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Generally, terms and abbreviationa ara dafinad at the tima thay are first introduced in the
following raport. The more commonly found terms and abbreviations which are
appropriate to tha System 80+ m station design and Plutonium Disposition Study are
compiled balow as a convenient raferance for the reviawer. In tha interast of practical
application, nota very possible scientific tarm or abbreviation is Iistad.

ABB-CE
ADV
ALARA
ALWR
APR
APS
ATWS
AVS
BNWL, BNL
BPR
CAS
CBC
CCTV
Ccw(s)
CEA
CEDM
CEG
Cls
CM
CPC
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Cs
CSAS
CSB
Cvcs
D&D
DE&S
DIAS
DIT
DNB
D-O
DPS
DVI
ECA
EFPD
EFW(S)
EFWST
EOP
EPRI
ESFAS
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Duke Engineering and Services
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Destruction Daploymant Option
Data Processing System
Dkect Vessel Injection
Enargy Conversion Area
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Emargancy Feedwatar (System)
Emergancy Faadwater Storage Tank
Emergency Operating Procedures
Electric Power Research Institute
Emergency Safety Features Actuation Signal
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ESW(S)
EWG
FEA
FMEF
FPF
FRS
Frc
FTFF
GVR
GWD
GWMS
HACTS
HEPA
HJTC
HPSI
HRA
HVAC
IAEA
Icl
ID
INPO
IPP
IPSO
IRWST
ITAAC
LCO
LOB
LOCA
LTOP
LWMS
MAA
MFIV
MOPS
MOX
MRS
MSIV
MSSA
MST
MT, MTU
MTc
MWD
MW(t)
NEPA
OBE
O&M
ONM
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Essential Service Water (System)
Elactric Wholasaia Ganarator
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Fuel P\n Fabrication
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Fuel and Targat Fabrication Facility
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Gigawatt-Oays
Gasaous Wasta Managamant System
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High Efficiency Particulate Air (Filtar)
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Haating, Ventilation and Air Conditioning
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Oparation and Maintenance
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PBRC
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PDR
PDS
PM
PRA
PRF
PSN
PVNGS
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RCM
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RCGV
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RD
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SAF
SAS
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Sc
SCRUPS
Scv
SDS
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SF-1
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SG
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SIT
s-o
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SWEC
SWMS
T&Q
lTDP
UGS
URD
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Ill. PLUTONIUM FUEL CYCLE

A. SYSTEM SO+ PLUTONIUM BURNER DESIGN PARAMETERS

1. J?efe ence SV$SQDISO+ Reeoto Des anr r i

The Syetem SO+ etenderd PWR design is used es the reference design for the
plutonium burner concept eveluated in this study. The System SO+ design hes
eeversl edventeges for this epplicetion, which include the following:

● System SO+ wes specifically designed for meximum fuel management
flexibility end cen accommodate plutonium fuel Ioedings up to and including sll-
plutonium-reector (APR) operetion with relatively minor modifications.

● The System 80+ design is bssed on the proven System SO design in operstion
et the Pelo Verde Nucleer Generating Stetion (PVNGS). The evolutionary
improvements in the System SO+ design ere besed on extensive plent
opereting experience, industry end regulatory feedbeck, end integrated design
enelyses using probabilistic risk assessment (PRA).

● The System SO+ design conforms with the EPRI Utility Requirements for
Evolutionary Advenced Light Wster Reectors.

● The System SO units currently under construction in Koree include numerous
evolutionary festures of the System SO+ design (e.g., ring-forged reector
vessel, greeter deeign msrgins for mejor components, improvements to sefety
systems) end represent en ective progrem of procurement, manufacturing end
construction.

● The System SO+ reference design described in CESSAR-DC hes completed
extensive review by the NRC covering ell regulatory requirements for new plent
designs. The design successfully eddresses ell current US regulations end
policies, end is scheduled for Finel Design Approvsl in 1994.

Bssic technicel characteristics of the System SO+ design ere included in the
Technicel Description in Section II of this report. The reference System SO+ design
described in CESSAR-DC has e core power reting of 3914 MWt (reference U02 core
design) end e corresponding thermal rating of the nucleer stesm supply syetem
(NSSS) of 3931 MWt, which includes the thermel input of the reector coolant
pumps. The referenca System SO+ NSSS components consistent with this power
rating ere maintained for the plutonium burner design. However, the core power
reting is reduced for the fuel cycle epplicetione in this etudy (i.e., core power of
3800 MWt for plutonium burning fuel cycles, end core power of 3410 MWt for the
tritium production fuel cycle). In these applications the core power is limited in order
to maintein the same level of core thermal margin as the referance U02 fual cycle.

Tha pertinent characteristics of the System SO+ reactor which provide for plutonium
burning fuel cycles sre unique dasign features of the fuel essembly, control element
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asaembliea (CEAS) and tha reactor internals which increase control rod coverage of
the core. Although the reeder is referred to a more general description in Saction II
of this raport, thase faaturas ara briefly summarized balow:

a. The core ia comprisad of 241 fuel assemblies, eech assambly having a 16x16
fuel rod array with five large structural guide tubes (each guide tube occupies
2x2 fuel lattice Iocationa), as ahown in Figure 111.A-1. The four outar guide
tubaa are for CEA fingars (or elaments), whila the center guide tube is for in-
core inatrumentation. The in-core instruments are bottom-entry and therafora
do not interfare with tha uppar intarnals design for CEA guidance.

b. Tha control elament assamblias have eithar 4- or 12-alamant arrangements, as
illustrated in Figura IILA-2. The Iarga CEA element dasign (for the 2x2 guide
tuba) providea a higher dagree of mechanical ruggedness and increased
absorber surface araa par element than in PWR dasigns where tha control rod
fingars occupy a single fuel rod lattice location. The 12-element CEA
mechanical dasign with B4C nautron absorber is further shown by Figure lll.A-
3.

c. The 12-elemant CEA has tha uniqua characteristic of insarting into five
adjacent fual assemblies, as illustrated by Figure Ill .A-4. This characteristic is
made possible by the upper guide etructure design of the reactor internals
which provides continuous guidance for each individual CEA element into the
fuel aasembly guida tuba, while providing adequate flow area for primary
coolant axiting tha core. The upper guide structura, illustrated in Figura 111.A-5,
ie a rugged, all-walded structure and protacts each CEA element from flow
forces and dynamic loads associated with seismic events and daaign basis
accidents.

d. The CEA pattern for the referenca System 80+ daaign, shown in Figure lll.A-
6, consists of forty-eight (48) full-strength 12-element CEAa, twenty (20) fuil-
atrength 4-element CEAS, and 25 part-strength 4-alament CEAS, or a total
complement of ninety-three (83) CEAa. Tha pattern using 12-element CEAS
enables coveraga of adjacent fuel assembliaa by CEAS, so that a large portion
of the fuel assemblies (213 of 241 asaambliea) contain either four or two CEA
elemants. This provides a high degraa of core shutdown worth through
distribution of CEA elemants over the core. The 12-alement CEAS ere usad in
shutdown banks. Tha 4-alement full strength CEAa are used in regulating
banka. The 4-element part-strength CEAS (which contein Inconel absorbar) are
provided for rodded maneuvering.

System 80+ ia designed to eccommodata plutonium fuel in the form of PuOZ-UOZ
mixed-oxida (MOX). The mechanical characteristics of MOX fuel ara similar to thoaa
of UOZ fual. The nuclear and irradiation characteristics of MOX fuel for lower fiaaila
plutonium Ioadinga charactariatic of commercial LWR fuel raprocassing are
established baaed on eerl y evaluation (e.g., tha US Generic Environmental Statemant
on Mixad Oxide Fuel in LWRS issued in 1974) furthered by the expariance in
commercial fuel reprocaasing outaide the US.
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The System SO+ reference design with the CEA pettern shown in Figure 111.A-6 cen
accommodate MOX fuel Ioedings up to the level of eelf-genereted recycle (SGR)
without modification. SGR is defined ss the smount of plutonium genereted by the
reference UOZ fuel cycle. This would ellow approximately one-third of the faed fuel
assemblies to contain MOX fual, while tha ramaining feed assemblies would contain
UOZ fual. Design modifications to accommodate higher loadings of MOX fuel,
including all-plutonium-raactor (APR) operation, are described below.

2. for APR QIM@QO

Utilization of commercial MOX fuel at the SGR and APR levels has baen extensively
investigated for the Systam 60 design (Refs. Ill-1 through III-5). The early dasign
studies showed that dasign modifications are requirad for PWR aystams to
accommodate large Ioadinge of MOX fuel. These modifications include additional
control rods to provide requirad shutdown margin, equipmant modifications to
accommodate higher soluble boron concentrations, core and spant fual cooling
equipment sized to accommodate tha higher dacay haat loads associated with
irradiated MOX fuel, dasign of the raector vesaal and intarnals to tolarata a greatar
flux of high energy nautrona than ariaes in uranium fueled operation, modification to
tha radwaate systama to accommodate highar tritium ectivity in the primary coolant,
and design of fuel atorege and fual hendling facilities to safely accommodate MOX
fual.

Tabia 111.A-1 summarizes tha basic impact of APR operation on PWR plant systam
dasign requiramente. The System SO dasign was specifically devalopad to
accommodate MOX fuel Ioadinge up to and including APR. Consequently, design
requirements for APR oparstion wera incorporated in tha basic systems of tha
System 60 NSSS, or daaign provision made which facilitate modifications for APR
oparation. Theaa system featuras to anable APR oparation have baan presarvad in
tha evolutionary System 80+ design. The summary below describas physical
effacts of MOX fual operationa at the APR Iaval and tha accommodation of these
effects in the System 80+ APR dasign,

a. Irradiated MOX fuel exhibite highar long-term decay heat generation ratas and
longer decay times than irradiated UOZ fuel. Typicel dacay heat loads for APR
operation are higher by approximately twenty percent than for UOZ operation
one day aftar shutdown and continue to diminish more slowly with time. This
highar heat load muet be accommodetad in the design of plant cooling
systems. For tha Syatam 60+ dasign, tha higher heat loads ara
sccommodatad in the following systams:

● Shutdown Cooling System (SCS)
● Containment Spray System (CSS)
● Spent Fual Pool Cooling Systam (SFPCS)
● Componant Cooling Watar System (CCWS)

b. Highar soluble boron concentrations are requirad in the primary coolent due to
lower reactivity worth of B’” with MOX coras. For APR oparation the raquired
soluble boron concentration are approximately doubiad ralative to UOZ
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operetion. For the System 80+ design, the higher soluble boron requirements
for APR operstion ara accommodated by increasing the aiza and processing
capacities of tha Chemical and Voluma Control Syatam (CVCS), and by
increasing the soiubla boron concentration in tha Safety Injaction System (S1S)
and In-containment Refueling Water Storage Tank (IRWST).

c. The tritium concentration in tha primary coolant is substantially highar for APR
oparation than for U02 operation. This rasults from the higher operating
concentration of soiubla boron cauaing increasad tritium production by the
BIO(n, 2a)Ha raaction. The rasulting tritium buildup in tha primary coolant is

approximate aevanty percent highar for APR oparation in comparison to UOZ
oparation. For tha System 80+ dasign the highar tritium Iavels ara
accommodated in tha dasign and oparation of tha liquid and gaseous radwaste
systems, and provision of a tritium ramoval aystam for APR oparation.

d. The rata of high anargy (> 1 MaV) neutron irradiation of the raactor vessal and
intarnals is increasad by approximately aix parcant for APR operation in
comparison to UOa operation. This is due to an increasa in tha numbar of
prompt nautrons emittad in plutonium fission and a slightly highar avaraga
enargy of the fission nautrons. The highar neutron fluanca levels ara
accommodated by dasign and materials controls of tha Systam 80+ reactor
vaasel and internals.

e. Gamma amission rates are higher by approximately twenty percent for APR
operation compared to UOZ operation. This leads to correspondingly highar
heating ratea which ara accommodated by the design of the raactor internals.

f. Radioactive dacay of plutonium isotopes (and small quantities of amaricium) in
fresh MOX fuel requires provision of shielding in the fual racaipt, handling and
inspection area.

9. The ralative individual control rod worth is reduced by twenty-five to thirty
parcent for APR operation in comparison to UOZ or SGR operation. Tha control
rod requiramante for APR oparation ara accommodated in the Systam SO+
daaign by incorporating an axtandad CEA complamant. Tha axtandad CEA
complement ia achievad starting with tha referance ninaty-three (93) CEA
pattarn, shown in Pigure 111.A-6, and modifying the CEA pattern by utilizing tha
eight (8) apara CEA nozzles provided in the referanca System 80+ dasign, and
by utilizing full-strangth (B4C absorber) CEAS in ell locations. The resulting
extended CEA pattern for APR oparation is shown in Figura Ill .A-7. This
pattern provides covarage of 221 of 241 fual aasembly locations by tha full-
strength CEAS. 6acausa of tha high shutdown worth of the raferenca Systam
SO+ CEA pattarn, and tha modifications to increasa the number and atrangth
of CEAa, the extended CEA pattarn providea the naceasary shutdown
raquiremanta for APR oparation. Cora maneuvering is mora restricted for APR
operation dua to the elimination of part-strangth CEAS and roddad operating
rastrictiona associated with shutdown worth and safety msrgins. Normal
operating capabilities for startup, shutdown, power oparationa, and powar level
changes ara not significantly affacted, howaver.
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The evaluation of commercial MOX fuel utilization for the System SO design included
fuel management and aefaty analyses for fual cyclas tranaitioning from U02
operation to equilibrium SGR or equilibrium APR operation. Tabla 111.A-2 gives tha
characteristics of comparative equilibrium cyclaa for UOa, SGR and APR oparation.
Tha safaty relatad physics characteristics for thesa fuel cyclas are aummarizad in
Tabla 111.A-3.

Tha paramatars in Tabla 111.A-3show tranda in tha cora physics characteristics with
higher loadings of plutonium. Thesa tranda ara axpected baaed on tha nuclaar
properties of Puau in comparison to U23S. A major affact of incraasad plutonium
loadings is strongar tharmal absorption in tha fual which altars various cora physics
peramatara. in particular, tha reactivity worth of solubla boron and control rods ara
raducad, and tha prompt nautron Iifatime (f”) is raducad. Tha dalayad nautron
fraction (I&) ia also raducad with incraasad plutonium loading. Tha changa in those
parametara is relatively small from UOZ to SGR oparation (sinca UZS5raactions ara
predominant) and graatar for APR oparation (whara PuZ1Oraactions ara predominant).

Consaquantly, tha raquirad solubla boron concentrations ara approximately doublad
for APR oparation in comparison to U02 or SGR operation, and tha axtandad CEA
complainant is raquirad for APR oparation.

Modarator tamparatura coafficiant (MTC) and fual tamparatura coafficiant (~C) ara
affacted to a Iassar axtant with highar plutonium loadings. MTC ia more negativa at
baginning-of-cycla (BOC) conditions for SGR or APR operation. For and-of-cycle
(EOC) conditions tha MTC for APR oparation is comparable to that for UOa oparation,
whila the MTC for SGR oparation is mora nagativa. FTC becomes slightly less
nagativa with tha highar plutonium loadings.

Basic safaty implications of tha cora physics characteristics for APR oparation ara
summarized below.

a. The affectiva dalayad neutron fraction (13m)and prompt nautron Iifatime (f”),
which ara important to short tarm powar transianta, ara dacraasad for APR
operation. While this rasult in itaalf would appear to hava an adverse effact
upon short pariod tranaiants such as a rod ajaction accidant, tha ovarall
consaquanca ia mitigatad by tha Iowarad reactivity worth of tha ajactad rod
and a raduced sensitivity of tha cora powar distribution to local reactivity
perturbations. Thaee mitigating affects ara a consequanca of the strong
tharmal absorption propartias which raduce tha thermal diffusion length of tha
MOX fual Iattica.

CEA ajaction analyaea previously performed for SGR and APR operations of tha
Systam SO dasign at full power and hot zaro powar initial conditions have
ehown accaptabla conaaquencas in all casas (i.e., comparable to raaults
axpactad for U02 operation). For tha Systam 80 and Syatam 80+ dasigns the
control rods allowed to be insartad in tha cora whan tha raactor ia critical are
of tha 4-alemant typo. Tha insartabla reactivity worths of 4-elemant fuli-
strangth CEAS are small in comparison to 13fi, so that the cora powar transiant
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is small in comparison to the Iocsl power transiant. Tha cora powar transients
associated with the CEA ajection events for APR operation were, in feet,
predictad to self-limiting below the power conditions which would be axpactad
to result in a reactor trip, daapite tha lowar valuee of 13m, f”, and fuel
temperature coefficient. The more favoreble results anelyzed for APR
operation era a consequence of a less adversa initial powar distribution,
reduced ejacted CEA worth, and reducad response of the cora power
distribution to tha reactivity insertion.

b. For evants with decreaaa in primary coolant temperature, the negative
modarator temperature coefficient associated with UOZ, SGR or APR operetion
results in a positive reactivity insertion. Tha positiva reactivity insartion results
in a power increaee transient which is opposed by tha negativa fual
tamperatura coefficient and may, for Iargar cooldown evants, result in s
raactor trip. The extended CEA pattern for APR oparation is providad to offset
tha reduced individual CEA worth in order to provide adaquata screm worth for
the most limiting cooldown avente. It is noted that cooldown evante are mora
limiting near end-of-cycle (EOC) for the equilibrium cycles due to the mora
negative MTC valuaa at EOC, es ahown in Table 111.A-3. Tha CEA worth
increases aa e function of burnup for plutonium fuel cycles (as shown in
Section 111.F), thus providing higher scram worth for the most limiting
postulated cooldown evants near end-of-life.

c. For events associated with reduced reector coolant flow or raduced beet
removal the consequences are charectarized by a decraasad margin to
daparture from nucleete boiling (DNB). The plutonium contant of the fuel does
not affect the consequences of such events to any significant degree.

d. The consequences for Iosa of coolent accidents (small LOCA or large LOCA)
are not axpacted to be significantly affacted by tha plutonium content of the
fual. A potential difference for APR oparation is in tha requirement to prevent
post-LOCA boric acid build-up during the Iong-tarm emargancy cooling. APR
operation requires e higher concantretion of soluble boron in tha eefaty
injaction system and the in-containment refueling water storsga tank (IRWST)
for System SO+. The reference dasign boron concantretions in thase systems
for APR and SGR operations are 6200 ppm and 4400 ppm, raspactively.
Analysas parformad for APR operation of the rafarence System SO design
indiceta that operator raeponse time to provida hot-lag injection flow during
long-term cooling based on standard procedures (i.e., sevarel hours aftar the
event) is sufficient for tha most limiting postulated Iarga LOCA.

4.

The System SO+ design for utilizing weepons grade plutonium is based on tha
raferanca design modified for APR oparation. Specifically, the axtendad CEA pattarn
end plent system requirements as described in Section IILA.2 are implemented in the
dasign. Additional faatures are provided basad upon consideration of the highar
fissila contant of weapons-grada plutonium (versus plutonium from commercial
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reprocessing) end specific mission requirements in the DOE Plutonium Disposition
Study Requirements Document. Major requirements include:

● Diapoaition of 100 MT of weapons-grade plutonium within a period of 25 years
efter October 1993;

● Design for three fuel cycle alternatives for plutonium disposition, which ere
designated Plutonium Spiking, Spent Fuel, and Plutonium Destruction (the
requirements for each alternative are described eeparstely in Sections 111.C,
IILD and 111.Ebelow);

● In all casea, the design should produce electric power and be capable of
producing tritium. Recommended changas tooptimize thedesign fortritium
production should be included.

Thaaa requirements Iced to several practical considerations, reflected in the design
objectives for this study

● Theraactor design ahould becapable ofaccommodating large loadings of
weapona-grade plutonium. This would favora Iargecore size and the
capability for APR oparation utilizing weapons-grade feed plutonium in order to
accomplish the plutonium burning mission with realistic conetrsints oncepitel
investment.

● Thereference reactor design and features for APRoperationahould be based
to the maximum extent on proven technology, proven operating experience of
the reference design, and assurance of licensability bssed on substantial
completion of NRC licensing review ofthareference daaign ese new plant
design. Thaseconsiderations areessential inorder torealistically meet the
schedule fordeaign, construction, ataflup anddiapositionof 100 MTof
weapons-grade plutonium within theachedula period from October 1993to
October 2018.

● The reference design should have the flexibility to accommodate the required
fuel cycle alternatives andtherequirement fortritium production operation
without major in-aervica modification of plent eystems and reactor dasign
features. Thedeaign differencea fortheae modasof operation ahouldbe
limited to fuel assembly design detaila and core operating power Iavel.

Theadditional Syetem 80+ nuclear deaignfeatures which addresa the requirements
anddeaign objectives for utilizing weapons-grade plutonium ara described below.

a. Mixsd-Oxide Fual Design

Table lll.A-4showa relative concentrations of plutonium discharge isotopes for
araferenca 18-month U02fual cycle of the Systam 80+ design (averaga
discharge burnupof approximately 4SGWD/MTU). This providers basis of
compariaonof diffaranceaof feed fual for the waapons-grade plutonium burner
versusa “commercial-grade” plutonium burner (i.e., using reprocessed
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plutonium from UOZ dischsrge fuel). Secondly, it provides e basis for
comparing the discherge plutonium isotope reties for the weepons-grada
plutonium burnar (i.e., Spent Fuel Alternative) with those of tha raferance UOZ
fuel cycle characteristic of the System SO+ design.

Tha feed fuel concentrations of plutonium isotopes, particularly PU2W and PU24,
ara a principal consideration in the utilization of weapons-grade plutonium in
the nucleer design. The affects of basic differences betwean tha weapons-
grade and commercial-grade plutonium on tha safaty-related physics
psrametars were avaluatad for the fual cycle alternatives davelopad in this
stud y and are summarized in Saction Ill .F. Tha rasults indicata that eafat y-
relatad characteristics of APR operetion do not change significantly for
utilization of weapon-grade plutonium fual compared to usa of reprocessed
plutonium from commercial LWRS.

Tha specification for the waapons-grada plutonium ara axpected to vary
ralative to the velues in Saction Ill .F. Theee may include variations in the
concentration of tha Pu2$@and Puw isotopes, presence of small concentrations
of Pu24’, PU242,AmX’, etc. These variations ara of lass significance to tha core
nuclaar deeign then to the fual fabrication process, howevar, and can ba
accommodated without significant modification of the core and fuel cycla
designs dascribad balow for the Systam SO+ plutonium burner.

The fuel design used (except for the Plutonium Destruction Alternative) is
mixad-oxide (MOX), consistent with refaranca System SO+ dasign for
commercial APR operation. Based on the design objective of providing as high
as practical loading of waapons-grada plutonium in tha cora, tha APR dasign
utilizes MOX fead fuel in tha form of Pu02-U02-Er~02, with tha following
characteristics:

● Waapons-grade plutonium comprising approximately 7 wt% of tha haavy
metal (HM);

● Uranium tails (0.2 wt% U’ss tails assay) comprising approximately 93
wt% of the HM;

● Erbium burnable poison admixad in the form of natural Era02 in the metal-
oxide with typical concentrations of 1-2 wt% of the MOX fual.

The loading of epproximetaly 7 wt% waapons-grada plutonium in the Systam
80+ APR dasign enables 100 MT of the material to ba loadad in approximately
fifteen (15) full coras. The use of uranium tails and arbium burnable poison
facilitates the nuclear characteristics for reactivity and power distribution
control with the high plutonium fissila loading, in an analogous feshion to
design explications for higher burnup, highar enrichment U02 fual cyclas.

Tha use of ursnium teils in the fual is desirable in order to minimize additional
fiseile content in the fuel (i.e., essentially eliminata the effacta of U236). It is
also desirabla from the standpoint of raducing tha uranium tails invantoriad et
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DOE uranium separation facilities. The presence of U2’o prolongs the depletion
of PU2W over lifetime due to its fertile characteristic (i.e., conversion to Pu230by
neutron absorption reactions). The presence of U2= provides beneficial effects
on the nucleer design characteristics, however, including partially offsetting the
low B* of Puzssand providing for a mora gredual changa in cora physics
persmetars over Iifatima. The isotopa characteristics of tha plutonium in
discharga MOX fual at and-of-life (Spant Fual Altarnative) wara avalustad to ba
similar to thosa of plutonium in discharga UOZ fual, as ahown in Tebla 111.A-4.
In particular, tha ralativa concentration of Pu240in the discharga plutonium is

approximately twanty-thrae parcent in both cases.

The use of arbium as a burnable poison in tha MOX fuel is an innovative daaign
application for tha plutonium burner, which providas substantial banafita for
accommodating high concentrations of Pu230. &~um is a rare earth, shmtw in

chemical and metallurgical proparties to gadolinium. Like gadolinium, erbium ia
comprised of saveral neturel occurring isotoWs. Tha natural abundanciea and
daplation chain of arbium ara illustrated in Figura 111.A-8. Er’87 is tha primary
neutron abaorbar. Tha anargy-dapandant nautron absorption propartias of Er107
includa a Iarga doubla raaonanca in tha vicinity 0.5 av, as shown in Figura
111.A-9. This anhances the tharmal nautron absorption of arbium (La., providing
a non-1/v absorption charactariatic), and providas tha additional charactariatic
of improving the nagative fual temperature snd modarator tamparetura
coefficients dua to the location of tha reaonanca at tha high and of tha tharmal
anergy spactrum. In contrast to gadolinium, arbium haa a slower daplation
characteristic as a burnabla poison, ralaasing reactivity gradually ovar a longer
period of fual burnup.

Erbium has baan axtansivaly uaad in TRIGA (Raf. III-6) to provida a more
nagativa fual tamparatura coefficient for the high anrichmant uranium fual.
ABB-CE haa mora racantly davalopad tha application of erbium as a burnable
poison for PWRS, in tha form of ErzOa admixad with anriched UOZ. This
application was davalopad aa an optimizad burnabla poison dasign for 16- and
24-month U02 fual cyclaa (La., tha cycla Iangths currantly in oparation for all
US ABB-CE plants). For axtendad U02 cycla Iangths the erbium burnebla
poison design showa msjor edvantagaa of improving tharmal margins (raducing
powar paaking ovar long cycla Iangths by distribution of tha raquirad burnabla
poison over a large number of fuel rod locations) and providing a nagativa
moderator coafficiant at baginning-of-cycle (anabling high total loading of
arbium to control axceas reactivity with highar U02 enrichments). The ABB-CE
arblum burnabla poieon dasign has complatad irradiation demonstrations in two
operating ABB-CE plants and ie achadulad for full batch implamantation by
1994. Tha daaign has been ganarically approvad by tha NRC for Er20~
concentration up to 2.5 wt% in anrichad UO1 (Ref. III-7).

The application of erbium burnabla poison offers kay benefits for tha Systam
80+ plutonium burner dasign, snalogous to the benafits providad for Iongar
U02 fual cycles. Thaee includa tha following:
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● The admixtura of Er,O~ in MOX is analogous to its usa in UO, fual and
provides the capability to accommodate high fissile plutonium loading.
Since the erbium poison is admixed homogeneously in tha fual it provides
tha ability to control a large emount of axcass reactivity, whila precluding
the possibility of loss of this reactivity control by any mechanism,
including misoparetion or mechanical disessambly of the fuel.

● Tha 0.5 ev neutron absorption resonanca of Er1e7overlaps significantly
with the 0.3 av rasonance of Puz’O, es shown by Figure Ill .A-9. This
anhancas tha nautron absorption worth of erbium burnabla poison in
comparison to use of purely 1Iv ebsorbers, such ae BIO, which hava
significantly diminished reactivity worth in the prasence of a high loading
of Pu2sg. Consequently, the requirad reactivity holddown for 7 wt%
loadings of weepons-grade plutonium in the MOX is provided with low
concentration of ErzO~ (each wt% of Er20~ corresponds to approximately
6%A4 reactivity holddown at full power conditions).

● The long-term reactivity control characteristics end ability to vary tha
distribution of the erbium concentration ovar tha fual Iattica provida a
high degrae of flexibility for control of powar distribution over lifetime, in
ordar to minimiza paaking fectors end provide a high dagree of thermal
operating margin.

Non-Fertile Fuel Design

A non-fartile fual dasign has baan avaluatad for tha Plutonium Destruction
Alternative (see Section 111.E). The concept evaluated utilizas a caramic pellet
design of similar gaomatry characteristics to tha MOX or UOZ pallet designs,
but consisting of Alz03-PuOz-ErzOW In this dasign, the loading of weapona-
grade plutonium is unchangad ralativa to thst of tha MOX fual daaign deacribad
abova. AlzO~ is providad as a non-fartila diluent, raplacing tha UOZ tails in the
MOX design. Becausa tha U2SSia aliminatad by this dasign, tha rate of
destruction of Pu230would ba achiavad at a highar rata with fuel burnup, with
significantly lower achievable Ievals of Puz30in the discharge fuel than for the
MOX dasign. Tha salaction of A120, for this purpose is based on ita high
malting tamperatura end thermel conductivity characteristics, and extansive
PWR expsrianca in long-term core-irradiation applications (a.g., AlzO~-B4C
burnabla poison rods usad in ABB-CE cores since the 1970’s). The Ioeding of
ErzO~ for the non-fartila fuel dasign is significantly highar than the Iaval for the
MOX dasign (a.g., tha equivelant of using 4 wt% Er20~ in the MOX pallet
design). The highar arbium loading is required to compensate for tha removal
of Uz’s raaction ratas in tha non-fertila dasign, and to provide a more negative
fuel tamparatura coafficiant in the absence of U2s0. The raduction of 13wdue to
tha elimination of U22Bis not compensated for in the non-fertile fuel design.
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Fuel Assembly Design

The fuel sssembly design for both the MOX end non-fertile fuel designs
described above is based on the referenca System 80+ 16x16 fuel assembly
design. The anelyses of fuel depletion for the Spent Fuel Alternative and
Plutonium Destruction Alternative showed that it is desirable to includes
limited number of AlzO,-BtC burnsble poieon rods in the fuel Iettice. The
reference fuel assembly designs for the System 80+ plutonium burnar concapt
ara basad on tha use of eithar Pu02-UOz-Er30z MOX fual rods or A120,-PuOz-
ErzO~ non-fartile fuel rods (Plutonium Destruction Akernativa). Fuel assembly
dasign arrangements for the System 80+ Plutonium Burnar cora dasign are
shown in Figure 111.A-1 O. Tha basic fuel assembly types shown in this figura
are designated O-shim, and 12-shim arrangements.

Tha O-shim fuel assembly arrangamant contains 238 fuel rods, which ia the
maximum number of fuel rod locations provided in the standard Syetam 80+
16x1 6 assambly dasign.

The 12-shim fuel assambly arrangement incorporates twalva A120~-B4C
burnable poison rods in tha fuel Iattica. Each 12-shim fual assembly contains
224 fuel rods end 12 non-fual burnable poison rods. Tha AizO~-B4C burnabla
poison rods are located in a standard arrangamant used in ABB-CE UOZ fual
assemblies, as shown in Figure Ill .A-l O. Uniika standard ABB-CE application,
which have tha burnable poison rods permanently fixed in tha fual lattice, 12-
shim dasign for the plutonium burnar application has the AIZO$-B4C burnable
poison rods containad in non-structural guide tubes within tha fual assambly
(each non-structural guida tube occupies 1xl lattice locations). Tha burnabla
poison rods are dasigned to ba insartabla/ramovable by removing tha uppar and
fitting of tha fual assambly in order to access the burnabla poison rods. Such
operations would be raquirad infrequently, howevar, and would not be on the
critical path of fual cycle operations. Removing and replacing tha uppar and
fitting of tha ABB-CE fuel assambly design is a simple oparation, but requiras
usa of spatial tools in a controlled area of tha spent fuel Pool. Therafore,
mishandling of tha burnable poison rods would be precludad during normal core
loading and offloading operations.

Table 111.A-5includas a summary of fual assembly design parameters and fual
cycle characteristics for tha MOX fual design which is appliad for the
Plutonium Spiking and Spent Fual Alternatives. Tabla 111.A-6 providaa a similar
summary for tha non-fartila fual design which ie applied for the Plutonium
Obstruction Altarnativa. Tha Systam 80+ Plutonium Burnar fual cyclas
rapresentad in these tabias use O-shim and 12-shim fuel aseembly dasigns in
160 end 81 cora locations, respectively. The inclusion of Alz03-B~C burnable
poison rods in tha fuel cycla design serves the following purposas:

● Tha AIZ03-B4C burnabla poison rods aupplamant tha Iong-tarm reactivity
holddown of tha erbium burnsble poison and facilitate the dasign for a
gradual, negative rundown characteristic of tha fuel k- with burnup;

345-111.wp/cm Ill-1 1



PU CONSUMPTION IN ALWRS

Ifl~~w~

PLUTONIUM FUEL CYCLE

● The A1203-B4C burnable poison rods can be selectively removed prior to
fuel loed in Ieter cycles (e.g., fourth ennuel cycle for Spent Fuel
Alternative or Plutonium Destruction Alternative) in order to remove the
residuel reactivity holddown. This feeture edds flexibility for fuel
management end echieving cycle length nesr end-of-life;

● Terget rods for tritium production cen be substituted for the AlzO~-B4C in
eny opareting cycle (except neer end-of-life) in order to provide tritium
production capability. This capability would exist in all ceses (as
spacified by the DOE Requirements). The evaluation of tritium
production (see Section 111.G)indicetes that substitution of the tritium
production target rods, which contein Lie, can be accommodated et
different timas in life due to similarity of tha reactivity holddown
characteristic relative to the AlzO~-B4C burnabla poison dasign (note that
both Lie and BIO hava a 1/v tharmal nautron absorption characteristic).

To meet contract quantity tritium production requiramants set forth in DOE
guidanca, multiple System 80+ Plutonium Burner units would be required to
meat the raquired tritium production rate capability using the core deeigne
deecribad in Table 111.A-5 or 111.A-6. However, Tabla 111.A-7 dascribas a Tritium
Production core design which provides the capability for meeting the specified
tritium production rate with a single System SO+ Plutonium Burner unit. This
design uses a 32-shim assembly srrangamant, as shown in Figura IILA-11, for
accommodating either AIZ03-B4C burnable poison rods or targat rods for tritium
production. The tritium production capability is dascribad in mora detail in
Section 111.G.

d. Core Tharmal Rating

Table 111.A-8 eummarizee the core thermal parameter for the System 80+
Plutonium 8urner dasign in three modes of powar oparation. Tha cora designe
for which these modee of power oparetion apply are described below:

● Q Fuel Cv~ This mods of power operation eppliee for the reference
System 60+ UOZ fual cycla deeign, which is an 18-month cycle length
dasign using ErzO~-UOz burnabla poison. Othar UO, fual cycla dasigns
with cycle Iengthe ranging from 12-months to 24-monthe ere also
availabla for this mode of powar oparation. Tha core powar Iavel is 3914
MWth, consistent with tha rafarenca Systam 80+ design dascribed in
CESSAR-DC.

●
✎ ✎ ✎

~ This mods of power oparation applias for the
Plutonium Spiking and Spent Fuel Alternative described in Sections 111.C
and Ill .D, respectively, using the PuOz-UOz-Er~Oz MOX cora design
faaturas described in Table 111.A-5. Alternatively, this mods of operation
applias for the plutonium Destruction Altarnativa describa in Saction IILE,
using the AlzOa-PuOz-Erz03 non-fartila cora design features deecribad in
Tabla 111.A-6. In this mode of power operation tha core power Iaval is

limited to 3800 MWth in order to maintain tha same core tharmal
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operating margins ss in the reference System 80+ design, accounting
for the displacement of fuel rod Iocetions by AlzO~-B4C burnsble poison
rods or terget rods.

●
✎✎

~ This mode of powar operation epplies for tha single-
unit Tritium Production core design described in Table 111.A-7. The cora
end fuel cycle daaign is beaed on PuOz-U02-Er30z MOX fuel, with the
capability to accommodate 32 target rods per fuel essembly. (An
akernete Tritium Production design using enriched UOZ fuel in lieu of
MOX fuel is elso possible, but was not evelueted for this study.) The
core power reting for this mode of oparetion is limited to 3410 MWth in
order to meintein the sema core thermel opereting mergins es in the
reference System SO+ design, accounting for tha displacamant of fual
rod locations by target roda or AlzO~-B4C burnable poison rods.
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Plent Cooling System

Chemicel end Volume Control System (CVCS)

Sefety Injection Systems

Control Element Assembly (CEA) Complement

Fresh Fuel Hendling end Storege Fecility

Spent Fuel Storege Feciiiiy

Radwaste System

TABLE 111.A-1

U PWR SYSTEM REQUIREMENTS

Svstem Reauirema nts Chanae~

(1) Increased Core Oacay Heat Removal Capacity far Plant
Cooldown and Safety

(2) Accommodation of Increased Long Term Decay for Spent
M[xed-Oxide Fuel

(1) Increased Maximum Soluble Boron Concentrations in Primary
System and CVCS Components

(2I Increased Capacities for CVCS Processing and Waste Water
Holdup

(1) Increased Maximum Soluble Boron concentration in IRWST and
Safetv Iniection Tanks

(1) Increased Number af CEAS ta Accommodate Reduced
Individual CEA Warth

(1) Shielding of Gamma and Neutron Sources from Fresh Mixed-
Oxide Fuel

(1) Increased Starage Capacity due to Lowar Average Discharge
Burnup and Potentially Longer Storage Time

(2) Accommodation of Altered Reactivity Characteristics of Mixed-
Oxide Fuel in Conjunction of Uranium-Oxide Fuel

(1) Addition of Tritium Removal Svstem ta Accommodate Higher
Tritium Production Rate in primary Coolant



TABLE IILA-2

MIXED-O XIDE FUEL CYCLE CHAR ACTERISTICS

Equilibrium Equilibrium Equilibrium
Cycle UO, Cycle SGR Cycle APR

Cycle Length MWD/(MWd/t(metel)) 11,400 11,400 11,400

Averege UOZ Feed Enrichment 3.29 3.62 ..

