR SPECIAL BURDENS AND
IN LIEU OF TAXES

DOE 2110.1A

07/14/88

PRICING OF DEPARTMENTAL MATERIALS
AND SERVICES

DOE 2200.2B

06/09/92

COLLECTION FROM CURRENT AND FORMER
EMPLOYEES FOR INDEBTEDNESS TO THE
UNITED STATES

OCC

1. 05/18/92

08/05/93

FMD

FMD

1, 10/05/88
2, 05/18/92

FMD

FMD
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DOE 2200.4

03/31/88

ACCOUNTING OVERVIEW

FHD

DOE 2200.5B

06/08/92

FUND ACCOUNTING

FHO
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10/24/88

FINANCIAL ACCOUNTING

FHD
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1, 02/17/89
2, 05/10/90
3, 12/10/90
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4, 10/10/91
DOE 2 2 0 0 . 7

05/02/88

COST ACCOUNTING

DOE 2200.8A

03/30/89

ACCOUNTING SYSTEMS, ORGANIZATIONS,
AND REPORTING

DOE 2200.98

06/08/92

MISCELLANEOUS ACCOUNTING

DOE 2200.10A

08/09/89

ACCOUNTS, CODES, AND ILLUSTRATIVE
ENTRIES

FHD
1 07/24/89
2, 09/24/90

FHO

FHD
1, 02/27/90
2, 10/17/90

FHD

3, 01/15/92
1, 05/03/90

OCC

DOE 2200.11

02/12/88

PROCESSING GARNISHMENT ORDERS FOR
CHILD SUPPORT AND/OR ALIMONY

DOE 2200.12A

05/14/92

FINANCIAL MANAGEMENT SYSTEMS

FHO

DOE 2200.13

09/27/91

OVERSIGHT OF INTEGRATED CONTRACTOR

FMD

FINANCIAL MANAGEMENT
DOE 2250.10

06/12/92

COST AND SCHEDULE CONTROL SYSTEHS

PHD

CRITERIA
RL 2300.18

12/29/87

RL MANAGEMENT FOLLOWUP ON AUDIT
FINDINGS

FMD

DOE 2300.18

06/08/92

AUDIT RESOLUTION AND FOLLOWUP

FMD

DOE 2320.1C

05/18/92

COOPERATION WITH THE OFFICE OF

FMD
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INSPECTOR GENERAL
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DOE 2320.28

DOE 2320.3A

DOE N 2321.1

05/18/92

05/18/92

09/28/92

ESTABLISHMENT OF DEPARTMENTAL
POSITION ON INSPECTOR GENERAL
REPORTS

FHD

OFFICE OF INSPECTOR
GENERAL—RESPONSIBILITIES,
AUTHORITIES, AND RELATIONSHIPS
WITH OTHER DEPARTMENTAL ELEMENTS

FHO

COORDINATING AND SCHEDULING

FHD
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09/28/93

REVIEWS, ASSESSMENTS, AND OTHER
OVERSIGHT ACTIVITIES AT OEPARTMERT
OF ENERGY (DOE) FIELD
OFFICES/ELEHENTS

DOE 2321.IB

05/14/92

AUDITING OF PROGRAMS AND
OPERATIONS

FHO

DOE 2340.1C

06/08/92

COORDINATION OF GENERAL ACCOUNTING
OFFICE ACTIVITIES

FHO

RL 3000.2

01/03/89

DELEGATION OF PERSONNEL
AUTHORITIES

HRD

DOE 3220.1

03/04/81

MANAGEMENT OF CONTRACTOR PERSONNEL
POLICIES AND PROGRAMS

HRD

RL 3220.1A

02/08/88

CONTRACTOR PERSONNEL AND
INDUSTRIAL RELATIONS REPORTS

HRD

DOE 3220.2A

05/14/92

EQUAL OPPORTUNITY IN OPERATING AND
OHSITE SERVICE CONTRACTOR
FACILITIES

HRD

DOE 3220.3A

05/18/92

HUMAN RESOURCE DEVELOPMENT FOR
MANAGEMENT AND OPERATING
CONTRACTORS

HRD
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DOE 3220.4

06/04/85

CONTRACTOR PERSONNEL AND

1, 06/28/90

HRD

INDUSTRIAL RELATIONS REPORTS
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DOE 3220.5A

06/12/92

PAYMENT OF UAGES OR SALARIES TO
COST-TYPE CONTRACTOR EMPLOYEES
WHEN ACCESS AUTHORIZATION IS
SUSPENDED

HRD
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DOE 3220.6A

05/14/92

FEDERAL LABOR STANDARDS

HRD

DOE 3240.1A

05/14/92

MILITARY RESERVISTS AND RETIRED
MILITARY SUBJECT TO RECALL

HRD

DOE 3240.2

10/08/85

UTILIZATION OF MILITARY PERSONNEL

HRD

DOE 3300.IB

06/23/92

ASSIGNMENT OF DEPARTMENTAL
PERSONNEL OUTSIDE THE DEPARTMENT

HRD

DOE 3300.2A

05/18/92

AFFIRMATIVE ACTION PROGRAM FOR
HANDICAPPED PERSONS

HRD

DOE 3304.1

10/17/80

EMPLOYMENT OF EXPERTS AND
CONSULTANTS

DOE 3305.1

07/31/81

0OE 3305.2

08/11/81

1,
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3,
4,

03/27/81
03/29/82
11/01/82
02/01/83

5,
6,
7,
8,

02/07/84
06/29/84
04/04/85
04/01/87

HRD

PRESIDENTIAL, SUPERGRADE, AND
SCHEDULE C POSITIONS
SENIOR EXECUTIVE SERVICE -

HRD

1, 09/23/83

HRD

1, 05/14/92

HRD

EMPLOYMENT
DOE 3308.1

09/17/84

STUDENT VOLUNTEER SERVICE PROGRAM
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006 3309.1

DOE 3309.2

02/06/81

04/09/84

REDUCTION IN EMPLOYMENT OF
OPERATING AND ON-SITE SERVICE
CONTRACTORS

HRD

UTILIZATION OF INDIVIDUAL
CONSULTANTS BY CONTRACTORS

HRD

o1

02/02/89

PROBATIONARY PERIOO FOR MANAGERS
AND SUPERVISORS

HRD

DOE 3315.1A

06/23/92

PROBATIONARY PERIOD FOR MANAGERS
AND SUPERVISORS

HRD

DOE 3330.1A

05/18/92

FEDERAL EQUAL OPPORTUNITY
RECRUITMENT PROGRAM

HRD

DOE 3330.2

10/08/86

PRIORITY PLACEHENT AND
CONSIDERATION

RL 3330.2

07/20/88

PRIORITY PLACEHENT AND
CONSIDERATION

HRD

RL 3335.1A

04/10/90

RICHLAND OPERATIONS OFFILE MERIT
PROMOTION PLAN

HRD

DOE 3335.1C

06/23/92

MERIT PROMOTION

HRD

RL 3340.1

06/03/88

PART-TIME CAREER EMPLOYMENT
PROGRAM

HRD

DOE 3340.1A

05/14/92

PART-TIME CAREER EMPLOYMENT
PROGRAM

HRD

DOE 3350.1

09/13/82

FURLOUGH IN THE SENIOR EXECUTIVE
SERVICE

06/23/92

REDUCTION IN FORCE
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DOE 3351.2

11/27/81

REDUCTION IN FORCE IN THE SENIOR

1, 04/07/82

HRD

EXECUTIVE SERVICE
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DOE 3400.1A

09/19/86

EXECUTIVE DEVELOPMENT

DOE 3410.IB

02/29/88*

TRAINING

HRD
1, 10/18/89

HRD

2, 05/18/92

DOE 3410.2A

04/09/87

UPUARD HO3ILITY PROGRAM

1, 02/09/88
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HRD

2, 10/24/89

HRD

RL 3410.2B

06/10/88

EMPLOYEE DEVELOPMENT PROGRAM

RL 3410.3

07/18/88

NEU EMPLOYEE ORIENTATION PROGRAM

HRD

RL 3410.4

08/29/88

RL UPUARD MOBILITY PROGRAM

HRD

RLIPP 3430.3

11/20/90

RL PERFORMANCE APPRAISAL SYSTEM

HRD

DOE 3430.3A

08/14/86

DEPARTMENTAL PERFORMANCE APPRAISAL

1, 05/14/92

SYSTEM

2. 07/22/92

DOE 3430.4A

08/24/84

1. 14/12/89

HRD

HRD

SENIOR EXECUTIVE SERVICE
PERFORMANCE APPRAISAL SYSTEM

DOE 3450.1A

11/30/89

INCENTIVE AWARDS

HRD

RL 3510.1

10/05/88

POSITION MANAGEMENT

HRO

DOE 3510.1A

06/23/92

POSITION MANAGEMENT

HRD

RL 3511.1

07/15/86

POSITION CLASSIFICATION

HRD

DOE 3511.1A

10/01/84

POSITION CLASSIFICATION

HRD

DOE 3540.1A

08/14/86

PERFORMANCE MANAGEMENT AND

1. .i/16/92

RECOGNITION SYSTEM

2, 05/18/92

HRD
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RL 3540.2

05/25/88

PERFORMANCE HANAGEKENT AND
RECOGNITION SYSTEM

DOE 3550.1A

12/22/87

PAY ADHINISTRATION AND HOURS OF
DUTY

HRD
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RL 3550.1C

10/06/89

RL PAY ADHINISTRATION AND HOURS OF
DUTY

DOE 3600.IB

02/11/91

TIHE AND ATTENDANCE REPORTING

RL 3630.1

06/02/88

RL LEAVE ADHINISTRATION

HRD

DOE 3630.IB

12/31/86

LEAVE ADHINISTRATION

HRD

DOE 3630.2

09/19/89

VOLUNTARY LEAVE TRANSFER PROGRAM

HRD

DOE 3710.1A

09/30/86

LABOR-MANAGEMENT RELATIONS PROGRAM
FOR FEDERAL EMPLOYEES

RL 3730.1

02/15/85

DOE 3731.1

12/19/89

1, 12/09/91
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HRD

FHO

1. 05/18/92

HRD
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RL PERSONNEL SUITABILITY PROGRAH
SUITABILITY, POSITION SENSITIVITY
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HRD

07/16/90

HRD
1. 07/08/92

HRD

DESIGNATIONS, AND RELATED
PERSONNEL HATTERS

DOE 3733.1

07/05/84

EMPLOYEE PARTICIPATION IN
POLITICAL ACTIVITIES

OCC

DOE N 3733.2

04/17/92

EHPLOYEE PARTICIPATION IN
POLITICAL ACTIVITY

OCC

DOE 3735.1

05/01/80

DISSEMINATION OF THE DEPARTMENTAL
CONDUCT OF EMPLOYEES REGULATIONS

HRD

RL 3735.1A

10/22/85

FINANCIAL DISCLOSURE REPORTING
PROCEDURES

1, 01/19/88

04/17/93

HRD
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RLIP 3735.2

02/27/91

PROCUREHENT INTEGRITY
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04/17/92
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HRD
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WORK FORCE DISCIPLINE
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3, 03/21/89
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4, 08/24/90
5. 03/09/92
DOE 3771.1
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GRIEVANCE POLICY AND PROCEDURES

1. 11/29/83

HRD
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2, 08/13/85
DOE 3790.1A

10/22/84=

FEDERAL EMPLOYEE OCCUPATIONAL
SAFETY AND HEALTH PROGRAH

RLIP 3790.1C

10/16/92

OCCUPATIONAL SAFETY AND HEALTH
PROGRAH FOR FEDERAL EHPLOYEES AT
RL

TSD

RLIP 3791.2

08/04/92

FEDERAL EMPLOYEE AND CONTRACTOR
EMPLOYEE GOVERNMENT MOTOR VEHICLE
SAFETY PROGRAH

QSH

DOE 3791.2A

12/24/86

FEDERAL EMPLOYEE MOTOR VEHICLE

QSH

1,
2,
3,
4,

05/16/85
07/01/85
10/31/85
04/04/86

QSH

SAFETY PROGRAH
RL 3792.1

04/25/89

RL EMPLOYEE ASSISTANCE PROGRAH

HRD

DOE 3792.1A

05/14/92

EMPLOYEE ASSISTANCE PROGRAH

HRD

RL 3792.2

07/03/90

RL DRUG FREE WORKPLACE TESTING
PROGRAH

HRD

DOE 3792.2A

05/14/92

SMOKING REGULATIONS

HRD
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DOE 3 7 9 2 . 3

07/29/88

DRUG-FREE FEDERAL WORKPLACE
TESTING IHPLEHEHTATION PROGRAM

HRD

/ /
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01/15/92

FEDERAL EMPLOYEE DRUG-FREE
WORKPLACE REMINDER

HRD

01/15/93
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08/23/82

POLICIES AND PROCEDURES FOR
PENSION PROGRAMS UNDER OPERATING
AND ONSITE SERVICE CONTRACTS

HRD
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DOE 3890.1A

06/12/92

CONTRACTOR INSURANCE AND OTHER
HEALTH BENEFITS PROGRAMS

HRD
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DOE 3900. IB

05/18/92

PARKING
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11/20/90

VALUE ENGINEERING

PKO
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DOE 4010.1A

05/14/92

VALUE ENGINEERING
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DOE 4200.1C

01/09/87

COMPETITION IN CONTRACTING

PRO
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RL 4200.2A

04/02/87

COMPETITION IN CONTRACTING
ACQUISITION PLANNING SYSTEM

PRO

/ /

RL 4200.3A

04/10/90

DELEGATION OF AUTHORITY TO
CONTRACTING OFFICERS, CONTRACTING
OFFICERS REPRESENTATIVES, AND
TECHNICAL MONITORS

PRO

/ /

DOE 4200.3D

08/31/92

MANAGEMENT OF SUPPORT SERVICES
CONTRACT ACTIVITY

PRO

RL 4200.4

06/03/88

REVIEW REQUIREMENTS FOR CONTRACTS,
SUBCONTRACTS, AND FINANCIAL
ASSISTANCE ACTIONS

DOE 4200.4A

08/21/89

SEtECTION, APPOINTMENT, AND
TERMINATION OF APPOINTHEHT OF
CONTRACTING OFFICERS

1, 05/02/89

1, 02/14/92

I
(O

O
O

TJ

>

ro o
o

PRO

PRO

n> (u
o
•-* =r
UD 3
m

DOE 4210.1C

05/18/92

DESIGNATION OF SOURCE SELECTION

PRO

OFFICIALS

o r—
DOE 4210.3C

10/29/87

PRO

PROCUREMENT MANAGEMENT ASSISTANCE
REVIEU PROGRAM

i
t—

2

•£»

I O
IO O
ro

DOE 4210.5A

06/23/92

o
o

PRO

OPERATING AND ONSITE SERVICE
CONTRACT EXTEND OR COMPETE
DECISION

DOE 4210.7B

12/24/91

PRO

INDIRECT COST RATE
RESPONSIBILITIES

DOE 4210.9

09/18/87

SYSTEM FOR PROPOSAL

PRO

INFORMATION

NETWORK

RLP 4210.10

11/19/91

8(A) CONTRACT SUPPORT

RL 4220.IB

01/28/87

RL ADMINISTRATION OF

PRO

1, 03/10/89

SID

GOVERNMENT-OWNED PERSONAL PROPERTY
UNDER OFFSITE CONTRACTS

RL 4220.2

08/05/86

PRO

ORGANIZATIONAL CONFLICT OF
INTEREST PROCESSING PROCEDURES

RLIP 4220.3C

01/21/91

PRO

PRODUCTIVITY IMPROVEMENT AND COST
EFFECTIVENESS (PRICE)

DOE 4220.4

05/19/86

PRO

ORGANIZATIONAL CONFLICT OF
INTEREST PROCESSING PROCEDURES

RL 4220.4A

DOE 4220.5

03/16/89

12/19/91

EVALUATION OF CONTRACTOR

1, 05/10/89

PERFORMANCE

2, 07/24/89

DEPENDENT CARE PROGRAMS FOR THE

PRO

PRO

DEPARTMENT OF ENERGY MANAGEMENT
AND OPERATING CONTRACTORS

O
O3
(D
3

DOE 4240.1K

06/23/92

DESIGNATION OF HAJOR SYSTEM
ACQUISITIONS AND MAJOR PROJECTS

PHO
• TO

DOE 4250.1A

02/27/92

SHALL BUSINESS/LABOR SURPLUS AREA
SET-ASIDE AND 8(a) PROGRAM REVIEU
PROCEDURES

PRO

RL 4300.1A

10/29/87

REAL ESTATE MANAGEMENT

SID

DOE 4300.1C

06/28/92

REAL PROPERTY MANAGEMENT

SID

DOE 4300.2B

07/16/91

NON-DEPARTMENT OF ENERGY FUNDED
WORK (WORK FOR OTHERS)