Averege Mixed Oxide Feed Enrichment 3.05 4.57
(w/o Fissile Pu)

Number of U02 Assemblies 241 157 0

Number of Mixed Oxide Assemblies o 84 241

Core Plutonium Inventory (Totel Pu)

Beginning-of-Cycle 421.2 Kg 2228.1 Kg 8439.1 Kg

End-of-Cycle 740.0 Kg 2148.9 Kg 7824.4 Kg

Core Plutonium Inventory (Fissile F%)

Beginning-of-Cycte 336.9 Kg 1205.6 Kg 4279.9 Kg

End-of-Cycle 561.8 Kg 1233.7 Kg 3829.0 Kg



TABLE 111.A-3

SAFETY RELATED PHYSICS CHARACTERISTICS FOR MIXED-OXIDE CYCLES

Equilibrium Equilibrium Equilibrium
Cycle U02 Cycle SGR Cycle APR

Beginning of Cycle Reactivity (CEAS Withdrawn, No
Oissolved Boron), p

Hot Standby o.137 0.122 0.0s3

Full Power, No Xanon 0.121 0.103 0.064

Full Power, Equilibrium Xenon 0.101 0.0s1 0.055

Oissolved Boron Raquirementa

PPM Dissolvad Boron for Criticality - CEAS Withdrawn

BOC Hot Standby 15s9 1s20 31s9

BOC Full Power, No Xenon 1400 1539 2450

BOC Full Power, Equilibrium Xenon 1170 120s 2100

Requirement for Refueling (5% Subcritical) 1955 23S3 4203

Invaree Boron Worth (PPM/% W)

Full Power BOC 116 149 3s3

Full Power BOC 101 130 331

Moderator Temperature Coefficient (104 @/”F)

Full Power BOC -0.59 -0.95 -1.00

Full Powar EOC I -3.24 I -3.73 j -3.10



TABLE 111.A-3 (Cent’d)
SAFETY RELATED PHYSICS CHARACTERISTICS FOR MIXED-OXIDE CYCLES

Equilibrium Equilibrium Equilibrium
Cycle UOZ Cycle SGR Cycle APR

Fuel Temperature Coefficient (105 @°F)

Full Power BOC -1.24 -1.08 -1.01

Full Power EOC -1.25 -1.17 -1.09

Neutron Kinetics Paramatara

Prompt Neutron Lifetime f#aec)

Beginning-of-Cycla 21.3 17.0 6.8

End-of-Cycle 24.8 19.5 7.9

Effective Delayed Neutron Fraction

Beginning-of-Cycle 0.00625 0.00567 0.00442

End-of-Cycle 0.00546 0.00518 0.00447

Available Control Rod Worth

Total (%@) 13.8 13.5 12.6id
. . .
NW (%AP) I 10.2 I 9.9 I 9.8i~

(a) APR core with extandad CEA complement
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TABLE 111.A4

SYSTEM SO+ U02 EQUILIBRIUM CYCLE

CORE POWER, MWt

NUMBER FUEL ASSY

FEED BATCH ASSY

FEED ENRICHMENT, Wt%

FEED U, MTU

CYCLE LENGTH, months

CYCLE LENGTH, EFPD

AVG CAP FACTOR, %

AVG DISCHG BU, GWDIT

DISCHG i%, kg

DISCHG Pu238/Pu

DISCHG Pu2391Pu

DISCHG Pu240/Pu

DISCHG Pu241 h

DISCHG PU2421PU

3914

241

80

4.20

34.9s

18

432

79

47.8

389.8

0.018

0.527

0.232

0.154

0.070
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Table 111.A-5

System SO+ Pu Burner MOX Core Design Characteristics

Power Level
Core
Power Density
Averege Lineer Power(tl
Maximum Linaar Power{l]

Core Oimenaiona
Active Cora Length
Equivalent Core Oiameter

Fuel Assemblies
Number
Dimensions

Array
O-Shim Assambl y

Number Fuel Rods
12-Shim Assembly

Number Fuel Rods
BPR Guide Tubasiz)

BPR Guide Tubs(z)
Outside lXameter
Thickness
Material

Fuel Rods
Outside Diameter
Cladding Thickness
Fuel Sintered Pellet Material
Cladding Materisi

Lumped Burnable Poison Rods (BPR)
Number per 12-Shim Assambly
BPR Outaide Oiamater
Cladding Thickness
BPR Absorbar Material
BPR Cladding Material

3800 MW(th)
95.5 kW/liter
17.7 kW/m (5.40 kW/ft)
41.7 kW/m (12.7 kW/ft)

3.81 m (150 in)
3.65 m (143.6 in)

241
202.7 mm x 202.7 mm
(7.98 in x 7.98 in)
16X16

236

224
12

11.2 mm (0.440 in)
0.91 mm (0.032 in)
Zircaloy-4

9.7 mm (0.382 in)
0.64 mm (0.025 in)
UOz-PuOz-Er20a
Zircaloy-4

12
8.7 mm (0.344 in)
0.64 mm (0.025 in)
AlzO~-B4C
Zircaloy-4

131 Based on 0.975 average energy deposition fraction in the fual.

[2) Non-structural guide tubea allow ramovel of BPRa for later cyclaa.
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Table 111.A-5 (Cont.)

System 80+ Pu Burner MOX Core Design Chsrscteristics

Control Element Assemblies (CEAS)
Number CEAS in Core 101

12-element Assemblies 48
4-element Assemblies 53

CEA Rod Outeide Oiemeter 20.7 mm (0.818 in)
Clsdding Thickness 0.89 mm (0.035 in)
CEA Absorber (all CEAS) B4C / Feltmetsl end Reduced Oismeter B~C
Cladding Material Inconal 625

Faad Fuel Betch
Number of Aaaembliea

O-Shim
12-Shim

Active Fuel Length
Numbar of Fuel Rods
Heavy Metal Faad
Uranium (tails) Faad
Plutonium Total Faed
Totel Pu in HM
Uranium (tails) Faad Isotopes
Plutonium Fead Isotopas
Fiaaile Pu Fead
Fisaila Pu in HM
Mixed-Oxide (MOX) Composition
Average Erbium in MOX

BPRs in Feed Fual Betch
Number of Burnabla Poison Rods
Active Poison Length
Average B-1 O Loading in Poison

Pu Spiking Alternative Fual Cycla
Avarage Capacity Factor
Cycla Langth
Avarage O@charga Burnup

Spant Fual Akarnativa Fual Cycle
Avarage Capacity Factor
Cycle Langth
Number of Irradiation Cycles
Average Discharga Burnup
Averaga Pu-240 in Discharga

81
160
3.61 m (150 in)
54956
98.75 MTHM
92.06 MTU
6.67 MTPu
6.75 wt%
99.8% U-238, 0.2% U-235
93.5% Pu-238, 6.5% Pu-240
6.24 MTPu
8.32 wt%
UOz-PuOz-ErzO~
1.6 wt% ErzO~ in MOX pellets

1820
3.45 m (136 in)
0.0102 g/cm (0.026 g/in)

0.43
3-months (39 EFPD)
1500 MWD/MTHM

0.75
12-months (274 EFPD)
4
42,200 MWDIMTHM
23% of Total Pu Invantory
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Table 111.A-6

System SO+ Pu Burner Non-fertile Core Design Cheractariatica

Power Level
Core
Power Density
Average Linear Power(t)
Maximum Linaar Powarll)

Core Dimanaions
Activa Core Length
Equivalent Core Oiameter

Fual Assemblies
Number
Dimensions

Array
O-Shim Assembly

Number Fual Rods
12-Shim Assembly

Number Fuel Rods
BPR Guide TUIMS121

BPR Guide Tube(z)
Outside Diameter
Thicknass
Material

Fuel Rods
Outside Oiameter
Cladding Thickness
Fuel Sintared Pallat Material
Cledding Material

Lumpad Burnable Poison Rods (BPR)
Number par 12-Shim Assembly
BPR Outaida Diameter
Cladding Thickness
BPR Absorber Material
BPR Cladding Material

3S00 MW(th)
95.5 kW/litar
17.7 kW/m (5.40 kWlft)
41.7 kW/m (1 2.7 kW/ft)

3.S1 m (150 in)
3.65 m (143.6 in)

241
202.7 mm x 202.7 mm
(7.98 in x 7.98 in)
16X16

236

224
12

11.2 mm (0.440 in)
0.91 mm (0.032 in)
Zircaloy-4

9.7 mm (0.382 in)
0.64 mm (0.025 in)
AlzOq-PuOz-Er203
Zircaloy4

12
8.7 mm (0.344 in)
0.64 mm (0.025 in)
AI,03-B4C
Inconel

111 Basad on 0.975 avarage energy deposition fraction in tha fuel.

(21 Non-structural guide tubas allow ramoval of BPRs for later cyclas.
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Table IILA-6 (Cont.)

System 80+ Pu 8urner Non-fertile Core Design Charecteristice

Control Element Assemblies (CEAS)
Number CEAS in Core

12-element Assemblies
4-element Assemblies

CEA Rod Outside Diemeter
Clsdding Thickness
CEA Absorber (en CEAS)
Cledding Msterisl

Feed Fuel Betch
Number of Assemblies

O-Shim
12-Shim

Active Fuel Length
Number of Fuel Rods
Fuel Composition
Plutonium Totel Feed
Plutonium Feed Isotopes
FLssile Pu Feed
Erbium Totel Iosding (spprox.)

BPRs in Feed Fuel Bstch
Number of Burneble Poison Rods
Active Poison Length

Pu Destruction Alternative Fuel Cycle
Averege Cepecity Factor
Irredietion Cycle Length
Number of Cycles
Average Discharge Burnup

101
4s
53
20.7 mm (0.616 in)
0.S9 mm (0.035 in)
B4C / Feltmetel end Reduced Diameter B4C
Inconel 625

241
S1
160
3.61 m (150 in)
54956
AlzO~-PuOz-Er203
6.67 MTPu
93.5% Pu-239, 6.5% Pu-240
6.24 MTPu
4.6 MT Erz03

1920
3.45 m (136 in)

0.75
12-months (274 EFPD)
4
1096 EFPD
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Table 111.A-7

System SO+ Tritium Production Cora Design Characterlstica

Power Level
Core
Power Density
Avarage Linear Power(’)
Maximum Linear Power{l)

Core Dimensions
Active Core Length
Equivalent Core Diameter

Fuel Assambliea
Number
Dimensions

Array
32-Shim Assembly

Number Fuel Rods
TR Guide Tubas(z)

TR Guide Tuba[z)
Outside Diameter
Thickness
Material

Fuel Rods
Outside Diameter
Cladding Thickness
Fuel Sintered Pellet Msterial
Cladding Material

Target Roda (TRs)
Number TRs in Core131
Number TRa per Assembly
Target Rod Outside Oiamatar

3410 MW(th)
83.2 kWiliter
17.75 kW/m (5.41 kW/ft)
41.7 kWlm (1 2.7 kW/ft)

3.S1 m (150 in)
3.65 m (143.6 in)

241
202.7 mm x 202.7 mm
(7.9S in x 7.96 in)
16X16

204
32

11.2 mm (0.440 in)
0.91 mm (0.032 in)
Zircaloy-4

9.7 mm (0.3S2 in)
0.64 mm (0.025 in)
U02-Pu02-Erz0,
Zircaloy-4

7712
32
S.7 mm (0.344 in)

111 Based on 0.975 average energy deposition fraction in the fuel.

12) Non-structural guide tubas allow inaartion/removal of TRs.

(31 Burrwbla Poison Roda (BPRs) can be subatitutad for TRa if fuel is not to be used for
production in any cycle.

345-111.wp/cm III-23



4mn
PU CONSUMPTION IN ALWRS

4A
PLUTONIUM FUEL CYCLE

● m
ASWBROWNBWERI

Table 111.A-7 (Cont.)

System 80+ Tritium Production Core Design Characteriatica

Control Elament Assemblies (CEAS)
Number CEAa in Core

12-elament Assemblies
4-element Assemblies

CEA Rod Outside Oiemater
Cledding Thicknass
CEA Absorber (all CEAS)
Cladding Material

Feed Fuel Batch
Numbar of Assemblies
Active Fuel Length
Number of Fuel Rods
Haavy Metal Feed
Uranium Metal Fead
Plutonium Metal Feed
Uranium Faed Iaotopas
Plutonium Feed Iaotopas
Pu-239 Concentration
Mixed-Oxide (MOX) Composition
Averege Erbium in MOX

Cora Operating Cyclas
Avarage Capacity Factor
Cycla Langth
Number of Cyclas
Average Discharga Burnup
Averaga Pu-240 in Oiacharge

101
4s
53
20.7 mm (0.S16 in)
0.89 mm (0.035 in)
B.C / Fakmetal and Reduced Diameter B.C
Inconal 625

241 (Full Cora)
3.81 m (150 in)
49164
89.04 MTHM
B2.37 MTU
6.67 MTPu

99.8% U-238, 0.2% U-235
93.5% Pu-239, 6.5% Pu-240
7.00wt% Pu-239 in HM
UOz-Pu02-ErzO~
1.2 wt% Er203 in MOX pellets

0.75
12-months (274 EFPD)
4
42,200 MWDIMTHM
23% of Total Pu inventory
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Table 111.A-S

Thermal Output Data for Systam 80+ Pfutonium Burnar

Paramatar

Core Tharmal Output, MWth
NSSS Thermal Output, MWth
Percentage Referenca NSSS Powar

Hot Lag Tamparatura, “F
Staam Preaaure at SG outlat, paia
Total Staam Flow, Mlbm/hr
Minimum Staam Quality
Faadwatar Temperature, “F

U02

3914
3931
100%

611.
1012.
17.66
.9975
450

Pu-Bnr

3800
3817
97.10%

609.5
1014.
17.08
.9975
447

H=-Prod

3410
3427
87.18%

604.
1023.4
15.15
.9975
437
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FIGURE 111.A-8

ERBIUM ABUNDANCES AND DEPLETION CHAIN

33.4% 22.9% 27.1% 14.9%
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B. COMPUTER CODES

1.

This section presents en overview description of principal computer codes for nuclear
design end sefety enelysis of the System 80+ Stenderd Plant Deeign as described in
CESSAR-DC. The conceptual enelyses for tha weapons-grede, all-plutonium-reactor
fuel cycle alternatives in this study ere based principally on the Discrete Integral
Transport (DIT) assambly transport theory code which is a besic component of ABB-
CE’S reactor physics methodology. The DIT analyses are fundamental to nuclear
design epplicetione, including fuel management, core power distribution, trensient
and sefety enalyses. Consistent with established design prectice, the fuel cycle
concepts preeented in this study may be developed end enalyzed in greater deteil
using the nuclear design and safety enalysis computer codes described below.

2. ~s for N-r Des ~d Sa etv Anai f Ivsi?

A brief summery is given below for principal nuclear design and safety anaiysis used
by ABB-CE, categorized by design explication. Tha codes described balow are
supported by numerous processing end editing codes which eutomate the design
process.

a.

These codas are used to perform scoping, enrichment setting and finai design fuei
manegemant calculations in 2-D or 3-D diffueion theory and in both coarse and fins
mesh. In eddition these codes ere used extensively in the calculation of safety dete
for thermei hydreulic end ayatem anaiysia.

The ROCS (Raactor Operation and Control Simulator) code ia a coarse mesh, two-
energy group neutronics code which ellows the user to modei eli eapects of reector
operations from startup to refueling. Becauae of its atructura end advanced
mathematical formuiationa, ROCS is a mora coet effective daaign tool for fuel
management end core foliow than fine mesh codas. ROCS ia a nodai code which
can be used in either two or three dimensions. Both neutronic end thermal-hydrauiic
effects are accounted for, thereby aiiowing the simulation of physics tests, Ioed
following, solubie boron rundown, controi movament, as weli es end-of-cycle power
coastdown.

Tha MC code ia used to calcuiate fine-mesh @in-wise) power and burnup
distributions. Fine mesh anaiysis is performad by the MC coda through the
application of the nodal imbedded method to individual asaembliaa using inter-
esaembly currents calculated by the coerse-mash ROCS progrem. Capabilities also
inciude fine-mash fuei depletion end in-core instrument modeiing. Deta filaa writtan
by MC contein fine-mesh fiuence, burnup, end power information.
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b. Cross Section Coda

These codes are used to calculate and varify cross aactions for ROCS, HERMITE and
MC.

UI

The DIT (IXscrete Integral Tranaport) code is the principal code for cross section
generation. When used in conjunction with CESAW and MCXSEC, few-group cross
sections generatad by DIT can be directly input into eithar coarse-mash or fine-mash
diffusion theory programs. This state-of-tha-art code includes three major
components. First, a spectrum calculation using an S5, or an optional 41-group
ENDF/B-lV basad multigroup library, is typically performad for a number of
characteristic call types: asymptotic fuel, fuel with poison rod naighbors and fuel
with water hole neighbora. Coupling between call types is accounted for through
interface neutron currants. Following the spectrum calculation, a few-group
assembly calculation is performed which explicitly accounts for tha coupling betwaan
individual cells. Finally, a pin-by-pin deplation ia performad. Where necessary, pins
can ba spatially subdivided for this depletion calculation.

Tha DIT code is alao used for fuel assambly deplation analyaea including calculation
of detailed iaotopics and raaction rates, and Iattica physics parameter for all
operating conditions and timaa in life.

The CESAW code producas HARMONY4ike tableaats for ROCS and HERMITE using
properly formatted cross section data storad on permanant files. The ability of
CESAW to ganarate apacial purposa tables (such as those used to reprasent poison
rod cells or accounting for tharmal feadback) eliminates hand preparation of poison
rod tablesats.

MCXSEC ia a code used to prapare cross section input filas for MC from DIT
produced files. It worka off of tha sema DIT aa CESAW so that consistency
betwean coarae and fine mesh cross sections is maintained.

c. PIT Data 1-

The basa DIT 85-group data library for PWR core analysia containa cross saction
tables derived from the ENDF/B-lV data basa. The cross aectiona ara collapaad to S5
enargy groups. This library waa usad for tha conceptual analysia of the plutonium
burner.

An ENDF/B-Vl baaed library under development as planned upgrade to the DIT library
will ba available for detailed follow-on analyaea. Tha DIT cross section library ia
prepared using the NJOY coda.
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The NJOY nucleer dete processing code iss comprehensive code system for
producing point use end multipgroup neutron end photon croee sectione from
ENDFIB-VI nucleer dete. The ABB-CE version of the code is derived from NJOY89
developed by Loe Alemos Netionel Leboretory. ABB-CE modificetione include
eddition of the RABBLE module to prepere resonence cross sections for DIT, eddition
of the LIBPRE module to prepere e Iibrery of infinities dilute cross sections snd
scattering metricee, resonence cross section tables, fission yields, depletion cheins
end neutron emission spectre for DIT. Plotting end file merge festures heve elso
been edded.

d. ~xiel S~-Tima CQ&S

The principel code in this cetegory is HERMITE, es described below:

HERMiTE

HERMITE ie e spece-time kinetics code used for eneiyeis of design end off-design
transients in ierge pressurized weter reectors. The muiti-dimensionei, few groups,
timedependent neutron diffusion equstion is soived by either the nodei expension
method (NEM) in 1-D, 2-D or 3-D or the spece-time factorization method (FIESTA) in
1-D. Inciuded ere the feedbeck effects of fuei end cooient temperatures, cooient
density end controi rod motion. The beet conduction equetion in the pellet, gep end
tied is soived by e finite difference method. Continuity end energy conservation
equetions for the cooient ere elso soived. The momentum conservation equetions
ere soived for e three dimensions open chennei fiow modei. Nuciide concentrations
ere celcuieted using depietion equetions. Xenon end iodine concentretione ere
ceicuieted using either depietion or equilibrium equetions. Fuei management
cepebiiities ere inciuded. Quesi-steedy stete eoiutions to off-nominei conditions cen
eiso be obteined. HERMiTE is eiso eveiiebie in e one-dimensionei oniy version.

1-D HERMiTE provides the ebiiity to perform one-dimensionei spece time ioss of flow
end spece time screm worth calculations. The HERMITE code is elso cepeble of e
veriety of stetic end epece-time ceicuietions in two (x-y) end three dimensions.
HERMITE three-dimensionei, open-chsnnei ceiculetion sre used in steem line breek
eneiysis. HERMiTE cen eiso be used to perform 2-D spece time asymmetric steem
generetor eneiysis.

e. ~ietfon Phvsi~ end C~iitv Cot&&

Principel codes used for redietion physics eneiysis end for criticality eneiysis for fresh
end spent fuei ere es foiiows:

POT 4.3

DOT 4.3 is e muiti-group, discrete ordinstes trensport code. DOT determines the
fiux or fiuence of perticies throughout e one- or two-dimensionei geometric system
due to sources either genereted es e resuit of perticie interaction with the medium or
incident upon the system from extraneous sources. The principie eppiicetion is to
deep-penetretion trensport of neutrons end photons. Criticeiity probiems cen be
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solved. In addition, the ABB-CE version generetes fine-mesh elbedo dete for the MC
code.

KENO IV is e trensport theory code which calculates the reactivity of a system
containing fissionable meterial using 3D Monte Carlo methods. KENO IV determines
other neutron characteristics such as generation time, leakage, absorption, and flux.

9Rl~f=NU

The ORIGEN II code calculates the fiesion product and tranemiasion sources and
isotopes for irradiated fuel as a function of operating history and dacay time.

f.

The codes in this group eolve problems related to heat transfer, fluid flow, fuel
performance and form tha basis for calculations in the Transients and Setpoints
Codae.

mx!Ec!

The CETOP-D code calculates the thermal margin of e PWR for steady etate
operation. k differs from the TORC design model by its simplified geometric
modeling of tha core end faster calculation algorithm. The CETOP-D model of a
reactor core must be benchmarked to a similar TORC model bafore it is used to
perform thermal-hydraulic enalysea of the core. Application of the CETOP-D code
results in substantial reductions in execution time when compared to TORC.

The TORC code determines the thermal margin of a PWR core for steady state
operetion. The code solvas the conservation equations for a three-dimensional
representation of an open lattice core to determine the local coolant conditions at all
points within the core. The code uses the local coolant conditions in conjunction
with a suitable critical beet flux correlation to determine the minimum velue of the
daparture from nucleate boiling ratio (DNBR) for the core.

The HRISE code calculetee the departure from nucleate boiling ratio (DNBR) from
various critical heat flux correlation for rod bundles and heated tubes. The
MacBeth, Bowring and Biesi built-in correlation have a wide range of validity. The
code models s singla closed chsnnei with non-uniform sxisl haat flux. Input nodal
flow factora enable the user to model cross flow effects.
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9.

FATE%iR

The FATES code calculates the rediel end exiel steady stata tamperatura distribution
through e single fuel rod using epecified velues of the rod linear beet rata end coolant
flow rete. The effects of fission ges releese, fuel swelling, densificetion end
relocation, end cled creep ere treeted.

Fuel mechanical performance related to PCI. Calculates stress and strein distributions
throughout the fuel end cladding during power transients. Models fuel pellet end
cladding elaatic and inelastic interactions during the transiant.

h.

Thermel-hydrsulic enelysis of fuel in spant fuel pool. Determines coolent
temperatures within the spent fuel pool to verify design criteria. The code solves the
steedy stste mess momentum end energy equetiona thet dascribe the flow network
in a spant fuel pool. Tha code calculates tha staady state coolant tamparatures and
flow retes within each flow peth to determine if boiling will occur, end the length of
boiling region within eech cell.

A thermal-hydraulic coda used to calculata the flow rata raquired to precluda bulk
boiling in a guide tube. The results provide redial temperature distributiona in control
rod and coolant annulus at various axial locations.

i. t Ana VSISCor&I

This group of codes is used to perform the non-LOCA transient enalyses to verify
accaptabla performance and to detarmina or varify aelacted COLSS and CPCS
databese conetante for thoee plants that use COLSS and CPCS for monitoring end
protection. In addition to these codes, the non-LOCA transient analysas may also
require the use of the HERMITE code, and the HRISE, TORC (used to aet up CETOP
medals) and CETOP-D codas.

!2Es5a

The CESEC-111code is a highly flexible analytical tool for simulating symmatric and
asymmetric plant responaas to non-LOCA events. The code medals safaty-related
control and plant protection systams, high and low prassura safety injaction pumps
and tanks and the effects of core tamparatura tilts. Superheating is allowed in the
pressurizer modal which permits complete inhomogeneity and does not require that
the phasea be in thermal equilibrium. Tha reactor vessel upper haad modal allows
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phase separation during depressurizetion but requires thermel equilibrium of the
phases. Heat transfer betwaen primary coolant and primary system metal
components is modeled in detail. The CESEC-111code simulstes four reactor coolant
pumps with wida flexibility in pump on/off schemaa, CESEC-111also provides for
various critical flow correlations for tha calculation of masa flow through valvaa and
Iaaks. CESEC-111salecta haat tranafar corralationa depending on local fluid conditions
and the diraction of haat flow. CESEC-111ia used in Iicanaing analysas and haa baan
axtanaivaly banchmarkad againat plant startup and operational data. It ia also used
in support of operator training and amargancy procadura guidelines. Automatic data
transferal from CESEC-111to tha TORC/CETOP and HRISE codes is also featured.

STRIKIN-11[TM 3iaftL4na&da Varskmln

STRIKIN41 ia uaad for hot channal haatup calculations in the safaty analysas. The
coda ia used to calculata the transient DNBR, coolant anthalpy, and fual
temperatures in the hot rod in the hot asaambly.

The non-LOCA transiant analyais varsion of tha STRIKIN-11 coda was derivad from
tha LOCA varsion and has bean maintained separately. This varaion is used for the
analyais of tha CEA ajaction accidant and includes a point kinatics nautronics modal
as well as othar enhancamants.

Tha STRIKIN-11 code aolvaa the ona-dimenaional (axial) conservation equationa and
the aquationa of atate for tha fluid with provisiona for local fluid expansion.

In a fuai rod, tha STRIKIN-11 coda solves (radially) the ona-dimensional cylindrical heat
conduction aquation for each axial ragion along tha rod. Tha conduction modal
explicitly represents the gas gap ragion and dynamically calculataa the gap
conductance in aach axial ragion. A voiuma avaragad tamparatura is calculated for
each radial noda. The STRIKIN-11 coda uniqualy daterminaa the haat transfer regime
at tha clad/coolant boundary for the updatad tamparatura distribution.

CENTS ia an interactive, faater than real time computer code for simulation of tha
Nuclaar Staam Supply System and relatad aystema. It calculataa the bahavior of a
PWR for normal and abnormal conditions including accidants. k is a flaxibla tool for
PWR analysis which givas tha user complate control ovar the simulation through
convenient input and output options.

CENTS ia an adaptation of design computar codaa to provida PWR simulation
capabilitiaa. It is baaad on datailad first-principlaa medals for aingla and two-phasa
fluids. Uae of nonaquilibrium, nonhomogenaous modala allowa a full ranga of fluid
conditions to ba raprasantad, including forcad circulation, natural circulation, and
coolant voiding. The coda providaa a comprahansiva sat of intaractiona betwean tha
analyst, tha reactor control systama and the reactor, This allows simulation of
multiple failures and the affacts of corract and incorract operator actions. Examplas
of simulation runs with CENTS ara steady state, power changa, pump trip, Iosa of
load, Ioas of feadwatar, steam Iina break, feedwater Iina braak, steam ganerator tube
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rupture, anticipated tranaianta without scram, rod ajaction, loss of coolant accidanta,
anticipated operational transianta, and malfunction of components, control aystams
or portions of control ayatems.

L LQcMwQa

This group of codaa is used for Ierga and small break Iosa of coolant accidant (LOCA)
analysia, peat-LOCA long term cooling analysia and blowdown Ioada. Also included
in this group are RELAP5.

All codes daacribad below ara racognizad by the NRC as part of ABB-CE’S LOCA
Iicansing analysis capability.

II [LO~ : Hot Rod Hastup for LOCA

The STRIKIN-11 coda (LOCA Varaion) is an NRC approved computar progrem that
calculataa tha transiant clad tampsraturas of tha hot rod during blowdown, rafill, and
raflood. It solves tha ona-dimensional (axial) conservation of anergy aquation and
tha equationa of stata for tha fluid with proviaiona for local fluid axpanaion. This
code is usad to perform a cloaad-channal heat transfar analyaia of the hottaat fuel
rod. The fluid mass-flow rate and anthalpy are spacifiad at tha inlat and of tha
channal which is the antranca during the period of forward flow through tha cora.
This mathod of analysia maximizas fual rod heatup sinca no cradit is taken for
croaaflow betwaan coolant channela.

Tha primary outputs from tha STRIKIN-11 coda ara the peak cladding tamparatura
(PCT) and maximum cladding oxidation. For small breaks STRIKIN-11 is used to
avaluata fuel rod tamparaturaa during tha initial pariod of tha blowdown.

~H4A/FIL Blowdown Thermal Hydraulics for Large Break LOCA

CEFLASH-4A/Fll is an NRC-approved computar program that is used to calculate tha
tharmal hydraulic rasponaa of tha raactor coolent system during tha blowdown phaae
of a Iarga brask Iosa of coolant accidant (LOCA). The coda is applicable to any PWR
loop arrangement. It ia uaad extanaively for Iicanaing ABB-CE dasignad two- and
three-loop plants and has baen documantad for usa for threa- and four-loop ~-typa
raactors. Tha Fully Implicit Itarativa (Fll) solution tachniqua makaa CEFLASH-4A/Fll
a fast running coda that producaa rasults whose pracision is comparable to or battar
than othar evaluation modal codas.

Tha CEFLASH-4A/Fll coda is a multinoda-mukiflow path coda that models the NSSS
aa a serias of volume nodaa connactad by flow patha. The aquationa of
conservation of mass and anargy ara solved for tha nodas at each tima stap. Tha
static prassure in aach noda is determined at aach time step using an equation of
stata aasuming tha fluid within aach noda ia in thermodynamic equilibrium. Tha flow
patha connect the volume nodea at specified elevations. Tha conservation of
momantum aquation is aolvad for aach flow path assuming that tha fluid within each
flow path ia homogenaoua and in thermodynamic equilibrium. Tha coda raprasenta
tha fluid properties associated with singla and two-phase conditions (subcoolad and
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satursted water, two-phase steam-water mixturas, and aatweted and suparheeted
ataam).

WSH4AS: Blowdown Hydraulics for Small Braak LOCA

CEFLASH-4AS is a version of CEFLASH-4A/Fll, describad herein, which has baen
extanaivaly modifiad for application to analysia of blowdown hydraulics during small
break LOCAS. It is an NRC approvad code. The primary difference which
distinguiahaa CEFLASH-4AS from CEFLASH-4A/Fll is the hateroganeous description
of the fluid within each noda and the flow patha.

KIM ERCP -Ill ~ Refill/Reflood Thermal Hydraulics

COMPERC-WLB is an NRC-approvad digital computar program that is used in the
tharmal hydraulic analysis of tha rafill/reflood pariod of a Iarga braak LOCA. It ia

apphcabla to any 2-, 3- or 4-looP PWR arrangamant. Tha coda modala the NSSS
with a datailad reactor vassal model with a steam flow resiatanca natwork that
accounta for the RCS piping, steam ganaratora and raactor coolant pumps. Tha
FLECHT-baaad raflood heat transfer model ia applicable to 14x14, 15x15, 16x16,
and 17x1 7 fuel assemblies.

~ Raflood Hydraulics for Small Break LOCA

COMPERC-WSB, an NRC-approved computar coda for small break LOCAS, is a
modified varsion of the large braak varsion that ia used to evaluata tha reflood
hydraulics during a small braak LOCA. COMPERC-11/SB providea the transient two-
phasa Iaval and prassure, or tha FLECHT haat tranafar coefficients for the
PARCH/EM coda.

p~h Steam Cooling Heat Transfer for Large Break LOCA

PARCH/REM ia an NRC approved computar program that calculataa steam cooling
haat transfer coefficients for tha hot fuel rod heatup calculation. HCROSS is uaad in
conjunction with PARCH/REM to dafine flow diversion cauaad by local hot channai
blockaga aa wall as to datarmine aubsequant flow racovery abova the blockage.

PARC~ Hot Rod Heatup Modal for Small Break LOCA

A version of the NRC-approved PARCH/EM coda ia used for analysis of small braak
LOCA accidenta. Ita primary function for small braaks ia to avaluate the fuel rrxl
temperature aftar the and of forcad convection, that ia, during pool boiling. It
performs a closed-channel heat transfar analysis of the hotteat fual rod. The rate of
boil-off of steam from the two-phaaa ragion and tha local staam temperaturaa are
calculated using hot rod propartiea.

Q3LASH4& Blowdown Hydraulics for Loads on Innar Vessal Internals

The CEFLASH-4B computer code pradicts the transiant reactor preaaure vaaaal
pressure, flow distribution and coolant properties during the subcooled and saturated
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portion of the blowdown pericd of e LOCA. The pressure distributions produced by
CEFLASH-4B ere used to celculete Ioeds within the preseure vessel. The resulting
Ioeds ere used in stress anelyses of herdwere inside the pressure vessel. The NRC
hes approvad tha code for analyzing blowdown tranaiants.

~ POW-LOCA Core Boric Acid Concentration

BORON is an NRC-approvad computer program that calculate the boric ecid
concentration in tha reactor vassel and sump after a LOCA. It is used to datarmine if
boric acid precipitation could pravant cooling of tha fual rods.

GEIL!& Post-LOCA Core Cooling

CELDA is an NRC-approved computer program that is usad to describa the
blowdown and rafill behevior of the primary syetam after e small break LOCA. It
medals heat generation in the core, steam generator heat transfer, wall heat transfar,
phese separation, and critical flow.

GEPAQ Post-LOCA Steam Ganerator Secondary Temparatura

CEPAC ie an NRC-approved computer code thet calculates system cooldown
following a LOCA. It is used to compute the steem generator secondary temperature
and faad watar consumption after a LOCA until shutdown cooling conditions ara
raeched.

NATFLO~ Post-LOCA Core Natural Circulation

NATFLOW is en NRC-approved code that calculates tha natural circulation flow rata
in tha core and the primary systam tamperstura after a LOCA. It is used to find tha
steady stata conditions in tha reactor coolant system while tha steam generators act
as a heat sink.

RELAP5/MO03 is the lateat in e sarias of best estimate computar programs written
by the Idaho Nationel Enginaaring Laboratory (INEL) to produca baat estimata
tranaient simulations of a pressurized weter reactor and associated systems. The
code providas modeling capability for a wida range of transients including postulated
accidents such as e small or Iarga break LOCA ae well as operational transients such
as anticipated transiant without scram (ATWS), Ioss-of-offsite powar, loss-of
faadwatar, loss-of-flow, etcetera. In addition tha coda is applicable to both saparata
affects and integral axparimants.

RELAP5/MOD3 provides tharmal-hydraulic analysis capability for a fluid mixture with
water, steam, ona non-condensibla fluid, and a non-volatile eolute. The fluid and
energy flow paths are approximated by one-dimensional stream tube and conduction
medals. A generic modeling approach is utilizad to parmit modaling as much of a
systam as is naadad for the simulation. Supplamentery primery system modele ara
providad for tha core nautronics, pumps, valvas, stesm generators, etcatera. Control
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system and secondary system components ara included to permit modeling of plant
controls, turbinaa, condensers, and feedwater systems. The code also contains
separator and jet pump models which have allowed it to be usad to model boiling
water reactor systems.

3. Anmo~

This Iicansing application of the codes presanted in this section for the System 80+
standard plant design are described in detail in CESSAR-DC. Selacted topical reports
are identified below.

●

●

●

●

●

●

●

●

●

●

●

“The ROCS and DIT Computer Codes for Nuclear Design,” CENPD-268-P-A,
April 19S3.

“HERMITE, A Multi-Dimensional Space-Tima Kinetics Coda for PWR
Transients,” CENPD-1 S8-A, March 1976.

“Methodology for Core Daaigns Containing Erbium Burnable Absorbers”,
CENPD-382-P, October 1990 and CENPD-362-P, Supplement 1-P, Fabruary
1992.

“TORC Code: A Computer Code for Determining the Thermal Margin of a
Reactor Core,” Combustion Engineering, inc., CENPD-l 61 -P-A, April 19S6.

“CETOP-D Code Structure and Modaling Methods for SONGS 2 and 3,” CEN-
160-S-P, Rev. 1, September, 1981.

“C-E Fuel Evaluation Model Topical Report,” Combustion Enginaaring, Inc.,
CENPD-1 39-P, CENPD-139 Rav. 01, CENPD-139 Supplement 1, Rav. 01 (Non-
Proprietary), July 1974.

“Improvements to Fuel Evaluation ModsI,” Combustion Engineering, Inc., CEN-
181-P(A), August 1989; and CEN-1 61-P(B) Supplement 1-P, April 19S6.

“CESEC Digital Simulation of a Combustion Engineering Nuclear Steam Supply
Systam,” CENPO-1 07-P, April 1974.

“STRIKIN-11, A Cylindrical Geomatry Fual Rod Heat Transfer Program,’
Combustion Engineering, Inc., CENPD-1 35P, Supplement 2, Dacamber 1974,
Supplement 4, August 1976.

“Calculation Mathods for the C-E Large Break LOCA Evaluation Model,”
CENPD-l 32, Supplement 1, December 1974.

“C-E Mathod for Control Element Assembly Ejection Analysis,” CENPD-1 90-A,
January 1976.
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c. PLUTONIUM SPIKING

1.

The DOE Requirements Document specifies the following objectives and assumptions
used for the Plutonium Spiking Alternative:

●

●

●

The goel is to tranaform, aa quickly aa poaaible, 10OMT of weapona grade Pu
to a material that could not be returned to a weapons-usable form unless
several economic end engineering barriers were overcome. These barriara, at
minimum, would includa:

Tha nacaaaity for remota handling [hot cell);
Large acala aaparation facilities;
Larga capital invaatment to devalop infraatructura.

The material craated should be compatible with plannad requirements for
qualification and placament of the transformed Pu in high Iavei waste
repository.

Tha fual aasambly, or aquivalant, gamma radiation Iavala are greater than 100
remihr at threa fact aftar a two year cooldown pariod following Plutonium
Spiking.