RLIP 4300.3B

09/21/92

NON-DEPARTMENT OF ENERGY FUNDED
UORK

PRO

RL 4310.1B

11/17/88

POLICY FOR USE OF LAND ON THE
CREST OF RATTLESNAKE MOUNTAIN

SIO

RL 4320.1A

04/08/86

SITE DEVELOPMENT AND FACILITY
UTILIZATION PLANNING

S1O

DOE 4320.1B

01/07/91 •

SITE DEVELOPMENT PLANNING

SID

DOE 4320.2

03/13/92

CAPITAL ASSET MANAGEMENT PROCESS

AMU

RL 4320.2C

03/16/90

SITE SELECTION

SID

RL 4330.1

12/27/82

MAINTENANCE OF PROPERTY

' RL 4330.2

04/26/84

WATER TREATMENT PLANTS AND
DISTRIBUTION SYSTEMS

SID

DOE 4330.2D

05/18/92

IN-HOUSE ENERGY MANAGHENT

SID

DOE 4330.4A

10/17/90

MAINTENANCE MANAGEMENT PROGRAM

1, 07/29/91
2, 02/07/92

1, 01/25/88

NOTE
1, 04/09/91
2, 06/20/91
3, 01/06/92
4, 05/18/92

4
I O
to o
ro o
o

PRO

AMU

AMU

o
3

DOE 4440.1

DOE 4510.18

)(

09/01/78

02/07/92

ACQUISITION OF FUEL-EFFICIENT
PASSENGER AUTOMOBILES BY THE
DEPARTMENT OF ENERGY

SID
»-* TO

o r—

ECONOMIC ASSESSMENT OF COMMERCIAL
ACTIVITIES

FMO

»-• zz.
I
ID

O
O

ro o
o

RL 4540.1A

03/02/88

UTILITY ACQUISITION AND MANAGEMENT

PMD

DOE 4540.IB

10/29/87*

UTILITY ACQUISITION AND MANAGEMENT

PMO

DOE 4600.1A

04/01/87

FINANCIAL ASSISTANCE PROCEDURES
MANUAL

PRO

DOE 4700.1

03/06/87

PROJECT MANAGEMENT SYSTEM

RLIP 4700.1A

10/15/91

PROJECT MANAGEMENT SYSTEM

1, 06/02/92

PMD

1. 03/30/92

PMD

2. 10/02/92

X

DOE 4 7 0 0 . 2

07/07/87

MISSION AREA ASSIGNMENTS

PMO

RL 4 7 0 0 . 2

09/01/88

BUSINESS STRATEGY GROUPS

PHD

DOE 4 7 0 0 . 3

09/16/91

GENERAL PLANT PROJECTS

PMO

• DOE N 4700.5

08/21/92

PROJECT CONTROL SYSTEM GUIDELINES

PMO

DOE 5 0 0 0 . I B

04/09/92

INSTITUTIONAL PLANNING BY
KULTIPROGRAM LABORATORIES

POS

DOE 5000.2B

04/09/92

MULTIPROGRAM LABORATORY APPRAISALS

POS

DOE 5000.3A

05/30/90

OCCURRENCE REPORTING AND
PROCESSING OF OPERATIONS
INFORMATION

RLIP 5000.3A

09/05/90

OCCURRENCE REPORTING AND
PROCESSING OF OPERATIONS
INFORMATION

1. 07/08/91
2, 09/20/91

08/21/93

OTD

OTD

o
ro 3

<D

DOE 5000. A A

04/09/92

LABORATORY DIRECTED RESEARCH AND
DEVELOPMENT

POS

RLIP 5000.5

07/27/92

RICHLAND FIELD OFFICE - SITE
MANAGEMENT SYSTEM

OPI
I
l£>

ro

DOE 5100.3

08/23/84

FIELD BUDGET PROCESS

BUD

DOE N 5100.3

02/24/92

AVAILABILITY OF THE NATIONAL
ENERGY STRATEGY - ONE YEAR LATER

HRD

DOE 5100.4

10/31/84

INTERNAL REVIEW BUDGET PROCESS

BUD

DOE 5100.5

07/21/83

OFFICE OF MANAGEMENT AND BUDGET BUDGET PROCESS

BUD

DOE 5100.6

10/26/83

CONGRESSIONAL BUDGET REVIEW

BUD

DOE 5100.11A

05/18/92

BUDGET EXECUTION - OFFICE OF
MANAGEMENT AND BUDGET
APPORTIONMENT ANDTREASURY WARRANT
PROCESS

BUD

DOE 5 1 0 0 . 1 3 A

05/18/92

BUDGET EXECUTION - RECISSIONS AND
DEFERRALS

FHO

DOE 5100.14

09/17/86

ALLOTHENT AND APPROVED FUNDING
PROGRAM PROCESS

BUD

DOE 5160. IB

05/18/92

REPROGRAMMING, RESTRUCTURING, AND
APPROPRIATION TRANSFER PROCEDURES

BUD

RL 5200.1

09/24/82

tNTERCONTRACTOR LOANED LABOR

HRD

RL 5300.1

08/05/86

TELECOMMUNICATIONS: EHISSIOH
SECURITY (TEMPEST) AT RICHLAND

SID

kLlP 5300.IB

06/14/91

TELECOMMUNICATIONS MANAGEMENT

SID

O
O

o
CD

02/24/93

(D

O

3

m

DOE 5300.1C

06/12/92

TELECOHHUNICATIONS

SID

/

/

RLIP 5300.2

03/16/92

RECORDING OF TELEPHONE
CONVERSATIONS

SID

/

/

DOE 5300.20

05/18/92

TELECOHHUNICATIONS:

EMISSION

SECURITY (TEHPEST)

X

DOE 5300.3B

02/12/87

DOE 5300.4C

X DOE 5400.1

05/18/92

11/09/88

/

/

SID

/

/

SID

/

/

QSH

/

/

•"••

Z

I
ID

O
O

rv> o
o

TELECOHHUNICATIONS:
COMMUNICATIONS SECURITY

X

SID

»— 73
O l—

TELECOHHUNICATIONS: PROTECTED
DISTRIBUTION SYSTEMS
GENERAL ENVIRONMENTAL PROTECTION
PROGRAH

KEKO
1, 06/29/90

RLIP 5400.1

07/30/90

GENERAL ENVIRONMENTAL PROTECTION
PROGRAH

QSH

/

/

/

DOE 5400.2A

01/31/89

ENVIRONMENTAL COMPLIANCE ISSUE
COORDINATION

EAP

/

/

X

DOE 5400.3

02/22/89

EAP

/

/

ERD

/

/

SED

/

/

HAZARDOUS AND RADIOACTIVE MIXED
WASTE PROGRAH

X

DOE 5400.4

10/06/89

X

DOE 5400.5

02/08/90

COMPREHENSIVE ENVIRONMENTAL
RESPONSE, COMPENSATION, AND
LIABILITY ACT REQUIREMENTS
RADIATION PROTECTION OF THE PUBLIC

1, 06/05/90

AND THE ENVIRONMENT

DOE N 5400.9

12/24/91*

RL 5440.1A

02/03/87

SEALED RADIOACTIVE SOURCE
ACCOUNTABILITY

QSH

12/24/92
pi

.IMPLEMENTATION OF THE NATIONAL
ENVIRONMENTAL POLICY ACT AT THE
RICHLAND OPERATIONS OFFICE

EAP

/

/
3

a>
3

X

DOE 5440.ID

02/22/91

NATIONAL ENVIRONMENTAL POLICY ACT
COMPLIANCE PROGRAM

EAP
>— TO
O I—

RLIP 5480.SCP

03/22/92

SAFETY CONCERNS PROGRAM

RL 5480.1A

09/07/88

ENVIRONMENT, SAFETY, AND HEALTH
PROGRAM FOR DEPARTMENT OF ENERGY
OPERATIONS FOR RICHLAND OPERATIONS

FROM RL 54B0.1:
CHG 1, 06/24/82
CHG 4, 09/08/83
CHG 5, 10/31/83

QSH

DOE 5480.IB

09/23/86

ENVIRONMENT, SAFETY, AND HEALTH
PROGRAM FOR DEPARTMENT OF ENERGY
OPERATIONS

1,
2,
3,
4,

QSH

X DOE 5480.3

07/09/85

SAFETY REQUIREMENTS FOR THE
PACKAGING AND TRANSPORTATION OF
HAZARDOUS MATERIALS, HAZARDOUS
SUBSTANCES, AND HAZARDOUS WASTES

X

DOE 5480.4

05/15/84

ENVIRONMENTAL PROTECTION, SAFETY,
AND HEALTH PROTECTION STANDARDS

RL 5480.4B

10/04/89

DOE 5480.5

X

X

SCP

02/18/88
01/23/89
07/20/89
03/27/90

I
U3

ro o
o

QSH

1, 05/16/88
2, 05/16/89
3, 09/20/91

QSH

/

/

ENVIRONMENTAL PROTECTION, SAFETY,
AND HEALTH PROTECTION STANDARDS
FOR RL

QSH

/

/

09/23/86

SAFETY OF NUCLEAR FACILITIES

QSH

/

/

RL 5480.S

10/15/84

SAFETY OF NUCLEAR FACILITIES
(PARTIALLY CANCELLED BY RLIP
5480.22 OF 08/04/92)

QSH

/

/

DOE H 5480.5

01/22/92*

IMPOSITION OF PROPOSED NCULEAR
SAFETY REQUIREMENTS

QSH

tf DOE 5480.6

09/23/86

SAFETY OF DEPARTMENT OF
ENERGY-OWNED NUCLEAR REACTORS
(SOME PARTS CANCELLED BY DOE
5480.23 OF 04/30/92 AND DOE
5480.21 OF 12/24/91)

O
O

01/22/93
o3
CU

QSH

/ /

C*

to r+
CD (U
O

r\> zr
cn3
n>
3

,X

DOE N 5480.6

06/17/92'

RADIOLOGICAL CONTROL

QSH

DOE 5480.7

12/18/80

FIRE PROTECTION

QSH

RLIP 5480.7

07/30/90

FIRE PROTECTION

QSH

RLIP 5480.8

06/15/90

CONTRACTOR OCCUPATIONAL MEDICAL
PROGRAM

QSH

X

DOE 5480.8A

06/26/92

CONTRACTOR OCCUPATIONAL MEDICAL
PROGRAM

QSH

X

DOE 5480.9

12/18/80

CONSTRUCTION SAFETY AND HEALTH
PROGRAM

QSH

RLIP 5480.9

06/03/90

CONSTRUCTION SAFETY AND HEALTH
PROGRAM

SED

DOE 5480.10

06/26/85

CONTRACTOR INDUSTRIAL HYGIENE
PROGRAM

QSH

RLIP 5480.10

07/30/90

INDUSTRIAL HYGIENE PROGRAM

QSH

DOE 54S0.11

12/21/88

RADIATION PROTECTION FOR
OCCUPATIONAL WORKERS

RLIP 5480.11

04/24/91

RADIATION PROTECTION FOR
OCCUPATIONAL WORKERS

QSH

DOE 5480.13

05/22/81

AVIATION SAFETY

QSH

RLIP 5480.13

06/03/90

AVIATION SAFETY

QSH

DOE 5480.15

12/U/87

DEPARTMENT OF ENERGY LABORATORY
ACCREDITATION PROGRAM FOR
PERSONNEL DOSIMETRY

QSH

X

%

X

X

1. 07/20/89
2. 06/29/90
3. 06/17/92

06/17/93

O |—
4
I O
to o
ro o

o

QSH

n> (u
o
ro -ar
a\ 3
CO
3
<->•

X

DOE 5480.16

01/12/88

FIREARMS SAFETY

RLIP 5480.16

07/30/90

FIREARMS SAFETY

OSH

DOE 5480.17

10/05/88

SITE SAFETY REPRESENTATIVES

QSH

RL 5480.17

06/23/89

HANFORD SITE IMPLEMENTION OF THE
HEADQUARTERS-ENVIRONMENT, SAFETY
AND HEALTH (HQ-EH) SITE SAFETY
REPRESENTATIVES PROGRAM

QSH

X DOE 5480.18A

07/19/91

ACCREDITATION OF PERFORMANCE-BASED
TRAINING FOR CATEGORY A REACTORS
AND NUCLEAR FACILITIES

OTD

X DOE 5480.19

07/09/90

CONDUCT OF OPERATIONS REQUIREMENTS
FOR DOE FACILITIES

1, 05/18/92

OTD

07/30/90

COVERNMENT MOTOR VEHICLE SAFETY
PROGRAM

1, 06/19/91

QSH

X DOE 5480.20

02/20/91

PERSONNEL SELECTION,
QUALIFICATION, TRAINING, AND
STAFFING REQUIREMENTS AT DOE
REACTOR AND NON-REACTOR NUCLEAR
FACILITIES

1. 06/1V/V1

OTD

X DOE 5480.21

12/24/91

UHREVfEWED SAFETY QUESTIONS
(CANCELS SECTIONS OF DOE 5480.5 OF
09/23/86, DOE 5480.6 OF 09/23/86,
AND DOE 5480.1B OF 09/23/86)

QSH

07/02/92

UNREVIEUED SAFETY QUESTIONS
(CANCELS PARTS OF RL 5480.5 OF
10/15/84 AND RL 5480.1 OF
05/21/82)

QSH

1, 06/29/90
2, 10/10/90

QSH
t—' TO

X

RLIP 5480.20

RLIP 5480.21

O
1

1 O
U> O

o
o

A r
(O <u

o

X

^
X

DOE 5480.22

02/25/92

TECHNICAL SAFETY REQUIREMENTS

QSH

RLIP 5480.22

08/04/92

TECHNICAL SAFETY REOUIREHENTS

QSH

DOE 5480.23

04/30/92

NUCLEAR SAFETY ANALYSIS REPORTS

QSH

OOE 5480.24

08/12/92*

NUCLEAR CRITICAL1TY SAFETY

QSH

RL 5481.1

10/05/83

SAFETY ANALYSIS AND REVIEW SYSTEM

QSH

X

DOE 5481.IB

09/23/86

SAFETY ANALYSIS AND REVIEW SYSTEM
(See OOE 5480.23 for partial
cancellation)

1. 05/19/87

QSH

X

DOE 5482.IB

09/23/86

ENVIRONMENT, SAFETY, AND HEALTH
APPRAISAL PROGRAM

1, 11/18/91

QSH

RL 5482.IB

03/04/87

ENVIRONMENT, SAFETY, HEALTH, AND
QUALITY ASSURANCE APPRAISAL AND
SURVEILLANCE PROGRAM

SED

DOE 5483.1A

06/22/83

OCCUPATIONAL SAFETY AND HEALTH
PROGRAM FOR DOE CONTRACTOR
EMPLOYEES AT GOVERNMENT-OWNED

QSH

7
O I—
I

O

to o
ro o
o
CO

X

CONTRACTOR-OPERATED FACILITIES
RL 5483.1B

05/31/89

OCCUPATIONAL SAFETY AND HEALTH
PROGRAM FOR DOE CONTRACTOR
EMPLOYEES AT GOVERNMENT-OWNED
CONTRACTOR-OPERATED (GOCO)
FACILITIES