Furthar guidance from DOE indicatea that the key objective for the Pu Spiking
altarnativa is m, and that tha controlling factors to implemant this alternative
include reactor aiza, number of units, fuel (heavy matel) throughput, and maturity of
technology.

2. Fual Cvcle Am

a. Baae Concapt Description

Tha concapt of Plutonium Spiking with the Systam BO + Plutonium Burnar was
developed consistent with tha requirements and guidanca atatad above. Tha
base concept accomplishaa Pu spiking by short-term irradiation of waepona
grada plutonium in a singla raactor unit. The controlling factors for this basa
concapt are diacussad below:

~ Tha unit core size ia large, consisting of 241 fuel aasemblias,
with a cora thermal rating of 3800 MWth. The reactor accommodates all-
plutonium-reactor (APR) operetion beaed on tha use of PuOz-UOz-ErzO~ MOX
fuel. The APR cora daaign charactaristica for tha Plutonium Spiking Akarnative
ara described in Section 111.A.4 and in Tabla IILA-5.

~ Based on the evaluation of controlling factors for apeed, the
practical speed of Pu spiking is daterminad to ba mora Iimitad by fual
fabrication capacity than by the reactor capacity for a single System 80+ unit.
Therafora a single reactor unit is usad for the base concept.
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J%relThro- The fuel cycle for Pu Spiking is described in Teble 111.C-I.
The fuel cycle consists of Iosding snd irradiation of a feed core for e single
irradiation cycle. The dischsrge core is offloeded end stored in the spent fuel
pool of the resctor complex. The rete of fuel throughput is meximized by the
Ierge Ioeding of weepons-grade plutonium in each fead core (La., 6.67 MT
plutonium matal) and by tha short irradiation cycle (39 EFPD irradiation par
cycla, with an avarage cycle tima, incluchng refueling, of 3 months). The apent
fuel pool for tha single Systam 80+ Plutonium Burner unit is aizad to
accommodate 15 full cores (i.e., all the raquired cores for irradiation of 100 MT
weapona-grade plutonium).

Tha fual cycle schadula for accomplishing Pu spiking for 15 full coras (100 MT
weapons-grade plutonium) is described in Table 111.C-2. Tha corraaponding
total time of plant operations from start to completion of Pu spiking ia 45
months, with an avarage capacity factor of 0.43. Tha project schadula for tha
Plutonium Spiking Alternative is based on the assumption of projact initiation in
October 1993, as spacifiad in tha DOE Raquiramant Documant. Major projact
milestones associated with this schedule are as follow:

M!9shmQ RaQMQcull

Project Initiation 10}1993 o
First Concrate 1011995 24
Initial Fual Load 0412000 78
8agin Pu Spiking Operations 1012000 84
Completa Pu Spiking Operations 0712004 129

of T~ Tha Systam 80+ raactor syatams technology is fully
mature and proven in oparating raectora, as dascribed in Saction 111.A. More
limited PWR exparianca axista for MOX fual operations. A fuel demonstration
program for the MOX fual in this dasign application would be performed in
parellel with plent construction, end fully completed prior to fual load.

. .
~ The MOX fuel cycla used for tha Plutonium Spiking
Akarnativa is competibla with tha fual cycle usad for the Spant Fuel
Alternative (aae Saction IILD). Tharefore, the spiked fual stored in the apent
fuel pool would be rausabla in tha Systam 80+ raactor to ganerata power and
meet the plutonium isotope transformation raquiramants of tha Spent Fual
Altarnativa. The MOX fuel cycle usad for the Plutonium Spiking Akernativa is
also compatible with conversion of the plant operation to provide tritium
production, as dascribad in Saction 111.G.

b. Fuel Cycla Length

Tha fual cycle length of 39 affactiva full powar days (EFPD) for tha Plutonium
Spiking Altarnativa ia besad on a ehort avaraga rafueling intarval of thraa
months. This operating cycla ia judgad to ba the shortast practical for a large
oparating nuclear plant. Assuming an avarage operating capacity factor of
0.60 during the 39 EFPD power operation, the average plannad outaga time for
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each cycle is approximately 42 days. Tha overall cepacity factor, including
planned outeges, is 0.43. In practica, the outagas could be distributed as
thrae rafueling-only outages and one rafualing and maintenance outages per
year, consistent with the 17 day breaker-to-breeker refualing capability of the
Systam SO+ dasign. On this bssis it would practical to plan rafueling-only
outage lengths of 30 days, and allow an rafueling and maintenance outage of

ePProximateiy SO daYs during the Pu spiking operations.

The 39 EFPD cycle Iangth also assuras that the dose rata of esch discharge
fuel assambly axcaads the requirement stated in Section IH.C. 1 above. A
gamma dose rate scoping calculation was parformed using tha 0RIGEN2 code
for irradiation of the refarenca MOX fuel assambly to 30 EFPD, followed by
two years decay. On tha basis of tha gamma source calculation, the dose in
air at a distanca of thraa faat from tha side of tha fuel assambly is astimated to
excaad 10s remrhr, or three ordars of magnitude greatar then the minimum 102
rem/hr specified by the DOE Requiramanta Documant.

c. Fual Cycle Dats

The cycla-depandant physics parsmatars for tha Plutonium Spiking Alternative
ara idantical to those for beginning-of-life (BOL) condkions of the Spent Fuel
Altarnative, as dascribad in Saction IH.D.

Due to the short 39 EFPD cycla length of the Plutonium Spiking Altarnative,
the plutonium transformation over cycla is vary small, as shown by Table ill.C-
3 which givas the kilogram mass of actinide isotopas in core at beginning and
and of the irradiation cycle.

Additional technical information and dats for the Plutonium Spiking Altarnstiva
is providad in Saction Ill .K.
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Tabla 111.C-1

Plutonium 8urnar Fuel Cycla Characteristic

Pu Spiking Altarnative Fual Cycle
Core Powar Laval
Avarage Capacity Factor
Cycle Langth
Averaga Oiacharga Burnup
Faad Fual Typa

plutonium Spiking Alternative

Faad Fual Batch
Number of Assemblies

O-Shim
1 2-Shim

Activa Fual Length
Numbar of Fual Rods
Fuai Composition
Avaraga Erbium in MOX
Haavy Metal Faed
Uranium (tails) Fead
Plutonium Total Feed
Total Pu in HM
Uranium (tails) Faad Iaotopaa
Plutonium Faad Isotopas
Fiasila Pu Faed
Fissile Pu in HM

BPRs in Faad Fual Batch
Numbar of Burnabla Poison Rods
Active Poison Length
Avarage 8-10 Loading in Poison

3800 MW(th)
0.43
3-months (39 EFPD)
1500 MWOIMTHM
MOX

241
81
160
3.S1 m (150 in)
54956
UOz-PuOz-ErzO~
1.6 wt% ErzO, in MOX pallets
9S.75 MTHM
92.0S MTU
6.67 MTPu
6.75 wt%
99.6% U-23S, 0.2% U-235
93.5% Pu-239, 6.5% Pu-240
6.24 MTPu
6.32 wt%

1920
3.45 m (136 in)
0.0102 glcm (0.026 glirr)

346-111.wp/cm III-39



PU CONSUMPTION IN ALWRS

~JEB~D
PLUTONIUM FUEL CYCLE

Table 111.C-2

Fuel Cycle Opereting Schedule
Plutonium Spiking Alternative (S-O]

Number of Reector Units: 1
Core Power Reting: 3800 MWt

Cycle Length: EEPD

Cyc 1 3 39 .43

First Core Startup Test Period: 6 months
Number of Feed Cores for Mission: 15

Opereting Cycles Scheduled Stert of Cycle (Yr/Mo)

EWd&QtQGYGIQw

1 1 2000104

2 1 2001101

3 1 2007104

4 1 2001107
.. .

15 1 2004104
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Table 111.C-3

Fuel Cycle Actinida Invantory (Metric tonnes)

Plutonium Spiking Alternative

MONTHS 0.0 3.0
EFPD 0.0 39.0

U235 1.8414E-01 1.7633E-01

U236 0.0000E + 00 6.4259E-04

U23S 9.1 S79E+01 S.9321E+01

NP237 0.0000E+OO 3.32 S3E-04

PU23S 0.0000E+OO 5.05 SOE-06

PU239 6.2367E+O0 5.8988E+O0

PU240 4.3356E-01 4.9023E-01

PU241 0.0000E + 00 1.0242E-02

PU242 0.0000E+OO 3.2473E-05

AM241 0.0000E+OO 1.9742E-05

AM243 0.0000E + 00 1.1688E-07

CM242 0.0000E +00 1.13503-07

CM244 0.0000E+OO 5. O612E-10

TOTAL HM S.8733E+OI 9.5897E+01

TOTAL U 8.2063E+01 8.9498E+01

TOTAL PU 6.6703E+O0 6.3993E+O0

TOTAL AM +CM 0.0000E+OO 1.9973E-05

PU ISOTOPE FRACTION

PLJ-2381PU 0.0000 0.0000

PU-2391PU 0.935 0.922

PU-2401PU 0.065 0.077

PU-241 IPU 0.0000 0.002

PU-2421PU 0.0000 0.0000

DESTRUCTION FRACTION

PU-239 0.000 0.054

TOTAL PU 0.000 0.041
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D. SPENT FUEL

1. Fuel titive: St~

The DOE Requirements Document specifies the following objectives and assumptions
used fortha Spant Fuel Alternative:

● Tha alternative represents a plant that affectively burns Pu whila producing
electrical power with tha added capability toproducetritium. Tha alternative
should ba optimized toachiavea cost effective transformation of weapona-
grade Putoaform similar tothespant fuel normally produced bytha reactor
concept.

● Thagoal istotransform, aseconomically aspossibla, 100MTof weapons
grade Pu to a material that could not be returned to a waapons-usabla form
unless aaveral economic andangineering barriers waraovarcome. These
barriers, at minimum, would include:

The necessity for remota handling (hot call);
Large scale separation facilities;
Large capital investment to devalop infrastructure.

● The matarial created should ba compatible with planned requirements for
qualification snd placement of the transformed Pu in high Iavel waste
repository.

● The capacity fector for the Spant Fual Akernativa is assumad to be 75%
(annual averaga aftar 18 months initial startup and oparation).

● The start date for proceeding with the engineering of tha complax ia aasumed
to be October 1993, with tha objectiva of completing the disposal of 100 MT
of Pu within 25 years of tha start date.

Furthar guidance from DOE indicates that tha key objectiva for the Spent Fuel
altarnative is~ andthat the controlling factors toimplament this alternative
include basic attributes such as electrical output, and economic trade-off factors
such as economy of scalavarsus experience factor, cost versus schedule, etc.

2. Sment Fuel Alternative: Fuel Cvcle Anal~

a. Base Concept Description

The concept of the Spent Fual Alternative with the System 80+ Plutonium
Burnar was developad consistent with the requirements and guidanca stated
above. Thafuel cycle developed forthis alternative supporta thafavorabla
economic attributes ofa 1300 MWe System 80+ unit operating with an all-
plutonium-reactor (APR)fual cycle. Themajor favorable attributes include 1)
tha economy of scale of tha large APR reactor unit which has tha potantial for
major reduction of the capital and O& Mcostsraquirad for disposition of 100
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MT of weepons-grede plutonium, end 2) sevings in fuel costs due to the high
Pu Iosding which hes the potential to minimize fa~ication costs and allows use
of uranium taile with no uranium enrichment. Tha characteristics of base
concept are discussed below:

~ The unit cora siza is Iarga, consisting of 241 fual assamblias,
with a core tharmal reting of 3800 MWth. The reector eccommodatas ell-
plutonium-reactor (APR) oparation based on the use of Pu02-U02-Er20~ MOX
fual. Tha APR cora daeign characteristics for tha Spent Fual Akarnative are
describad in Saction 111.A.4 and in Table 111.A-5.

w of Un~ Tha basa concept preaantad for the Spent Fuel Alternstiva is
based on e four-unit reactor complex which satisfies tha 25 yaar schedula
constraint spacified as a study objective. Additional concapts ara presanted
basad on tha capability for compilation of Spant Fuel plutonium disposition
mission by operation of a single-unit or two-unit complex over s longer
schedule. Tha basic fual cycla is the same in all casas.

Fuel Thro_ The fual cycla for the Spant Fual Altarnativa ie described in
Tabla IILD-1. The fuel cycle consists of loading and irradiation of e faad cora
for a total of four annual irradiation cyclas (a total of 1098 effectiva full powar
days). All irradiated fuel offloadad from tha cora (either discharge fuel or
intarmadiata to irradiation cycles ia etorad in the spant fuel pool of the raactor
complax. The Each MOX faad core contains 8.87 MT plutonium metal and
approximately 92 MT uranium metal in the form of U tails (0.2wt% asaay of
U2W). Fiftaan (15) full faad coras are tharafore sufficient to accommodate 100
MT of waapons-greda plutonium. Aftar compilation of fours yaars reactor
power operations, the discharge fuel has transformed plutonium isotopa
characteristics eimilar to those of spant fual normally produced by operation of
UO, fual cyclas for the reference raector design. The discharge fual is
therafore of suitable form for disposition at e high Iaval wasta dapoeitory in a
similar msnner as commarciel apant fual assemblies.

Tha fuel cycle schedula for accomplishing the disposition for 15 full corae (100
MT weapone-grada plutonium) in a pariod of 25 years ia describad in Table
111.D-2a. The corresponding total tima from start to compilation of raactor
power operations for tha Spant Fual Altarnativa is 18 years (218 months), with
an averaga capacity factor of 0.75. Tha construction and startup achadules
for tha reactor four units sre separeted by ona year. The project schadule for
the Spent Fuel Alternative is baaad on the assumption of projact initiation in
Octobar 1993, aa specified in tha DOE Requiramant Document, with
compilation of all powar oparationa for Pu Spent Fuel disposition by October
2018. Major project milastonas associated with this schedula ara as follow:

(Fou r-unit CqIQC@Q QatSMQIlth

Project Initiation 10/1 993 0
Firat Concrete 10/1995 24
Initial Fual Load (Laad Unit) 0412000 78
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Begin Power Operations 1012000 84
Complete Power Operations 10/201 8 300

FCOrIQEDL The optimum economy for the disposition of 100 MT
weepons-grede plutonium es Spent Fuel is expected to result by minimizing the
required number of reector units, which has tha effect of reducing capital and
O&M costs. As dascribed previously, the Iarga plant System 80+ design is
baaad on matura and proven technology. The design capability for APR
oparation permits tha accommodation of 100 MT of Pu in 15 full coras. Tha
fiftaan cores may be operated with greatar economy in a raactor complex
consisting of a aither singla Systam 80+ unit or two Systam 80+ units. Tha
single-unit concept is expected to represent tha optimum Spent Fual concept
maasurad by economy, and is besad on tha Systam 80+ plant dasign life of
80 years. Tablas 111.D.2b and IILD.2c summarize the Spant Fual oparation
schedule for tha singla-unit and two-unit reactor concapt, respactivaly. Tha
corresponding project schedule milestones ara as follow:

sw.OMmh

Project Initiation 10/1993 o
First Concrete 1011995 24
Initial Fuel Load 0412000 78
Bagin Power Operations ?012000 54
Completa Power Operations 1012060 804

Projact Initiation 1011993 0
Firat Concrete 10/1 995 24
Initial Fual Load (Laad Unit) 0412000 78
Begin Power Operations 1012000 84
Completa Power Operations 1012031 466

Tha raquirad tima to parform all power operations for Pu Spent Fuel is 60 years
for tha singla-unit concapt and 31 yaars for the two-unit concapt.

9tkx COQWQWQW
. .

The MOX fual cycla usad for tha Spant Fual Alternative
is compatible with tha fual cycla used for tha Pu Spiking Akarnative (aaa
Section 111.C). Operating strategies ara possibla which would would achieve
both Pu Spiking and Spent Fual. A practical stratagy would axtand the cycle
Iangth for Pu Spiking to ona-yaar, so the the firat irradiation cycle for Spant
Fuel would accomplish Pu Spiking. In this mannar tha full 100 MT of
weapona-grada plutonium could be spiked prior to procaading with the
intermadiata irradiation cyclas for the Spant Fuai Altarnativa.

Tha MOX fual cycla uaad for the Spent Fuel Altarnativa ia compatible with
tritium production, as dascribad in Saction 111.G.

345411.wp/om III-44



A
PU CONSUMPTION IN ALWRS

PLUTONIUM FUEL CYCLE
J~~g

b. Fuel Cycle Dete

The fuel cycle actinide inventory for the Spent Fuel Alternative is summarized
in Teble Ill .D-3. This data epplies for the MOX fuel cycle operation for the
base four-unit concept, end for the single-unit and two-unit concepts. The Pu
isotope fractione show the transformation of plutonium during the fuel cycle.
At discharge (1096 EFPD) the relative fractions of Pu230and Pu240are
approximately 63% and 23%, respectively. This compares with relative
fractions of approximately 53% and 23% for the discharge fuel of a reference
UO, fuel cycle aa described in Section 111.A.

The plutonium destruction fraction data in Table 111.D-3 also indicatea that
approximately 51% of the initisl PU23Sinventory is destroyed et dlacharge for
the Spent Fuel Alternative. The totel frection of Pu destroyed at discharge is
approximate y 27%, however, due to the buildup of Pu240, PuX’, and Pu2~2
with burnup. Tha chenge in Puzsoand Pu2@ with burnup ss a fraction of the
initial Pu inventory ia illustrated by Figure 111.0-1.

Cycle-dependant physics parameters including critical boron concentrations,
control rod worths, reactivity coefficients, end other safety-related parameters
for the Spent Fuel Alternative are providad in Section 111.F.

Additional technical information and data for tha Spant Fual Alternative ia
provided in Section 111.K.
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Tabla 111.D-1

System SO+ Plutonium Burnar Fuel Cycla Chsractariatica
Spant Fuel Altarnativa

Spant Fuel Akarnativa Fuel Cycla
Cora Powar Lavel
Avaraga Capacity Factor
Irradiation Cycla Langth
Number of Cyclaa
Averaga Discharga Burnup
Faad Fual Typa

Fead Fual Batch
Numbar of Aaaamblias

O-Shim
12-Shim

Active Fual Langth
Numbar of Fual Roda
Fual Composition
Avaraga Erbium in MOX
Haavy Metal Faad
Uranium (tails) Faad
Plutonium Total Faed
Total Pu in HM
Uranium (taila) Faad Isotopas
Plutonium Fead Isotopes
Fiaaila Pu Faed
Fissila Pu in HM

BPRs in Faad Fuel Batch
Numbar of Burnabla Poison Rods
Activa Poison Langth
Avaraga B-1 O Loading in Poison

3S00 MW(th)
0.75
12-months (274 EFPD)
4
42.2 GWT/MTHM (1 096 EFPD)
MOX

241
S1
160
3.S1 m (150 in)
54956
UOz-PuOz-ErzO~
1.6 wt% Era03 in MOX pallats
9S.75 MTHM
92.0S MTU
6.67 MTPu
6.75 wt%
99.6% U-236, 0.2% U-235
93.5% Pu-239, 6.5% Pu-240
6.24 MTPu
6.32 wt%

1920
3.45 m (136 in)
0.0102 glcm (0.026 grin)
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Fual Cycla Operating Schedule
Spent Fuel Alternative (SF-O)

Number of Reactor Units: 4
Core Power Rating: 3800 MWt

Cycle Langth:

Cyc 1 12 274
Cyc 2 12 274
Cyc 3 12 274
Cyc 4 12 274

.75

.75

.75

.75

First Core Startup Test Period: 6 months
Number of Feed Coraa for Mission: 15

Operating Cyclaa Scheduled Start of Cycle (Yr/Mo)
E!3dQml !2YClFlw LLrlk_2w ~

1 1 2000104
2 2001 II o
3 2002110
4 2003110

2 1
2
3
4

3 1
2
3
4

4 1
2
3
4

.. .

15 1
2
3
4

2001 /1 o
2002/1 o
2003110
2004110

2002/1 o
2003/1 O
2004110
2005/1 O

2003110
2004110
2005/1 O
2008110

2014I1O
2015/10
2016110
2017110
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Tabla 111.D-2b

Fuel Cycle Operating Schedule
Spent Fuel Alternative (SF-1 )

Numbar of Raactor Units: 1
Core Power Rating: 3800 MWt

Cycla Length: M!2Qt!M .EEP!2

Cyc 1 12 292
Cyc 2 12 292
Cyc 3 12 292
Cyc 4 12 292

First Core Startup Taat Period: 6 months
Number of Faed Corea for Mission: 15

Oparating Cycles

EQdG.Q@QQ!Q

1 1
2
3
4

2 1
2
3
4

3 1
2
3
4

4 1
2
3
4

. . .

15 1

2
3
4

Cao Facto[

.s0

.s0

.s0

.s0

Scheduled Start of Cycle (Yr/Mo)

L!Oi.U-L!nU wL!c!@l

2000104
2015/10
2030110
2045110

2OO1I1O
201 6/1 O
2031 II O
2046/1 O

2002110
2017110
2032110
2047110

2003110
201 Sll o
2033}10
2046110

2014110
2029110
2044110
2059110
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Fuel Cycle Operating Schedule
Spent Fuel Alternative (SF-2)

Number of Reactor Unita: 2
Core Power Rating: 3S00 MWt

Cycla Length: M.Qntha m Qm Fector

Cyc 1 12 292 .s0
Cyc 2 12 292 .80
Cyc 3 12 292 .s0
Cyc 4 12 292 .s0

First Core Stertup Teet Period: 8 months
Number of Fead Cores for Mission: 15

Operating Cycles Schedulad Stert of Cycle (Yr/Mo)
E9dQ2cQ Q!CJSw L!rlLZ WW

1 2000104
; 2001 /1 o
3 201 5/1 o
4 2016110

3

4

. . .

14

15

1

2
3
4

2002110
2003110
2017110
201 Sll o

2014110
; 2015110
3 2029/1 O
4 2030110

2OO1I1O
2002110
201 6/1 O
2017110

2003110
2004110
20’I 8110
2019110

2013110
2014110
202s/1 o
2029/1 O
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Table 111.D-3

Fuel Cycle Actinide Inventory (Metric tonnes)

Spent Fuel Alternative

MONTHS 0.0 12.0
EFPO

24.0
0.0

36.0 48.0
274.0 494.0 822.0 1088.0

U236 1.8414E-01 1.8188E-01 1.4130E-01 1.2185E-01 1.0385E41

U238 0.0000E+ 00 S.4847E-03 1.0256E-02 1.4388E-02 1.7788E-02

U238 8.1878E+01 8.1293E+01 8.0701E+01 8.0080E + 01 8.8488E+01

NP237 0.0000E+ 00 1.3388E-04 4.85 12E-04 1.0275E-03 1.6726E-03

PU238 0.0000E + 00 4.5221E-06 3.6721E-05 1.2340E-04 2.7469E-04

PU238 6.2367E+O0 5.3184E+O0 4.4642E + 00 3.7181E+O0 3.0835E + 00

PU240 4.3366E-01 6.8670E-01 8.8812E-01 1.0228E+o0 1.1021E+OO

PU241 0.0000E + 00 1.8000E-01 3.6334E-01 5.0725E-01 6.1072E-O1

hM241 0.0000E+OO 5.6872E-03 2.1992E-02 4.8653E-02 8.1 952E-02

AM243 0.0000E + 00 3.0387E43 1.0688E-02 2.0352E-02 2.9674E42

EM242 0.0000E + 00 3.7457E-04 2.8795E43 9.2602E-03 1.8820E-02

;M244 0.0000E + 00 2.6212E-04 1.8930E43 6.3764E-03 1.3558E-02

rOTAL HM 8.8733E+01 2.2038E-05 3.2674E-04 1.5808E-03 4.5 162E-CJ3

rOTALU 8.2063E+01 9.7676E+01 8.6627E+01 9.5582E+01 8.4538E+01

rOTALW 6.6703E+O0 6.2117E+01 5.7577E+O0 5.2969E+O0 4.8585E + 00

rOTALAM + CM 0.0000E +00 3.6874E-02 1.5788E-02 3.7688E-02 8.7666E-02

V ISOTOPEFRACTION

PU238rPU O.000 0.000 0.000 0.000 0.000

PU239/PU 0.835 0.856 0.779 0.702 0.631

PU240/PU 0.065 0.112 0.154 0.193 0.227

PU241PLl O.000 0.031 0.063 0.096 0.126

PU242/PIJ 0.000 0.001 0.004 0.009 0.017

.
DE8TFlUCT10NFFIACTION

PU239/PU 0.000 0.000 0.000 0.000 0.000

TOTAL W 0.000 0.068 0.137 0.208 0.272
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E. PLUTONIUM DESTRUCTION

1. PU oe~ “r

The DOE Requirements Document specifies the following objectives and assumptions
used for the Plutonium Destruction Akernetive:

● The alternative represents a design thet is optimized to enhance the extent of
the destruction of the 100 MT of weepons-grade plutonium.

● The goel is to trensmute or fission Pu to other elements to the meximum
axtent possible, such that the and product contains little or no plutonium.

● The meterial created should be compatible with planned requirements for
qualification and plecement in high level weete repository.

● The cepacity factor for the Pu Destruction Alternative ie essumed to be 75%
(snnual everage efter 18 months initial stsrtup end operation).

● The start dete for proceeding with the engineering of the complex is essumed
to be October 1993, with the objectiva of completing the disposition of 100
MT of Pu within 25 yesrs of the start dste.

Further guidence from DOE indicates thet the key objective for the Pu Destruction
alternative is - and that the controlling factora to implement this alternative
include the definition of Pu destruction, the fuel cycle design and risks, amount of
development required, and burn cycle length.

e. Bese Concept Description

The concept of the Pu Destruction Akernetive with the System 80+ Plutonium
Burner waa developed consistent with the requirements end guidsnce stated
shove. The fuel cycle concept developed for this alternative is besed on APR
operation with e non-fartile plutonium-oxide fuel form, consistent with the
objective that the end product plutonium be reduced to the maximum extent
possible for the PWR raactor. The capability of the System 80+ dasign to
accommodate APR operation is e major edvantege for this explication. The
schedule and cost uncertainty in successful development end deployment of e
non-fertile plutonium fuel type is the grestest disadvantage. The
characteristics of base concept are discussed below:

~ The unit core size is large, consisting of 241 fuel assemblies,
with a cora tharmal rating of 3800 MWth. The reactor accommodates all-
plutonium-reactor (APR) operation based on tha use of PuOz-A1203-Erz03 non-
fertila fuel. Tha APR core dasign characteristics for tha Pu Destruction
Alternative are described in Section 111.A.4 and in Table 111.A-6.
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Numbe r of Uni& The base concept presented for the Pu Destruction
Alternative is besed on s four-unit reector complex which setisfies the 25 yeer
schedule constraint specified es e study objective. Additional concepts ere
presented basad on operetion of e aingla-unit or two-unit complex over a
longer schedule. Tha basic fuel cycle is the sama in all casas.

Fuel Throu- The fual cycla for tha Pu Destruction Alternative is dascribed
in Tsbla Ill .E- 1. The fuel cycla consists of loading and irradiation of a feed cora
for a total of four annual irradiation cyclaa (a total of 1096 effactiva full powar
days). All irradiated fuel offloadad from the core (aithar discharga fuel or
intarmadiata to irradiation cycles is storad in tha spent fuel pool of tha raactor
complax. The Each non-fertila feed core for this concept conteins 6.67 MT
plutonium metal in oxide form. A relatively high Ioeding of arbium (La., the
equivalent of 4 wt% Er20~ for tha MOX dasign) providaa a nagativa Doppler
characteristic in the ebsenca of Lfzsnand acts as s burnabla poison to assiat in
tha control axceas reectivit y. Fifteen (15) full feed coraa ara therefora
sufficient to accommodate 100 MT of waapons-grsde plutonium. After
compilation of fours years reactor powar operations, the discharga fual haa
fissionad or transmuted a msjor portion (approximately 63%) of tha fissile
PU23Sin the waapons-grsda fead fual. Furthar burnup of the fual is deamed
impractical on the basis that calculated safaty-ralatad cheractaristics bacoma
unsteble bayond 48 months of fuel burnup (e.g, tha calculated MTC trends
rapidly in tha poaitiva direction) dua to diminishing fual/water ratio. Bacause of
tha relatively high parcantage destruction of Puzsaand tha similarity of tha
relativa isotopa fractiona of the remaining Pu to that of commercial spant PWR
fuel, it is considered mora practicel to disposa of tha spent fual at a high level
waste rapoaitory than to pursue reprocessing and furthar destruction.

The fual cycle schadula for accomplishing the disposition for 15 full cores(100
MT weapona-grade plutonium) in a period of 25 years is described in Tabla
111.E-2. The corresponding total tima from start to completion of raactor powar
operations for tha Pu Destruction Alternative is 18 yaars (216 months), with
an avarsge cspacity fsctor of 0.75. The construction snd stsrtup schadules
for tha raactor four units era separated by ona yaar. The project achadule for
the Pu Destruction Alternative is based on the assumption of project initiation
in Octobar 1993, as spacified in tha DOE Raquirament Document, with
compilation of all power operations for Pu Destruction disposition by Octobar
2016. Major project milaatonas associated with this schedule ara es follow:

Rata Mmttl

Projact Initiation 10/1993 o
First Concrate 10/1995 24
Initial Fual Load (Laed Unit) 0412000 78
Bagin Power Operations 1012000 S4
Complete Powar Operations 10/201 8 300
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The non-fertile plutonium fuel introduces e number of risk fectors
thet mey not be resdily resolved in e concept study. The first risk fector is
relsted to Isck of proveness of the non-fertile fuel concept for PWR
applications. Akhough the constituent meteriels in the PuOz-AlzO~-Erz03 fuel
concept ere individually proven in PWR applications, fuel irradiation and
burnup-dependent behavior is not available. Deployment of a non-fertile fuel
design concept would require a substantially greater amount of davelopmant
snd in-reector testing then MOX for the PWR sp~lcstion. A second risk fector
is related to less favorebla safety-releted physics parameters, and trends of
these parameters with burnup which diverge relativa to the cheractertistics of
UOZ or MOX fuel cycles (see Section 111.F). ThLs introduces uncertainty in the
successful development and Iicanaing of a non-fertile fuel cycle concapt. The
uncertainties related to development, testing snd licensing ere considered to
place the Pu Obstruction Alternative et a disadvantage relstive to the Spent
Fuel Akarnative basad on MOX fual.

b. Fuel Cycle Data

The fual cycle actinide inventory for the Pu Destruction Alternative is
summarized in Tsble Ill .E-3. This dats appliea for tha non-f ertila fuel cycle
operation for the besa four-unit concept, and for the single-unit and two-unit
concepts. The Pu isotope fractions show the transformation of plutonium
during the fuel cycla. At discharge (1096 EFPD) the ralativa fractiona of Pu’w
and Puzw sre approximately 41% end 32%, respectival y. This compares with
relstive fractions of approximately 53% and 23% for tha discharge fuel of a
reference UOZ fuel cycle aa described in Section Ill .A.

The plutonium destruction frection date in Table 111.0-3 also indicates that
approximately S3% of the initial Puzw invantory ia destroyed at dkcharge for

the Pu Destruction Alternative. Tha totsl fraction of Pu destroyed at discharge
ia approximately 61%, however, dua to the buildup of Pu2a, Pu*’, and Pua42
with burnup. The changa in PU2$Send Puza with burnup as a fraction of the
initial Pu inventory is illustrated by Figure 111.E-1.

Cycle-dependent physics parameters including critical boron concentrations,
control rod wortha, reactivity coefficients, and othar safety-related paramatars
for the Pu Destruction Alternative are provided in Section 111.F.

345-111.wp/om

Additional technical information snd deta for the Pu Destruction Alternative is
providad in Saction 111.K.
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System 80+

Teble 111.E-1

Pfutonium Burner Fuel Cycle Characteriatica
Pu Daatructlon Altarnative

Pu Destruction Altarnative Fual Cycle
Core Powar Lavel
Avaraga Capacity Factor
Irradiation Cycle Langth
Numbar of Cycles
Average Discharga Burnup
Faad Fual Type

Fead Fual Batch
Numbar of Assemblies

O-Shim
12-Shim

Activa Fual Length
Number of Fuel Roda
Fuai Composition
Plutonium Total Faed
Plutonium Feed Isotopas
Fissile Pu Fead
Erbium Total loading (approx.)

BPRs in Feed Fual Batch
Number of Burnabla Poison Rods
Active Poison Length

3S00 MW(th)
0.75
12-months (274 EFPD)
4
1096 EFPD
Non-fertile Pu Oxida

241
81
160
3.S1 m (150 in)
54956
AlaOa-PuOa-ErzO,
6.67 MTPu
93.5% Pu-239, 6.5% Pu-240
6.24 MTPu
4.6 MT ErzOa

1920
3.45 m (136 in)
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Table 111.E-2

Fuel Cycle Operating Schedule
Pu Destruction Alternative

Number of Reector Units: 4
Core Power Rating: 3S00 MWt

Cycle Length: E.EEQ

Cyc 1 12 274
Cyc 2 12 274
Cyc 3 12 274
Cyc 4 12 274

First Core Startup Test Period: 6 months
Number of Feed Cores for Mission: 15

Operating Cycles

E99dQtQQClQ

1 1

2
3
4

2 1
2
3
4

3 1

2
3
4

4 1
2
3
4

. . .

Scheduled Start of Cycle (Yr/Mo)

WL!JUG2H

2000104
2001 II o
2002/1 o
2003110

2001 II o
2002110
2003110
2004110

2002110
2003110
2004110
2005/1 O

2014110
2015110
2016110
2017110

.75

.75

.75

.75

w

2003110
2004110
2005110
2006110
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MONTHS
EFPD

U235

U236

U238

NP237

PU238

PU239

PU240

PU241

PU242

AM241

AM243

CM242

CM244

TOTAL HM

TOTAL U

TOTAL W

TOTAL AM+ CM

PU ISOTOPE FRAC1

Tabla 111.E-3

Fuel Cycle Actinide Inventory (Metric tonnes)

Plutonium Daatruction Alternative

0.0
0.0

0.0000E + 00

0.0000E + 00

0.0000E+ 00

0.0000E + 00

0.0000E + 00

6.2369E+O0

4.3357E-01

0.0000E + 00

0.0000E + 00

0.0000E + 00

0.0000E+ 00

0.0000E + 00

0.0000E + 00

6.6705E+O0

0.0000E + 00

6.6705E + 00

0.0000E + 00

N

O.000

0.935

0.065

0.000

0.000

12.0
274.0

0.0000E + 00

0.0000E + 00

0.0000E + 00

0.0000E + 00

0.0000E + 00

4.7197E+O0

6.8660E-01

2.2314E-01

7.5777E-03

3.5292E-03

5.8035E-04

3.4076E4)4

3.691OE45

5.8435E+O0

0.0000E+ 00

5.6390E+O0

4.4882E-03

0.000

0.837

0.122

0.040

0.001

24.0
494.0

0.0000E + 00

0.0000E+ 00

0.0000E + 00

0.0000E + 00

0.0000E + 00

3.3308E+O0

8.41 59E-01

4. 1325E-01

3.1 340E-02

1.1779E-02

4.6179E43

2.6743E-03

I3.21OOE-O4

4.6367E+O0

0.0000E + 00

4.6170E+O0

1,9692E-02

0.000

0.721

0.162

0.090

0.007

36.0
822.0

0. 0000E + 00

0.0000E + 00

0.0000E + 00

0.0000E + 00

0.0000E + 00

2.0743E + 00

6.9665E-01

5.3665E-01

7.3808E42

2.0593E-02

1.5516E-02

8.7850E-03

3.1 864E-03

3.6285E+ 00

0,0000E + Oil

3.5814E+O0

4.8060E-02

L
PU238/PU

PU239PIJ

W240/PU

W241 /PU

W242iPU

OBSTRUCTION FRACTION

0.000

0.579

0.250

0.150

0.021

48.0
1096.0

0.0000E + 00

0.0000E + 00

0.0000E + 00

0.0000E+OO

0.0000E + 00

1.0603E +00

8.3988E-01

5.8161E41

1.3542E-01

2.5187E-02

3.5168E-02

1.81 18E-02
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F. PLUTONIUM BURNER PHYSICS SAFETY CHARACTERISTICS

This section providess summsry of ssfety-related physics Psrametera for the
System SO+ Plutonium Burner besed on the evaluations of fuel cycle concepts for
the Spent Fual Akernetive and the Pu Destruction Alternative utilizing weepona-grade
plutonium fuel. The fuel cycle characteristics for these alternatives ere described in
Sections lli.D end 111.E,respectively. Safety relatad paremetara ere also comparad
with thosa for commercial fuel cycles basad on UOZ, self-genarated racycle (SGR),
and all-plutonium-reactor (APR).

1. Spent Fuel N&cmhfe: Phvsica Cha uiodstbr

Sasic cycle-dependent physics characteristics of the MOX fuel cycle concept
evaluated for the Spent Fuel Altarnative are shown by the following figuras:

● Figure 111.F-1: Critical boron va. burnup
● Figure 111.F-2: Inverse boron worth va. burnup
● Figure 111.F-3: Core CEA worths
● Figure 111.F-4: MTC va. burnup
● Figure 111.F-5: FTC vs. burnup

The magnitude and burnup trend of the parameters shown for the MOX concept are
similar to those of APR cycles based commercial-grade recycled plutonium, as were
discueeed in Section IILA-3. In particular, tha values of parameters neer and-of-life
(EOL) approach values characteristic of commercial UO, cycles.

2. ve: Phv~

Tha corresponding cycle-dependent physics characteristic of the non-fertila fuel
cycle concept evaluated for the Pu Destruction Alternative are shown by the figures
listed below:

● Figure IILF-6: Critical boron va. burnup
● Figure IILF-7: Inverse boron worth va. burnup
● Figure IILF-S: Core CEA worths
● Figure 111.F-9: MTC vs. burnup
● Figure III. F-10: ITC vs. burnup

The magnitude and burnup trend of the parameters ahown for the non-fertile concept
differ in a number of respects from those of APR cycles based commercial-grade
recyclad plutonium. The significance and implications of these differences are
addressed in the section below.

3.

Table 111.F-1 gives a comparison of physics parameter for the MOX and non-fertile
concepts using weapona-grade plutonium and for commercial fuel cycles based on
UOZ operation end APR plutonium recycle. Specific parameters are discuseed below
based on the comparisons provided.
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a. Critical Boron Concentration (CBC)

Calculated valuea of CBC at full power over cycle ara ahown in Figuraa 111.F-1
and Ill .F-6 for the MOX and non-fartile cyclaa. Tha valuas of inveraa boron
worth (IBW) are similarly ahown in Figuras 111.F-2 and 111.F-7.

For tha MOX cycla, a relatively high CBC exiata at BOL, consistent with the
reduced soluble boron worth shown by tha IBW. Tha CBC dacreases ovar
cycla, and indicataa that a significant amount of excass reactivity ramains at
EOL (1096 EFPD). The excess reactivity shown at EOL is favorable from the
viawpoint of providing flexibility for optimizing tha design and cycla Iangth of
tha MOX concapt.

For tha non-fartiia fual cycla, the CBC is relatively Iowar through cycla,
indicative of a lower amount of excess reactivity. Tha CBC trand shown for
tha non-fartile cycla is Iowar at BOL, incraasas et middla-of-life (MOL), and
decreasas rapidly naar EOL. Tha Iowar CBC at BOL ia a consequanca, in Part,
of tha high raquirad arbium loading which is necaasary to provide a nagative
Doppler coefficient for this concept. Tha deplation rate of tha higher erbium
concentration raaulta in a nat increasa in reactivity with burnup, rasulting in a
highar CBC at MOL. Tha drop off of CBC naar EOL rasults from tha rapid
diminishment of Pu2’0 concentration in comparison to fission products and
othar nautron abaorbing materials in tha Iatlica. Tha deletarioua affect of
arbium daplation for the non-fartila concapt may be compensated by optimizing
tha daaign of tha insartabla burnabla poisons (e.g., to includa a strong burnup-
indapandent componant such as hafnium in tha poison rods), and removal of
the insertable poiaona in tha Iaat irradiation cycla. Tha high poison
raquiremants and sensitivity of tha cycla-dapandent reactivity to plutonium
depletion indicata, howevar, that tha dasign and cycla length optimization for
the non-fertila concept would ba significantly more difficult than for the MOX
concept.

Critical boron concentrations for calculated oparating conditions at BOL are
comparad in Tabla 111.F-1. Tha concentrations of natural soluble boron shown
for tha MOX and non-fertila cyclas ara consistent with the amount of excess
reactivity at BOL. Binca the ovarall excess reactivity of tha MOX cycle ia
highar than requirad for cycla Iangth, it ia axpactad that tha CBC valuea and
tha refualing boron concentration for an optimizad daaign can be raducad to
values near those for tha commercial APR cycla. The Iowar CBC values for tha
non-fertila cycla raflact Iowar axcess reactivity of the cycla.

b. Control Rod Worth

Calculated vakras of cora reactivity worth of tha control alemant assemblies
(CEAa) ovar cycla are shown for conditions of hot-full-powar (HFP), 300”F
zaro-powar, and 6S”F zaro-powar in Figuras 111.F-3 and Ill .F-S for tha MOX and
non-fartila cyclaa. Tha CEA worth valuas ara basad on the extended CEA
pattarn for APR oparation as describad in Saction 111.A.2. On tha basis of the
calculated raaults, tha availabla CEA shutdown worth is sufficient for normal
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operations and safaty-raleted raquiramants of both tha MOX and non-fertile
cycles. The cycle-depandent behavior of CEA worth shows continuous
incraase in worth from BOL to EOL for both tha MOX and non-fertila cases,
conaistant with tha axpacted trend baaad on deplation of plutonium.

c. Moderator Temperature Coefficient (MTC)

Calculstad valuas of MTC ovar cycla are shown for in Figures 111.F-4 and 111.F-9
for the MOX and non-fertile cycles. These curves show the magnituda and
trand of MTC at a constant solubla boron concentration.

For the MOX cycla, MTC is lass nagativa at BOL and trands to a mora nagativa
value at EOL. Ovarall, the MTC characteristic for the MOX cycla is favorabla
ralativa to that of UO1 cyclas. Tha high fissila plutonium contant (aupplamanted
by tha effact of erbium) providea a more negative MTC at SOL than in UOZ fuel
cyclaa. The MTC at EOL is similar in comparison to UOZ cycles dua to
daplation of plutonium. Calculation for full-power conditions and zero-powar
conditions, xenon-frae conditions further show that MTC is nagativa for all
critical conditions ovar the MOX cycla.

For tha non-fertila cycla, tha MTC trand with burnup is in tha positiva diraction,
opposite to that of MOX or UOa cycles. This trend may be explained by the
high rste of incraaae in H/Pu ratio with burnup dua to plutonium daatruction.
Aa a result, tha positive trend in MTC sccalaratas with burnup. This
charsctaristic may prove restrictive on tha dasign and cycle Iangth for the non-
fertile concept.

d. Fuel Tamperatura Coafficiant (FTC)

Calculated valuaa of FTC ovar cycla are ahown in Figuras 111.F-5 and 111.F-6 for
tha MOX and non-fartile cycles. For the MOX cycla, the negstive FTC
magnituda is comparable to that of UOZ cyclaa, with Iittla variation ovar cycla.
For the non-fartiie cycla, the nagativa FTC is substantially smaller in magnituda
at BOL (La, ona-half the valua for MOX or UOZ cycles) and diminishes with
burnup. The small magnitude of FTC for tha non-fertila concapt has potentisl
detrimental ssfety implications which msy prove restrictive on the dasign snd
cycle Iangth capabilility for this concapt.

a. Delayad Nautron Fraction

Comparisons of dalayad nautron fraction (13~) and prompt nautron Iifatima (1”)
ara givan for BOL and EOL in Table 111.F-1. For the MOX cycla, tha valuas of
B* ara in the ranga of .003, which is lower than for tha commercial APR dua
to the high Puzw Concentration in combination with UaSO. Basad on EVSIUStiOns

for commercial APR cycla, tha Iowar 13mfor the MOX concapt is axpactad to
ba acceptable for safety-related performance (a.g., CEA ejaction accident). For
tha non-fartila cycle, tha 13ti valua st BOL is in tha rsnge of .002 which is
characteristic of PU2Was tha only fission nuclide. The Iowar 13whaa more
adverse potential implications for the non-fertila concept sinca it is
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accompanied by a significantly Iowar FTC, and tharefore may be restrictive on
the dasign.
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Table 111.F-1

Comparison of Safety Related Pfryaics Parameter

PARAMETER COMMERCIAL COMMERCIAL WEAPONS-GRADE WEAPONS-GRADE
U02 EQ. CYCLE APR EO. CYCLE MOX APR NON-FERT APR

MTC (delta-rho/deg F)
Full Power, BOL -5.90E-05 -1 .00E-05 -5.30E-05 -2.07E-04
Full Power, EOL -3.24E-04 -3. 10E-04 -2. S9E-04 -7.20E-05

FTC (delta-rho/deg F)
Full Power, BOL -1 .24E-05 -1. OIE-05 -1 .37E-05 -6.50E-06
Full Power, EOL -1 .25E-05 -1 .09E-05 -1 .39E-05 -3.90E-06

Diaaolved Boron (ppm)
CBC at BOC, Unrodded

Hot Standby 15s9 31s9 3s39 1S60
Full Power, no Xa 1400 2450 3220 1474
Full Power, Eq. Xe 1170 2100 2S96 113s

Refueling (5% aubcrit) 1955 4203 4996 3312

IBW (ppm/delt-rho)
Full Power, BOL 116 3s3 390 316
Full Power, EOL 101 331 277 126

CEA (%deit-rho)
Full Power, BOL 13.s 12.6 12.s 12.7

Eff. Delayed N. Fraction
BOL 0.00625 0.00442 0.0030s
EOL

0.00209
0.00546 0.00447 0.00364 0.0031 s

Prompt N. Lifetime (sac)
BOL 2.13E-05 6.80E-06 6.68E-06
EOL

8.19E-06
2.4SE-05 7.90E-06 9.44E-06 2.08E-05
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FIGURE 111.F-4
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FIGURE 111.F-6
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FIGURE 111.F-7
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FIGURE IILF-8
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FIGURE IILF-9
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FIGURE IILF-10
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G. TRITIUM PRODUCTION CAPABILITY

1. Summary

As psrt of the Plutonium Disposition Study, the feasibility of producing tritium in the
plutonium burning reector wes evelueted. While not e specific requirement in the
Requirements Document, en objective is to produce tritium with es few chenges es
possible to the plutonium burning design in order to minimize the impect of tritium
production on the reector. The required deeign chenges ere epecified, end these
chenges heve been eveluated to datarmina tha impact on fual and plant dasign,
raactor performance, and raactor safety.

Tritium production requirements ara expected to ba achievad with small
modifications to the plutonium cora. Tha modifications includa the ramoval of
burnabla poison pins and twenty fual pins in aach fual assambly, raplacing tham with
32 tritium producing targets. Raactor powar has baen raduced slightly to maat
tharmal margin requiramants. Thasa modifications allow for tha production of
greater than contract quantities of tritium, whila st tha sama tima preserving tha
total mass of plutonium danaturad in aither a spiking or normal powar production
cycle. Howaver, sinca powar is raducad, the total numbar of plutonium atoms which
can ba dastroyad in a tritium producing cora is approximately 1% lass at tha sama
fuel exposura than in a dedicated plutonium burning mission for ona cycle of
oparation.

It is expactad that the tritium producing dasign can ba oparatad using tha aama fuel
managamant options as the plutonium burning core without compromising othar
aafaty or operational parameters. To produca contract quantities of tritium,
howaver, a ona batch cora must ba used. Aaaaaamanta hava baan mada of tha
impact on reactor control systams, cora thermal parformanca and transiant
parformanca, and it ia axpactad that tha parformanca in these araas is within tha
design envalopa of the plutonium burning only design. Asaasaments of othar plant
operations, such aa rafualing and balanca-of-plant oparationa, ara alao mada, with
tha indication baing that the impact of tritium production operations will be small.

Support facilities that would ba raquirad apacifically for a tritium mission are
identified. Undar tha auspices of tha Light Watar Tritium Targat Davalopmant
Program, most of tha support facility requirements and technical issuas have baan
addrassed. Pramatura termination of tha program did not allow all targat facility
davalopmant items to ba complatad. Targat fabrication and tritium attraction
facilities ara discussad, and development naeda idantifiad.

2. Introduction

The objactivaa for tha Plutonium Disposition Study wara spacifiad by DOE in tha
Raquiraments Documant ralaasad on January 21, 1993 (Raferanca 1). A
requiramant spacifiad in tha Raquiraments Documant was that tha raactor complax
hava tha option of producing a spacifiad quantity of tritium. For tha Systam SO+
Plutonium Burnar, tha tritium production mission has baen configured so that
waapons-grade plutonium is burned as fuel during the tritium production mission.
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3. Tritium Production Objectives

A objective of the Plutonium Disposition etudy is to determine the feeeibility of
producing contrect quantities of tritium in e light weter reector whose primery
purpoee is the destruction of weepons grede plutonium. This study eddresses the
production of tritium while elso burning weepons-grede plutonium. The effect of the
tritium production mission on the quantities cf plutonium destroyed are addressed.
The goel of the tritium design is to produce tritium with es Iittla impact to the
plutonium burning prcceas as possibla. This study invaatigatas the impact of
opsreting a plutonium burning tritium production core versue operating e plutonium
burning only reactor.

Work objective include neutronic analysis to datarmina the assambly and target
dasign paramatars raquirad to prcduca contract quantities of tritium. Changas in tha
plutonium burning only design requirad to produce tritium are analyzed for thair
eff act on plant operations and safety. Impacts on reactor control systema, core
tharmal parformanca and transients, and fual management options are idantifiad and
assaased. The affacts on operational and environmental issuas ara addraasad.

In addition to plant operations, discussion of tha currant stata of light watar tritium
target davelopmant is mada. Tha additional facilities and operations raquirad for
targat fabrication and tritium attraction ara described. Additional targat davelopmant
naeds are addressed.

4. Tritium Production Assambly Design Description

The devalopmant of a fual assambly dasign which will produca tritium aa wall as
burn plutonium in a light water reactor ie an evolution cf a plutonium burning
assambly devalopad by CE. Tha plutonium burning asaambly is a ganasia from tha
commercial Systam SO+ design. The plutonium burning varsion has been
designated as tha System SO+. The avolution to an assambly which both burns
plutonium and produces tritium is designated as Systam 80+ PT.

Tha Systam 80+ PT assambly dasign ia basad on tha Systam SO+ P dasign, with
cnly minor modifications to the mechanical dasign. Tha mechanical modification to
tha dasign ara naadad to accommodate the tritium production mission. Sinca tha
design modifications ara minor, and most affects of tha modifications ara axpacted
to be within the oparaticnal and safaty anvalopa cf tha Systam 80+ P design, ell
performance and safaty effacts of the modifications ara ralated diractly to the
Systam SO+ P dasign. Tha intant ia to show that the Syetem SO+ P and tha Systam
80+ PT can operate within the same design envelope. However, modifications to
the fuel cycla ara raquirad to meat production raquiremants.

Tha refaranca Systam 80+ Plutonium Burnar assambly dasign ia daacribed in dataii
undar other task raports of this project. A briaf summary is provided hare to allow
for comparison to the tritium production dasign.
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Tabla 111.G-1 givas a summary of tha major Systam 80+ Plutonium Burnar dasign
paramatars. Tha paramatars providad ara for tha maximum powar ganaration option.
In tha maximum powar ganaration mods, a thraa batch cora on a 1-yaar cycla is
used. If tritium production is not dasired, this cora design is tha most dasirabla, and
is therefora the dasign to which comparisons are mada.

Tha design core operating power is 3800 MWth. This power is obtained with a
loading of 8.9 w/o weapona-grade plutonium in heavy matal snd an avaraga arbium
oxide loading of less than 2 w/o in MOX. Each assambly in the core has eithar zaro
or twalve burnable poison rod (BPR) locations. Figura Ill .G-l shows tha assambl y
layout with twelva BPR locations.

Tha raference System 80+ Plutonium Burner dasign is expacted to maat all raquirad
nautronic and tharmal hydraulic aafaty margins nacassary for tha Iicansing of a
commercial reactor cora. Tha additional control locations availabla in tha Systam
80+ dasign provide sufficient rod worths and control margins in tha reactor for all-
plutonium-raactor operationa. Sinca tha basic assambly and balanca-of-plant dasign
is tha sama as tha Systam 80+, and the avarage Iinaar haat generation rate is the
same aa the Systam BO+, thermal margin and transiant performance are expected to
be within the design anvelopa of tha commercial Systam 80+ dasign. For a mora
completa discussion of the System 80+ Plutonium Burnar design, sae Saction 111.A.

Assemblv D@UI

The tritium production option has bean assessed for the System 80+ reactor design.
The conceptual dasign of tha Systam 80+ Tritium Production design allows for tha
continued destruction of plutonium while at the aama time producing dasired tritium
quantities. The dasign characteristics of the fual assambly have baen slightly
modified, howevar, such that plutonium burning and powar production are no longer
optimized. The deviations in design are sufficiently minor that major plant design
modifications are not raquired.

The System 80+ Tritium Production dasign is basad on the System 80+ Plutonium
Burnar dascribed abova. The mechanical modifications involva tha removal of the 12
BPRs from tha assembly, replacamant of 20 fual rods with non-structural guide
tubes, and insarting target rods containing lithium in their place. The total number of
target rods per assembly is 32.

Thirty-two target rods per assembly are requirad to produce the dasired tritium
quantities. The quantity of tritium which can be producad per targat rod is limited by
target rod design considerations. To meet production requirements sat forth in DOE
guidance’ while staying within tha established target parformanca anveiope, mora
targats are raquirad in a fuel assembly than tha availabla burnable poison locations.
A detailed discussion of tha target dasign is providad balow.

To meet production raquiremanta, the raactor fuel cycle must also be altared.
Analysis has shown that graater than contract quantities of tritium are producad in

‘ Letter from J. A. Delos Santos to D. F. Newman datad March 19, 1993
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the System 80+ Tritium Production core when e one betch core is opereted on e 1-
year cycle, with fraah fuel baing loadad avary cycla. Multi-batch coraa have not
been analyzad for this study. Tritium can also ba mada using multi-batch cores or
longer cycles, however some tritium production capability is likely to be lost.

Since the desired goal is to remein within the acme sefety design envelopa es the
System SO+ Plutonium Burner essembly design, maintaining the same everege linear
beet generation rete (LHGR) is e reasonable method of accomplishing this objective.
The ramoval of 20 fual pins par aasembly to accommodate tha targat rods requiras
that the totel core power be reduced in order to meintain this everege LHGR. The
Systam 80+ Tritium Production cora is therafora proposad to operata at a raduced
power of 3410 MWth.

Teble 111.G-1 lists the mejor design feetures of the tritium production cora.
Comparison to the System SO+ Plutonium Burner parameters indicates additional
minor changes which were made to further optimize the tritium production essembly
design. Figure IILG-2 shows the essembly pin Ieyout in the System 80+ Tritium
Production core including the additional target pins.

FURI A~

Tha System 80+ Tritium Production concaptuel core hes been analyzed using an
everaged fuel assembly design. Full core calculations heve not yet been performed,
so the effects of variations in exiel or redisl enrichment patterns have not yet bean
determined. It is anticipated that continued work would include parametric
calculations which will Iced to design optimization.

The System 80+ Tritium Production fual rods contain e eingle enrichment of 7.3S
w/o PuOZ and 0.5 w/o ErzO~ in MOX. The fuel end poison Ioedings in the System
80+ Tritium Production core are marginally different from the System SO+
Plutonium Burner. The PU02 concentration has been incraased slightly from 6.9 w/o
to 7.38 w/o to maintain the same total core mass of plutonium as in the System
BO+ Plutonium Burner. This additional concentration is raquired because of the
ramovel of fuel pins to accommodate the required targets. By increasing the
plutonium concentration in fuel and maintaining the sama fisaile contant ea the
Systam SO+ plutonium Burner, the affactive emount of weapons-grade plutonium
denaturad per year in aither a spiking or normsl power generation mode remains
constant.

The neutronic design for the System SO+ Tritium Production assemblies wes
performed using the WIMS-E neutronics coda. The WIMS-E code model developed
uses a two-dimansional, intagral transport methodology to calculete reactivity,
temperature coefficients, and tritium production capabilities of the tritium production
assembly. Figure 111.G-3 shows reactivity plotted against burnup for tha tritium
production core, and Figures 111.G-4 and IILG-5 show the moderator temperature
coefficients and doppler coefficients, respectively, with burnup.

The calculated moderator temperature coefficients for the System 80+ Plutonium
Burnar core are also provided in Figure 111.G-4 for comparison. Comparison indicatea
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that the Systam 80+ Plutonium Burnar and the Systam 80+ Tritium Production
cores are nautronically eimilar, with the coafficiant valuas within acceptable renges
of aach other. The cora would tharefora ba expacted to oparate in similar manners
during modarator temperature transients. Fuel temperature coefficients were not
available for comparison to the Systam 80+ Tritium Production, however tha
coefficients shown in Figure 111.G-5 ere comparable to coefficients in commercial
raector cores, which are in tha range of -2.0x 105 to -1 .0x10”6 @/°F.

There will be a elight diffarance in tha totel number of plutonium atoms destroyad
par yaar batwaen tha two cores sinca tha total core powar in tha Systam 80+ PT is
lower than tha System 80+ Plutonium Burnar. Figure 111.G-6 shows the plutonium
isotopic destruction in tha Systam 80+ Tritium Production and tha System 80+
Plutonium Burner. Comparison indicates that the difference in the numbar of
plutonium atoms dastroyad at tha sama axposura is only about 1% less than in tha
Systam 80+ Plutonium Burnar.

Tha erbium loading in tha tritium production aseembly is smallar then in the Systam
80+ Plutonium Burnar. Thie is largely dua to the reactivity affects of tha increased
cora poison Ioeding held in the target rods. The tritium target rods effectively act as
burnable poisons in the tritium core, and tha total poison loading of target rods is
graatar than the BPRs in the Systam 80+ Plutonium Burner. Tha erbium loading
must therafore be Iowared to maet totel core reactivity requirements.

Parametric etudies on fuel dasign parameters hava not yat bean performed for tha
Systam 80+ Tritium Production. Studias parformad would investigate how
variation in design paramatars such ae fual, target and poison loadings impact
performance, safaty and production parameters. Tha rasults of thasa parametric
studies would ba usad to further optimize the tritium production assembly. These
peramatric studias ara not appropriate to tha level of this study. Full core
calculations hava not baen parformad, and it is axpected that tha rasults of full core
calculations will be raquirad to optimize tha design. It is expactad that thase studiee
will allow tha design to be furthar optimized to anhanca plutonium destruction as
wall as tritium production. As an axampla, core design optimization will Iikaly permit
tha core powar to ba incraased during the tritium production mode.

Tha System 80+ Tritium Production cora dasign utilizas tritium producing targets
Iocetad in guida tubes. The targats are similar in dasign to tha targets which have
been developad as part of tha Light Water NPR Tritium Targat Devalopmant Program
(lTOP). Design paramatars for fabrication and tritium attraction from tha Systam
80+ Tritium Production targets era expactad to ba wall within the davalopmant and
performance paramatars of the targats designed for the TTDP.

Figure 111.G-7 shows a cut-away of tha target structure. Tabla 111.G-2 lists tha
dimensions and composition of the target components, The msjor functional
components of the targat are the pallat, tha liner, tha gattar, tha barriar coatad clad
and the non-structural guide tube. The pallet is lithium aluminata. Lithium-6 in the
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target pellat abaorbs neutrons to form tritium and halium as ahown in the reaction
below:

Lie+n - H’ + He~

The zirconium liner effactivaly dissociates any THO or TZO which forms into its
constituent stoma. The gattar ia mada of nickal coatad zirconium. Tha zirconium
absorba tritium stoma in the target and kaepa them immobila. The nickel coating
praventa oxide Iayera from building and prohibiting tha passaga of tritium into tha
gattar. The etainless steel cladding ancspaulataa the targat components to contain
the tritium, and tha aluminum barrier coating ia an effective permeation barrier to
tritium.

Tha target guide tube function is two fold. Tha firat function ia merely to hold the
targat in place in the core, and to allow easy removal and replacamant of the targets.
It is assantially a tube into which the target is slid. The second purpoaa is to protact
the targat from the effact of transients. In design basic transients such aa LOCAa,
the guida tuba tharmally iaolatas tha targat from tha potentially high radiativa haat
transfar from the fuel pins. In axtreme cases, the guida tube may reduca the
maximum temparatura of tha target clad by 400 ‘F whan comparad to tha sama
design basia evant (DBE) using targats without guida tubes.

The targat mechanical design is governed by the expected nautronic and mechanical
performance raquiramants in the cora. Tha targat parformanca anvalope is defined
primarily by two considerations: the gas-to-volume ratio (GVR) in the targat and the
potential targat intarnal gaa prasaura during a transient. This performance envalopa
controls many espects of tha fual assembly dasign bacauae it governs the quantities
of tritium that can be made par tsrgat, and tharefora tha numbar of targats naedad
to produce a givan quantity of tritium.

The GVR criteria is imposed because the avolution of excess gaseous products in a
givan targat voluma mey cause tha target pallet to disintegrate. Ralocetion of the
targat pallat poison matarial aftar diaintagration could cause datrimantal reactivity
affacta in tha cora, possibly leading to excassive localized power paaking. The
maximum GVR of the maximum exposure target in the core must therefore be lower
than a specified limit to ensura that no targat pellets suffer disintegration from
intarnal gas effacts.

Tha GVR limit for the target design hea been set conservatively low. Inchcaticna
from tha lTDP ara that highar limits could be sat, howavar the pramatura
termination of tha TTOP did not allow this to be varifiad. In addition to the
consarvativa dasign limit, tha axpoaura calculation used for dasign calculation
asaumaa a conservatively high average total pesking factor of 2.0 for the entire
irradiation pariod of tha targat. It would not ba expectad that any ona target would
axparianca total peaking to this axtant for the antira cycla. This is a conaervativa
powar paaking assumption, theraby adding additional conservatism in tha targat
design.
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The assumed targat internsl gas pressura usad for targat dasign is conservatively
high. High internal gaa pressurea could rasult from a DBE such as a large break
LOCA. During such accidents, the target temperature risas, increasing internal targat
gas pressura. Additionally, at highar temperatures soma tritium desorbs from tha
getter end targat pellet, increasing tha intarnel gas pressura further. Tha cladding
yield strength also decreases with increasing temperature.

Indications from the TTDP are that tha desorbtion of tritium from the target materials
occurs slowly ralative to the tima Iangth of a DEE. Design basis transients would
only produca high temparaturas for a faw minutes at most, but for targat dasign
purposes it is asaumed that 100% of the gas ia immediately released from the getter
and targat pellet. The targets ara than dasigned not to braach avan during this
maximum prassure loading. This design basis is even more stringant than tha design
basis for fual pins, for which a Iimitad number of fual pins ara parmitted to rupture
during design basis evants.

Since the targat performance envelopa usad in this study ia considered to be very
conservative, there is a high dagraa of confidante that targat intagrity will be
maintained during all oparating and transiant conditions. Tha targat is considarad
extremely robust, and ia likely to maintain integrity at Ieaat as long, if not longer,
than typical fuel rods during a DBE. Activities parformed under the TTDP have
incraaaad the understanding of soma target phenomana, and the confidence in the
performance capabilities of the target is vary high. Furthar design davelopmant of
the targats is still raquired. Howaver this davalopment will likely allow for e batter
understanding of the targat parformanca and a reduction in tha conservatism now
usad in tha dasign.

Having assumed the 100% gas ralaase to tha target fraa voluma, tha maximum
targat cladding tamparature for which tha dasign yield strass will not ba excaadad is
1300”F. Again, tha assumption is made that the transient occurs at EOC, when the
gas invantory is graatast, and that the peak targat has experienced an avaraga 2.0
paaking factor during tha cycla. It must also ba ramamberad that the target guida
tuba ia protecting tha target clad, and that tha guide tube temperature may be vary
much higher than 1300 ‘F.

The LWR tritium target dasign is vary flaxibla within tha bounds of the parformanca
anvelopa. Continuad development of the tritium target technology would serve to
allow for a dacraasa in soma of the conservatism used in the target design. In
addition, furthar analyais work on the Systam 80+ Tritium Production core daaign
would allow rafinament of reactivity and powar paaking factora which may allow
furthar reductions in conservatism and thereby allow for optimization of the targat
and assembly dasign.

5. System SO+ PT Operational Faaturas

Jrmum Pro~
. . . .

The proposad tritium production aasembly design is expactad to make graater than
contract quantities of tritium par yaar as raquirad in tha guidance documant. This tritium
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requirement is made using a ona-cycle, one-batch cora configuration. Tha design is
reasonably versatila in that variation in production requirements can ba made by altering
lithium Ioadinga and arbium concentration. Data is not presantad hara, however dasign
itarationa hava shown that this assembly dasign is capabla of making greatar then contract
quantities of tritium. Design optimization for any of these quantities can ba achievad
without difficulty.

Tha Systam SO+ PT design can be oparatad with fuel management and cycla length
stratagiea similar to tha Systam SO+ P. Functionally, tha tritium targats in the Systam
SO+ PT core displace other poisona (SPS, soluble boron or arbium) which ara presant in tha
System SO+ P design. With dasign iteration and optimization, it ia axpacted that a tritium
production cora could maat any raaaonable cycla Iangth or loading scheme raquiramants.

Tha Syatam SO+ PT cora will only produca graatar then contract quantities of tritium under
cartain cycla conditions, howavar. The System SO+ PT is dasignad to excaad contract
production raquiramants for tritium in a one batch cora on an annual cycla. Tha dasign
containa aufficiant reactivity to provida 274 EFPDs par cycla. The tritium assembly design
prasanted will produca graater than contract quantities of tritium only if a one batch core
is usad, and if tha core is Ioadad with frash fual evary cycla. Tha ona batch option is the
only cora loading option which haa baen analyzad at th~a point. Conversion to a thraa
batch cora or to Iongar cycla lengths in a tritium production mods is faasibla with
additional daaign affort, howavar production penalties will Iikaly be incurrad unlass
plutonium concentrations ara altered.

Conceptual cora loading pattarns have not yet baen devalopad for the Syatam 80+ PT
cora. It is likely that whan full core dasign analysia is performed, fual bundlas with slightly
diffarent plutonium, arbium, or lithium concentrations will be davelopad to obtain tha
dasirad cora powar profilas.

Burnup reactivity control in the Syatam 80+ PT core is accomplished by a combination of
targat deplation, arbium daplation and soluble boron. Tha System 80+ PT cora will usa
soluble boron anrichad in boron-l O for reactivity control. Tha uae of anrichad boron
maintains consistency with the boron anrichmant plannad for usa in tha Systam 80+ P
daaign. Sinca maximum flexibility betwaan tha tritium mission and non-tritium missions is
raquirad, tha soluble boron raquiremants for tha two concapts are tha aama.

6. Safaty Impacts

No specific analyais haa baan parformed to datarmina control rod wortha in tha tritium
production cora. The raactor control systems designad for the Systam 80+ P are axpected
to be sufficient for uaa with the System SO+ PT cora. The fisaile content is tha sama, and
effort has bean mada to meintain the aama reactivity and safaty margins for the tritium
cora as tha System 80+ P cora. Aa haa baen shown previously, tha cora tamparature
coafficiants throughout tha cycla are alao similar. No radical dasign changas have bean
mada w~lch would creata a challenga to tha control systam during normal or transient
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operations, therefore it is expected thst no modifications or upgrsdes to the System SO+ P
deeign would be needed. In eny cese, e complete enelysis of the control rod worths will
be required before e tritium production core is implemented.

Preliminary thermsl hydreulic enelysis of the System SO+ PT essembly hes been performed
to ensure that the modified fuel assambly snd the target designs are within tha design
envelope of the System SO+ P core. At this time, only normsl opereting conditions heve
been essessed, however this assessment coupled with assessments made for the Light
Weter NPR program ere used to infer the results thet would be expected from e full
transient analysis.

Tha System SO+ PT fuel pin design is the seine es the System SO+ P design. However,
the number of fuel pins, end the power in eech pin hes bean altered. To show that the
thermal margins have not been compromised, thermal enalysis of the fual pins hea been
psrf ormed.

At thie time, anelysis of fuel thermal margins is limited to the calculation of tha departure
from nucleete boiling (DNBR) retie. The calculated DNBR ie compered to the minimum
allowable DNBR for the dasign. Since the DNBR critaria ensuras that the cladding
temperature remeins close to the coolent temperature, no additional criterie for cladding
tamparatura is required for normal oparation and DSES.

The dasign limit DNBR that is usad depande strongly on tha DNB correlation and analytical
methods used. For the purpose of this enalyeis, the non-proprietery B&W-2 correlation is
used. The daaign DNBR limit for 15 x 15 and 17 x 17 pin fuels is approximately 1.35. To
apply tha correlation to tha CE 16 x 16 pin configuration, the limit waa conservatively
increased to 1.45 to eccount for any undatarmined uncertainties in the application of tha
correlation. Additional conservatism is added to datarmina a dasign goal. This design goal
maintains the margin betwaan the DNBR goal and the DNBR limit at vaiuas similar to
commercial light water cores. For purposas of conceptual design of the Systam SO+ PT
core, e minimum DNBR goal of 2.21 is assumad to meintain the sama margins as
commercial core designs.

The tharmal-hydraulic parformanca tha System 80 + PT fuel has been parformed using tha
VI PRE-01 sub-channal code (Referance 4). The hydraulic design ie set to match the
available paramatars for the Systam 60+ PT design. Pie-shaped, 1/6 sectione of symmetry
of the hot fual essambly hava baen considered for evaluating the limiting dasign
conditions.

A DNBR analysis was performad for the Systam SO+ PT design. This was for tha dasign
operating condition of 102% overpower (347S MW), 2205 psie system preseura, 55S ‘F
inlat tampsrature, and 95% cora inlet mass flow rate (160.7 Mlbm/hr). Sinca full core
powar profilas ara not yet availabla, total core paeking is based on an astimated core
average axial peeking (a symmetrical chopped cosine), the axpectad maximum radiel
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peaking et any location in the cora, and a conservative local paaking fector. A total
paaking of 2.35 was tharefora aasumad.

Tha DNBR analysis for tha dasign oparating conditions indicata a calculated ONBR of 2.66.
Comparing to tha goal of 2.21, this indicates that thera will ba sufficient tharmal margin in
the System SO+ PT design. Further analyaas will ba raquirad to astablish spacific margins,
including using correlation optimizad for CE fual dasigns.

Fuel temperatures and othar ralatad fual parformanca parameters for steady-state
oparation hava not yat baan thoroughly analyzad for the Systam 80+ PT. Estimatas for
preliminary light watar NPR fual pin dasigns wera performad and raported in
Rafaranca 3. Sinca tha Syatam 60+ PT dasign has not yat baan analyzad in detail, a
comparison is mada to tha rasults of tha NPR designs.

Tha estimated steedy atste fuel tamparatures for tha 16 x 16 System 80+ PT fuel ara a
cora avarage fuel temperature of 13300 F, with a paak fuel temperature of 3540° F. Tha
paak occurs at tha cantarlina at tha dasign oparating condition. Thasa temperatures
compara favorably with other plant designa.

Total targat peaking for tha DNBR analysis was sat to 2.15. This vslua is more
conservative than tha powar factor of 2.0 used for tha production calculation in ordar to
account for and consarvativaly bound any uncartaintias which hava not baan identified.
Tha targat powar usad is 8.46 kW/rod, which is consarvativaly baaad on pravioua targat
hast rata calculations parformad, and takas into account raactor design differences. Tha
analysis veluas chosan ara expactad to consarvativaly bound tha System 60+ PT core
target dasign.

The astimatad tergat tamperaturaa for tha System 60+ PT targat dasign are a core avaraga
targat tamparatura of 755”F, with a peak target tamparature of 960 “F.

Tha cora prassura loss for tha 0.382 in 00 fual pin dasign has baan astimatad by tha
VI PRE-01 sub-channel coda using a Blasiua relationship for rough tuba friction factors.
Tha aquation coefficients are dafinad for the specific relativa roughnasa. The roughnase of
drawn tubing waa assumed to be 5x10° ft. It was also assumad that six grid spacars
wara squally spacad within tha activa zone. Tha grid spacar prassura loss coafficiants
ware asaumed to ba 1.20.

Tha active zona total pressure loss for the 0.382 in 00 fual pin dasign was astimatad to
22.4 psi for tha core activa zona at a cora flow of 160.7 Mlbm/hr.

Tha raactor rasponaa to tranaiants is drivan by both tha nautronic end tharmal dasign
parameters of tha raactor system. No datailad calculation of trsnsient scansrios has been
parformad on tha Systam 80+ PT cora configuration to data. From othar baaic dasign
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information, howavar, insight can ba gainad aa to tha axpactad transiant rasponse of tha
tritium cora in ralation to tha Systam SO+ P core.

Reactor powar during a tranaiant is drivan by the core rasponaa to upsat condition bafora a
scram is initiatad. Tha core rasponsa is govarnad mainly by tha changes in tha coolant or
fual temperature Iavela. The asaembly modarator tamperatura and fual dopplar coefficients
(Figuraa IILG-4 and 5) giva an indication of the cora rasponse ratea, As previously
discussed, the System 80+ PT moderator coefficianta are similar in magnituda to System
80+ P or commercial reactor cosfficiants. Sinca it is likely that fual tamperatura
coefficients will also ba similar, it is therefore expected thet the neutronic responsa to
tamparatura transients will also be similar.

Bacause of the modest fual temperaturaa and adaquate MDNBR margina preeant in the
System SO+ PT core when comparad with existing commercial plant designs, no mejor
differancea are expacted in tranaiant performance. The 0.382 in 00 design showa margin
to DNB comparable to commercial cores at the design operating condition. Howaver,
datailad analysas ramains to be parformed to confirm this observation befora a final dasign
is produced.

7. Impact On Plant Operations

Efsfualino Ooe -r“

Littla difference ia expected batwean rafueling operations for the Syatam SO+ cora
concept and the System SO+ concapt. Fuel asaamblias will contain 32 targata in the
tritium core, 20 of which dieplace fuel rods in the System 80+ P. The total plutonium
content par assambly ia the same, and the weight of tha assemblies will not ba
significantly diffarent. The assembly envalopa tharafora will not be changad, thus
manipulation of the assemblies will not be effected. The cycla length will remain at ona
yaar and all assamblias will be off-iosdad each cycle. Consequently thera will be no
change in the mathod of shuffling assemblies.

In addition to tha rafualing operationa, howevar, provision must ba made for removal end
raplacemant (if dasired for multi-cycla coras) of tha targets in the irradiated assemblies and
for tranaport of the irradiated targata to an attraction facility. Target removal should ba no
more difficult than ramoval of SPRAa from assemblies, as is routinaly done at commercial
reactor sites. The removal of the targat haa baan made ae simpla as poasibla by placing
tha tergets in guida tubas and attaching them tos spider or basaplate aaaembly. Targat
replacement would occur if multi-batch cycles ara planned during tritium production
missions. If a tritium mission ia no Iongar raquired, yet it is dasirad to burn the fuel
furthar, BPRAa could be simply be placed in the targat guida tubes since the targat guide
tubas and tha BPR tubsa ara identical.

Consideration must also be givan to the handling of irradiated targats, and tha
transportation of tha targets to the attraction facility. Proper shielding will be required for
targat storaga and ahipping since the irradiated atainleas steel clad will be highly activated
after neutron exposura. This ia likely to raquira the devalopmant of storage or shipping
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casks for the tergets if current designs ere unsuitable. Protection against tritium releases
to tha anvironmant during atoraga and transport must also be considered. Sinca tha
tritium desorbtion rate from the targets is very slow, this is not considered a technical
challenga.

The production of tritium in a light water reactor is not expected to affect normal
maintenance activities to any significant extent.