DOE 5484.1

02/24/81

ENVIRONMENTAL PROTECTION, SAFETY,
AND HEALTH PROTECTION INFORMATION
REPORTING REQUIREMENTS

QSH

1,
2,
3,
4,

06/09/81
08/13/81
11/06/87
10/17/89

5, 03/15/90
6, 06/29/90
7, 10/17/90

QSH

fl> H>
O
ro =r
(O
3

RL 5484.1

09/26/83

ENVIRONMENTAL PROTECTION, SAFETY,
AND HEALTH PROTECTION INFORMATION
REPORTING REQUIREMENTS

QSH

o ri

RLIP 5500.1B

04/05/91

VITAL RECORDS PROTECTION PROGRAM

SID

i o
iO

X

DOE 5500.IB

04/30/91

EMERGENCY MANAGEMENT SYSTEM

1, 02/27/92

QSH

)( OOE 5500.28

04/30/91

EMERGENCY CATEGORIES, CLASSES, AND
NOTIFICATION AND REPORTING
REQUIREMENTS

1, 02/27/92

QSH

X DOE 5500.3A

04/30/91

PLANNING AND PREPAREONESS FOR
OPERATIONAL EMERGENCIES

1, 02/27/92

QSH

X DOE 5500.4

08/13/81

PUBLIC AFFAIRS POLICY AND PLANNING
REQUIREMENTS FOR EMERGENCIES

COM

DOE 5500.5A

06/08/92

PUBLIC AFFAIRS POLICY AND PLANNING
REQUIREMENTS FOR A FUEL SUPPLY
DISRUPTION EMERGENCY

COM

DOE 5500.6B

05/18/92

SHUTDOWN OF DEPARTMENTAL

BUD

O

in

OPERATIONS UPON FAILURE BY
CONGRESS TO ENACT APPROPRIATIONS
^

OOE 5500.7B

10/23/91

OOE 5500.8

07/05/89 •

EMERGENCY OPERATING RECORDS
PROTECTION PROGRAM

SID

ENERGY EMERGENCY PLANNING AND

SLAP

MANAGEMENT
OOE 5500.9A

07/08/92

EMERGENCY PLANHING, PREPAREDNESS,
AND RESPONSE TO CONTINUITY OF
GOVERNMENT EMERGENCIES

)( DOE 5500.10

04/30/91

EMERGENCY READINESS ASSURANCE
PROGRAM

QSH

1, 02/27/92

QSH

rt> fit

o

N3CD

X

DOE SS30.1A

09/20/91

ACCIDENT RESPONSE GROUP

QSH

DOE 5530.2

09/20/91

NUCLEAR EMERGENCY SEARCH TEAH

QSH

o r~
i

DOE 5530.3

01/14/92

RADIOLOGICAL ASSISTANCE PROGRAM

DOE 5530.4

09/20/91*

AERIAL MEASURING SYSTEM

QSH

DOE 5530.5

07/10/92

FEDERAL RADIOLOGICAL MONITORING
AND ASSESSMENT CENTER

QSH

DOE 5560.1A

05/08/85

PRIORITIES AND ALLOCATIONS PROGRAM

PRO

DOE 5600.1

06/27/79

MANAGEMENT OF THE DEPARTMENT OF
ENERGY WEAPON PROGRAM AND WEAPON
COMPLEX

OTD

X DOE 5610.1

09/11/79

PACKAGING AND TRANSPORTING OF
NUCLEAR EXPLOSIVES, NUCLEAR
COMPONENTS, AND SPECIAL ASSEMBLIES

OTD

X DOE 5610.2

08/01/80

CONTROL OF WEAPON DATA

X DOE 5610.10

10/10/90

NUCLEAR EXPLOSIVE AND WEAPON
SAFETY PROGRAM

OTD

X DOE 5610.11

10/10/90

NUCLEAR EXPLOSIVE SAFETY

OTD

X DOE 5610.13

10/10/90

JOINT DEPARTMENT OF

OTD

X

1, 04/10/92

1, 09/02/86

QSH

I O
«X3 O

ro o
o

SAS

ENERGY/DEPARTMENT OF DEFENSE
NUCLEAR WEAPON SYSTEM SAFETY,
SECURITY, AND CONTROL ACTIVITIES

RL 5630.1A

06/21/86

CONTROL AND ACCOUNTABILITY OF

SAS

NUCLEAR HATERIALS AT RlCHIAND
OPERATIOHS OFFICE

DOE N 5630.3

06/30/92

PROTECTION OF DEPARTMENTAL
FACILITIES AGAINST RADIOLOGICAL
AND TOXICOLOGICAL SABOTAGE

O
U3 c*

SAS

06/30/93

O
OJ

=r

o 3
w
Z3

X

DOE 5630.8A

07/31/90

SAFEGUARDING OF NAVAL NUCLEAR
PROPULSION INFORHATION

SAS

X DOE 5630.11

01/22/88

SAFEGUARDS AND SECURITY PROGRAM

SAS

X DOE 5630.12A

06/23/92

SAFEGUARDS AND SECURITY INSPECTION

SAS

I
•—• zz.
I CD

ro o

AND ASSESSMENT PROGRAM
X DOE 5630.13A

06/08/92

MASTER SAFEGUARDS AND SECURITY

CD
•
»—•
CO

SAS

AGREEMENTS
y

DOE 5630.14

)(DOE 5630.15

11/16/88

08/21/92 •

SAFEGUARDS AND SECURITY PROGRAM
PLANNING

SAS

SAFEGUARDS AND SECURITY TRAINING

SAS

PROGRAM

^

X

DOE 5630.16

08/25/92

SAFEGUARDS AND SECURITY
PERFORMANCE TEST PROGRAM

SAS

DOE 5631.IB

12/31/91

SECURITY EDUCATION BRIEFING AND
AWARENESS

SAS

DOE N 5631.2

08/05/92 •

ACCESS CONTROL PROCEDURES

SAS

RLIP 5631.2A

06/19/92

SAFEGUARDS AND SECURITY AWARENESS
PROGRAM AT THE RICHLAND FIELD
OFFICE

SAS

DOE 5631.2B

05/18/88

PERSONNEL SECURITY PROGRAM

RLIP 5631.3A

08/17/92

PERSONNEL SECURITY PROGRAM

SAS

RL 5631.«A

07/27/89

RICHLAND OPERATIONS OFFICE
SAFEGUARDS AND SECURITY OPERATING

SAS

1, 08/16/91

SAS

- o 3>

PHILOSOPHY

X DOE 5631.4A

07/08/92

CONTROL OF CLASSIFIED VISITS

08/05/93

SAS

o
CO 3"
•—* 3
CD
3

X. DOE 5631.5

02/12/88

VIOLATION OF LAUS, LOSSES, AND

1, 07/02/90

SAS

/

/

SAS

/

/

INCIDENTS OF SECURITY CONCERNS

X

DOE 5631.6

01/19/89

PERSONNEL SECURITY ASSURANCE
PROGRAM

o1
t—J

1
to
CM

RL H 5632.PA1

10/30/92

PROHIBITED ARTICLES DEFINITION

SAS

10/30/93

DOE 5632.IB

09/08/92

PROTECTION PROGRAM OPERATIONS

SAS

/ /

X DOE 5632.2A

02/09/88

SAS

/ /

SAS

/

/

SAS

/

/

SAS

/

/

SAS

/

/

SAS
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NEPA INPUT DOCUMENTATION

Summary
The items needing development for either an Environmental Report or an
Environmental Impact Statement were identified in an annotated outline. Because of
special interest, the disposition of spent ABWR fuel as waste was examined in detail.
The study determined no technical impediment to disposal of spent fuel in the high-level
waste repository at Yucca Mountain because the ABWR would produce spent reactor
fuel as defined by 10 CFR 72.3 (v). Spent ABWR fuel would also meet the acceptance
criteria (10 CFR nrl) for disposal at the repository. However, acceptance of such waste
is limited to spent nuclear fuel and high-level radioactive waste from civilian Nuclear
Power Reactors (Nuclear Waste Policy Act of 1982, as amended). A review did
determine that the President of the United States could authorize acceptance of Pudispositioned spent fuel at the repository with minimal restrictions. Also, the disposal
space in the first Yucca Mountain repository may be fully committed at this time,
potentially necessetating a delay in waste acceptance until subsequent repositories are
operational. The only outstanding technical issue identified for acceptance appears to be
the demonstration that handling, storage, retrieval, emplacement, and isolation of the
ABWR spent fuel cannot result in a criticality as specified in 10 CFR 60.131 (b) (7).
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Discussion
The purpose of this section is to provide an annotated outline for an environmental
report (ER) to be prepared for the ABWR project in the future. This section identifies
the basic subject areas that are expected to be covered in the ER and identifies
information that must be included or developed when potential project sites are chosen.
This section considers only the ABWR option for plutonium destruction under the
National Environmental Policy Act (NEPA) process. The completed ER could be used
by the DOE in the preparation of an Environmental Impact Statement (EIS).
This annotated outline provides a brief description of the general subject areas to be
covered in the ER and a statement as to whether the subject can be developed primarily
as a reactor project-related impact or if the impact is primarily dependent upon the
specific site conditions. Items that are primarily site specific can only be developed in
detail after specific sites are proposed.
Items whose impacts arc primarily reactor project-related can be developed in
reasonable detail for the ER in the absence of a site proposal. These subject areas will
be identified and briefly discussed as to subject content. The one exception is the
disposition of spent reactor fuel as waste. Because handling this type of waste is not
routine for DOE, spent fuel disposition was treated in greater detail in the Waste
Management Section of this outline.
Because siting for this project has not been proposed or determined, preliminary
assessment work must be performed using the characteristics of a generic DOE site.
More specific and accurate information on impacts to the human environment can be
projected for specific site(s) during preparation of the EIS. The NEPA process requires
a significant amount of information to be collected or developed for a proposed site's
environment. For a project of this magnitude and type, the following site resources must
be fully characterized prior to determining the project's impact on these resources:
Geologic Resources
Meteorology
Air Quality and Resources
Water Quality and Resources
Ecological Resources
Socioeconomics
Cultural Resources
Some of the potentially impacted environmental resources can be discussed in useful
detail for the generic complex site. However, the impacts to some resources such as
ecological, cultural, and socioeconomic resources and transportation systems are highly
site dependent. More detailed assessments of impacts to these resources can only be
made after specific sites are proposed.
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In a few cases, detailed site specific information has been developed over several years
for similar proposed DOE projects. These are the Hanford Site in Washington State,
the Idaho National Engineering Laboratory in the State of Idaho, and the Savannah
River Site in the State of South Carolina, as examples. In these cases, the local
environment has been well characterized for similar-type projects. This information is
available for use in preparing an environmental impact statement for the proposed
project with little more than updates and minor modifications. Consideration of other
potential sites may require the collection and/or determination of existing environmental
characteristics which would entail significant additional resource and time commitments.
The following is an outline of the areas that are expected to be developed for
preparation of an ER. The outline was modeled after a similar recent project. Although
the projects never progressed past the draft stage, it serves as an acceptable model for
satisfying NEPA requirements.
Environmental Report Outline
1.0

Purpose of the Facility

2.0

Site and Environmental Interfaces
2.1
2.2
2.3
2.4
2.5
2.6

3.0

Geography and Demography
Ecology
Meteorology
Hydrology
Geology
Regional, Historic, Scenic, Cultural, and Natural Features

The Advanced Boiling Water Reactor Plant
3.1
3.2
3.3
3.4
3.5

3.6
3.7

External Appearance
Reactor and Steam Electric System
Station Water Use
Heat Dissipation System
Waste Management
3.5.1 Spent Fuel
3.5.2 Radioactive Waste and Radiological Source Terms
3.5.3 Chemical and Biocide Waste
3.5.4 Sanitary and Other Waste
Transmission Facilities
Conduct of Operations
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4.0

Environmental Effects of Construction
4.1
4.2
4.3
4.4
4.5

5.0

Environmental Effects of Plant Operation
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8

6.0

Effects of Operating the Heat Dissipation System
Radiological Impacts from Routine Operation
Effects of Liquid Chemical and Biocide Discharges
Effects of Sanitary Waste Discharges
Effects of Operation and Maintenance of the Transmission System
Other Effects
Irretrievable Commitments of Resources
Decommissioning of the Reactor Building

Effluent and Environmental Measurement and Monitoring Program
6.1
6.2
6.3
6.4

7.0

Site Preparation and Plant Construction
Transmission Facilities Construction
Resources Committed
Radioactivity
Construction Impact Control Program

Pre-Operational Environmental Program
Operational Environmental Program
Related Environmental Measurement and Monitoring Program
Pre-Operational Radiological Environmental Monitoring Data

Environmental Effects of Accidents
7.1 Plant Accidents Involving Radiation
7.2 Transportation Accidents Involving Radiation

7.3 Other Accidents (Chemical, Fire, Fuel Oil, etc.)
8.0

Economic and Social Effects of the Project
8.1 Benefits of Operation
8.2 Costs of Operation

9.0

Alternatives and Sites

10.0

Plant Design Alternatives
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11.0

Cost-Benefit Summary

12.0

Environmental Approvals
12.1 Facility Environmental Operating Specifications
12.2 Facility Environmental Permits

Annotated Environmental Report. Outline
1.0

Purpose of the Facility

This section provides an introduction to the proposed ABWR project including a purpose
for the Environmental Report (ER).
2.0

Site and t

ironmental Interfaces

This entire section is dedicated to documenting the proposed Site's environment. This
will be used later in the ER to identify and quantify, if appropriate, environmental
impacts from the project. Preparation of this section must occur after sites are proposed.
2.1

Geography and Demography
This section will describe the geologic and demographic features of the
region where the facility will be built.