An Environmental Impact Statament (EIS) was prepsred for tha NPR program that
(Referance 5) eveluatad potential tritium releasas from e light water tritium producing
reactor. The EIS states that environmental raleasas of tritium from a light watar tritium
mission in a light watar reactor would hava an uppar limit projection of tritium releaaaa to
tha environment of 20,000 curiaa, as comparad to approximately 900 curias from a
commercial light water plant. Tha projacted environmental axpoauras resulting from these
upper bound relaases wara wall within prescribed dose limits,

The EIS wee written at a tima when goal tritium production was much higher, and before
much of the TTDP work was completad. Actual relaases and exposures ara expectad to
be significantly Iowar for tha System 80+ PT design than tha upper limit projections in the
EIS for the following reaaons:

● Thera would be far fawer target rods irradiated in the Syatam 80+ PT cora then
assumad in the TTDP sinca the required tritium production is lower. With fewar
tergat rods, it would be axpectad that there would be fewer target feilures, and
henca, lower tritium raleasas.

● Tha upper limit releese estimate for the EIS asaumed failura of two targat roda per
year at EOC. The failad rods were essumed to ralease thair full inventory of tritium.
lTDP work has indicatad that the targats are far more robust than originally
expectad, end that two per year is very conservative. Although the avarage of two
feiled rods par year was conservatively consistent with fual rod failura experience, it
is highly unlikely thet tsrget rod fsilures would occur at the same rate. Ae notad
previously, tha target roda hava baan daaigned far more robustly than fual rods.
They have ebout one-tenth the haat rate, tha guida tube protacts the targats from
debris and fretting, end the stainless steal cladding is much stronger than the
zirceloy cladding used for fuel tubes.

● lTDP analysis indicates that when targat rods do fail, only one-fourth to one-half of
tha inventory would ba releasad on tha average from a failed target rod.

● Tritium permeation factora from the target rods for tha uppar limit projactiona usad in
the EIS ara baaad on the use of a diffusion barriar which providas a permeation
reduction factor (PRF) on the order of 100-200. Results of Iatar lTDP Isboretory
work indicated that a PRF of 300-1000 or mora mey be achlevabla.
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● The tritium concentration and ralaaae aatimataa for NPR EIS purpoaaa are calculated
for an equilibrium cycla following many yaara of oparation. Firat year concentration
and releaaes would be from one-tenth to one-half the equilibWm values, and if an
equilibrium tritium mission ia not used, the valuas would be further dacreased.

Using a qualitative evaluation of tha reductions in conservatism used in the EK3, and
considering tha above factors, tha relaasa value for tha Systam SO+ PT should hava an
upper bound limit of Ieaa than 15% of the EIS estimata, or approximately 3,oOO curiaa.
Again, this should be compared with raleaaa astimates from commercial reactors, which is
approximately 900 curies.

On Tha - Of Piam.-

Impact to the balance-of-plant would be Iimitad to tha possibla inclusion of a detritiation
facility. Work performad for the ITDP concluded that, based on the expactad doses from
tritium and tha capital cost of a datritiation facility, a datritiation facility was not cost
beneficial for tha light water NPR (Reference 6). Sinca this conclusion was raached for a
reactor which producad far mora tritium, and for which tha ralaasa astimates were overly
conservative, it ia axpected that a detritiation facility would not be raquired for tha System
60+ PT concapt. Thare are tharefore no furthar additional impacts expected in comparison
to the System SO+ P.

8. Support Facilities

Most of tha target components are axpacted to be procured from commercial aourcas.
Under the TTDP, commercial vendora ware contracted to provide barrier coatad cladding
and nickel plated gattar materials (Rafarance 7). While thasa components can ba procured
from commercial sources, DOE facilitiaa must be available to perform some fabrication
work bacause certain design featurea of tha targats must be protectad. It is anticipated
that the lithium blanding, pressing, and aintering proceasea will be required to be
parformad on a DOE sits, and that final assambly of the targats using thasa components
will also be parformed on a DOE site.

The technology raquirad to fabricata soma of tha targat components waa devaloped under
tha TTDP, howevar some davelopmant items will still naed to be addrasaed before the
targats could go into nuclaar sarvice. The program waa succaaaful in procuring aluminum
barrier coated stainless steel cladding tubaa which meet the requirements for the program,
howaver it was not shown that tha cladding tubas could be fabricated in large quantities
with consistently accaptabla coatings. An NOE techniqua was davalopad for evaluating
tha quality of the coating in the tubaa. In addition, nickel coatad gatter tubes wara
successfully procured from commercial sources. Shce the program was terminated before
aither of theaa proceasas could ba nuclaar qualified, additional development will be
required to qualify the vendora.

End cap walding techniques which maintain the integrity of the barrier coating were alao
developed during tha TTDP. A technique waa developad for tha initiel end cap, but
development of the final end cap wald was not completad.
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Most of the mejor technical difficulties concerning terget components were eddressed es
part of the lTDP. Some additional development would be required before production
tergete could be fabricated. In eddition to the ebove mentioned items, other development
needs include determining the optimel pellet pressing methodology.

Once the components ara procurad, the actual operation of a targat fabrication facility is a
straight forward procass similar to a fuel fabrication facility. A genaral process flow ia
outlined in Figure 111.G-8. Tha procase is aa follows. Lithium eluminata powdar is pressed
into pellats and sintared. The pallets and inner liner ara ancspsulated in short gattar tubes
to form terget wpencils”. The pencils are than inserted into the target cledding, and the
end cap is weldad on. Targats ere then attached to e bsse plata and the target assemblies
ere taken to tha fual bundla assambly araa for insartion into tha target guide tubes in tha
fual assemblies.

Recoverv F-
. .

Tritium recovery from irradiated tergets will require operation in a hot call to protect
operetora from the gemma dose of the irradiated atainlesa ataal cladding. Tha hot call ia
required to ba reasonably large because of the operations which must ba performad and
the equipmant which must be used to axtract the tritium. Tha cell must accommodeta
storage of the thirtean foot long target rods and waste materials, the targat preparation
areas, and the extraction furnaces. The size of the fscility is ultimately depend ant on the
size of tha equipmant naadad for the procass design.

A simplified procasa flow diagram is shown in Figure 111.G-9. The targat roda ara raceivad
et the hot cell facility in trensport casks. Whan removad from tha casks, they will be
stored on racks in tha hot cell until required in tha preparation araa. The preparation araa
will be vacuum sealed since terget pre-puncturing or cutting will occur in the area, and the
gases which will ascaps during pra-puncture naad to be recovarad. The tsrgats will then
be moved tos vacuum furnsce whera they are heated to extract the tritium from the
target structural materiels. k is expected thst 99.5% of the tritium in tha targets will be
axtracted. Tritium end helium extracted from the target will ba vacuum pumped to a
storage area. The ramaining tsrgat structural materisls with the residusl tritium will be
storad or disposed of aa radioactive waeta.

Most of the physical phenomana associated with tha extraction procassas were
characterized under tha lTDP, however davalopment was not completed (Rafaranca 8). A
conclusion of tha TTDP was that tha targats should be pra-puncturad bafora being insertad
into tha furnecas, aither by using a smell puncture or by slicing tha target in sections. Pre-
punctura wes prefarrad to etrass rupturing undar high tamperatura sinca it precludad target
materisl dislocation. The method of pre-punctura to deploy was not determined in the
TTDP howaver, and dapands partially on the furnace design parameter desired. If tha
targets ere sliced in half for exampla, tha furnacaa could ba sizad to accept half tha length
of the target instead of having to be large anough to contain the entira thirteen foot
length.

To extract tha gases from the targat components, vacuum furnaces would ba used. The
furnacas would elevate the target temperatures, and the vacuum extraction would recovar
the gasaa releasad in the furnaca. Tha vacuum furnacea requirad for the heating and
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tritium extraction are expected to be procured commercially. The physical recovery
mechaniama investigated were permeation of gaa through the targat clad, deaorbtion of
gas from the target components, and conductance of material through the punctura hola.
Estimatea of the required temperatures and recovery times have been mada and are
available.

Permeation of tritium through the cladding was determined to be a minor factor to the
recovery procaee beceuse the rata is very low. Conductenca of the gee through a small
puncture hole was investigated, and it was found that the location of the hole and the size
of tha hole waa not a Iarga factor affecting the time of migration of gas out of the target
after the initial dapressurization was complate.

Additional development ia required on eevaral other recovery mechanisms. Thaae include
the deaorbtion of tritium from the getter and target pellet, All development work to date
haa been dona using scale size targats and non-radioactive meteriale (hydrogen and
deuterium). While it has been postulated what the differences between the hydrogen and
deuterium deaorbtion and tritium deaorbtion might be, tritium desorbtion from any
component haa not been demonstrated. Desorbtion from the lithium eluminate has not yat
been investigated since this requires radioactive tests.

All desorbtion work under the TTDP was performed using individual components of the
target aeaambly. The simultaneous recovery of tritium from all terget components has not
bean demonstrated. All of the results to date have baen extrapolated to obtain axpected
desorbtion times end efficiencies for tritium, but these extrapolations have significant
uncertainties.

Additional development work is required to obtain data for recovary of tritium. The TTDP
recommended that pilot scale radioactive tasts be completed, and that full scale non-
radioactive tasta be performed. Aftar this work is complete, the specification of actual
extraction plant parameters can be completad.

9. Conclusions

The concept avaluated usas en all-plutonium fueled reactor core for the tritium production
mission. The capability is shown to meet the objective tritium production requirement with
a single Systam 80+ reactor unit. Alternative use of an enriched UOZ core for this
mission with a single System 80+ reactor unit ia elso feasible, although not apecificeily
analyzed.

From the analysis performed to data, it has been concluded that the production of goal
quantities of tritium in e reector core designed to destroy weapona-grade plutonium ie
feaaible and can be considered aa an option for meeting tritium requirements. The dasign
of such a core is expected to perform within the operational and safety envelope of a core
dedicated to the destruction of plutonium. The only effect to the plutonium destruction
mission is that the total number of plutonium atoms destroyad is reduced about 1% less
for fual at the ssme axposura. Tha total masa of plutonium danatured in a apiking or
power generation mode is the same.
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There is e high confidence thst the proposed target dasign will perform wall. Tha
mechanical design ia flaxible to suits changing production raquiramants. Tha physical
parameters indicate a robust mechanical design which should perform well undar sII
operating condkions. Further davelopmant parteining to targat mechanical design should
ellow design consarvatiam to be raduced while maintaining adaquate safety mergina.

A significant amount of target fabrication and tritium extraction tachnique davelopmant
waa performed under the TTDP. Further development work is raquired, however tha TTDP
has demonstrated the tachnical faaaibility of all of the major proceasea involved. k ia not
expected that support facility davelopmant would inhibit a light water tritium production
mission.
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TABLE 111.G-I

Summary of System 80+ Plutonium Burner and System SO+ Tritium Production

~

Power Levsl
Cors
Average Linesr Powert

Core Oimensione
Active Core Length
Equivalent Core Oiemeter

Fuel Assemblies
Number
Dimensions

Arrsy
Fuel Rods per Aeeembly
Fuel Rods in Core

Fuel Rods
Outside Oiemeter
Clsdding Thickness
Fuel Pellet Meterisl
Plutonium in MOX
Erbis in MOX
Clsdding Meterisl

Guide Tubesz
Number in Core
Number per Assembly
Outaide Oiametar
Thicknass
Metariel

DaSlgII PSraMetWS

.
~mm Pr~

3800 MW(th) 3410 MW(th)
17.77 kW/m (5.42 kWlft) 16.46 Kw/m (5.40 Kw/ft)

3.81 m (150 in)
3.65 m (143.6 in)

241
202.7 mm x 202.7 mm
(7.8S in x 7.9S in)
16X16
2241236
54,956

9.7 mm (0,3S2 in)
0.64 mm (0.025 in)
UO,-PuO1-ErzO~
6.9% in HM
<2 Wlo
Zirceloy-4

1920
12/0
11.2 mm (0.440 in)
0.81 mm (0.032 in)
2irceloy-4

Bumeble Poison Rod Assemblies (6PRA)
Number SPRAa in Core 241
SPRSper Assembly 1210
BPRsin Core 1920
BPR Outaida Diameter 8.7 mm (0.344 in)
Clsdding Thickness 0.64 mm (0.025 in)
BPR Absorber Alt0,-B4C
BPR Cladding Material Zirceloy-4

3.81 m (150 in)
3.65 m (143.6 in)

241
202.7 mm x 202.7 mm
(7.98 in x 7.8S in)
16X16
204
49,164

9.7 mm (0.382 in)
0.64 mm (0.025 in)
U02-PuOl-Er20,
7.3S% in HM
0.5 Wlo
Zircaloy-4

7712
32
11.2 mm (0.440 in)
0.81 mm (0.032 in)
Zirceloy-4

1 Based on 0.975 average energy deposition fraction in the fuel.

‘2 Non-structural guide tubes are edded to accommodate SPRASend/or lTAs in ell fuel
asaembliea. These guida tubes should be differentiated from the structural guide
tubas in control Iocstions.
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TABLE IILG-1 (Continued)

Summary of Syatam SO+ Plutonium Burner and Systsm 80+ Tritium Production
Dasign Parameters

Tritium Tsrgst Assemblies (TTA)
Numbsr TTAs in Cors
Numbar lTs psr Assembly
Numbar us in Cora
_iTA Outeids Diameter
Cladding Thicknass
lTA Absorber
ITA Clsdding Mstarisl

Control Element Assemblies (CEA)
Numbsr CEAS in Core
12-alament Assemblies
4-alament Assemblies
CEA Rod OD
Cladding Thicknsss
CEA Absorber
Rsduced Dism. B4C

101
48
53
20.7 mm (0.816 in}
0.88 mm (0.035 in)
S.C/Feltmstsl and
Rsduced Dtsm. B4C
Inconsl 625

241
32
7712
8.7 mm (0.344 in)
0.76 mm {0.030 in)
LiAIO1
SS-316

101
46
53
20.7 mm (0.818 in)
0.69 mm (0.035 in)
B4C/Fsltmatsl snd
Cladding Matsrisl
Inconel 825
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TASLE 111.G-2

Target Oesign for the System SO+ Tritium Production Core

QLL@LLQAoL IkhF?3s MatMid

Guide Tube 0.440 0.40s 0.016 Zircaloy-4
Target Clad (incl. barrier) 0.344 0.2S4 0.030
Barrier

SS-316
0.003 Aluminum

Gettar 0.267 0.245 0.011 Ni Plated Zirconium
Target Pellet 0.240 0.136 0.052 LiAIOz
Liner 0.003 Zirconium
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FIGURE 111.G-1
SYSTEM 80+ PLUTONIUM BURNER FUEL ASSEMBLY IAYOUT
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tTGURE 111.G-2
SYSTEM 80+ TRITIUM PRODUCTION FUEL ASSEMBLY LAYOUT

@ Triti.rn Target

e“
R Control Rod

oIT Instrument Tube



FLGURE 111.G-3
REACTIVITY BURNUP CURVE FOR SYSTEM 80 + TRITIUM PRODUCTION FUEL
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FIGURE 11.G4
MODERATOR TEMPERATURE COEFFICIENT CURVES FOR SYSTEM 80+ PLUTONIUM

BURNER AND SYSTEM 80+ TRIVIUM PRODUCTION FUEL
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FIGURE IILG-5
DROPPER COEFFICIENT CURVE FOR SYSTEM 80+ TRITIUM PRODUCTION FUEL
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FIGURE 111.G-8
PLUTONIUM ISOTOPIC FUNCTIONS OF BURNUP FOR SYSTEM 80 + PLUTINIUM

BURNER AND SYSTEM 80+ TRITIUM PRODUCTION FUEL
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FIGURE IILG-7
SYSTEM 80+ TRITIUM PRODUCTION TARGET CROSS SECTIONAL VIEW
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FIGURE 111.G-s
TARGET FABRICATION FACILITY PROCESS FLOW DIAGRAM
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FIGURE 111.G-9
TRITIUM RECOVERY FACILITY PROCESS FLOW DIAGRAM
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H. FUEL PROCESS FABRICATION FACILITIES

The fabrication procees (Figure 111.H-1 ) for System SO+ MOX fuel is similar to the
process widely ueed to fabricate UOZ fuels for LWRe. The procees stepe include
receiving and storing PuOZ and dapleted U02, blanding thesa oxidas and forming
MOX fuel pellets, encapsulating the pellets into fuel pins, and assembling the pins
into fual bundles. All nuclear materials are initially supplied by DOE es described
below. All non-nuclear materials are ecquirad by the fuel fabricator from
commercial sources. The PU02 is mixed with deplatad UOZ to a concentration of
about sevan weight-percant. A burnable poison, Erz08, in the amount of about 2%
is added to the mixtura. The mixture is pressad into pellets that are sinterad in a
hydrogen furnaca. Tha sinterad pellats ars ground to size, inspactad, and Ioadad
into pins. The pins are asaembled into fual bundles which are transportad to a
System SO+ reactor for loading and irradiation.

Nuclear Materials

The process assumes that plutonium will be providad by DOE as PuOZ to purity and
physical properties specifications. The PU02 is assumed to be provided in
iaotopically uniform batches of 100 kg. subdivided into lots of 2 kg. Tha PuOZ is
furthar assumed to be provided as needed to meet fabrication schedules such that a
maximum 90-day and a minimum 10-day inventory is bald in storaga at the
fabrication plant. Tha uranium raquiremants are assumed to be providad by DOE as
depleted UF6 in isotonically uniform batchae of 10 MT to purity and physical
properties specifications.

Raceiving

The plutonium will be raceived and stored in the incoming PuOa shipping containers.
A system of tage and seals will be uaad to verify content and composition of the
sealed PU02 containers. A robotics handling system will raceiva, verify, identify,
weigh, and place the PuOZ container in the storage vault. The PU02 containar
gross weight, net weight, serial number, and storaga location will be automatically
transmittal to the process control computer to maintain material balance.

The uranium will be received as U02 from the supplier. The dapletad UF6 auppliad
by DOE will be convertad to UOZ, according to specifications, by a commercial fual
supplier. The identity and quantity of UOZ will be maintained by betch; UOZ
transferred into the fabrication process will ba recorded automatically.

Samples will ba taken from both tha PuOZ and UOZ batches at the packaging cites
to varify isotopic and chamical compositions and physical properties. Systams of
tegs and seals will be instituted to maintain lot idantity and accountability and to
minimize plutonium handling. The characteristics of tha UOa and PuOj will be tightly
spacified to insure ainterability and high procass yialds.

The Am-241 contant in tha surplus plutonium should not ba a problem. The
shialding and automated handling equipment in the plutonium fabrication Iina should
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permit the surplus plutonium to be fabricated as is without requiring tha removal of
Am-241.

Powder Preparation

The PU02 and UO, will ba withdrawn from storage aa naeded for processing. The
expendable PuOZ containers will be opened in a glove box. The container identity
end tare weight will be racordad in the process control computer. The PIJOZwill be
pneumatically transferred to batching hoppars for blending. The UOZ will be
similarly transferred into batching hoppars in tha blanding glove box. Erbium oxida,
ErzOa, of the specified purity and physical properties will be transferred into the
blending glove through an airlock.

The initial powder oparetion will prepara a mastar blend of UOZ containing
approximately 20% PuOZ. The mastar blend will be thoroughly mixad using
blenders and ball mills to insure homogeneity. All powdera entering the blanding
operationa, either at this step or aubsequant steps, will have been precisaly
weighad, highly characterized, and controlled by lot.

The maater blend will be subsequently diluted with UOa to the final composition.
Recycled MOX powders from dry scrap recycle operations will be recycled into this
blend. Erbium oxida powdar will be added also to this bland to meet tha final
composition apacificationa. This metariel will be blended end bell-milled to esaure
thorough mixing. An organic binder will be blanded into the mixed oxidas to control
density and porosity distribution in tha sintered pallets. The blended materisl will
be pressad into large diameter compacts. The compects will be crushed in a
hammer mill end the resulting granulee will be aiaved to obtain the requirad fead
siza for pellet pressing. The oversize end undersize grenules will be returned to the
compact press fead hopper.

Pellet Pressing

A lubricant will be addad to the pallet feed grenuies to facilitate pellat prassing.
The granulated pellet feed will be pressed into palleta. Sample pellets will be taken
to varify proper graen density. The pallats will then be loaded into sintering boata.
Loeded boats will ba weighed and automatically transferred to the binder removal
furnaca.

The organic bindar and lubricant will be ramoved in a remotely-operated,
elactricelly-heated muffle furnace within the glove-box containment. Boeta of
pellets will be charged into, and removad from, tha furnaca through purga chambars
to ensure ratention of furneca gesas and prevent introduction of outaide casaa into
the furnace. Beets of palleta will move through the furnece in e controlled flowing
ges atmosphere. Furnace axhaust cases will pass through e gas traatmant system
to remove vaporizad organics and reduce the temperature before the gaa is
dischergad through HEPA filters. Upon axiting the furneca, pellets will ba placed in
tha surge storage aree pending transfer to sintaring.

34S-111.wp/cm III-83



11hmn
PU CONSUMPTION IN ALWRS

~m~~gg
PLUTONIUM FUEL CYCLE

Sintering

The pellets will be sintered to ebout 95% theoretical density in e high-tempereture
furnece within the containment. Shtering will employ e multizone,
electrically-heeted furnece containing en ergon-hydrogen reducing atmosphere.
Beets of pellets will be eutometicelly conveyed into end out of the furnece through
purge chembers to prevent introduction of outside eeses into the furnece.

Full beets of sintersd pallets will be remotely transferred from the sintering furnece
to e sempling stetion. Ssmples will be teken for chemicel end physicsi enelyses.
Based on enslyticel results, the pellets will be rejected, transferred to a vacuum
furnace for outgassing, or accapted. Pellats maeting specifications will be unloadad
from the sintering boats end stored. Rejectad pellats will be crushed, ground, and
racyclad. The empty sintaring boats will be cleaned and reused.

Tha sinterad pellats that require removal of excess cases will be loaded into a batch
muffle furnace and traated in a vacuum at tamperaturae up to 1,0000 C. Aftar
analytical sampling to varify successful treatment, acceptad pallets will ba
transfarrad to pellet storage. Rejected pallets will be crushad, ground, and
recycled.

Pellat Inspection and Finishing

Tha sintered pallets will be automatically inspected for surface flaws and gaged for
length and diameter. Oversized pallats will be segregated for surface grinding.
Undersized and flawed pallets will be crushad and racyclad.

Pin Asssmbfy

A mechanized process will load the pin components (fuel pellets and nonfuel
components) into cladding tubas and decontaminate the cladding tube anda. A
horizontal conveyor will mova pallats from station to ststion. Primary containment
will be a sealed housing ovar the conveyor and over aach work station. Tha pin
loading steps are (1) Column Mskaup, whera pallets ara receivad, stackad into
specified columns, and weighad; and (2) Cold Component Makaup, whare small
nonfuel component are received from stock and manually Iosded into tha system
via an airlock.

Zircaloy cladding tubes will be recaived from storsga with the bottom end caps
weldad in place. Tha tubes will baaquippad with a loading funnal and identified
using a bottom end capresdar. Tha tubas will be moved on handling trays. Each
tuba will ba insarted through the loading station airlock and the loading funnel will
ba manually positionad against the loading sleave.

A loaded pallatmagazine will kpositio~d sothattha fuel column isinfront of the
pin loader. Apushrod equippad with force feadback will beuaedtopushtha
pellets into the cladding. Thanonfual component magszine will then baindaxad
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into place and tha nonfual components will be used to pushed into the cladding.
Tha Ioeding funnai will then be removad from the cladding tube and and replacad
with a plug. Tha pin will be withdrawn onto the transfer conveyor. Tha pin and
will hava alpha contamination that will be removed using a dry decontamination
systam prior to welding to pravant contaminating the wald. At tha walding station
tha and cap will be automatically positioned and waldad in placa. The Ioadad fual
pins will ba evacuated and back-filled with helium.

Aftar welding pins will be surveyed for alpha contamination and automatically
sorted. Pins that are free from contamination will be Ioeded into a combination
helium Iaak-test chambar and transfer containar. Tha transfar container will be
evacuatad and the fuel pins will be chackad for helium Iaakage using a mass
apactrometer. The fuel pins will then be transferred to the next processing erea for
etching, autoclaving end inspection. The pins will then ba transferred to the fuel
assambly room. Contaminated pins will be dacontaminatad, procaasad aa abova,
end transferred to the assembly room. Pins that cannot be decontaminated end
pins with halium Iaaka will be disassamblad and the pellats will ba raloaded into
naw pins.

Fual assembly will follow typical System SO+ UO, fuel assembly steps. Assembly
will be in an anclosad room within tha plutonium fabrication plant. After essambly
the finished fuel elements will be stored until shippad to tha reector.

Fual Fabrication Facilities

Tha MOX fuel fabrication process (Tabla IILH-1 ) will raquira scalas; blendars;
pulverizing and grinding mills; sievas; palletizing and compacting prasaes; furnacas
for binder removal, sintaring, outguessing, and powder oxidation and raduction;
canterlasa grinders; and inspection, pin loading, and welding aquipmant. All of thie
aquipmant will be containad in glova-box facilities. Othar aquipmant raquiramants
will include hardware praperation, atching, autoclaves, taating end inspection, and
fual assembly; all of which will ba containad in rooms within the plutonium
fabrication plent. Process specs requirements will total about 31,000 sq. ft. for a
50 MT per year MOX plant and 50,000 sq. ft. for a 100 MT/per yaar plant.

No activa Pu fuel fabrication facilities axist in tha U.S. Howevar, DOE has a
partially complated facility, the Fual Materiala and Examination Facility (FMEF) at
Hanford. Tha FMEF Building maata “Class 1” safaty and environmental criteria for
storing and processing plutonium. FMEF contains a plutonium fuai fabrication Iina
that has the potantial to be axpandad to meet the MOX fual fabrication capacity
requirements (estimatad at 100 MT MOX par yaar) for surplus plutonium disposal.
The plutonium fabrication line was designad for LMR fuals, but it has moat of tha
needed production capabilities for System SO+ fuals. Howavar, facility
modifications and axpansion will ba neaded to maat the raquired production levels
and accommodate the longer System SO+ fual pins. Additional naw glova box
faciiitiee will be required to meet the production levels including a eaparata,
duplicata 50 MT/year MOX line covering tha process steps from powder blanding
through pin welding. Other naw (non-glovabox) facilities will ba needed for
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autoclaving, cladding preparation, pin inspection, and assambly. Spaca ia availabla
in tha FMEF for all of thasa naw facilitiaa and facility modification.

The refarence facility concept is to usa tha FMEF and plutonium fabrication facilities
to davalop, demonstrate, and fabricata surplus plutonium into systam 80+ MOX
fuals. Tha FMEF ia located on tha Hanford rasarvation in an araa that provides both
sacurity for plutonium processing and storaga and raady accessibility to
international inspactora and obaarvara that may be raquirad as part of an arma
raduction agraament. The FMEF location raisas no concarns about intermingling
waapons production with arms control activities. Tha plutonium fabrication Iina can
be activatad quickly and economically to sarve the development and demonstration
neads for Iaad taat asaambliaa initially and subsaquantly for fabrication of System
SO+ MOX fual at tha raquirad production Ieval. Thus, uae of tha FMEF and
plutonium fabrication facilities can gat a surplus plutonium disposal program off to a
quick start and raduce ovarall program costs.

This concapt has two alamanta. First ia to provide a safa and aacura atoraga facility
for surplus plutonium until tha plutonium is fabricated into System SO+ MOX fual.
Tha FMEF has axiating vault atoraga capacity that can accommodate about 10 MT
of plutonium in tha form of oxide. In addition, the building haa unuaad space that
could ba modifiad for tha atoraga of Iargar amounta plutonium, if naadad. Tha
FMEF building is complata and can probably ba activated for Pu storaga within a
yaar. Uaa of the FMEF for storage raquires tha activation of sacunty facilities and
implamantation procaduraa and the training of sacurity peraonnal. Tha
implamantation of sacurity facilities and procedures ara axpactad to ba tha pacing
itama.

Tha aacond alamant ia tha davalopmant and fabrication of mixad oxida fual for
Systam SO+ raactora. Tha plutonium fabrication Iina is in placa and can readily be
adaptad to fabricata up to 50 MT per year of mixad oxide fuel assamblias for
Systam SO+ reactors. Tha plutonium fabrication Iina can alao be adaptad to
produce plutonium fuals that contein no fartila iaotopas, a.g., U-238 or Th-232,
Tha plutonium fabrication line has not bean activatad and will probably raquira 1-3
yaara for modifications and startup. Plutonium tast asaambiias could ba fabricated
in the plutonium fabrication Iina and introduced into Systam 80+ raactora within
thraa years. Expansion of tha plutonium fabrication Iina to 100 MT MOX par year
capacity will require about fiva yaara.

If tha FMEF and ita plutonium fabrication Iina ara not usad, than a naw MOX
fabrication plant will be raquirad. Tha naw plant will usa tha eama procasaas and
hava tha same aquipmant and facilities daacribad above and hava tha a capacity to
produca about 8000 target pins par year. All of tha pin componanta excapt the
LiAIOa pallats will ba procurad from commercial suppliara. In tha targat fabrication
plant LiAIOz powdars will ba prassad into pellats and sintared. Tha pellats and othar
components will be aaaamblad into targat pina. Tha pina will ba waldad shut.
Thirty-two target pins will be placed in aach bundle. Howaver, siting, design, and
construction of tha FTFF will probably taka 3-6 yaars in parallal with tha raactor
facility and cost about $450 million to implemant.
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Fuel Development end Testing

The plutonium fabrication line has never baen activated with plutonium. Thus, the
fuel fabrication processes initially can be davelopad and tha procaas equipment
testad using stand-in “cold matarials before tha facility becomes “hot” with
plutonium. Equipmant testing and proceaa development will use dapleted U02 as a
stand-in for MOX.

Mixed oxide fuel fabrication will require procass development to define the
processing atapa and paremetars in detail. The characteristics of tha incoming
EraO,, UOZ, and PuOa nead to be definad and controlled precisely to maximiza
process yields. The powder preparation and blending processes will require Iiating
to aasura complete blending, conformance to purity spacificatione, and that the
MOX powders moil sinterability requirements. Pellat pressing and sintering
operations require precise controls to achisve the required density and porosity
distribution in the sintared pallets. Process controls will employ faedback
machanisma to maximize procass yialds and minimiza plutonium handling. Procasa
development may lead to variations in the process steps describad ebova to echiave
higher yialda, raduca plutonium handling, and minimize waste. Potantial variations
include, among other thinga, blanding initially to tha final composition, elimination
of binders and lubricants, and alternative powder preparation and activation
proceeses.

Fuel designa for both the disposal of surplus Pu and the production of tritium will
amploy highar Pu enrichments than hava been used in LWRa in the paat. This will
raquire a fuel development and irradiation testing program. Teat MOX asssmblias
will be raquirad for irradiation in salectad System 80+ reactor(a).

The decay of Pu-241 to Am-241 producas high gamma rediation levels that mey
requira measures to reduce personnal radiation exposures and possibly to limit the
contant of Am-241 during fual fabrication. At this time wa beliave thet the
shielding and eutomated handling equipment in the plutonium fabrication Iina will
parmit the surplus plutonium to be fabricated without refinement into system 80 +
fual. However, if tha Am-241 content ia too high, tha plutonium can ba refined
prior to ita use. But, compared to reactor grade plutonium, the Am-241 content in
the surplus plutonium should be low and not a problem.

Strict Pu accounting, procaduras will ba implemental to kaap track of plutonium
invantorias in storaga end in each procsa.s stap. Pu inventories will be accurately
controlled for safety end safeguards raesona. The isotopic contant of each betch of
PuO, will ba known to determine its fissile value and its accountability (total Pu)
velue.

Nonferdle Fuel Devsfopment, Testing end Fabrication

Nonfertiia plutonium fuels for System SO reactors will be compriaad of PuOZ
disparsed in en aiuminum oxida (AI,03) matrix. The fabrication procasa will be
idanticai to tha MOX procass except that AlzO$ will be substituted for deplated UOZ.
The plutonium fabrication line will ba used for blending, pallet preparation, pin
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loading and walding. Fuel aasembly operations will ba identical and will use the
sama FMEF facilities. AIZ03 powdars will be procured commercially.

Development of the fabrication process will require less then one year, However,
fuel testing will require ebout five years. Irradiation of at Iaast 20 lead test
assambliea will ba required before full scale implementation of nonfertile fuels is
undertaken; moat of the test assemblies will be carried to goal exposure. Many of
the teat assembliaa will undergo destructive examination in hot cells following
irradiation.

The FMEF and plutonium fabrication line will have sufficient capacity to support full
core loadings of the nonfertile fuels.

Waste from MOX Fuel Fabrication

MOX fual fabrication will generate two types of alpha-contaminated wasta: MOX
scrap and other (primarily glove box) waste. Glova box waste will include papar,
plastics, glovaa, metals, HEPA filtars, discarded equipmant, and other miscellaneous
matarials. Although MOX fuel not meeting process/specificationa will be racycled to
the extant practical, an astimatad 0.5% of tha total MOX fuel fabricated will be
disposed of as MOX scrap. Tha MOX scrap will total about 8000 kg and contain
about 500 kg Pu; this scrap will be contaminated with impurities that are too costly
to remove. The MOX scrap will have a tap density of about 2 g/cc and occupy
about four cubic matera prior to packaging. Glove box and other
alpha-contaminated wastea ara expected to be about 100 cubic meters per year, or
about at 1500 cubic matars in total.

Tha generation of all alpha-contaminated wasta will be minimized to the extent
practicel. However, kcause of tha low value of the plutonium, scrap recovery
operations will be limited to mechanical recycling methods and will not employ
liquid and gaaeoua chemical recovery methods. Voluma reduction techniques, such
ea compaction and incineration, will be used prior to disposal. Surface
contamination will be removed whare practical. Becausa of the absence of chemical
racovery methods, waate generation in the MOX plant will be higher, about double,
that in an equivalent UOZ fuel plant. The volume of scrap generation in the MOX
plant is controllable, but since the waste from MOX fuel fabrication will be
comparatively proliferetion-rasiatant the objectives of the aurplua plutonium disposal
program will be met. Thus, axtenaive procedures for waate minimization will not be
needad.

Non-irradiated plutonium-containing waate from the fabrication plent will be
packagad for disposal as transuranic waste in a geologic repository, such as tha
Waate Isolation Pilot Plant (WIPP) or the commercial epent fuel repository.
Acceptance criteria and packaging designs will nead to be developed for tha various
waste forms for both repoaitoriea.

The outlook for WIPP is not clear. Test quantities of transuranic dafenae waates
have been placed recantly in the WIPP facility. DOE plans to eveluate transuranic
waste disposal in WIPP ovar a five year period and then decide whathar to maka
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WIPP a permanent repository. EPA has proposed new performance standards for
WIPP that covar tranauranic wasta; these have baan published in the Federel
Ragistar and are currantly in the raview and commant phaae.

The geologic disposal of MOX fuel fabrication wasta will require packaging tha
matarial in a suitable waste form for disposal in the repository. If WIPP is not
selacted as a permanent repository, tha commercial apent fual repository is the
alternative. The commercial spant fuel repository is scheduled to begin recaiving
waste in year 2010. In addition to spent fuel from commercial reactora, the
repository will accapt dafansa high level waste and othar radioactive wastes that
require deap geologic dlspoaal. Presumably this will include waste from surplus
weapona plutonium fuel fabrication.

Proliferation Concerns

MOX fuel fabrication for System SO+ reactors offara relatively faw opportunities
for an outsida organization to acquire and divert plutonium. The most vulnerable
time ia in the initial oxide state prior to blanding. The plutonium is pure at this point
and requiraa the least amount of processing facilities to convert it into weapons
usaa. After mixing, tha volume increases substantially and more complex
processing is required. MOX fuel fabrication takes placa in compact facilities
amenable to tight security and close monitoring. The ehipment of the fuel
assemblies to the raactors providas another point of vulnerability that requires safa
and secure procedures.

The storage and fabrication activities for System SO+ fuals provide opportunities to
demonatrete that the storage and procaasing of surplus plutonium within
internationally accepted aafaguards can ba implemented and verifiad in the US and
that these methods ara applicable to tha storage and processing of aurplua
plutonium at othar locations in tha future.
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TABLE 111.H-1. PROCESS ANO SPACE REQUIREMENTS
FOR A 50 MT/YEAR MOX FABRICATION PLANT

PRINCIPLE

~EQWIEMI

BLENDING

MASTER BLENO BLENDER

FINAL BLEND BLENDER

COMPACTION PRESS

GRANULATION HAMMER MILL
SIEVES
BLENOERS

TOTAL

PELLET PREPARATION AND RECYCLE

PELLETIZING PRESS

BINDER FURNACE

REMOVAL

SINTERING FURNACE

INSPECTION CENTERLESS
GRINDER
OUTGASSING
FURNACE
INSPECTION

MOX RECYCLE CRUSHERS
BALL MILLS
FURNACES

TOTAL

PIN LOADING PIN MAKEUP
PIN LOADER

PIN WELDING WELDER

PIN LOADING TOTAL

FUEL LEAK DETECTOR

ASSEMBLY ETCHING
AUTOCLAVING
ASSEMBLY
STORAGE

FUEL ASSEMBLY TOTAL

SPACE

600

600

200

600

2000

1200

600

1200

400

400

400

500
500
Soo

6000

1000
1000

1000

3000

500

1000
1000
2500
2000

7000

TIME*
HOURS

1

1

0.5

0.5

1

4

16

1

6

2

2
4

1s

1
1

1

1

1
16

6
4000

STATIONS

2

2

1

1

2

1

2

1

1

1

1
1
1

2
2

2

1

1
4
1

400
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TABLE 111.H-1. PROCESS AND SPACE REQUIREMENTS
FOR A 50 MT/YEAR MOX FABRICATION PLANT

(CONTINUED)

PRINCIPLE SPACE TIME*

~~ sQfIwsIalQNs
HARDWARE INSPECTION 3000 2 1

PREP WELDING

SNM STORAGE 1000 1 1
AND PREP

PROCESS SPACE TOTAL 22000

SHIPPING AND RECEIVING 3000

ANALYTICAL SERVICES 6000

TOTAL 31000

● AVERAGE TIME IN PROCESS STEP PER PRODUCTION UNIT,
INCLUDING IN-PROGRESS STORAGE
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1. SPENT FUEL PROCESSING DISPOSITION

1. Overview

Following discherge from the reector the spent MOX assemblies will be
disassembled in the reector storege pool for removsl of burnsble poison or tritium
tsrget pins. The poison pins will be separately pscksged in cenisters end stored in
the pool until shipment to ths repository for disposal. The target pins will be
separately psckeged for trsnsfer to the tritium extraction fecility. After removsl of
the poison and tritium pins, tha spent fuel assamblias that will ba fabricated. Aftar
cooling, the spent fuel aasamblies will be packagad into canisters. The canistars will
be loadad Into casks for shipmant to tha repository for disposal.

The procasses and facilities raquirad for disposal of spant System SO+ MOX fual
assemblies will prasant no more difficulty than disposal of spant UOZ sssamblies
from Systam 80+ raactors. The fuel form and gaometry will be nssrly identical.
Tha spant MOX fual will contain a higher plutonium contant, but the isotopic
contant of the plutonium will ba similar to “raactor grada” plutonium containad in
spant UOZ fuals. Tha fission product concentration and best generation rate will
also ba similar.

2. Fuel Handling Oparstions

Aftar discharge from the raector, tha spant fual assembiias will ba transfarrad to
tha reactor storaga pool. Tha spent fual handling machina will ramove tha poison
and target pins. Tha poison pins will be packagad in canistars and stored in tha
storaga pool. Tha targat pins will ba packagad in canisters that will ba loadad into
shipping casks for transfer to the tritium attraction facility. Tha spant fual
assemblies will be transfarrad to storaga locations in the pool. A aingla control room
will remotaly control sII transfers in the raactor pool; a computar will precisely trsck
and racord all transfars.

After cooling, tha spent fuel assemblies will ba packaged into canisters thet will
sarve as repository disposal packages. The caniaters will be loadad into caaks for
shipment to the repository. All packaging operations will taka place undar water in
the reactor storage pool. The cask will ba submerged in the deep pool for loading.
Specialized robots will pracisaly align and load the fuel canistera into compartments
within tha cask. Bafora ramoving tha cask from tha pool, the caak lid will be
positionad, bolted, and saalad in place using specialized robots. Cask shipment to
the repository will be by truck, rail, or dadicatad train. (Tha spent fual operations for
tha MOX fuals are aasantially idantical to those that apply to spent UOa fuel. There
ara many typas of cask dasigns and tha axact loading procaduras will be specific to
tha ceska usad. Some caak daaigns may raquire dry loading; thase facilities would
be Ioceted adjacant to or abova the storsge pool.)

Tha fuai transfer and loading operations must be performed carafully in order to
avoid braaking or dropping fuel assemblies that might Iaed to fission gaa raleasa and
apent fual contamination in the pool. Subcritical configurations must be msintainad;
berated stainlaas steel baskats and shims will ba used as nacessary. No
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consolidation or reracking of the MOX fuel is expacted; the pool(s) will have
sufficient cspscity to store ell of the MOX fuel, i.e. shout 3500 fuel assemblies. If
multiple pools are usad, pin disassembly operations, canistar loading, and cask
loading will all take place in the main pool; tha other pools will sawe only as storaga
locations.

The composition and identity of tha spent fual essamblias will be determined end
racorded following discharge from the raactor. Tha identity and location of tha fuel
assemblies will be varifiad periodically throughout the period from raactor discharge
through emplacement in the repository. After irradiation tha MOX fual will ba
comparatively invulnerable to diversion becausa of tha high radiation Iavels, the
highar Pu-240 Iavela, and the naad for expansive reprocessing facilitiaa. Howevar,
tha riska of diversion will not be aliminatad and aurveillanca of spant MOX fuel will
ba maintained until its irretriavabla disposal in a repository.

The disposal of spent MOX fuel assemblies presents no significant incraasa in
safaty or environmental riska comparad to U02 fuals. Tha acceptance critaria for
spent MOX fuels in the commercial repository are expected to ba similar to spent
U02 fuels. Howavar, Iicenaing amandmante and procedural spacific to tha MOX
fuel ara requirad to covar handling, storaga, packaging, ahipmant, and disposal. Tha
licensing amendments must consider, among othar things, the potantial impacts of
tha spent MOX fuels on criticality and oparating safety.
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J. SECURITY AND SAFEGUARDS

1. Introduction

The Plutonium Burner Reector Facility (PBRF) is being studied by the Department of
Energy (DOE) es a method to dispoee of special nucleer meteriels (SNM) thet are
being racovered from disessamblad weapone. The facility may be built on a “Graen
Field” DOE site or could adapt existing facilities et eithar DOE or non-DOE sitas. If
the PBRF ia built et an existing sita, the Safaguerds and Security System will have
to interfaca with the system that is presantly bahg used at the aita. If tha PBRF is
built es a new facility tha Safeguards and Sacurity System will be a completely new
dasign. Tha PBRF will hava to have a sacurity guard force, tha size of which will be
daterminad. Prasantly, tha Safeguards and Sacurity Systems at axisting sitas are
undergoing transition and the PBRF will have to meet or excaad the naw
requiramants. Improvamants in tha Safeguards and Sacurity Systams at tha
existing aitas includa more axtansiva usa of computars, communications ayatams
using fibar optic for transmission, improvad intrusion dataction systems, non-
dastructiva analysis (NDA) systams, softwara that can ba used to analyza tha
affactivenass of tha Safaguarde and Sacurity Systems and improved equipment for
visual verification and assassmant of any suspected intrusion.

Tha PBRF will aither be an NRC Iicensad facility or will ba a DOE facility that is
licensable. In eithar caaa the facility will maat all tha OOE and NRC safeguard and
security requirements. Tha PBRF Safeguards and Sacurity Systam will ba dasignad
to maat the applicable DOE Ordara and the applicable portions of Title 10 CFR 70-
75. The syatam will be classad as a graded systam and will be designad to maet
the raquiraments as dictatad by the category and attractiveness value of tha SNM,
Tha SNM is assumed to be Catagory 1 (Pu graatar than 6Kg) and attractivanass
“C” for oxida typa material. Nota: Tha facility that is usad by tha DOE to convert
the Pu matal to an oxide will hava to be designad to handla Category I
attractivaneas “A” matarial.

Tha program for the disposal of excass plutonium inciudas aaveral options ranging
from building a complataly naw facility, “Graen Fiald”, to using axiating facility
where thay fit tha program and can maet tha new requiremanta. Each ona of tha
options will requira soma different aapects of the Safeguards and Security plana.
Safeguards and Security Plans would ba devalopad during subsequent phasas of
this program and will be available to intagrata into tha facility dasigns. For tha use
of axisting facilities, the dasigns would ba reviewad to bring them up to meat the
presant day standards, aquipmant would ba compared with the stata-of-the-art, and
a vulnerability analyaia would ba dona to ansure tha systems can maet tha dasign
basa threat. The Safeguards and Sacurity Systems bacoma a part of tha Master
Safeguards and Security Agraemant (MSSA) and Sita Safeguards and Sacurity Plan
(SSSP) which will ba in placa bafore facility oparation.

Tha Safeguards and Sacurity Systam consists of tha following thraa-sub systams:

● The Physical Security Sub-system
● The Matarials Control Sub-system
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● The Matariala Accountability Sub-ayatam

Physical sacurity and matarial control ara closaly relatad and will affactivaly usa
much of tha sama aquipment. The equipment used for Intrusion Dataction and
Assessment will serva both for physical sacurity and matarial control. Soma
spacializad equipmant will ba usad for only ona function, such ae explosives
dataction that will be part of physical security. SNM dataction davicas and NDA
systams will be usad for materials control to datact attempts at unauthorized
divarsion or theft of SNM.

The matarial accountability cub-system will require spatial equipment to enabla
taking physical invantorias and provida naar-raal-time accounting of tha SNM from
tha tima of receipt at the PBRF as fual and target matarials until the irradiated
matarial Ieavas tha PBRF site. Additional aquipmant may ba naedad to provide for
indapandent inventorial and audits of tha SNM.

Tha Safeguards and Security Syatam will ba designed to provida defanse in-dapth
that ansures that only authorized parsonnal, aquipmant and materials are parmitted
entry into the PBRF to perform authorized work in ordar to prevent unauthorized
ramoval and/or diversion of SNM.

To accomplish this primary objective, the Safaguarde and Sacurity Systam that will
ba dasigned for tha PBRF includas:

● A fancad perimeter with intrusion detaction and assessment equipmant to
pravant unauthorized entry.

● Authorized antry into the araa through designated points that contain
scanning aquipmant to pravent tha antry or removal of unauthorized
matarials or aquipmant.

● An identification system to identify aach paraon antaring the facility and
determine if the person ia authorized to antar.

● Inner barricades or fencae to dafina end prevent unauthorized antry of
personnal or matarials into special araas that contain vital aquipmant or
SNM. Tha barricades are also to prevant unauthorized ramovai of SNM.

● A transship facility where all materials antaring or leaving tha facility are
ecanned andlor examined es needed.

Requirements for PBRF

The Safaguarda and Sacurity Syatam for PBRF will provida protection against tha
DOE-dafinad genaric thraat for all applicable categories of potantial insider
advarsarias, outsida adversaries, or combinations of insiders and outsidars. This
includas:

346.111.wp/cm III-95



AL n m
PU CONSUMPTION IN ALWRS

ph&9w
PLUTONIUM FUEL CYCLE

● Physical protection againat acta of thaft or divaraion of SNM; acta that
creata radiological incidants which might andangar amployaas or public
haaith and safaty; or sabotage for interrupting production activities, which
might adversaly impact national security,

● Matarials/peraonnal control systems and material accountability systems for
protection of SNM from adversarial acta involving tha unauthorized
movemant of SNM within a facility or the unauthorized ramoval of SNM from
a facility.

Tha Safaguarda and Sacurity Syatam will ba dasignad to maat the DOE Ordars
5632 Sariaa, 5633 Sariaa and the Ganaral Dasign Criteria 6430.1 tha Safeguarda
and the applicable portions of Titla 10 CFR 51-199.

2. Physical Sacurity Syatam

The Physical Sacurity Systam will ba dasignad to provida sacuring for the facility,
tha SNM, and tha vital aquipment within tha PBRF. Tha SNM at tha PBRF ia
clasaifiad as Catagory I becausa of tha plutonium quantity. Tha attractiveness ia
classified aa “C” for high grada material in fuel elemant form or aa oxides. If the
mission for the PBRF is changad to tha tritium producing mode, the Lithium 6 that
would ba usad for tsrgats would ba classad as Othar Nuclaar Materials (ONM)
Category IV Attractiveness E. The reportable quantities of Liihium 6 is a kilogram.
Tha tritium that would be produced is claasifiad as Category Ill when tha quantity
axcaads 50 grams. The targeta will ba classified as Catagory Ill or IV dapanding
upon tha amount of trtilum thay contain. Tha raportabla quantity for tritium is
1/1 00 of a gram. Tha daplatad uranium that will ba usad to diluta tha PuOZ for the
mixad oxida typa fuel will ba classified aa Catagory IV Attractivenaas E whan tha
total matarisl transaction for a yaar excead 10 matric tons. Tha reportable
quantity for deplatad uranium is a kilogram. Tha sacurity aystam will be designad
as a graded systam to maat tha requiramants for the protection of Catagory I SNM.
Tha objactiva of tha security systam is to protact against:

● Theft of SNM, unauthorized removal of SNM from a Material Acceea Area
(MAA).

● Diversion of SNM, unauthorized placamant of SNM within a MAA.

● Radioactive eebotaga, any dalibarate act against any SNM facility or
shipmant which could andangar tha public haalth or safety.

● Industrial sabotage; any dalibarate act diractad against a SNM facility,
componant or property intendad to cause damage, obstruct productivity or
interrupt normal functions.

In ordar to accomplish the objactivas, tha protection systam will meat the following
parformanca raquiremanta:
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● Prevent unauthorized accaaa of persons, vehicles and material into protected
ereas, materiel eccess sreas (MAA) and vitsl islands/araas.

● Parmit only authorized activities and conditions within protactad araas,
MAA’s and vital islands/araas.

● Parmit only authorized placamant and movamant of SNM within MAA’s.

● Permit ramoval of only authorized and confirmed forms and amounts of SNM
from MAA’a.

● Provida for authorized accass and assura datection of and rasponsa to
unauthorized penetrations of tha protectad araas.

● Minimiza interfaranca with plant operations and doas not craata parsonnal
safety problams.

To meat thasa parformanca requiramants tha aacurity systams will have tha
following daaign faaturas:

● Tha sacurity system will usa tha dasign philosophy of dafensa-indapth. An
outar fanca around tha parimatar of tha PBRF will dafina tha limited accese
araa. This fance will pravant inadvartant antry into the limited accass araa.
Tha first Iina of dafanaa will ba a fance typa barriar surrounding tha
protected areas (PA) of tha PBRF. This berrier will ba dasignad to prevant or
dalay antry into tha PA axcapt through tha dasignad antry point. Within tha
PA thara will ba othar barriars anclosing the MAA’s and tha vital
islanda/areae. Tha innar barriars will also be dasignad to dalay unauthorized
antry until the sacurity forca can arrive to aid in prevention of intrusion.
Thase innar areae within tha PA will also hava one controlled antry point to
ansura that only authorized parsonnal antar. Tha entry pointa will hava
aquipmant to datact unauthorized entry of axplosivas and waapons.

● A transship facility will ba providad. This facility will racaiva and inspact all
matarials entaring or leaving tha protactad araae. This will graatly raduce or
eliminate vahtcular traffic into and out of tha protacted araas. If trash
compaction is usad, and with tha placamant of soma firs fighting aquipmant
within the protacted araas, thera will ba virtually no vahicla traffic across tha
PA fanca. This will graatly raduca tha potantial for introducing contraband
into or covart ramoval of SNM matarials from tha PBRF. Tha usa of this
facility will also graatly raduca tha potantial to introduca Iarga quantities of
axploaivas. A controlled vahicla antranca will be providad avan though the
use rata is axpected to ba vary low. A controlled train entrance will be
providad if the plan is to eventually ramove the spant fual to parmanant
repository.

● An intrusion dataction systam (ID) will ba provided to datect any attempt to
panatrata a barrier at a location othar than tha dasignatad antry point.
Cloaad circuit television (CCTV) cameras will be Iocatad strategically
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throughout the PBRF to provide remote visual observation of designated
areaa. Security forcas will also ba providad to observa ramota TV screens,
provide periodic patrols, provide entry control and to respond to intrusion
alarms to pravent or delay an unauthorized penetration of the PBRF. The ID
and Access Control Systems will ba protactad by a tampar detaction and
alarm system.

Tha protection systam will be designad with a computer systam and multiple
connecting loopa, such that, no singla failura or line braak can cauae the system to
fail. This systam will require at least two computers, with one computar
daaignetad the backup computer. The backup computer will monitor the condkion
of the primary computer and will automatically taka over control of tha ayatam if
tha primary computer fails. The connections batween the computars and control
points will ba made with fibar optics. Tamper dataction and alarm will ba provided
for the system. Tha systam will be dasignad so components can ba ramoved from
service for taat and maintenance without intarfaring with normal operation. Fiber
optics will be usad throughout (whera applicable) to reduce the potential of EMF
interference.

Parsona entaring the PBRF will use state-of-the-art identification including a
biometric ayatam. Identification syatema will be Iocatad at entrances to vital areas,
MAA’s and othar restrictive zonaa areaa within the protectad area. Work in vital
areaa end MAA’s will require tha two parson rule.

The need for detaction and protection against unfriendly aircraft will be investigated
later.

The central control point for the physical eecurity of the PBRF ia the Cantral Alarm
Station (CAS). The CAS will be one tarminal point for all information generated by
the Safeguarda and Security ayatem. The CAS will be located within the PA and
will be manned 24 houra a day by members of tha sacurity forca. The facility will
houea the safeguards and security computars and will have terminals that will
display alarms and outputs from tha CCTV systam. The Secondary Alarm Station
(SAS) raquired by DOE 5632.2A.12 and 10 CFR 73.55.e will ba providad.

Tha security force for tha PBRF as requirad by DOE 5632.7 will be suppliad.

The protection of classified mattar that is genarated by or usad for the design of
the PBRF will be covered by a Sacurity Plan.
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The normel power for the Sefeguarde end Security System will be supplied from et
Ieest two seperate trains with backup from the uninterruptibla power supply and/or
tha amergancy diesel generators in ordar to ansura oparation during loss of offsita
power or feilura of ona train. An engine drivan genaretor dedicatad to sefaguarde
and security, or en onsite altarnsta power sourca will ba usad during station loss of
AC powar.

Vitel Islends or araas whara vitel aquipmant such as amargancy diasal ganeretors
ara installed, will ba Iocatad within tha protactad eree. Thesa ialends/eraas will
heva claarly dafinad parimatars such as building wells or chain Iink fancas. Access
to tha vitel ialend/areas will be controlled. Accaas will ba restricted to e naad-to-be-
thara basis and the approved acceas list will be raviawad periodically by the
operations and security supervisors and approvad by tha operations menegar.

3. $afaguarda

Sefaguarda is an intagratad systam of physicel protection, metariel accounting, and
material control meaawes dasigned to deter, prevent, datect, end raspond to
unauthorized possession, usa or sabotaga of SNM. Tha physicel protection aspacts
wera covared to tha security saction.

The MC&A system for the PBRF will ba dasignad to comply with tha genarsl DOE
policy and tha spacific raquiramants given in the DOE Ordars 5000.36, 5633
Sarias, 5632 Sarias, and 6430.1 Division 13. In addition, tha MC&A systam will
comply with tha applicebla parts of 10 CFR Parts 70, 73, and 74. This section
describes the dasign raquiraments that ere apacific to tha PBRF, and will idantify
tha organizational and sdministrativa raquiraments.

It is essumad for tha primary option that tha PBRF will be built at en indepandant
sita in Mid America. The MC&A systam will hava to be davalopad as a stand-clone
system for an indapendant sita having e seperata raporting identification eymbol
(RIS). Othar options for tha PBRF include siting all or Psrt of the facility at axisting
DOE sitas.

Responsibility for implementing, managing, and administreting the MC&A progrem
et tha PBRF will be dividad batwaan oparetions menagament and the Site Sefaguard
end Security Organization. Orgenizetional indapandanca and aaparetiona of MC&A
functions enabla intarnel controls to ba implemantad aa a dafanse against tha
“insider” thraat. Custodianship will be sssignad to individuals who have no naad to
heva “hands-on” access to nucleer matariels on e routina basis. Matarial handlers
will not be allowed to hava unrestricted access to the MC&A detabasa.
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The MC&A plen will need to identify documented training programe for all personnel
who heve MC&A functione. The overell responsibility and edministretion of PBRF
personnel treining snd qualification will be sssigned to the MC&A Managar.

Implementation of the MC&A system at the PBRF will comply with the DOE
concapt of graded safeguards. Tha most stringent control and accountability
maasuras will be applied to tha fully enriched PuOZ that ia recaived at the facility
and ia dilutad with deplated UOa and is fabricated into tha unirradiated fual
assemblies. This atringant control will naed to be raflectad by more frequent
physical inventories and stricter control, rasponae, and assessment measuras for
tha unirradiatad material than for the irradiated fuel.

A computerized naar-raal-time accounting system will naed to be established to
maintain current knowledge of the location and amount of tha nucleer metarials at
the PBRF. Tha accounting structura will be established around at Iaast six Matarial
Balance Araas (MBA). The Matarial Receiving and Storage (MRS), Fual Pin
Fabrication (FPF), Fual Element Asaambly (FEA), Fual Racaiving and Storaga (FRS),
the Reactor Containment Building (RCB), and tha Spant Fuel Storega (SFS) each
consiatuta a eeparata MBA. Accounting will ba basad on matarial balancaa to the
point in the process where the fuel pins are asaambled into fual assamblias end a
matarial signature and balance is made. The accounting will than switch to an item
control. Each fuel aaaambly will be uniqualy identified item with nucleer materials
contents that is besed on measuremanta mada at the FEA. Plutonium burnup end
isotopic convaraion will be detarminad by reactor production and radioactive decay
calculations based on measurad reactor oparating conditions and updatad when
actual measured valuas ara obtained by destructive analysis.

Tha nuclear matarial tracking aystam will nead to bean intagral part of the
accounting system at the PBRF and will requira maintenance of records of the
quantity and location of SNM in the fuel fabrication procass and each fuel aasembly
on a naar-real-time basis, making it possible to rapidly assass the status of tha
nuclear material inventory at all timas.

The nuclear material invantory will ba verified by performing physical inventorial in
accordance with DOE ordara. Physical invantory of the RCB MBA will be taken
during rafueling outagas at intervals aa near 12 months as is practicable.
Conducting physical invantorias will be facilitated by using automatic bar coda or
character raadara to identify each itam in the inventory Iiating. Advanca
tachnologias such as image-basad invantory systems will be utilized whare
practical.

Reconciliation of tha physical inventory to tha book invantory involvas verifying the
quantity of each nuclaar matarial and finding that all itams are poaitivaly identified
and in their authorized location. An item invantory differanca is not accaptabla. All
missing items must be investigated and reported in accordance with DOE Order
5000.3B Occurranca Reporting and Processing of Operations Information, and
located end returned to en authorized location.
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Becauaa nuclaar material receipts, ahipmenta, and invantory at the raactor site of
tha PBRF will ordinarily consist of fuel aaaemblies that are uniquely identified items
whose intagrity can be visually verified, and thus are tampar-indicating by
themaelvaa, verification measurements will consist of positive identification chack
and a qualitative maaaure of tha SNM. Confirmatory meaauramanta that may
include groaa weight datarminations and non-destructive asaay (NDA) will be
performed aa part of inventory verification on a atatiatical sampla. A maaauremant
and maaaurement control program will need to be instituted at tha fuel fabrication
facility to enaura the measuramant quality.

The nuclear matariel control program for the PBRF will provide the asaurance that
the quantity, status and physical location of all nuclear matariala in tha inventory
are known and are protected following the gradad aafaguarda concept. The control
program conaista of four functional areaa: accaaa controls, material surveillance,
material containment, and datection/aaaassment.

● ACCESS CONTROLS MC&A

accasa controle will includa a ayatem for controlling acceas to nuclear
materials, MC&A data, and data acquisition syatama which include hardware
and software design faaturea that limit accasa by potantial insidar
advaraariea. The nuclear material acceaa controls make use of the physical
sacurity ayatem that limits access at several Ievals, including tha limited area
perimeter, the protected area (PA), and the materiel acceas araa (MAA).
Administrativa controls will limit the numbar of persons authorized to access
the PA and the MAA to those having a need to be there. Access to MC&A
data and data handling systems will be controlled by hardwara and aoftwara
designs.

All nuclear materials at the PBRF will be used and stored within the PA. In
addition, all Category I quantities will be used and stored only within the
MAA defined by the boundaries in the PBRF. Normal accasa to the PA and
the MAA will be controlled by entry control systems.

● MATERIAL SURVEILLANCE

The nuclear material control program for the PBRF will include meaaurea to
datact and deter unauthorized movements or activities involving nuclaar
mstariala. The near-real-time material tracking system will provide
knowladge of the authorized locations for all nuclear materials in the PBRF.
Administrative procedural will requira that Catagory I quantities of nuclear
materiala in process will be observed by two knowledge persona (the “two-
psrson rule”) whan not in controlled storage and under electronic
suweillanca. Procedures will be implemented to ensure only authorized
persona have access to tha storage locations for SNM and that SNM
movements in and out of tha location ere authorized.
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● MATERIAL CONTAINMENT

The nucleer meterial containment program for the PBRF consists of the
astabliahmant of controls on the matarial accaaa araa, storage Iocationa, and
in-procaas areaa. These controls will include procedures for defining and
limiting authorized movemants, proceaaing and storing nuclear materiala,
assigning custodial rasponaibilitiea, implamanting the TID program,
conducting portal searches for nuclaer matarials, and conducting othar
matarial containment meaaurea to detect and/or prevent unauthorized
movemanta or removals of nuclear matarials.

● DHECTION AND ASSESSMENT

Tha MC&A program will include the requirements for equipmant with the
capability to detact and asaasa unauthorized removal of nuclaar materiala.
This part of the MC&A program will consists ofi

implemantation of daily administrative chacka in tha Category I MBAa
to quickly datect and raspond to anomelies that could indicate thaft
or divarsion

a formal program for using TIDs for detacting unauthorized accass to
nuclaar matariala, critical MC&A data besas, or automatic data
procaasing systems

use of SNM portal monitors to search and datect unauthorized
removels of nuclaer meteriels at the MAA and PA exit pointa

monitoring of all waata streama leaving a material acceaa area to
detect nuclaar matariai losses in effluents.

In addition, othar detaction and aasaasment maaauras may ba established, 88
nacesaary, to protact againat FBRF site-specific threatena that are yet to be
determined.
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K. ENGINEERING AND TECHNICAL DATA

This section presents the verious engineering end technical data specifically requested in
theattachment tothe Plutonium Disposition Study Requirements Document as Figures A1-
AlO. Thedata isprasantad ingraptic ortabular form endreferanced intheappropriata
report sections.

Cost and schedule astimates corresponding to Figures A 11 -A 16 are presentad in Section
VI; also plant parameters (RD4.3.1 .2)aragivan in Teblell-l ettheand of the Sectional
previously.

Tablasll[.K-l through 10provide thsfollowingdsta:

K-1 : Occupational radiation axposure vs time
K-2: Magswatt thermsl instellad cepscity vs time
K-3: Kg of Pu stockpile reduction vs time
K-4: KW-hr produced vs. time
K-5: Kg of strategic mstarials raquired
K-6: Kg feed isotopes to reector vs. time
K-7: On-site spent fuel etorage vs. time
K-S: Overall radwaste ganeratad vs. tima
K-9: Kg of each actinide output vs. time
K-1 O: Kg output of fission products from the complax

vs. time
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Table llLK-3a

System 80+ Resctor Complex Kg of Pu Stockpile Reduction W. lime - Annusl

Year Pu spiking Spent Fuel Pu Destruction ~ Fuel Spent Fuel
(s-o) (SF-O) (D-O) (SF-1) (SF-2)

1999 20,000 6,670 6,670 6,670 6,670
2000 20,000 6,670 6,670 6,670 6,670
2001 20,000 6,670 6,670 6,670 6,670
2002 20,000 1?R7n R t17n t2 127n e R-?fl

2003 20,000 6,(
2004 6,(
2005 6,(
2006 6,(
2007 6,(
2006 6,L.
2ooe 6,67
2010 6,67
2011 6,67- “,”. “ “,”. “ J
2012 6,670 6,670

“,”, “
6,670 6,670

2013 6,670 6,670 6,670 6,670
2014
2016
2016
2017
2016
2019
xwn

670
-----

6,670 6,670 6,670
70 6,670 6,670 6,670

m 6,670 6,670 6,670
m fi fi7n R R7n R R7n

2031
... ... ...
2059
2060

(1)Basedon 7itne of Fuef Fabrication in Reactor Complex
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Table 111.K-8a
ANNUAL SOLID WASTE VOLUMES

AND ACTIVITIES/REACTOR

UNSOLIDIFIED VOLUME TOTAL ACTIVITY Cl
WASTE

M= Fr’
(BECQUEREL)

Resins 39.22 1386 599. (2.22E+ 13)

Filters 14.60 516 30.7 (1.14E+ 12)

Dry Active Weste ●

Non-compectible 1,06 38 1.2 E-3 (4.44 E+07)
Compsctible 220.32 77s5 16.2 (5.99E+ 11)

Boron Evaporator Bottoms 1.14 40 18.7 (8.92E+ 11)

WASTE RADIONUCLIDE % ABUNDANCE

Iesins H-3 0.08
CO-80 37.5
Co-56 12.1
co-57 0.1
Mn-54 3.8
Cs-134 7.5
Cs-137 9.9
Sb-122 0.6
Cr-51 0.08
Sb-125 0.06
C-14 0.2
Fe-55 11.0
Ni-63 16.7
Sr-SO 0.3
Cm-242 0.003
Pu-241 0.07

Ilters C-14 0.2
Mn-54 2.5
Co-58 5.6
CO-60 36.1
Sr-90 0.002
Cc-l 44 0.5
Nb-95 1.1
Pu-241 0.05
Fe-55 48.5
Ni-63 5.3
H-3 0.2
ZTRU 0.002
Cm-242 0.002
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Table IILK-Se (Continued)

ANNUAL SOLID WASTE VOLUMES
AND ACTIVITIES

WASTE RADIONUCLIDE % ABUNDANCE

Dry Active Weste Cr-51 13.15

(compected & non- Mn-54 5.34

compected) ● Co-58 25.05

CO-60 27.98

Nb-95 2.23

Pu-241 0.36

Fe-5 5 20.4

Ni-63 2.94

zr-95 1.6S

Cs-137 0.83

C-14 0.04

Boron Eveporetor Bottoms CO-60 11.1

Ni-63 15.7

Cs-134 15.7

Cs-137 32.5

Fe-55 25.0

● After treetment in the shredder/dry weste processing unit end cement
solidification of the residue, e volume reduction fector of 12.5 would be epplied
to the initiel weste volume.
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TABLE 111.K-8b

D ACTIVITW
D WAS TEIREACTOR

SHIM BLEED

EQUIPMENT DRAINS

Reactor Drain Tank

Equipment Drain Tank

CLEAN WASTE

Reactor Grade Lab Drains

- Aerated Equipment Dreina

DIRTV WASTE

- Containment Sump

Plant Floor Draina

Fuel Pool Liner Leakage

- Containment Cooling
Condensate

- Equipment and Area
Non-detergent Decon

STEAM GENERATOR
BLOWDOWN

DEl_ERGENTWASTE

Flow RaM Activity LWMS Collection Coaaetlerl Proaaaekig Dlaaharga
J!2eUlWAlU.1~ lMuQswl DmdDe.@Efs2uQD

1S30 1.0 Equipmentwaate 95 (1) 0.76 0.1

260 1.0 (2) (21 (2) (2)

700 0.2 Equipment Waate 30 0.76 0.1

3200 0.021 Floor Drain Waate &7 0.7s 1.0

1.0(3) – (3)

(4) 14) Laundry and Hot
Shower

— 0.0

(4] (4) 1.0

NOTES 1. Shim bleed collection time baaed on 40% of Holdup Tank capacity colletiion volume.

2. Hydrogenated primary system equipment drain fluids (i.e., Reactor Drain Tank and Equipment Drein
Tank inputs) normally recycled directly to the Volume Control Tank.

3. Full blowdown flow proceaaed by Blowdown System end recycled to condensate ayatem
deminaralkera.

4. Oetergent wastea collected and discharged without treatment consistent with NUREG-0017 method,
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TABLE IILK-SC

FROM THE PRIMARY COOLANT/REACTO~

Flow Rate(a) Annual Volume(b)
W~ource (SCFMI

PROCESS GAS HEADER
(HYDROGENATED)

CVCS Gaa Strippar
Voluma Control Tank
Equipmant Drain Tank
Raactor Drain Tank (3)

PROCESS VENT HEADER
(AERATED)

Blowdown Racycla IX (2)
Purification IX (2)
Daborating IX
Lithium Ramoval IX
Pra-Holdup IX
Boric Acid Condanaate IX
Liquid Wasta Procass IX (6)
Boric Acid Concentrator
Reactor Makaup Watar Tank
Holdup Tank
Boric Acid Tank
Laundry & Hot Shower Tank (2)
Floor Drain Wasta Tank (2)
Equipment Waste Tank (2)
Waste Monitor Tank (4)
SG Drain Tank (2)
Spant Resin Tank (3)
Gaa Stripper Vent
Process Gas Adaorp’n Bad Drain
MLsc. Vents and Draina

.32
.004

.02

32
32
16
16
16
16
96
1

22
22

7

7

22

145,000
1,624

7,759

112
112

56
56
56
66

336
2,626

127,4S0
127,4S0

17,667

NOTES: (a) Flow retas ara estimated maximums, not continuous.

(b) Volumas include anticipated operational occurrences.

63,326

1,337
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MONTHS

EFPD

U235

U236

U23S

NP237

PU236

PU239

PU240

PU241

PU242

AM241

AM243

CM242

CM244

TOTAL HM

TOTAL U

TOTAL PU

TOTAL AM+CX

Table 111.K-6d

Fuel Cycle Actinide Inventory vs. Time (Kg per Feed Core)

Spent Fuel Alternative

0.0
0.0

1.6414E+02

0.0000E+OO

9.1 879E+04

0.0000E+OO

0.0000E+OO

6.2367E+03

4.335SE+02

O.0000E+OO

0.0000E+OO

0.0000E+OO

0.0000E+OO

0.0000E+OO

0.0000E+OO

9.8733E+04

9.2063E+04

6.8703E+03

0.0000E+OO

12.0
274.0

1.6198E+02
5.4947E+O0
9.1 293E+04
1.3368E-01
4.5221 E-03
5.3194E+03
6.8670E+02
1.9000E+02
5.5972E+O0
3.0387E+O0
3.7457E-01
2.821 2E-01
2.2039E-02

9.7676E+04

9. 1460E+04
6.21 17E+03
3.6974E+O0

24.0

4e4.o

1.41 30E+02

1.0256E+01

9.0701 E+04

4.8512E-01

3.6721 E-02

4.4642E+03

8.661 2E+02

3.6334E+02

2.1 S92E+01

1.0539E+01

2.8795E+O0

1.9930E+O0

3.2674E-01

9.6627E+04

9.0653E+04

5.7577E+03

1.5786E+01

36.0
822.0

1.2165E+02
1.4396E+01
9.0080E+04
1.0275E+O0
1.2340E-01
3.7181 E+03
1.0229E+03
5.0725E+02
4.8553E+01
2.0352E+01
9.2602E+O0
6.3764E+O0
1.5808E+O0

8.5562E+04

9.0226E+04
5.2969E+03
3.7598E+01

48.0

1096.0

1.0385E+02

1.77S3E+01

8.e488E+04

1.6726E+O0

2.7469E-01

3.0635E+03

1.I021E+03

6. 1072E+02

6.1952E+01

2.9674E+01

1.9920E+01

1.3559E+01

4.5152E+W

9.4538E+04

8.961 0E+04

4.6585E+03

6.7668E+OI

I



MONTHS
EFPD

U235
U236
U236

NP237
PU236
PU239
PU240
PU241
PU242
AM241
AM243
CM242
CM244

TOTAL HM

TOTAL U
TOTAL PU
TOTAL AM+CM

Tabia 111.K-6a

Fuel Cycle Actinide Inventory vs. lime (Kg per Feed Core)

Plutonium Destruction Alternative

0.0
0.0

0.0000E+OO

0.0000E+OO

0.0000E+OO

0.0000E+OO

0.0000E+OO

6.2369E+03

4.3357E+02

0.0000E+OO

O.0000E+OO

0.0000E+OO

O.0000E+OO

0.0000E+OO

O.0000E+OO

6.6705E+03

0.0000E+OO

6.6705E+03

0.0000E+OO

12.0

274.0

0.0000E+OO

0.0000E+OO

0.0000E+OO

O.OOOOE+OO

O.0000E+OO

4.7197E+03

6.6660E+02

2.2314E+02

7.5777E+O0

3.5292E+O0

5.8035E-01

3.4076E-01

3.691 OE-O2

5.6435E+03

0.0000E+OO

5.6390E+03

4.4692E+O0

24.0

494.0

0.0000E+OO

0.0000E+OO

0.0000E+OO

0.0000E+OO

O.0000E+OO

3.3306E+03

8.41 59E+02

4.1 325E+02

3.1340E+01

1.1 779E+01

4.6179E+O0

2.6743E+O0

6.21 OOE-01

4.6367E+03

0.0000E+OO

4.61 70E+03

1.9692E+01

36.0

822.0

0.0000E+OO

0.0000E+OO

0.0000E+OO

0.0000E+OO

0.0000E+W

2.0743E+03

6.9655E+02

5.3665E+02

7.3906E+01

2.0593E+01

1.5516E+01

8.7850E+O0

3.1 864E+O0

3.6295E+03

0.0000E+OO

3.5814E+03

4.8080E+01

48.0

loe6.o

0.0000E+OO

0.0000E+OO

0.0000E+OO

0.0000E+OO

0.0000E+OO

1.0603E+03

6.3966E+02

5.6161 E+02

1.3542E+02

2.51 67E+01

3.5166E+01

1.91 19E+01

9.7576E+O0

2.6662E+03

0.0000E+OO

2.5970E+03

6.9230E+01
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IV. TECHNOLOGY NEEDS

This section describes areas of technology thet will need to be further developed baeed on
thestudy ofthasppiicstion of System 80+ tothe Plutonium Burner Resctcr Fsciiity. The
eressof needad technology involve the Resctor Complex, Fuel Cyclesnd Tritium Recovery
Fecility.

A. REACTOR COMPLEX

1. Velidatlon of methods for Nuclesr Design snd Sefety Analysis

Nucleer design snd ssfety snslyees for the Pu burning core will need to be performed
using NRC spproved computer codes. Since the computer codes end methodology
have been approved for low enrichment U02 fuel cycles, it is necessary to provide
verification that the codes ere applicable to the design snd safety enalyaaa for the
plutonium fueled reactor. The code verification would include detailed review of the
methodology end dste base, testing and benchmark calculations, and damonstretion
thet sII design besis snd accident snslyeis models ere sufficiently conservative such
that uncertainties ere bounded by the enalysis.

The scope of core design and safety analysis epplicationa subject to verification ia
summarized below.

The System 80+ plutonium burner core design covere the ereea of nuclaar design,
core performance snslysia, design basis safety analysis, end beyond daaign besis
events including ATVVS and total Ioas of feadwatar. Evaluation ia also performed for
severe sccident phanomene related to the plutonium core design, end esseesment of
mitigation featurea for postulated events.

The concept dasign work in this area will hava to develop reference design features
including fuel cycle, core physics parameters, and identification of limiting safety
relsted events for reactivity insertion, Iosa of flow, and other sefety-significant
occurrences. Deteiled design snalyses include the following.