2.2

Ecology
This section will list the biological species found in the general area of the
proposed site, including those that are endangered or threatened. The
habitat for those systems will also be described. Any potential impact to
these biological systems will be discussed.

2.3

Meteorology
This section will describe the historical meteorological conditions of the
chosen site. This will be used later to assess the impact of facility
discharges on the environment.
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2.4

Hydrology
Impacts to water resources such as rivers, streams, ponds, ground water,
and hydrogeological parameters are described.

2.5

Geology
The geologic setting will be described in detail for the general area
including geologic structures, volcanism, seismicity, and soils. This
information has been developed for a number of proposed sites.

2.6

Regional, Historic, Scenic, Cultural, and Natural Features
The construction and operation of the complex may have an impact upon
regional, historic, scenic, cultural, and natural features of the region. This
section wou.J address those impacts. The impacts would be-high!, sitespecific.

3.0

The Advanced Boiling Water Reactor Plant

This section provides a brief description of the design, operation, effluents, and wastes
generated by the ABWR and its auxiliary facilities. Most of this information is either
under development at this time or is currently available. Therefore, this section may be
prepared prior to any siting proposal.
3.1

External Appearance
A brief facility description and conceptual sketches are provided in this
section.

3.2

Reactor and Steam Electric System
This section provides a brief description of the reactor and electric
generating systems.

3.3

Station Water Use
Impacts from facility water usage are discussed in this section. This
includes both water withdrawal from the environment in addition to a
discussion on pollutants added to waters discharged back to the
environment.
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3.4

Heat Dissipation System
This section will describe the system used to dissipate waste heat energy
into the environment. The pathways and any beneficial uses of the waste
heat will be discussed.

3.5

Waste Management
This section provides a discussion on the amounts and volumes of waste
generated annually by the facility. The primary focus is on regulated
wastes, however, volumes of sanitary and other wastes generated are also
considered.
3.5.1 Spent Fuel
Spent reactor fuel for this project is both a major waste stream and an end
product that must be ultimately disposed. Whatever fuel irradiation option
is chosen for Pu destruction, the ABWR would produce spent reactor fuel
as defined by 10 CFR 72.3 (v). That is "irradiated nuclear fuel that has
undergone at least one year's decay since being used as a source of energy
in a power reactor. Spent fuel includes the special nuclear material,
byproduct material, source material, and other radioactive materials
associated with fuel assemblies". The ABWR spent fuel meets all of these
technical criteria.
The ABWR fuel is not considered waste until it is irradiated in the reactor.
The reactor will produce about ? metric tons of spent fuel per year under
the spent fuel option. Spent fuel will be allowed to cool for at least one
year in the reactor pool prior to being transferred to the interim storage
pool for longer-term storage. Spent fuel will be cooled at least another
four years in the interim storage pool before it is considered available for
transport to a final disposal facility. If the fuel is recycled through the
reactor, the same cooling periods will be observed prior to offsite transport.
It is assumed that spent fuel will not be processed prior to final disposal.
DOE normally processes its spent fuel to extract materials of interest from
the spent fuel. The remaining waste containing aged fission products is
" considered high level waste (HLW) and current plans are to stabilize

existing waste by a vitrification process and dispose of the glass logs in a
permanent repository. This document assumes no extraction or vitrification
process will be involved in spent fuel disposal. Fuel bundles are assumed
to be placed in disposal and transportation casks intact and transported for
direct placement in a repository.
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Offsite transportation of spent fuel for disposal will be in accordance with
DOE requirements, Department of Transportation (DOT) requirements
(49 Code of Federal Regulations), and the affected State requirements.
Fuel bundles will be transported in spent fuel casks approved and licensed
by the Nuclear Regulatory Commission (NRC) for that purpose. Transport
routes will be those determine in advance by DOT and the affected
State(s).
One of the options for spent fuel disposition is for disposal in a deep
geological repository. At present, such a repository does not exist.
However, a repository for civilian spent nuclear fuel (Yucca Mountain,
Nevada) is nearing completion of the licensing process. This facility was
created by the Nuclear Waste Policy Act (NWPA) of 1982 (U.S.C. Title 42

10101, as amended) and DOE was designated as the owner of the facility.
However, the law specifically excludes waste generated in 'atomic energy
defense activities' such as:
A)
B)
C)
D)
E)
F)
G)

Naval reactor development
Weapons activities
Verification and control technologies
Defense production
Defense nuclear waste and materials management
Defense material security and safeguards
Defense research and development.

This exclusion could prevent, depending upon the legal interpretation of
the above terms, acceptance of fuel irradiated in any DOE Pu disposition
reactor. However, Section 10107 of the NWPA gives the President of the
United States the authority to include other wastes in the repository two
years after the beginning of repository operation.
The spent fuel specifications from the ABWR meet the acceptance criteria
proposed for the repository. In addition, the requirements of 10 CFR 961
for DOE acceptance of spent fuel at this facility contain no technical
exclusions that would prohibit disposal of this waste. If the President
approved of the acceptance of this material into the repository, the
Department of Energy, owner of this facility, could probably qualify this
fuel for disposal with efforts contained within the Department, depending

upon the final license conditions still under development. The only
outstanding technical issue appears to be the demonstration that handling,
storage, retrieval, emplacement, and isolation of the ABWR spent fuel
cannot result in a criticality, a condition specified in 10 CFR 60.131 (b) (7)
for all waste acceptance into the repository.
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3.5.2 Radioactive waste and Radiological Source Terms
Low-Level Radioactive Waste (LLW) will be generated in day-to-day
activities at all major project facilities. It is anticipated that this waste will
be disposed at a DOE-owned disposal site. Disposal could be the same
site or LLW may be transported to another DOE site approved to dispose
of LLW. This section provides specifics on the LLW generation, handling,
treatment, storage, and disposal.
3.5.3 Chemical and Biocide Waste
Chemical and biocide waste, designated as hazardous wastes (HW) will be
generated in day-to-day activities at all major project facilities. HW are
those regulated wastes falling under the authority of the Resource
Conservation and Recovery Act (RCRA). The types, quantities, treatment,
""*?, and disposal of these wastes are discussed in this section.
3.5.4 Sanitary and Other Waste
Solid and sanitary waste will be generated in everyday activities in all
project facilities. Solid waste is all waste generally accepted at a landfill
disposal site (e.g. garbage, trash, etc.). Sanitary waste is sewage and
wastewater (other than process) generally accepted at a municipal waste
treatment facility. This section provides the specifics on generation of
these wastes. The impact on local sewage systems or the local environment
(e.g. drainfields) can only be determined after specific sites are proposed.
3.6

Transmission Facilities
This section describes the electrical transmission facilities (both incoming
and outgoing) required for the facility.

3.7

Conduct of Operations
The safe operation of the facility is ensured by a combination of a safe
design and by sound operating philosophy. This section describes the
primary ingredients of a conduct of operations program to maintain
operating efficiency and safety.
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4.0

Environmental Effects of Construction

This section documents the projected impacts to the environment from construction of
the ABWR complex. None of this information has been prepared for an ABWR project
in the United States. However, a significant amount of data is readily available from
many similar projects completed within the last ten years.

5.0

4.1

Site Preparation and Plant Construction

4.2

Transmission Facilities Construction

4.3

Resources Committed

4.4

Radioactivity

4.5

Construction Impact Control Program

Environmental Effects of Plant Operation

This section projects the environmental effects of operating the ABWR. Many of these
parameters are highly dependent upon the specific site proposed. However, most of the
environmental effects could be assessed using a generic DOE site. In doing so, the
relevant source terms developed could easily be used to re-assess impacts using the
environmental characteristics of the proposed sites.
5.1

Effects of Operating the Heat Dissipation System
This section projects the impact(s) to the environment from operation of
the heat dissipation system.

5.2

Radiological Impacts from Routine Operation
This section provides an assessment of the radiological impacts of facility
operation. Most of the parameters of interest (e.g. occupational dose,
maximum dose to offsite individual, etc.) will be projected. However,
determination of the population dose is dependent upon the population
characteristics adjacent to the facility.

5.3

Effects of Liquid Chemical and Biocide Discharges
This section will project the effects of trace chemical and biocide
contaminants in liquid discharges.

4.3-10

5.4

Effects of Sanitary Waste Discharges
This section will project the effects of sanitary waste discharges.

5.5

Effects of Operation and Maintenance of the Transmission System
The effects of operating and maintaining the facility transmission system
will projected in this section.

5.6

Other Effects

5.7

Irretrievable Commitments of Resources
This section identifies any irretrievable commitments of resources to the
ABWR project.

5.8

Decommissioning of the Reactor Building
This section addresses the impact from reactor building decontamination
and decommissioning activities.

6.0

Effluent and Environmental Measurement and Monitoring Program

This section describes the effluent and environmental measurement and monitoring
program that will be used to establish the existing background and to determine
compliance to environmental requirements. Such a program has not been prepared for
an ABWR in the United States, however, many existing similar projects are available to
be used as a model. The final program will probably be negotiated with the cognizant
regulatory agency.
6.1

Pre-Operational Environmental Program
The pre-operational environmental monitoring program will be described
in this section. This program will be used to establish a baseline for
determining future environmental impacts.