A detailed thermal hydraulic analyaia and fual performance analysia of tha reference
Pu core design will need to be performed using NRC approved design methodology.
The thermal hydraulic performance of the reference Pu burning core requires
WdUetiOtI for 811performance-related end ssfety-releted design bases.

Detailed neutronics evaluation of the reference Pu burning core design includes
depletion iaotopics, reactivity coefficients, control worths, and power distribution as
e function of burnup. Detailed design is based on the NRC epproved methods (DIT
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and ROCS/MC code systems). Analyses are performed forcore atability and power
distribution control. Reactivity insani~evenW will ka~lWed using NRC approved
methodology (including the HERMITE space-time nucleer analysis code) as part of
transiant analyaas.

Thanuclaar design library wwldbabased on ENDF/B-Vl data. Verification of the
nuclaardaaign methodology formixed-oxida applications would be providad basad
onanalysasof critical axpariments, mixad-oxida operational cores, and banchmark
compariao~ toakarnata analyses based on Monta Carlo mathods(a.g., MCNP
coda).

Safaty analyaas ara neadad to be parformad for limiting occurrences datarminad for
mtierate freq~ncy, infrequent, and Umitingfadtdasign htisavants, Ths LOCA
and non-LOCA ssfaty analyses would be avaluatad using NRC approvad Iicarraing
mathodo!ogy conaiatant with tha application for CESSAR-DC which have been
raviawed and approved by the NRC staff. The analyaas parformad would include
small-break and Iarga-braak LOCA aventa, steam ganarator tuba rupture, control rod
misoparation and inadvertent withdrawal aventa, control rod ajaction evants, and
staam line break, in ordar to demonstrate tha reactor and safety systems design
meets Iicansing beais eefaty criteria. The most limiting trenaienta identified from tha
concapt dasign evaluation would be includad. Bayond dasign basia avanta including
total lose of feedwater and ATWS events would be analyzad. In addition to use of
consewativa Iicanaing mathodoloay, avaluationa baaed on raalistic evaluation medals
davelopisd for Systam 80+ would be parformad to datarmine bast-astimata
parformanca for sefaty ralatad occurrences (such aa small-braak LOCA) in ordar to
damonstrata invaatmant protection.

Postulated savera accidanta will nead to be avaluatad, including usa of datarministic
methodologies, and survey of ralavant physical and axparimantal data, in ordar to
assess the significance of the plutonium (e.g., mixad-oxida fuel) cora on severs
eccidant phanomanology, and to assass tha mitigation featuras of the Syatam SO+
daaign for this application. Tha potential for racriticality following a sevara accidant
and the conaaquancas or mitigation of such racriticality will need to be addressed. If
nacaaaary, modifications to the Syatam 80+ featuraa for aavara accidant mitigation
will need to be avaluatad. The aavera accident evaluation would be used to support
containment evant traa analysis for level 2 PRA evaluation.

The neutronic, kinetic, and thermal hydraulic performance of tha tritium production
rafaranca core daaign raquiraa verification analogously to tha rafaranca Pu burning
cora. To tha extent possible, the performance of the referanoe tritium production
cora needs to be evaluated reletiva to the reference Pu burning cora.
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2. Probabillsdc Risk Analysis (PRA) and Source Term

PRA modeling end evaluation for the System 80+ plutonium burner is e neceeesry
technology eree for safety analysis snd severe eccident evaluations. The PRA
development work is necessery for review for applicability and modification of the
detailed PRA completed for the reference System SO+ plsnt design. The reference
System 80+ PRA is fully based on the most current PRA methodology end
groundrules requirements of the EPRIALWR Progrsm snd hss completed detailed
review by the NRC.

Level 1 PRA development is required baeed on the sefaty analyaes and review of
effects of the plutonium fuel cycle on the PRA models, fault traas (La., system
failure modes), operational requiremanta, and data base. The rasulta of tha Lavel 1
evaluation will idantify any potential vulnerabilitiea and design modifications for the
plutonium burner, end would provide e preliminary quantification of tha overall core
demaga fraquency and the most significant initiating evants.

Furthar davalopment is required for evaluation of tha severe accident vulnerabilities,
inoluding the affact on tha containment avant traa and Laval 2 PRA. This work
would be dhoted at identifying any additional vulnarabilitiea which may rasult from
the plutonium fual cycle, and the affect on containment parformence. Depending on
the results of this evaluation, modifications to containment systems mey be
proposed and avaluatad for improved severa accident mitigation.

In ordar to provida consistency with source tarm technology for new generation
LWRa, it is necaseery to evaluata tha effact of tha plutonium fual cycle on the
sourca tarm. The reference Systam 80+ design (UOa fual cycle) deecribad in
CESSAR-DC includes a more raalistic source tarm, which would astabliah a Iicansing
precadant. This development aree will assess the practical implications of a raalistic
source tarm for tha plutonium fuel cycla and conduct analysaa of tha effact of tha
plutonium fuel on the physical source tarm.

3. Man-machine Interfaces

Due to tha uniqua requiremanta of the plutonium burning and tritium production
missions, davalopment effort is raquired for man-machine intarfacaa in tha raactor
complax. Tha scope of this effort includes evaluation of man-machine interfaces in
tha Systam 80+ raactor plant, elactric generation faciliiias, fual fabrication facilities,
fual receipt and atoraga facilities, wasta management facilitiaa, and other support
and processing facilities consistent with the DOE requirements for the complex. This
effort would use as e basis the extensiva men-machina interfaca studiaa and the
methodology for the System SO+ design deaoribad in CESSAR-DC, including the
rasults of NRC raviaw, to evaluate tha application of man-machina interface daaign
principles withh the raactor complex, including tha application of the System SO+
Advencad Control Complax [ACC).
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4. Plant Syatam Featuraa Spaciflc to Mission

The Syatam SO+ reactor plant was apacifically dasignad to provida a high dagrae of
fual management flexibility, including the capability to accommodate Iarga Ioadinga
of plutonium fuel with ralativaly minor modification to the plant aystams. Tha 00E
plutonium tfispoaition mission and reactor complax raquiramanta imposa a numbar of
requirements which axceed thoaa of anticipated oparationa for commercial plutonium
racycla fi.e., nuclaar daaign and ssfaguards raquiramanta aaaociatad with waapons
grade plutonium fual, tritium production capability, and other facility requiramenta).
Thasa requiramanta are addraased in the concept evaluation. Howevar, it ia avident
that plant syatam optimization is raquired in areaa affactad by tha DOE raquiramants
for the purposa of assuring that specific systama and procasaea are designed
economically for tha plutonium disposition mission and support refining tha cost and
achadule data for tha complax. Part of the scope of this area of technology
development would involve systematic evaluation of the miaaion capability of the
complax in ordar to identify those araas whara evaluation would lead to the greataat
potantial benefit, and to prform selacted evaluations on this basia. Araaa identified
so far indude the followi~

● ~ - Parform a coat/benafit evaluation for use of enriched va.
natural soluble boron in the raactor coolant.

Usa of anrichad solubla boron has baan avaluatad for commercial operating
plants with many potential banafits identified (i.e., significant O&M banafits of
raducad waata watar generation, improved coolant chemistry control, raducad
corrosion potential, elimination of heat tracing, ate.). A major impadimant to
adopting enriched aolubla boron for operating planta haa bean the addad coat
and problems associated with flushing operating syatama containing natural
soluble boron (a.g., tanks, piping ayatama, apant fuel pool, ate.) with enrichad
soluble boron while maintaining operation and assuring that natural boron does
not “Nlde-out” in thaae ayatema. This problem doaa not exist for a now plant
which would be initially supplied with anrichad natural boron. In addition, tha
plutonium burnar design would racaive a proportionally greater O&M banafit
using enriched solubla boron becauaa of the substantially greatar boration
requirements for normal operations, shutdown, rafueling, and aafaty ayatams.
Other aapacta conddared in the coat-benefit evaluation would indude capital
coat ssvinga, coat of enriched va. natural adubla boron, and safety ayatema
Wrformanca with enrichad soluble boron.

●
. . . .

~ - Davelop a plan for ultimate diapoaal of all
idantifiad wasta atreama, addressing major issuaa associated with aach stream.

Rapoeitory accaptanca critaria will need to be considered in daveloping tha
raactor complex waste disposal program. Currant and anticipated rapoaitory
conatrainta would be reviewad and avaluatad for impect on the raactor
complex activities.
Section B below.
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● ~ - Develop and optimize tha raactor complex radioactive
waste atorage requirements basad ontheidentifled waste stream quantities
andthaanticipatad capability toshiptha waste offsita for ultimata disposal.

● - Comprehensively evaluate nautron
fluence andgamma heating rates forthapropoaad fuel cycles. Evaluate
additional materials restrictions or component modifications to extend design
life margina and improva performance of raactor components.

5. Safaguarda and Security

Safeguards end security is an important development aapact of the plutonium burner
reactor facility. To data, plutonium baaring fuels have been manufactured in small
quantities and commercial raactora have opereted with relatively few mixed oxide
fuel aaaemtAiia in order to devalop operational data. Presently thare are no mixed
oxide fabrication planta operating in the U.S. In order for the aafeguarda end
security to be factored into the facility concapts there naada to be in placa a Physical
Security plan and a Material Control and Accountability Plan. Theaa plana will
establish the requirements that must be met by the plant design. Theee
requirements are obtainad from the 00E Ordara such aa the 5632 aariea and the
5633 aaries, the Ganaral Design Manual 6430.1A and the appiicatrla portiona of TMe
10 of the Code of Federal Regulations.

Sy having tha aafeguarda and security documanta in placa aa tha concapts for the
complex develop, tha designers can includa these requiremanta into all facility plans.
As the design prograeeea vukrarability analyaes will be run to datermine if the facility
meets the requirements and can withstand the design baaaa threat aa dafined by the
DOE. For optiona that use existing facilities a vulnarebility analyais may be
performed to datermina the areaa of tha facilities that will need to be upgraded to
comply with the DOE requiramenta.

Recommended devalopmant work includes preparation of Preliminary Phyaioal
Security and Material Control and Accountability plana, and a vulnerability reviaw for
the propoaad facilities. k ia also racommendad that the DOE ongoing program for
development of aansors and instrumentation for tha Pantex facility be continued and
extendad to include the needs of the plutonium burnar reactor facility.

s. FUEL CYCLE

1. Fuel Damorratration

Principal activities and schedule for a fuel demonstration progrem for the fuel to be
employed in the System SO+ plutonium burning core will need development
consistent with the DOE requiramants. A mixed-oxide fuel type containing erbium
burnable poison (La., UOz-PuOa-Er20$)ia expactad based on tha conceptual analyeea
completed. Tha fuel demonstration program development will identify the extant end
natwa of the irradiation teats and follow-on post irradiation examinations. Candidata
operating reactors for irradiation of the demonstration aaaemblies will be identified.
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A detailed cost and schedule for the recommended fuel demonstretion progrem
would slsobs developed.

lfthenon-fe~ile fuel concept ispursued, the fuel developmentsnd irradiation
demonstretion will require e substantially more extensive program than for MOX fuel.
Non-fenile fuel ienotproven technology forcommerciel reactors. Therefore, elsrge
fuel development progrem is required es discussed in the next section.

2. Front+nd Process Development

The deteiled processing needs for converting the plutonium in esch cetegory of
meterisl into ensccoptsble feed meteriel for System SO+ must bedevelopsd. The
scope of work includes deteiled description of thecetegoriesof potentiel surplus
plutonium, &~donchemicel andisotopic content endphysicel forms, e.g., metal or
oxide, of the plutonium, includhgthaestimated qwntitias of plutonium availsblein
each category. Specifications will badevelopsd for the receipt of plutonium oxida.

Ths process assumes that plutonium will be providad by DOE aa PuOZto purity and
physical propsrtiea specifications. In addition, the urenium requirements are
aasumed to be provided by DOE as depleted UF@in conformance with the purity and
physicsl propsny specification,

Emphasis will be placed on dafining processing and facility requirements, waate
generation, and coats. Techniques to minimize processing will be evalustad
includhg chemical and isotopic considerations. The output of this development
activity will be s report specifying the plutonium and the quantities needed and a
description of tha feaaible processing requirements for OOE converting tha plutonium
into acceptable feed material for fabrication into System SO+ fuel.

The ectivity will also further devalop the Fuel Fabrication Facility sizing requirements.
An advanced pre-conceptual design for the MOX plant will be developed which will
include mase belance, equipment description, equipment sizes, weighte, glovebox
and process space, other suxiliary facilities, and a budget coat/schedule estimate.

3. MOX Fwl Development and Testtng

Mixed oxide fuel fabrication will require process development to define the
processing steps and psramatars in detsil. The characteristics of the incoming EraO,,
UOZ, and PuOZnead to ba defined and controlled pracisely to maximize process
yields. The powder preparation and blending procaaees will require testing to assure
complete blending, conformance to purity specifications, and that the MOX powders
meet aintarability requirements. Pellet pressing snd sintaring operations require
precise controls to achieve the required density and porosity distribution in the
sintered pallets. Process contro)s will employ feadback mechanisms to maximiza
process yields and minimize plutonium handling. Process development may lead to
variations in the procass stepa described above to achiave higher yialds, reduce
p(utonium handling, and minimize wsste. Potential variations include, among othar
things, blanding initially to the final composition, elimination of bindars and
lubricants, and elternativa powder preparation and activation processes.
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Fuel designs for both the disposal of surplus Pu and tha production of tritium will
amploy Mghar Puanrichmsnts tin bvabeen usdin LWRaintha past. This will
requira afueldevalopmant end irradiation tasting program. Tast MOXaseambliea
will twrequired forirradiation inaalactad ABB-CE resctors.

Tha decay of Pu-241 to Am-241 producea high gemmsrediation lavals that may
require measuras to reduce paraonnel radiation axposuras and posaibla tolimittha
content of Am-241 during fuel fabrication. Atthis tima wa believa that thashialding
and spscialhsndling equipment intha plutonium fabrication lina will permittha
surplus pltionium to be fabricated withoMrefinament into System SO+ fual.
Howavar, ifthe Am-241 contant iatoohigh, tha plutonium can barafinad prior to its
uaa. Compared toraactor grade plutonium, tha Am-241 content inthaaurplus
plutonium should be low and relatively inconsequential.

Strict Pu accounting procedures will be davalopad to keap track of plutonium
invantoriaa instorsga and in aachprocessstap. Puinvantorias will bsaccurataly
controlled forssfaty andssfaguards reaaona. Theiaotopic contant ofaach batch of
PuOZwill ba known to determine its fiaaila vslua and its accountability (total Pu)
value.

4. Nonfatile Fuel Devalopmant, Tastfng, and Fabrfcatfon

Nonfartile plutonium fualsfor Systam 80+ reactors may ba comprised of PuOa
diapsrssd inanaluminum oxide (AlaOJ matrix. The fabrication procaaawillba
identical tothe MOXproce~axcapt that AlzO$will bsubtittied for UOztiils. The
plutonium fabrication line will be uaad for blanding, psllat preparation, pin loading
and welding. Fual asssmbly operations will alao be identical and will use tha ssma
facilitiaa. AlzOs powders will be procurad commercially.

Oaveiopmant of tha fabrication procass will ba similar to that for MOX fuel.
Howevar, fuel development and tasting raquiramants will be substantially graatar. k
ia estimated that tast irradiation of at Iaast 20 Iaad taat assamblias will be raquired
before full scala implementation of non-fartila fuals ia tmdartakan; moat of the tast
assamblias will ba carriad to full dktoharge axposura. Many of tha tast assembliaa
will undargo deatructiva examination in hot cane following irradiation.

5. Wasta Straams/NfOX Fuel Fabrication

Oavelopmant ie raquirad to identify and charactariza waste atraams genaratad in the
fabrication procass in ordar to describe and avaluate optiona for minimizing tha
generation of radiosctiva and hazardous wastas. MOX fual fabrication will ganerata
two typas of alpha-contaminated wasta: MOX scrap and other waata. Othar wasta
will includa papar, plaatics, gloves, matals, HEPA filtars, discerded aquipment, and
miecellenaous matarials.

Optiona for minimizing tha ganaration of all alphs-contdminatad waata will naed
evaluation. Howaver, bscausa of tha low value of tha plutonium, scrap racovary
options will be Iimitad. Voluma reduction tachniquas, such as compaction and
incineration, and aurfaca decontamination would be aveluatad. Tha volume of scrap
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generation in the MOX plant is controllable, but since the wsste the MOX fuel
fabrication will be comparatively proliferation-rasistsnce the objectives of the aurphrs
plutonium disposal progrsm msy be met without extanaive procedures for wsste
minimization. Some scrap will bscontaminsted with impurities that aretoo costly to
remova. Weste minimization options will elso include maximizing processing yields
and maximizing MOX scrap recycle.

Non-irradiated plutonium containing waatefrom thafabrication plant will require
disposal aa trensursnic waste in a geologic repository, such as the Waste Iaoletion
Pilot Pisnt(WIPP) orthecommercial spsntfual repository. Repository acceptance
criteria and packaging requirements will reevaluated as elements of cost-effective
waste minimization.

The waste minimization options include minimizing the front end processing of
aurpkrs plutonium. For example, the waapons plutonium could be procassed to
remove the Am-241 and other impuritiaa. Howaver, with shielding and automated
handling equipment, the plutonium fabrication line could permit the surplus plutonium
to be fabricated without requiring tha ramoval of Am-241. Othar options for
minimizing the front end processing will be evaluated, such as blending, process
modifications, design modHications, and PuOZtreatment.

& Spsnt Fuel Handling. Transportation and Storage Indudfng Criticality/Safety
Studlea

A combined development activity for the Reector Complex and Fual Cycle is required
to develop spent fuel trenaport and atoraga designs for the preferred deployment
options, including detailad description of activities aaaociated with transport of
spsnt/fuel from the reector vessel to the storaga location in the fual racks.

A ralated development activity ia the design of the fual storage mansgemant,
includhg the auxilisry fuel pools for the single Systam 80+ raactor plant optiona,
additional design information for tha fuel handling activities and tha fuel buildings,
criticality studies to confirm the fuel storage scheme, and development of fuel
building sizing information.

Confirmatory analysis is required to ensure that the overall fuel pool design will
provide sufficient ehielding to comply with NRC Radietion Protection Guidelines.

c. TRITIUM RECOVERY FACILITY

The technology required to febricate some of the terget components wae developed under
the Tritium Target Development Program (lTOP), however some development items will
still need to be addressed bsfora the targeta could go into nuclear service. The program
was successful in procuring aluminum barrier coatad stsinlass atael cladding tubaa which
meat the requirements for the program, however it waa not ahown thet the clsdding tubes
could be fabricated in Isrge quantities with consistently acceptable coatinga. An NDE
techrrktua was developed for evaluating tha quality of the costing in the tubes. In addition,
nickal coated gettar tubsa wera succaasfully procurad from commercial sources. %ca the
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program waa terminated before either of these processes could be nuclear qualified,
additional development will barequired toqualify thavandors.

End cap welding techniques which maintain the integrity of the barrier coating were alao
developed during thalTDP. Atechnique waadaveloped fortheinitial endcap, but
development of tha final end cap waid was not completad.

Most of the major tachnical difficulties concerning targat componanta were addressed aa
psrtofthe TIDP. Smeaddltional development would hrequirad kforeprduction
targats could bs fabricated. lnaddition tothaabove mentioned itema, other development
needs include determining the optimal pellat pressing methodology.

Most of the physical phenomena associated with the extraction processes were
characterized under the~DP, however development waa not completed. The method of
pre-puncture to deploy was not determined in the TTDP however, and dependa partially on
the furnsce design psramatars desired. Ifthetsrgets aresliced inhalffor erremple, ths
furnacea could be sized to accapt half the length of tha target inataad of having to be large
enough to contain tha entire thirteen foot length.

Ad~tioml develowant iarequired onaeveral other recoveWmachaniams. These include
thedesorbtion oftritium from thegatter and target pallet. Alldevelopment workto date
has been done using scale size targets and non-radioactive materials (hydrogen and
deutarium). WMleithas benpostulated wbtthedffere~as betwaen thehydrqen and
deuterium desorbtion and tritium desorbtion might be, tritium deaorbtion from any
component hssnotbaan demortstrated. Desorbtion from the lithium aluminate haa not yet
bean investigated since this requires radioactive tests.

AUdesorbtion wwk under the TTt)P was performed using inrihidusl components of the
targat assembly. The simultaneous racovery of tritium from all targat components has not
been damonatrated. All of the results to date hava been extrapolated to obtain axpected
desorbtion times and aW\ciencies for tritium, but these extrapolations have significant
uncertainties.

Additional development work ia required to obtain data for recovery of tritium. The TTDP
recommended that pilot scale radioactive teats be completed, and that full scale non-
radioactive tasts be performed. After this work is complete, the apscification of actual
extraction plant parameters can be completed.
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V. REGULATORY CONSIDERATIONS

A. LICENSING

The policy embodied in the System 80+ plutonium-disposition reector is thst sefety end
protection of the environment hsve the highest priority in accomplishing tha mission of
designing, constructing, and oparsting tha reactor and asaociatad support facilities. Tha
raactor facility will be designad, constructed, and oparatad in compliance with all
explicable Federal, State, and local statuaa and regulations. Full compliance with DOE
Ordar S400. 1, “Ganeral Environmental Protection Program,” othar relavant DOE Ordars,
and Executive Orders for the protection of the environment will be invoked for tha facility
extanding from preliminary dasign through decommiaaioning. Existing environmental
protection regulation will be considered a minimum objectiva for the System SO+ ALWR
plutonium-disposition facility: tha datsilad dasign will be planned, dasignad, and
constructed with adaquata margina so that anticipated future environmental regulations
and standerda can be accommodated.

Tha C-E System 80 standard design was devalopad during the early 1970’s, and received
NRC Final Daaign Approval in Dacembsr, 1983. Thraa standard design Systam SO plants,
constructed et Palo Varde, began commercial oparation bstwean January 19S8 and
January 19SS. Four additional Systam 80 plants are currently under construction at the
Yonggweng snd Ulchin sites in Koraa.

Syatam 80+ is ona of two Advanced Light Watar Raactor standard dasign planta leading
the raviaw procass for dasign certification by tha NRC. Onca cartifiad, tha System 80+
standard plant can ba rafaranced without concern for furthar NRC reviaw, or licensing
dalaya initiatad through intawenor haarings. One-step Iicenaing by an applicant under 10
CFR 52, and complienca with ITAAC IInspaction, Tast, Analysia and Acceptance Critarial
for confirmatory items identified in the CESSAR-DC Final Safety Anslysis Report are the
only remaining regulatory sctions.

Tha ability to utilize both uranium and plutonium htra been a basic design tenant
incorporated into tha Syatam 80 Stsndsrd Plant. That facility has remsinad inharant in the
evolutionary Systam 80+ advancad light watar reactor currently being Iicansad by ABS-
CE. Certification of the Systam SO+ Standard Plant dasign ia currantly e priority activity
within ABB-CE, and ia supportad at the highast Ievala of tha NRC. Syatam 80+ ia in the
final stagas of Iicansing with the NRC es part of the DOE-sponsored ALWR certification
program, with no tachnical issues remaining to be rasolvad. A draft Safaty Evaluation
Raport for the Systam 80+ standard design was iasuad by tha NRC in Septembar 1992
staff issuanca of the System 80+ Final Safaty Evaluation Report ia expactad in 1994.

GESMO, the Generic Environmental Statement on Mlxad Oxida fual, wea in tha final draft
stsgas of reviaw and ell technical issuaa had bean adaquately addraasad, whan a
government policy diractive cancalad tha option for apant fual reprocessing, utilization of
opan-cycla plutonium fual, or mixad-oxida cores. Bssad on tha raviaw and evaluation of
plutonium utilization at that tima, the NRC found no objaction to tha usa of mixad-oxida
fual. Tharefora, NRC approval of a plutonium-disposition facility at a single sita may ba
facilitated.
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Utilizing the System SO+ ALWR to burn mixed oxide fuel provides an optimum eolution to
the naad for transmuting tha growing stockpile of waapons-grada plutonium whila having
the ability to produce electricity for the commercial market. A further benefit of the
System SO+ ALWR design is the capability to produce tritium. Transmuting weapons-
grada plutonium would involve new issues with the uae of mixed-oxida plutonium fuel
fabrication, usa of mixed-oxide fual in the reactor, tritium target manufacture and use of
tritium targeta, tritium target extraction, and plutonium safeguards.

B. UTILIZATION PERMITS

During tha initial phasa of this project, a plan will be davelopad to idantify and documant
the commitments, assumptions, and basea on which the permitting schedule ia founded.
All applicable federal and state permits, and the lead time and required achedula for each
permit, to operate tha System 80+ ALWR as a plutonium-disposition facility will be
identified. Special permit condkions appUcableto tha plutoniumd!spoaition facility will be
documented, on a schedule that will permit explication, reviaw and approval by controlling
authorities, and implementation of parmit conditions consistent with the dates needed to
support plant construction and operation. The plan will be devaloped in cooperation with
the DOE to taka advantaga of review activities performed by the NRC while defining the
rola of the NRC and DOE in reviawing the plutonium-disposition plant design. Tha plan will
defina all permitting, both federal and steta, for the System SO+ ALWR-based complax for
the missions of plutonium disposition, electric power generation, and tritium production.
Compliance with eafety and environmental raquiramanta will be demonstrated, ae will
licensability under NRC regulations.

Issuance of some parmita will be subordinate to other permits controlled through a
hiararchy of federal, state and local regulations. For axample, maintenance of air and
weter quelity will first be under the jurisdiction of National Environmental Policy Act
[NEPAI and DOE, followad by stete and local requiramanta. Aleo, permitting for tha
Tritium Recovery Facility will be govarnad by DOE regulations, while licensing tha System
80+ ALWR will be regulated to NRC requirement% permits for utilization of mixed-oxide
fuel will involve both NRC and DOE reviaw and approval. All activities involving tha
Systam SO+ plutonium-disposition facility will maet all applicable NEPA standards as
raquired in DOE Ordar 5440.1 D. Later phaaes of tha program will address the schedule
and nead for parmita involving rafueling, retrofit, dacommiasioning, dismantling, and
disposal or storage of plant components.

Tha plant Wrmitting schedule will giva consideration to the naed for tha complax
interaction of archeological preservation, air and water quality, plant construction, road or
waterway construction to support heavy equipment transportation, source term
radiological impact, and environmental impact. A living data base will be davaloped to
identify all requirad parmite and Iicanses to ansure that tha hiararchy and achedula for such
ara cross-indexed and currant for each phase of the Systam 80+ plutoniumdtapoaition
fecility. A preliminary listing of typical Iicenaaa and permits requirad for tha facility ia
givan in Tebla V-1.
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c. SITING AND OTHER CONCERNS

Details of the plent permitting end their reletion to a designated site will be davaloped efter
a specific site has been eelected. Site permifiing considerations will include impact on air
end water quality, water rights, land use, solid end hezardoua waata, wildlifa impact,
timber harveat, road and waterwaya, archaeotogicel or historic preservation, Federal
Aviation Administration, and native Amarican Indian rights. Beat availabla radionuclida
control technology will be implemented to aaaure compliance with tha National Emission
Standarda for Hazardoua Alr Pollutant and the National Pollutant Discharge Elimination
Syatam.

c. ENVIRONMENTAL

Compliance with the National Environmantel PolicY Act. with DOE and NRC ractuiremanta.
and with State permitting will be obeerved for the design, operation, eefeguarda, waate
diapoeel, and protection of the public and the environment. Air and water WahtY
protection, aa required through faderal and atate acta will be implamantad. Protection of
plant personnel, and aneuring the health and safety of the PUM!Care fundamental to the
design, construction, operaticm and decommiaaioning of the EWatam80+ Plutonium-
dispoaition facility.

The National Environmental Policy Act will be the baaia for the anvironmentel plan. A ptan
to produce and raview the draft Environmental Impact Statement in accordance with the
proviaiona of the National Environmental Policy Act will be developed during the initial
phaaa of this program. Compliance with Occupational Health and Safaty, radiological
aafaty, firs protection, and radiological amergency planning will be conaiderad aaparately
from environmental permitting requirements.

The implementation of the environmental policy will assure that the environment will be
adequately protected from actione taken during tha daaign, construction, and operation of
tha Systam SO+ plutonium-diapoaition facility. The plant designer and constructor will
work closely with DOE to aaaure compliance with environmental statutes and regulationa,
and that environmental requirements containad in DOE Order 4700.1, “Projact
Management Systam,- ara implemented.

Elements to be considered when implementing the strategy for Environmental PoliiY
include:

● Develop the Environmental Compliance Plan,
● Design, construct, test, operata, and dacommiaaion the System 80+

plutonium-dapoaition facility in compliance with environmental atandarda,
● Provida environmental compliance ovaraight, and
● Conduct applicable NEPA reviewa and preparation of requirad NEPA

documentation.

The raqukemente ombodhd in Regulatory Guide 4.2, “Prepafetlon of Environmental
Reporta for Nuclear Power Stetiona,” will be utilized when preparing tha Environmental
Report. Conaiatent with these requirement, Chapter 12 will Iiat all Iicanaaa, parmita, and
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other epprovels required by Federal, Stste, end Locsl government egencies having
jurisdiction for the protection of the environment.

E. SAFEGUARDS AND SECURITY

A safeguards plen will be developed end implemented for the protection of plutonium in
the fuel fabrication process, use of trensport equipment, elong transportation routes Iif
fabrication is located at e sepsrete facility], and at the utilization facility. Tha identification
of licenses end permits essentiel for the aafaguerds and security process, especially long-
Iead parmits, will be davalopad during the initial phase of this effort.

F. LICENSING CHALLENGES

Challenges to Iicenaing System SO+ as a plutonium-disposition facility include:

● Securing timely approval for construction;
● Licensing MOX fuel fabrication and utilization; end
● Licensing tritium target asaambliaa and the tritium recovery facility.

These ara diacuaaad furthar in Saction Vll ragarding tha various Deployment Strategies.
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Radiolwical source twrn Calculations. EPA approval prior to NESHAP
aPPfi~tio~ Dtiiled PrWUl%mOmactivities schedule required prior to SUR of
conatrucaon. Applicability to spacifii fwilitks to be identified. Compliance with
State requirfimenta to be determined.

National Emission
Standarde for Hazardou$
Air Polltint$ [NESHAPI

COnatruction
pamritKtpemting licarua

NRC approval of the $yatem SO+ standard plant. Approval of mixed-oxide fuel.
Apfrmval of tha tritium target and tritium raccwery fscility,

PSD permit process is independent of NESHAP. Controlled by State of maidence
for fecility. Approval required prior to mart of conatwction for facility that will
emit raguletad polhnanta.

prevention of Significant
Deterioration [pSD] of Air
chlahtv

Air QuaIii Dieeel genaratora and concrete batch plant will be onlv aoume of eir pollutant
othar than redionuclidea. limited dieaal oparati~ time par vear may exclude
need for permit.

Erosion Control Plan Governs impact on terrain due to timber harvest, altering groundwater flow
pattama, and storm water erosion control.

Netional Pollutant
Discharge Elimination
Svamm [NPDESI

Goverws affluent quarKyandquantityfor all liquid diechargee from facility.
Storm water arkl proceaa waate water control. An approved emaion control plan
rcuv be required.

Watlanda Impact on protactad wetlanda.

Domaatic{Wtab!d water - of wells am! wataf treatment avatems.

SanitafVWaatewater
Treatment

NPDES requires discharge chamctwiatica, ●nticipated manpower loading
lutilizationl and●chadula. Diacharoe patfu must be identified. Permit mauimd
for the construction of tha waata watar traatment plant.

Tranapwtation Safeguard for shipment of plutonium, mixed-oxide fuel, tritium.

SolidWaateDiapoaal Identify non-hazardoua, non-radioactive waate dieposal by type and rata.

Fedaral Aviation ~ency

Navigable Waters

Tall atructums or cranes over 200 feet above ground level.

Modification to navioeble water.

Timber Hawaat Forest mwwaement plan, if appropriate, to ba davelopad,

National Historic
Preaewation Act INHPAI

SwveV of artifacta or diacovary of archaeol~ical items in any aree of
disturbance during facility con~uction.

Amelican krden Rafigioua
Freedom Act

Fish and W!ldlife
Coordination Act

Dkturbanoe of ●reas considered “Mcrad” to Mien culturee.

Endangarad apaciea awl migratwy biid impact.
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V1. COST AND SCHEDULE ESTIMATES

A. PRE-OPERATIONAL COSTS

Pre-operational cost elements ara Rasaarch & Development, Pra-Titla I anginaering,
regulatory safety and environmental afforts in support of aach of tha alternetivas, plant
startup and tooting including operations procedures, as wall aa Reactor Complax
adminietrat”wacosts.

Rasasrch & Oavalopmant activities for this project are mainly diractad at fual and targat
fabrication ieauea which includa development and irradiation of damonstretion assembiias.
Tha other area of significance is the anelyais of fuel performance cheractariatica.
Successful completion of these activitiaa will support specification of all fual fabrication
parameters and provide the beeis for plent safety ●nalyeea.

It should be noted that because the Systam 80+ plant daaign includes provisions for
accommodating plutonium as a fuel, very minor herdware changaa ere necaesary to meat
tha requirements of this project. Sinca those changas are alraady identified, thera ara
minimal devalopmant raquiramanta for tha Systam SO+ portion of tha Raactor Complex.

Pra-Titla I engineering, regulatory safaty and envircnmantal efforta in support of each of
the alternetivea, plant startup and tasting, including operations procedures and Raactor
Complex administrative costs are alao provided within this scope.

The coat aatimataa in Sacticn S wera prepared in accordance with the guidelines provided
by DOE. Whan it becomas tima to actually Iocata the eta for tha PDR, it is quits Iikaly
that the plent can be located in a region of the Unitad States which enjoys substantially
bettor labor ratas, productivity ratea, ate. In addition, it is quite likely that e Syatam 80+
dasign and/or construction program will be goina on in Taiwan, Koraa, or the U.K. at the
same time aa the PDR prcgrem. This would provida an opportunity to substantially Iowar
the capital cost estimatas.

Eased upon separate evaluation that heva been performed, it ia aetimated that the capitel
cost aatimatea in Saction B could be Iowarad as much as $500 million if built in the
Savannah Rivar site area.

B. CAPfTAL COSTS

The scope of work includad within the Capital Cost Estimata inckrdaa all engineering,
daaign, matariaks, commccMiea, equipment, installation, erection, testing and facilities
nacassary for an operating System 80+ m nuclaar powar plant coupiad with a Fual and
Targat Fabrication Facility. Costs for a Tritium Recovery Facility are shown separately.

The Capital Cost Estimate was developed baaed upon the System 80+ Standard
Nuclaar Power Plant design accomplished to date undar the USNRC Dasign
Cartificaticn Program. Significant estimating activities hava taken place as part of
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the System SO+ development end application procaee. Development of capital
costs for plutonium dtaposition ara based on those other initiative. The following
outlinas the besia for the Syatam SO+ Capital Cost Estimeta. Tha astimata was
aeeambled in accordance with the Plutonium Disposition Study (PDS) Raquiramants
Document (RD) the Cost Estimate Guidelines (CEG) for Advanced Nuclaar Power
Technologies dated March 1993 (ORNLfiM/1 0071 R3), and tha Mid-term Reviaw
Agreements and Commitments.

A high confidence Ieval capital cost eatimeta for Systam 80+ had bean previously
developed. The methodology for development of thet eatimata invohrad tha
following diacreta steps. Since Systam 80+ is readily adepteble to the plutonium
dlapoeition mission, capital coat estimate devalopmant for tha plutonium disposition
options involved reviaione for conformance to the Coat Eatimata Guidelines and
adjustments for minor scope variations.

Individual components, inchdhg matarial commcdkiea and bulks withh the scope of
supply, ware quantified by computerized matarial takaoffa of drawings and diagrams,
by manual tekeoffa, and by adjusting quantities from previous nucleer power plant
experience. Computar based systams were used for those araaa and commodkiea
which are significant contributors to the totel capital cost.

Because the structural quantities in tha nuclear island and turbine island represent a
significant portion of the capital cost, thay ware completely modelad in 3-
dimeneionel CAD. Concreta and steel wera quantified utilizing the computar
raaourca and used directly in the estimate, providing what we consider to be highly
eccurate scope definition.

Piping, which is anothar major contributor to totsl capital cost wea partially
quantified by 30 computer, as a function of the existing plant daaign detail,

Valves, which are alsos significant contributor to total plent costs wera quantified
using computer takeoff, baaed upon system P&lDs.

In order to faciliteta a comprehanaiva, high confidence aurvay of component and
equipment suppliers in a short tima frama, component-specific “mini-specifications”
were developed from full scope vendor-specific specification used in previous
procurements and distributed to all potential suppliara.

Equipmant coeta per these mini-afmcificatione wara aasembled baaed on quotations.
Manhoura astimetea for eraction contracta are beaad on quotations. since tha scope
of work was accurately expressad in tha mini-specifications and supply and erection
is based on budgatary quotations, these estimates generally provide e raaaonably
high confidence level.
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Pricing for the following major equipment waa baaed on vendor quotation,

● NSSS

The entira NSSS acops of supply, including the reactor vaaael, ataam
ganeratore, pressurizer, reactor coolant pumpe and piping, shutdown cooling,
CVCS, aafaty injection, and containment spray syatema, slong with releted
inatrumanta and controls for the resctor protection systam and the NUPLEX
80+ Control Complex.

● Turbine Generetor

The turbine generator scope of supply including turbinea, generator, auxiliary
equipment such aa reheatera, moisture aaparator, lube oil equipment, hydrogen
cooling, and the condenser; conceptual daaign including preliminary heat
balances has been accomplished in order to properly size the equipment.

● CondensartPeedwater Heatara

A mechanical eraction contractor eatimatad the manhoura to erect the NSSS. A
contractor also estimated the manhours for the turbine generator, condenser and
feedwater heater erection. The balance of major equipment erection scope was
estimated using previous construction experience.