6.2

Operational Environmental Program
The operational environmental monitoring program will be described in
this section. This program will be used as an independent verification of
facility compliance to environmental regulations.
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7.0

6.3

Related Environmental Measurement and Monitoring Program

6.4

Pre-Operational Radiological Environmental Monitoring Data

Environmental Effects of Accidents

This section projects the environmental impacts of various possible ABWR accident
scenarios. The range of ABWR accident scenarios involving radiation are still under
development at this time. However, transportation and other accidents can be assessed
assuming very conservative site characteristics.

8.0

7.1

Plant Accidents Involving Radiation

7.2

Transportation Accidents Involving Radiation

7.3

Other Accidents (Chemical, Fire, Fuel Oil, etc.)

Economic and Social Effects of the Project

The construction and operation of the complex could have an economic impact upon on
the region containing the ABWR site. This section identifies those impacts. Assessment
of impacts must occur after site selection because impacts will be highly site specific.

9.0

8.1

Impacts of Operation

8.2

Benefits of Operation

8.3

Costs of Operation

Alternatives and Sites

This section will discuss alternatives to both the ABWR and to the siting of the facility.
This includes the 'no action' alternative to the project. Consideration of this alternative
is required by the NEPA process. However, since this study is concentrating on the
ABWR alternative for Plutonium destruction, it will not be developed in detail at this
time but should be delayed until preparation of the EIS.
10.0

Plant Design Alternatives

This section will discuss alternatives to the current ABWR design.
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11.0

Cost-Benefit Summary

This section will provide a summary of cost-benefit analyses for the project.
12.0

Environmental Approvals
12.1

Facility Environmental Operating Specifications

This section identifies specific environmental requirements to which the plant
must operate. This will be used as feedback to definitive facility design.
12.2

Facility Environmental Permits

This section will identify the environmental approvals and permits that are
necessary to begin construction and operation of the facility, consistent with the
most recent siting data available. Until a specific site is chosen, this section will
concentrate on federal regulations and those State regulations prompted by
federal requirements. Local and other State regulations can only be discussed in
detail after a specific site is determined.
Additional Requirements for an Environmental Impact Statement
The environmental report (ER) will provide a significant amount of technical
information on the ABWR as input to the Environmental Impact Statement (EIS).
However, it is not intended to be all inclusive. This section identifies additional
information that needs to be developed or prepared for the EIS that will probably not be
included in the ER. These items are:
Analysis of programmatic alternatives
Project alternatives, including no action
List of preparers
List of recipients.

REFERENCES

Title 10, Code of Federal Regulations, Energy, January, 1993.
Nuclear Waste Policy Act of 1982, as amended, U.S.C. Title 42, 10101.
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4.4 LICENSING OF ABWR MOX FUEL ASSEMBLY

This note provides some preliminary thoughts on the impact of MOX fuel
on the ABWR fuel licensing process.
It is assumed that the SSAR for the ABWR, with U02 fuel for commercial
operation, will have been approved by the NRC well ahead of the safety
review of the ABWR with MOX fuel for the Pu Disposition Reactor (PDR). It
is also assumed, for planning purposes at this time, that MOX will be
considered to be a "new fuel design."
New fuel designs for commercial BWR's are licensed through the GE
Standard Application for Nuclear Fuel (GESTAR-H), Amendment 22
process. This process requires that the new fuel design be demonstrated
to meet the acceptance criteria of Amendment 22. These criteria include
areas such as thermal-mechanical, nuclear, thermal hydraulic, stability and
critical power performance.
Since the intent is to obtain approval of MOX fuel for the government
owned PDR for operation on a government reservation, rather than to
obtain approval for commercial operation of a BWR with MOX fuel, it is
likely that the fuel safety review will be conducted as part of the SSAR
review, and that the GESTAR process will not be used formally. However,
the technical elements of SSAR chapters 4 and 15 will be identical to those

of the GESTAR Amendment 22 compliance review process.

Therefore,

evaluation of the GESTAR steps for introducing MOX fuel is relevant to the
PDR.
When the NRC is notified that the generic analyses for the new fuel design
are complete and all criteria are satisfied, the fuel design is "licensed". No
prior NRC review and acceptance is required. If a specific criteria is not
met, prior NRC review and acceptance is required; however, the review is
limited to the area of noncompliance. (Note: Before Amendment 22, the
NRC was required to review and issue a safety evaluation for all new fuel
designs. With the Amendment 22 process, NRC safety evaluations are not
required.)
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The reference fuel design for the ABWR (U02 design) meets the acceptance
criteria of Amendment 22 as documented in Appendix 4D of the ABWR
SSAR. No further NRC review is required if the Combined Construction and
Operating License (COL) applicant utilizes this fuel design.
It is the current NRC position that any change to the reference fuel design
for initial core application (e.g., MOX designs) will require a change to the
SSAR and NRC review. (However, if the NRC has been previously notified
that the MOX design meets the Amendment 22 criteria, this review should
be only a formality). In subsequent cycles, MOX designs should be able to
be implemented under the Amendment 22 process (i.e., no prior NRC
review.)
An initial assessment has been completed to determine the impact on the
licensing process for an ABWR fuel assembly with MOX substituted for the
UO2 fuel. It is concluded that the MOX fuel design will probably have to
be treated as a new fuel design and compliance with the Amendment 22
acceptance criteria demonstrated. There are three specific areas which
are potentially impacted by MOX fuel designs. These are:
1.

Amendment 22 requires the use of "NRC-approved analytical models
and analysis procedures". This will require prior NRC review of the
analytical methods if the current NRC Safety Evaluations for these
methods do not address MOX application.

2.

Amendment 22 requires that new design features be included in lead
use assemblies (LUAs). If MOX is considered a new "feature," LUAs
will be required before the MOX fuel can be licensed.

3.

Amendment 22 includes a general criteria that encompasses "newfuel-related licensing issues identified by the NRC." For MOX fuel this
could result in the NRC request for new criteria to address the
concern(s).
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4.5 PDR PLANT SAFETY AND ENVIRONMENTAL
APPROVAL ASSESSMENT

I. INTRODUCTION AND SUMMARY
The objectives of this assessment include the following actions:
1) Identify safety and environmental technical requirements and procedural approvals applicable
to a PDR.
2) Make a preliminary assessment of the ability of an ABWR PDR to meet these technical
requirements.
3) Identify technical safety issues that might cause an impact on the PDR design, cost, or
schedule in order to comply with safety & environmental (S&E) requirements.
4) Identify issues involving S&E approval procedures that might have such adverse impacts.
5) Delineate preliminary plans for achieving S&E approvals with minimal impact to the project.
In the above discussion the term "procedural" refers to issues like," what kind of Safety Analysis
Reports need to be done and what agency approves them". In contrast, the term "technical" is
used to refer to issues such as, "does a particluar FSAR analysis yield a satisfactory result".
Procedural problems lead to delays while waiting for decisions to be made as to the approval
procedures to be followed. Technical problems can lead to design changes; hence direct cost
impacts as well as schedule delays.
The results of our efforts toward these five objectives will be presented in the sections below.
The remainder of this section will be a brief summary ot these same results.
REQUIREMENTS
The sources of safety and environmental requirements governing a Plutonium Dispostion Reactor (PDR) is the complete collection of DOE Orders together with the Code of Federal
Regulations. An initial assessment of the applicability of each of the DOE Orders has been

conducted and documented elsewhere
SAFETY
If an administrative decision is made to license the PDR with the NRC or to impose NRC safety
requirements on it, then the key document showing compliance will be a PDR FSAR conforming
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to the NUREG-0800 Standard Safety Review Plan. Since the ABWR is far advanced in the
process of obtaining approval of a standard SAR, the basic assessment is that an ABWR PDR
would comply with this requirement. Preliminary analyses have been conducted in those FSAR
areas judged to be affected by use of fuel initially containing plutonium. All analyses conducted
to date indicate that the ABWR PDR would comply with established safety requirements.

ENVIRONMENTAL
Because NEPA also applies, an assessment of the ability of a PDR/MOX FFF facility to produce
a satisfactory Environmental Impact Statement was conducted ©arlier. The facility design that
was assumed for the purposes of that environmental assessment included tritium production.
Consideration of the PDR on a site in combination with the FFF and tritium production was
necessary because environmental effects are additive. The prelimary environmental analysis
showed that compliance will be achieved.
PROCEDURAL
An assessment of possible procedural delays in the safety & environmental approval process
was conducted during Phase IB. The results identified the need for early actions to expedite the
process of defining the safety approval process; in particular, the nature of NRC involvement.
Early production of a Safety & Environmental Review Plan was recommended, as well as analyis and resolution of potentially critical safety issues, and conduct of DOE, NRC, and EPA
meetings.

II. IDENTIFICATION OF SAFETY & ENVIRONMENTAL REQUIREMENTS
The primary direct source of safety requirements for a government constructed Plutonium
Disposition Reactor (PDR) are DOE orders. Indirectly, NRC reactor safety requirements must
also be satisfied. The procedure for demonstrating satisfaction of these NRC requirements is
review and approval of a Final Safety Analysis Report whch adheres to the content and format
of NUREG 0800 Standard Safety Review Plan.
The primary source of environmental requirements is the National Environmental Policy Act
(NEPA). Constructuction of a PDR would require approval of an Environmental Report (ER).
Part of the content of the PDR FSAR and most of the ER would be dependent on the particular
site selected.
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III. PRELIMINARY ASSESSMENT OF COMPLIANCE
Table 1 shows the contents of the ABWR SSAR. This document and the analysis required have

already been prepared. The SSAR is based on the requirements of NUREG-0800 Standard
Review Plan except that Chapter 19 (Severe Accidents) has been added. In Phase I of this
study certain chapters of this document were revisited based on the judgement that their results
might be affected by the use of an ABWR as a plutonium disposition reactor (PDR). After
selected analyses were done, the conclusion was reached that an ABWR PDR would meet all
the requirements addressed.
Specifically, with respect to Chapter 4 Reactor, various PDR alternative core and fuel designs
were developed and found to be feasible. The bounding case transient analysis from Chapter
15 Accident Analysis was conducted for these Pu disposition core designs. Fully satisfactory
results were obtained in all cases analyzed.
Chapters 12 and 19 evaluate conformance of the plant to radiation dose and contamination
acceptance criteria and safety goals. The abilityof a plutonium fueled ABWR to meet these
goals and limits was estimated quantitatively and found satisfactory.
It was noted in the assessment that fresh fuel containing plutonium, unlike purely uranium fresh
fuel, is sufficiently radioactive that minimization of occupational dose exposures may require
different handling. Even if it does, this should not be a severe impediment to reactor operations.
Quantitative estimates of radiological consequences of routine releases was also conducted to
assess compliance with the environmental requirements normally addressed in an Environmental Impact Statement (EIS). The results showed that a site containing an ABWR PDR (with
tritium production) plus a MOX Fuel Fabrication Facitity would meet the EIS requirements.
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TABLE 1:ABWR STANDARD SAFETY ANALYSIS REPORT
CONTENTS
CHAPTER NO.

TITLE

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

INTRODUCTION S GENERAL DESCRIPTION OF PLANT
SITE CHARACTERISTICS
DESIGN OF STRUCTURES,COMPONENTS,EQUIPMENT, & SYSTEMS
REACTOR *
REACTOR COOLING SYSTEM & CONNECTED SYSTEMS
ENGINEERED SAFETY FEATURES
INSTRUMENTATION & CONTROL SYSTEMS
ELECTRICAL POWER
AUXILIARY SYSTEMS
STEAM & POWER CONVERSION SYSTEMS
RADIOACTIVE WASTE MANAGEMENT *
RADIATION PROTECTION *
CONDUCT OF OPERATIONS INITIAL TEST PROGRAM
ACCIDENT ANALYSES *
TECHNICAL SPECIFICATIONS
QUALITY ASSURANCE

18.

HUMAN FACTORS ENGINEERING

19.

RESPONSE TO SEVERE ACCIDENT POLICY STATEMENT *

* Preliminary compliance assessment done in Phase I
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IV. TECHNICAL SAFETY & ENVIRONMENTAL ISSUES
No safety or environmental issues were identied whch would impede expeditious approval of an
ABWR PDR. The only constraint being that such a reactor have core designs similar to those
evaluated in this study. These designs were satisfactory in performance. The only limit is on the
percentage of plutonium that can be accomodated while maintaining power transient safety
margins.
The fact that fresh fuel containing plutonium is radioactive also imposes a modest limit on the
way that reactor operations are conducted.
At an early stage in the development of an ABWR PDR all the safety and environmental requirements need to t r -^assessed in greater detail to ensure early identification of critical issues.
The design and safety areas where a PDR differs from the standard ABWR that were analyzed
as reported above should also be revisited and fully documented in order to be available to
support early meetings for the purpose of defining the safety approval process.

V. SAFETY & ENVIRONMENTAL PROCEDURAL ISSUES AND PLANS
The PDR and MOX FFF are expected to be government-owned/ contractor-operated facilities.
The government needs to make a decision as to whether or not these facilities or portions of the
facilities (such as the reactors) will be licensed by NRC. There are arguments that would
encourage NRC licensing but it may also be possible to proceed with safety reviews in a manner
similar to the New Production Reactor.
In order to proceed with a formal safety review and obtain construction approval in GFY97, it is
necessary to resolve the approach to this issue by mid-FY94 and conduct introductory meetings
with the reviewers (NRC or DOE established organizations) during the second half of FY94.
Resolution of this issue will also have some impact on implementation of the environmental
review.
Another key element in this work is to have DOE and congressional approval and funding for this
effort by October, 1994. This means it has to be in the budget now, but it is not. To proceed
realistically, a budget must be introduced in Feb.-Mar. '94.
Selection of the DOE site is another activity that requires early consideration and is closely
related to funding. For the planned effort to be realistic this selection or selection plan needs to
be completed to support the budget requests.
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The following tasks are recommended:
Task 1 - Safety and Environmental Reviews; Procedures
To help develop DOE guidance on how to proceed with the r@vi©w actions the issues and activities associated with the following three alternatives should be investigated and discussed with
DOE and NRC.
1) The NRC licenses the entire facility in accordance with the two step (PSAR, FSAR, two public
hearings) approach.
2) The NRC licenses the reactor and electric power facilities, while DOE perfc.ms the safety
reviews of the MOX FFF.
3) The DOE performs the safety reviews and approvals for the entire facility.
The procedural differences, documentation schedules and issues to be addressed should be
outlined and a presentation prepared for use in discussions with DOE. Depending on the
outcome of these discussions, the document will be modified and used for discussions with the
NRC.
Safety and Environmental Review Approaches and Evaluation -11/18/93
DOE Meeting 12/7/93 NRC Meeting 1/18/94
Task 2 - Safety and Environmental Reviews; Plan
Develop plans for the selected alternative. Some of this work will have been done in Task 1.
This task should expand plans for the preferred alternative. All documentation for reviews and
state permitting will be identified and scheduled. Table of contents for the PDR and MOX FFF
PSARs (assume two separate PSARs) and ER (assume one ER) will be completed.
Task 3 - Safety Evaluations
Complete preliminary safety assessment documents (2) for both the PDR and MOX FFF. These
should include overview descriptions of the facilities and the interfaces they have with each other
and the environment. Identity principal design criteria to be used and compare them to
10CFR50 Appendix A or other (for the MOX FFF) to demonstrate their adequacy.
Provide descriptions of the safety features including their functions and basis of design. Perform
and report selected accident evaluations from a list of DBAs that has also been prepared.
Complete Safety and EnvironmentalAssessment documents - 6/24/94
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Task 4 - Meetings
In addition to the meetings with DOE and the NRC identified in Task 1, the meetings shown in
Figure 1 should be conducted to prepare for the FY-95 initiation of the project. Documents
prepared in Task 2 and Task 3 along with presentation VG packages should be used to support
these meetings.
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DOE 5480.20
2-20-91

NUMBER: DOE 5480.20
TITLE:

PERSONNEL SELECTION, QUALIFICATION, TRAINING, AND
STAFFING
REQUIREMENTS AT DOE REACTOR AND NON-REACTOR NUCLEAR FACILITIES

PURPOSE:
To establish the selection, qualification, training, and staffing requirements for personnel involved in the
operation, maintenance, and technical support of Department of Energy-owned (DOE-owned) Category
A and B reactors and non-reactor nuclear facilities to assure that:
a. Qualification programs are developed and implemented in an effective and reliable manner
consistent with the hazard involved and the risk associated with the operation;
b. Qualification programs promote an awareness of the risks involved and a level of proficiency
consistent with assigned tasks; and
c.

All persons are qualified to carry out their assigned responsibilities.

SCOPE:
The provisions of this Order apply to Departmental Elements and contractors performing work for the
Department as provided by law and/or contract and as implemented by the appropriate contracting
officer.
BACKGROUND:
a. In the commercial nuclear industry, the Nuclear Regulatory Commission (NRC) has stipulated
minimum prescriptive requirements for the training of senior reactor operators and reactor operators,
and has endorsed industry consensus standards for the selection, qualification, and training of nuclear
power plant personnel. In addition, the NRC has issued a policy statement which supports and endorses
the performance-based training accreditation. In a similar fashion, this Order has been developed to
update and consolidate DOE's existing prescriptive-type training requirements in a manner that is
intended to be complementary and compatible with performance-based training. While the DOE
training accreditation program (DOE 5480.18) establishes a systematic process for the analysis, design,
development, implementation, and evaluation of a training program and its content, this Order
encompasses those prescriptive requirements (education and experience, examination and certification
requirements, program frequency, requalification, etc.) contained in accepted industry standards where
available.
b. This Order combines and updates the training requirements previously contained in DOE 5480.5,
SAFETY OF NUCLEAR FACILITIES, and DOE 5480.6, SAFETY OF DOE-OWNED NUCLEAR
REACTORS, into a single, stand-alone training directive.
APPLICABLE TO ABWR COMPLEX: YES
JUSTIFICATION:
This Order contains general requirements applicable to all DOE facilities. The requirements of this
Order will be implemented at the ABWR Complex.
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