Bulk matarisl quantitiaa were developad baaed on computer aidad daaign, manual
takaoffs and adjustment for comparable nuclear project plant data. Reference wes
made to historical information whera approprista to test the reesonsblenesa of the
information developed.

Bulk materials were priced in accordance with the Coat Eatimata Guidelines where
applicable. Bulk material installation ratea were also baaad on the Cost Estimate
Guidelines.

Table VI B-1 reflacta representative quantity information of aelectad commodities of
a single System SO+ complex.

Labor rates used in the eetimste for erection/installation crews are those specified in
the Cost Eatimste Guidelines.
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Indirect costs are costs required to support the construction effort but not
identifiable to a specific end use eccount. The indirect costs for this construction
effort were developed besed on historical information, adjuatad, where naceasary for
the scopa and complexity of tha project. A non-manual stef fing profile was
daveloped consistent with tha project manual labor supervisory requirements, the
project schadule, and tha type of work anticipated. In addition, the aseociatad
support eteff requirements were eveluatad. Experienced construction pereonnel
assessed the temporary facility requirements, as well es tha construction aquipment
naads raquired for the identified construction methodologies,

The enaineerina costs were devaloped by each engineering discipline based upon the
specific enaineerina products end efforts raquired. In addition, the enainaarina
raaourcas required to support procurement and construction activitiaa were assasaad
and included.

Project Manaaemant costs have been included. Costs for administration support
services within tha projact organization have bean includad. Thaae services includa
cost end achadulina, construction Iieison, procurement, and other support services.

Fual end Target Febricetion Facility coste ware besad on pravioua etudias.

Table VI B-2 summarize the cepital costs of tha three bees case plutonium disposition
options and tha two additional options, end the Tritium Recovery Facility, Capital cost
information at the EEDB account level for tha verious deployment options is includad in
Tables VI B-5 to VI B-S. Tabla VI B-3 and VI B-4 provide operatina information about the
various options. Table VI B-9 saperatas capitel costs by FTFF end Enaray Conversion Area
(ECA) by unit number by deployment option.

Figuras VI B-1 through B-16 present the cumulative cash flow projections vs. time, cepitel
cost vs. tima, R&D cost vs. time and preoperational costs vs. tima.

c. OPERATIONAL AND MAINTENANCE COST

Opereting and Maintenance Costs (O&M) are definad aa the coate to oparete end meintain
the complex from intilal operation throuah dacommissionina. This portion of the overell
raector complex estimeta addrasses power production from the Plutonium Disposition
Reactor (POR) and the Eneray Conversion Araa (ECA). The Requirements Document,
Section 4.0, Information Requirements, Sections 4.5 and 4.5.1.3 identify the information
requastad for the Oparatina and Maintananca Cost portion of tha Study.
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The basic methodologyy utilized in the Plutonium Disposition Study for the five deployment
optiona involved development of e “bottoms up” estimate. A raviaw of industry date was
used to facilitate davalopmant procass by providing a cross check on tha rasaonsbility of
the eatimata. Aspects reviewad in tha industry data includad Costa and staffing Iavals by
the number of units per plant, generating unit siza, raactor type, and yesr of commercial
opsrstion. In sddition, other industry dats was raviawad ragarding D&D, sPara Pans
inventorial, etc. Perticulsr benefits of this approach includas a better understanding of tha
O&M coat impacts of advancad dasign faatures built into tha System 80 + daaign, and
tharafore inherently beneficial to the Plutonium Disposition Raactor.

The “bottoms-up” approach is dafinad as beginning with a “zero” baas and davaloping
coat aatimataa and workforca rattuiramanta for aach of the deployment optiona. A recant
ABB-CE reactor study provided recant Systam SO+ ataffho aatimates as a starting point
for the PDR. Tha aatimatea followed the guidance and requiremanta providad in the PDS
RaquiramarmeDocument and the “Coet Estimating Guidalinaa for Advancad Nuclear Powar
Tachnologias,” March 1993 (CEG). Verification based on an independent study wss also
factorad into the final analysis. Utilizing thaaa data aourcaa, a “sits” workforca
complainant (O&M on-aita staff and Administration & Genaral staff) and an annual cost
estimate waa developed.

Staffing Requirements

Staffing requiramanta for the Plutonium Diapoaition plant ara basad on a “bottoms UP”
approech. Tha racent Syetam SO + staffing allocation davelopad for another installation
aervad ae an axcellent starting point. Those System SO+ staffing allocation wera tha
rasult of a comprehsnaiwaeeassmant conducted by membsra of tha Systam SO+ team
with a background in power plant operationa and maintenenca. The goal was to establish
an optimum staff for normal operation, refualing outages and abnormal occurrences, taking
into account NRC requiremanta, INPO recommendations and utiliiy oparating axpsrianca.

As an evolutionary Advanced Light Wat6r Reactor, numarous design featuras have been
incorporated into Systam 80+ with the ob~activaof improving operational capabilitiaa.
Thase improvements (e.g., architectural accaaaibility, simplified ayatams daaigns, improvad
materials, aquipmant and tachndogy, ate.) have the effect of raducing staffing Ievals
below the raquiremanta of the Iataat generation of operating raactora on a comparable
baaia for the System SO+ as modified for the plutonium disposition miaaion. This raquired
raviaw of pravioua staffing eatimataa, with consideration for advanced dasign features,
design and functional chengas for the plutonium disposition miaaion, and adjustment of tha
staffing aatimates, aa appropriate.

Tha baaic workforca allocation may ba categorized into thraa major araaa: management,
staff support, and shift personnel. Staffing was raviawed by functional araas considering
specifii tasks and duties. Typically, staffing of functional groups are aither taak odentad
(a.g., maintenance, operationa, chemistry) or are dependant on tha aiza of other groups
(e.g., adminiatration. medical, safety). Although the functions and reaponsibilitiaa of the
groups ramain consistent batwaan the System 80+ study and the PDS, the staffing
increasad for the plutonium disposition mission basad on savaral factors. For example,

346-vl.wp/cm VI-5



PU CONSUMPTION IN ALWRS

:J&’~B
COST AND SCHEDULE ESTIMATES

since the plant waa required to be a separate operating company end elong with DOE
security requirements. the structure of the station organization wee ed)uated to eetisfy the
PDS Requirements Document.

The labor coeta are segmented between the PDR end the ECA. To segment these coats
the Iebor end coats of the workforce are factorad to teaka performed in their respective
section of the facility. Thie percentage may ba related to the workforce allocatad to tha
PDR or ECA. As with the initial workforce allocation this study was parformed aa e
“bottoms up” approach,

Staffing Assumptions

The staffing philosophy and associated aaaumptiona include

All alWt eectiona have e auparviaor that rotates with th@r personnel.

Shift poaitione ere self-relieving, except for the senior on-shift supervieora.

Operations has primary fire brigade responsibilities, with Security providing backup.

A regulatory compliance representative from each group ia provided as needed.

Clerical and managerial support ia provided in each group.

Shift personnel work e 5 shift, 12 hour workday rotation.

Training is provided within the shift rotetion.

When personnel are not actively training, they are used to supplement the day staff.

Mdntenance end testing of plant equipment is scheduled on e 24 hour per day basis
to maximize the uae of shift personnel, facilities end equipmant.

The shift crews ara “eelf-sufficient” in that they have a representative from etl
necessary work groups to perform routina maintanenca and surveillance tasting,

The support staff is e mixture of apecielized and cross-trained dieciplkws allowing
the flexibility to perform outage and operating responsibilities without unreaaonabla
overtime or outaide assistance.

Outage staffing was evelueted for the 17 day refueling [only) end the 50 day
rafueling durations. The personnel ellocated for the outaga will incur planned
overtime. Additional “spacialty” paraonnel are provided to perform functions such as
turbine inspection end repair, steam generator inspection, etc. This contract support
ia supplamentel to the normal complement of plant personnel and under tha direction
of plant management.

Staffing Ievela for dadiceted common facilities or functions ere included in the single
raactor generating unit staffing. Examples of common facilities end functions ara:
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Training facilities, emergency response, weter/sewege treatment facilities, and
environmental programa.

Principal Functional Areaa

A brief discussion of the principal functional areaa is provided below.

The Opemtions group includes four functional areaa. The shift support area includes relief
aupervisora. training and schaduiirrgpersonnel and other administrative positions. The
operationa support area focuaea on procedure development. Opsrationa engineering
support ia reaponeible for work coordhation within operations, includtng outage items.
The elift crew ia tasked with the implementation of station operating plana, oparationa
surveillance’a and monitoring of plent equipment. The shift crew also setiafiea minimum
crew requirements of the proposed Technical Specifications included in CESSAR-DC for
System 80+.

The Maintenance group includes six functional erees. Ths mechanical group coneista of
apeciaiized pump crawa, diesel generator control, shift crews performing routins
maintenance, and aupsrvisory support. A mechanical engineering group provides the
system and component expartiaa for the mechanical group. Instrument Electrical
engineering paraonnel perform the taaka associated with calibration Iaba, process
instrumentation surveillance and repair, valve support, and aupenrisory support. Shift
crews within this group perform routine maintenance and surveillance. An
Instrument/Electrical engineering group ia alao provided for system and component
expsftiae. Ths maintenance work planning group prepares the routine and outage work
ordera for the craft groups to implement. OA/Materiala ia reaponaible for the procurement
of supplies and processing receivable. (2A also includes tachnical support, inapactiona and
supervisory support for the group.

The Chemistry group includes three functional areaa with a staff and shift crew
responaibie for each of these. One group provides routins sampling of the primary,
secondary, and environmental proceeeea. The chemistry group aupporta water treatment
and production. Tha environmental group ia responaibie for compliance with regulatory
compliance for non-nuclear waatea.

The Radiation Protection (RP) group consists of three functional areaa. RP provides routine
support for ali work groups and overali station operation. In addition, count room
peraonnai support anelyaes of surveys and samples. Ths ALARA group supporta work
control and station paraonnel to ensure the Ioweat doaea achievable during station
operation.

The Integmtad Scheduling group inciudaa two functional areas for routine acheduiing and
outage acheduiing. The routina acheduiing areaa is responsible for the day to day
execution of surveillance, testing and repair activities. The outage scheduling area
aseambiiea work packages, preparea the outage plan prior to the outage and tracks outaga
activities during tha outage.

Ths Performance group conaiata of three areaa. The reactor engineering group ia
reaponaibie for core anaiysia, fuel load patterns and required aurveiilance of core
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parameters. The taat group has the primary responsibility for accomplishment of
survaillence testing to eetisfy regulatory end Code requirements. Engineering support
provides exp-mise with teat mathods, procedure development, end problem resolution.

The Securfty group consists of two steff areas end the shift crews. One functional areas
within security is responsible for badging and eccasa authorization of tha station parsonnel
whila the other group providea compliance and training support. Tha shift craw parforms
monitoring and accaaa control.

Safety ia responsible for three functional araas within tha station. Tha medical group
providas accaee screening, routine physical and amargancy madical services. The fira
protection ~roup provides firo prevention and brigada expertisa, including training of the
fire brigade. The industrial hygiene group performs the duties of ensuring compliance with
OSHA and state industrial regulations including training on these subjects.

Training for powar plant personnel is providad in four araaa by the training department.
General employae training includes all that is naceaaary to satisfy requirements for acceas
to tha facility. Operator training ia for ayatema training, initial licensing and operstor re
qualification training. Simulator training is also includad in this area. Tachnical aervicea
training is allocatad for tha Chemistry, RP and Performance groups. Maintenance training
is provided for the mechanical and imtrument/electrical craft personnel. Staff functions
are conaiatant with INPO accreditation guidalinea.

Administration Services ie dividad into four araaa. The broadeat of thaaa ia ganeral
employae sarvices, wNlch includas human raaourcaa and station management. Accounting
is responsible for contracts, accounts payable and receivable, and payroll. Regulatory
compliance is the focal point for station interfaca with DOE, NRC and othar govarning
regulatory agencies. Ctceneaeevent raporting, routine raporting and axpertise in Iicansing
iasuas ara taskad to this group. Tha Emergency Planning Group is placad undar
Administration Sewicaa to davalop tha amargancy plan and training axarcisas.

Tha O&M coats for the POR and ECA were developed. Annual on-site staff aelariaa wNlch
are shown in the CEG Guidelines, Table 4.4 (Page 51) ware used to develop annual labor
cost. An additional 10 percent waa addad for overtime, aupplamental pay, etc., and an
additional 10 percant was addad for social security tax and unemployment insurance
premiums. The detailad outage coat data was daveloped for: a) pricing out off-aita
tachnical support raquired for outages, b) validation that tha total diract O&M eatimata
includad sufficient dollars for outage coat. Annual nuclear regulatory fess ware asaumed
to ba $2.8 million {1992$) Per unit.

The total Administrative and Ganaral coats wara alao daveloped using tha Cost Eatimata
Guidalinea (March 1993). The pension and benefits account which includes workman’a
compensation inaurence waa calculated at 25% of the aum of on-eita and off-sits direct
salaries (axcluding off-site overhaad). Estimatas for annual premiums for nucleer plant
inauranca for advancad nuclaar planta ware providad in Tabla 4.5 (CEG page 52). Pinally,
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other administrative and gensrel expenses were calculated et 15 percent of the direct
power generation accounts.

Tha aconomics carrying ovar from the Systam 80 + dasign improvements wera factorad
into the analysia (a.g. ability to do comparatively more preventive and corrective
maintenance on Iina than currant industry; more affactiva accass to the staam generator
for maintansncx ate.) Outage cost waa avaluatad for tha 20 day and 50 day refualing
outagas, which includa rafualing. A 17 dey outega is possibla for rafualing only. Tha basic
assumption for all fiva (5) daploymant options as to bring approximately 100 contractors
to supplamant the axisting workf orce end cost out a proportional amount for tha plutonium
Diapossl Reactor and the Energy Conversion Araa to accomplish aach outaga. Tha total
coat of $3.2 million is applicable to all casea and dapsnding on the cycla Iangth (number of
outagas) for each deployment option, the annual cost eatimeta inchx!as sufficient dollars.

Thie study wes davalopad to compere/anslyze the diffarent mathods for calculating the
costs for Dacontaminstion and Decommissioning. The cost for decontamination utilizad in
this anslyaia was considered to be includad in the dacommisaioning cost. Tha funding
requirements ere based on the Cost Estimating Guidalinaa (CEG).

Tha usa of the s~cific DOE Coat Estimating Guidalinas is illuatratad below.

Dacommiaaioning Cost (Millions $) = 165 + 0.020 (P-1200)

where: P = Unit Thermal power lMWt)

S-O Spiking 3817 MWt 165 + .020 (361 7-1 200) = $217M
SF-O Spent Fual 3617 MWt ($217 MiUnit) x (4 Units) = $S68M
D-O Destruction 3617 MWt ($217 M/Unit) x (4 Units) =
SF-1 Spant Fual

$S6SM
3617 MWt ($217 M/Unit) x (1 Unit) =

SF-2 Spent Fual
$217M

3817 MWt ($217 M/Unit) x(2 Units) = $434M

An affactive maintenance program requiras timaly availability of pare, materials and
servicas. The procurement process for eech of tha deployment options will assura that
parts, matarials, and sarvicaa are availabla when naeded. In the development of the dollar
valuas for componant replacamant end operating spares, tha following aspacta wara
considered.

Standardization of aquipmant to minimiza inventory Iavels
Vendor recommended spara parts list
Spsra psrta Iaad tima on e “just in tima” dalivary concapt
Spare parts ahalf Iifa

34s-vl.wp/c.m VI-9



PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

Spare parts pricing
Potentiel for development of cooperative stocking progrernswith vendors and other
usere
Utilization of industry standard equipment

Cost Analysis

The coat analyaia was baaed on a recent AB%-CEstudy. industry date. and an asaessmant
of the NSSS and turtilne generator apsre parts. This analysis provided a study basis of $54
million for a single unit, $72 million for a dual unit, and $112.5 million for a four unit site.

The O&M cost astimata dateil, incluthng Statilng raquirmants for tha threa baae cases end
the two deployment options are presented in Tables VI C-1 through 7.

D. TIUTIUM RECOVERY FACILITY

Tritium Recovery Fecility coets ware based on pravious etudies.

E. REVENUES FROM SALE OF ELECTRIC POWER

The following mathod was used in calculating Annual Elactric Revenue:

Stap 1 Gross alactrical output (?#W#a)minus ECA houssloads equals nat MWe
delivered.

Step 2 Net MWe delivered multiplied by the capacity fector multiplied by
‘Annual Maximum Generation Hours” equals MWH

Dapioyment Option S-O (Spiking) 43% Cspacity Fsctor

Required deployment 75% Capacity Factor
options (SF-O, D-O)

Alternate deployment 80% Cspscity Factor
optiona (SF-1, SF-2)

Step 3 MWH multiplied by “alactrical price off grid” rate equala Total Annual
Electric Ravanue.

[Nota: ECA housa load is approximately 45 MW1.

The revenue projections for tha threa basa cases and tha two deployment options are
presented in Tables VI E-1 through 5.

F. SCHEDULE

Ths ovarall summary program for the base case deployment options is prasantad in a
format raferred to aa tha Projact Summary Natwork (PSN). Tha PSN is a schedule of

346-Vl.wp/cm VI- I o



PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

activity at the total project Iavel that diapleys the significant atagaa to9ether with
identification of key aventa and milestones against a calandar time acala.

The PSN dividas the total projact scope into tha main work group alamanta. Major taaka
within each work group ara identified togather with logic tiaa that indcata the significant
ralationahipa betwaen specific taaks and events. Thaae ara: Licansing, Enginaaring &
Proouremant, Construction, Commiaaioning, Fual and Targat Fabrication and Tritium
Racovary. Tha intervala betwaen contract placemant and start of site sctivitiea are clearly
idantifiad. The major constraints to tha start of major areaa of construction work,
including major aquipmant daliverias, are shown.

Dua to the summary Iaval of tha PSN it is not specifically site ralatad. Sita differences
would appear on eohadulea raflacting a higher Ieval of datail. Such diffarancea would not
impact the ovarali project duration.

For tha Syatam SO+ complax tha work that is described and scheduled in the Project
Summary Natwork at a relatively high Iavel ia defined in greater datail in individual
achadules daveloped for other initiatives. Thase programs ara Leval II and Level Ill
Natwork Schedules. Each aublavel echedula braake tha ectivitiaa down by primary work
groups shown by the higher level schedulas and shows the work in greatar datail
according to Iowar alamants in the Work Braakdown Structure. The activity durationa
shown on the Leval II corralata axectly with tha corresponding summary activity durations,
logic ties, and major milestonaa ahown on tha Projact Summary Natwork. Leval Ill ralates
work alamanta to components and reaourcas, ate.

Ttre major engineering is reflaotad by the Engineering and Procuramant Saction on the
PSN. Engineering will be complated on a schedule to auppon construction requirements.

Construction has a duration of 54 months from first concrata to fuel loading, Onca bagun,
tha critical path is through the nuclaar island concrata, conteinmant sphara, primary loop
components and the raector ahiald building. Tha Construction Schadula is labor intansiva
due to tha short schedule duration. As usual for construction, civil work is followed by
mechanical, electrical, and inatrumantation and controls araction and installation. The
construction organization will perform component teats such as hydro tasta prior to turning
aysterns over to the commissioning organization.

The PSN raflecta Iicanaing activities at a summary Iaval. Davalopmant of a Licansing Plan
and detailed schedule is proposed in Phaae II of tha PDS.

Commissioning activitiaa will bgin approximately 3S months before fual load. All ayetem
testa will be performed. The NSSS tasting will includa cold hydro and hot functional
taating prior to fual load. A aystam by systam program with furthar breakdowns by autr-
system where necaesary would be davalopad aa part of a datailed commissioning schedule
and include the operator training programa. All activities are totally integrated both within
a system and to other systama, and intagratad with othar final plant activities.
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Figures VI F-1 through VI F-3 reflect the PSNS for the base case plutonium disposition
options. The schedules reflect authorization on October 1, 1993 and first unit operstion in
March of the year 2001 with operetion of subsequent units et succeeding six month
intewals.
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TABLE VI. B-1
MAJOR COMMODITY QUANTITIES

FOR OPTION S-O

CONCRETE

FORMWORK

REINFORCING

STRUCTURAL STEEL

EMBEDDED IRON

POWER CABLE

l&C CABLE

CABLE TRAY

CONDUIT

PIPE “2* ANO SMALLER

PIPE 2.5” AND LARGER

WANTIH

3S2,600 CY

5,256,000 SF

51,700 TN

10,600 TN

10,914,000 LB

630,000 LF

2,990,000 LF

75,0000 LF

632,000 LF

205,000 LF

16S.000 LF

THESE ARE REPRESENTATIVE QUANTITIES AND TAKE
INTO ACCOUNT LARGER FUEL POOLS THAN STANDARO
DESIGN BECAUSE OF FUEL STORAGE REQUIREMENTS.

NO QUANTITIES ARE INCLUDED FOR THE FUEL AND
TARGET FABRICATION FACILITY.
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PRE-OPERATIONAL

Fuel R&D

Tritiurn Recovery

Fuel & Target Febricetion

PDRIECA k-op

CAPITAL

PDRIECA

Fuel & Target Fab.

Tritiurn R800very

Indirect cost

TOTAL CAPtTAL

GRAND TOTAL

TABLE VI. B-2
CAPITAL COST SUMMARY

(JAN’ 92$ MILLION)

BASE OPTIONS

SPIKING SPENT FUEL DESTRUCTION
x~_QQ_

33 33 60

45 45 45

150 225 225

1,437 4,961 4,961

700 450 450

1,354 3,990 3,990

3,49f 9,401 9,401

3,719 9,704 9,731

OTHER OPTIONS

SPENT FUEL SPENT FUEL
~~

33 33

45 45

150 175

L
1.437 2.633

450 450

1#354 2,234

3,241 5,317

3,469 5,570

TRITIUM

65

I__
225

11

236

321

PDR/HFF

ECA

GRANO TOTAL

3,319 6,343 8,370

400 la
3,069 4,835

1,361 1,361 735

3.719 9,734 9.731 3.469 5.570



PU CONSUMPTION IN ALWRS

~Jnl!llB
COST AND SCHEDULE ESTIMATES

—

!!
!!’

.

—

— —

w

w

m.

m

—

—

—

—

VI- I 5



TABL5 VI.B4
DPERATfNG DATA

<
7

0)

SFfKING WENT FUEL DESTRUCTHX
s-o

SWN-r FUEL SPENT FUEL
SF-o 00

TRMUM
SF-1 SF-2 RECOVERY

Ekctrio Generation 1,350 Gross 1,35D Gross 1,350 Gross 1,350 Gross
(we) FJefunit)

1,350 Gmaa 1,200 Gross
1,256 Net 1,266 Nat 1,256 Net 1,256 Net 1,256 Net 1.115 Net

Cvcla Lenoth 3 Months 12 Months 12 WXlths
39 EFPO

12 Montha 12 Months
274 EFPD

12 Montfra
274 EFPD 292 EFPD 292 EFFQ 274 EFPD

Raf~ & 17 Oay Rsfualiq, 17 Dav FWualing 17 Day Raf*
MalntaNnce outage

170ay RefuaSng
4 Ou@esfYr. Avg.

17 Day Rafuatii NIA
50 Daya ITotal) 50 Oavs ITotall 50 l-saysITofal) 50 Daya ITotal)

lows} w unit of 20 Oaya each
(S0 Oa@Yr Total)

Ad&l COmrnarclal 56 42 42 0 30 NIA
Ops DwatiOn (YRW

COat of Construction 3,119 9.704 9,731 3,469 5,570 321
& En@mering 1$)
[MilliOna]

Fuel Cost NrYR) o 0 0 0 0 NIA

O&M tiS ($/YRl
Milliorsa

PDR 75.4 169.4 169.4 73.2
ECA 22.1

98.6
53.6

NIA
53.6 19.6

FTFF 75.0
27.4

75.0 75.0 75.0 75.0 NIA
TRF 7.0

hvg. coat of 97.6 243 243 92.6 126.2 NIA
Dparatkrn WYR)

KA capital 2.9 10.7 10.7 2.9 5,7 WA
‘mprovementa WVr)
Uillii

1
tipacity Fsctora%
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TABLE V1. B-9
CAPITAL COSTS BY UNIT W DEPLOYMENT OPTION

0P710N:s-a n 0PTW4: SF-O n OPTION 04 I oPlloM SF-1 OPnow SF-2
Prnvnw m mTAL i PoFvFrR EcA TOTAIFOW7FF Em tu7MlFlnw7FF Ea mTM mwrt+ 6X loT&

ml’rNo. t i S2,219 2400 S2,ns+j $&07a $4m SS,470I Ss,as? 2UM 2s,4s7I Ss,oss Mm $2,42s S3,070 &aJ w,em

UNITW.2 ~ WA WA WA I $1,7ss 222s sad sl,ms 22ss $S,1WI WA WA WA S1,76S w S2,1m

W77N0. S ~ WA
I

WA N!A n *1,7SS - 22,07s1 $1,720 S2al S2,07S WA ?UA N/A WA WA NIA

uNr7m.4 w WA WA 1 $1,7ss $20s Siass II 81,72s Uo2 Ss,as NIA WA WA WA WA WA

lures i $q210 $400 $2,719 Sw4S $1,s1 SS,704 $s,s70 $1,2s1 2S,7W S200m S401 S2,4SS *,222 $=s 2s,s70



TABLE VI. C-1
BASE CASE DEPLOYMENT OPTIONS ANNUAL O&M COST FORMAT

(MILLIONS)

~

I

SPENT FUEL DESTRUCTION SPENT FUEL SPENT FUEL
s-o SF-O D-O SF-1 SF-2

PoR ECA PoR ECA POR ECA PoR ECA POR ECA

)IRECT FOWERGEN

On-Si Stsff 37,7 10.2 95.4 27.3 95.4 27.3 37.7 10.2 50 14

MaintenanceMat’1
Fixad 6.7 1.6 16.2 4.7 16.2 4.7 6.4 1.7 6.3 2.3
Variable 4.1 1.1 9.8 2.6 9.6 2.0 3.8 1 4.9 1.4

Suppliaa& Expanses
Fixd 2.1 0.6 4.7 1.4 4.7 1.4 1.B 0.5 2.3 0.7
Variable 1.4 0.4 3 0.9 3 0.9 1.1 0.3 1.4 0.4

off-sine Tech Supp 1.9 2.3 1.9 2.3 1.9 2.3 0.5 0.6 0.9 1.1

‘DRtECATetal $70.3 170.4 170.4 65.6 67.7

Ws)surrReg. Fess 2.8 11.2 11.2 2.8 5.6

Total O&M Costa $73.10 $181.60 $181.60 $68.40 $93.30

!OMIN. & GENERAL

Psma$on& Benefits 10 25.6 25.6 10 13.3

Nuclear Insur.Pram. 4.2 9.5 9.5 4.2 5.9

OtherAlkG Expenses 10.2 26.3 26.3 10.2 13.7

Totsl A&G Coats $24.40 $61.40 $61.40 824.40 ?32.60

“OTALANNUALCOSTS $97.50 $243.00 $243.00 $92.@Q $126.20

Oisposd& Oacornm. 868 86s 217 217 434

OparetingSpsma 54 112.5 112.5 54 72

I
I
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TABLE VLC-2
SASE CASE DEPLOYMENT OPTIONS

-. —--- ----

L CONTRACTSUPPORT

A. Turbhs(35 people -300 hr @ $46.68)

B. Head [23 people -180 hr @ 445.68)

c. Valves (23 ~ople -180 hr @ $36.761

D. Stasm Generator (25 people -120 hr @ $S7.76)

H. M-HOUSE SUPPOR7 Iherwnantd)

A. Maint (230 people -200 hr @ $34.00)

B. Operations (36 People -60 hr @ $42.73)

c. Security {50 Paople - S ttf @ $21.00)

o. OA/OC (15 people -200 hr @ $32.20)

IN. MATERLAU / DIRECT WSCHA6SS

TOTAL 0u7AQEC06T

w. TOTALSfTEOUTAGESCHEOULE

oPTlof4

POR

40

$189,116

$106,602

$173,260

$1,094,800

$62,s13

$7,560

$96,600

81,281,773

02S4,209

$2,024,84S

ECS

6470,640

$0

$45,s44

$0

$469,2M

$26,920

0s40

40

0496,960

8173,7s1

$1,196,026

TOTAL

+479,640

$189,116

$162,146

$173,260

$1,664,000

$s9,733

$s,400

$9s,600

*1 ,76s,733

$467,990

$3,220,S73

1. s-o spiking AvereQe 4 outages par year (Average 4 outageaWnit)
2. SF-O Spant Fuel 4 outagas par Veer (1 outagafllnit)
3. D-OOeetructrnn 4 outeees par yss4rII 0ut3ge/Unit)
4. SF-1 Spent Fuel 1 Outsge psr yew II OutsoeMit)
5. SF-2 Spent Fuel 2 outsgea per year (1 outageAtrW

NOIE Outage Costa remain ceneiatent for all deployment optiona
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TABLE VI. C-3
BASE CASE DEPLOYMENT OPTIONS STAFFING REQUIREMENTS:

SPIKING S4

CATSGORY

fi~v* ~
Administrative Oivision

Reguleto~ Compliance~S4

SefetyrUeelth

security

Training

Sefetv

Mediil

Fire Protection

Emereenoy P&n@

Environmental

Administrative

Adnhietmfh OMelon Tad

Operations Oivision

Opemtlme

Mehteremce Wision

MainteMnce

Radwaete~econ

Facilities

System Er@neeriw

Ou@e Mgmt

MC

Warehouse

Mdntenmee DIvbion Tetd

Technical Oivision

Plant Tech Support

Chemistry

HP/AIAFWRedmtiOn promotion

-Er!@wwW

Other Non-Nuoleer Site

En@aerinwDeeign

LiceneiW

NO OF
PERSONS

s

1

2

126

38

4

2

2

2

3

12

18S

110

230

10

2

12

21

15

s

2S8

12

S2

73

2

47

Is

3

POR LASOR
COST

$1 ,09S,000

464,000

?61,800

$3,273,760

$1,593,000

$160,000

$100.000

076,000

$1OS,OOO

$121,500

*38S,SO0

$s,s26,ss0

$4,862,560

$7,S27,053

$413,000

444,260

+4S2,400

$704,025

$670,600

822s,ooa

$10,16S,238

$418,6s0

$2,701,S60

83,270,400

$12s,200

$1,142,100

$723,S00

$160,s00

ECALASOR
COST

*o

$20,s00

$3s3,750

0531,000

$60,000

$0

826,000

$0

$40,600

$0

01,030,860

$2,083,960

*3,26S.737

$0

$14,760

$160,S00

0234,S75

$0

$76,000

$3,764,8S2

o104,s40

$900,650

$0

$0

@3so,mo

$241,200

$0

TOTAL LA80R
COST

*1 ,098,000

80s54,000

$S2,400

:3,s37,600

$2,124,000

$2W,000

$1OO,OOO

$1 OO,OOO

$108,OOO

41 S2,000

:3ss,s00

M,666,700

$S,848,600

$10,s95,790

0413,000

$6S,000

$643,200

893s,700

$670,600

$304,000

$13,S24,1 SO

$523,200

$3,S02,200

43,270,400

$125,200

$1 ,622,s00

$964,s00

$1 So,soo
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PU CONSUMPTION IN ALWRS
COST AND SCHEOULE ESTIMATES

TABLE VI. C-3 (continued)
BASE CASE DEPLOYMENT OPTIONS STAFFING REQUIREMENTS:

SPIKING S-O

CATEQORY NO OF
PERSONS

Taahllied Ohrieial Total 217

Mnidetr9tlv9 k Qmnrd 13

TOTAL 83S

Ovwtime, Supplemental, Etc.

Social Security, Unemployment

QMNo TOTAL

POR IASOR
COS7

$S,642,310

$s24,000

$31,431,93s

$3,143,194

*3,143,194

$37,718,32S

ECAIASOR
C087

$1,S27,090

*o

bS,4S8,S52

$s4s,6s5

#849,6S5

010,19S,222

TOTAL IASOR
COST

$10,1S9,400

$s34,000

:39,S2S,790

$3,892,S79

$3,SS2,S79

$47,914,s48

346-Vl.wp/cm VI-27
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PU CONSUMPTION IN ALWRS
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COST AND SCHEDULE ESTIMATES

TABLE W .C4
SASE CASE DEPLOYME~ OPTIONS STAFFING RETIREMENTS:

SPENT FUEL SF- O

CATEOORY NO OF POR LASOR
PERSONS COST

Sxaadva Mmwmant

Atlmirktrative Dwision

R@atory CompliancaMXA

S8fety/He8tth

Secwity

Training

safety

Medical

Fun Protection

Emargency PlwminG

Environmental

Administrative

AddnNtratlvaOlvbka Tad

Opamtions Dhfision

Maintenance Oivision

Maintenance

RadwaateiDacon

Facilities

System Engineering

Outaga Mgmt

OAioc

Wwshouse

MalntarimcaOivisimTotal

Technical Oivision

plant Tech Support

Clmmiatry

HPALARAtlladiation Protection

Reactor EIwirBwrlnE

Other Non-Nuclwr Site

Enginaarin@aeiOn

ticanai~

s

4

8

300

36

16

s

8

s

12

15

415

370

40

4

34

68

42

22

164

4

u

6

$1,098,000

0216,000

$247,200

07,8S7,000

$1,5s3,000

0600,000

S400,000

$300,000

4432,000

84s6,000

$4s8,000

*12,817,200

*1 S,366,S60

$19,233,438

$I,S52,000

4S8,600

$1,366,S00

$1,944,450

$1 ,s77,400

0627,000

$26,7S8,58S

$s5s,060

67,146,300

88,332,600

$2S0,400

$3,207,800

$1,768,800

$268,000

ECA LASOR TOTAL LADOR

*o

00

$82,400

6873,000

6631,000

S200,000

$0

$100,000

80

$1 S2,000

$0

:1 ,94s,400

b7,00@,660

46,242,S02

*O

42 S,600

$466,600

$848,1s0

80

8206,000

$6,686.162

$13S,620

$2,362,100

*O

$0

$1,068,200

$68 S,600

00

C08T

*1 ,0ss,000

0218,000

$329,600

$S,730,000

S2,124,000

tsoo,ooo

$400,000

$400,000

@432,000

$648,000

$466,000

$14,S06,800

023,366,600

$27,47S,340

$1,662,000

411s,000

$1,622,400

$2,692,600

41,677,400

b636,000

*36,374,740

$697,600

$S,528,4MI

6S,332,600

$250,400

84,276,61M

82,35S,400

$26S,000

346.Vl.wp/cm VI-28



PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

TASLE VI .C4 (Continued)
SASE CASE DEPLOYMENT OPTIONS STAFFING REQUIREMENTS:

SPENT FUEL SF- O

CATEQORY NO OF FOR LASOR
FSRSONS COST

TecJ@odDivleimT* 6S1 :21,631,980

AdmMmmka & Omed 18 *1,137,000

TOTAL 2143 $79,S2S,618

Owtime, Supplemental Etc. :7.952,962

3ocial Security, Unemployment $7,652,962

QRANO TOTAL @96,436,642

ECAIABOR
COS7

$4,180.420

:0

$22,723,622

$2,272,362

$2,272,362

427,26S,346

TOTAL IAsOR
COST

$2S,712AO0

$1,137,000

$102253,240

$10,225,324

$10,226,324

$122,703,s6s

34s-vl.wp/om VI-29



PU CONSUMPTION IN ALWRS

;1
Ln mR COST AND SCHEDULE ESTIMATES

,~m~~~9

TABLE VI. C-5
EASE CASE DEPLOYMENT OPTIONS STAFFING REQUIREMENTS

DESTRUCTION D-O

CATEQORY NO OF
PsnsoNs

Esswthw FAmsgemsm

Administrative Division

llsgulato~ ComplianeeKXA

Safety/Health

Security

Training

Ssiatv

Msdicel

Fife Protection

Emereanoy Planning

Environmental

Adminktrative

A&mnkmMb Dmebm Tom

Operations Oivision

Operauau

Msintensnce 0kisi4n

Mahtarwnce

RadwaaterDacon

Facilities

System Engineering

Outa@eMgmt

aAmc

Warehouaa

Maintanence Division Total

Tachnical Division

plant Ta=chSuOporI

Chamiatly

HPIALARAMsdiation Pmtsction

Rssatot EnWwsring

Other No*Nuclaar She

34s-vLwp/Cm

8

4

s

300

38

16

s

B

8

12

16

415

370

580

40

4

34

68

42

22

780

16

164

186

4

132

PDR LASOR
COST

$1,098,000

8216,000

6247,200

e7,s67,000

$1,s93,000

$600,000

*400,000

$300,0CQ

$432,000

$486,000

$486,000

$12,617,200

$16,365,860

.19,233,43a

$1,652,000

88S,600

$1 ,366,S00

81,944,460

*I ,877,400

$627,000

$26,78S,588

$668,080

$7,146,300

:8,332,S00

0260,400

$3,207,600

VI-30

EM LABOR
COST

*O

bo

ba2,400

$873,000

$s31 ,000

$200,000

$0

$100,000

00

0 162,00D

$0

$1 ,s4s,400

*7,00S.6S0

88,242.902

$0

$29,S00

$4s6,aM

0848,1S0

:0

$208,000

$S,686,162

$138,S20

:2,382,100

40

00

$1,088,200

TOTAL IABOU COST

$1,088.000

421a,ooo

$32a,800

$S,730,DO0

ez,l 24,000

$600,000

$400,000

$400,000

$432,000

M4S,000

$4a8,000

$14,s88,800

b23,3S8,600

427,478,340

61 #6s2,c@

0118,000

0I ,a22,4cm

$2,692,600

81,877,400

$838,00cl

$36,374,740

$697,600

$9,528,400

08,332,aDo

02S0,400

$4,276,800



P(J CONSUMPTION IN ALWRS
AL m

‘#ful~NB~9
COST AND SCHEDULE ESTIMATES

TASLE VI. C-5 (continued)
BASE CASE DEPLOYMENT OPTIONS STAFFING REQUIREMENTS

DESTRUCTION D-O

NO OF POR LABOR ECA LA80R TOTAL LA80R COST
PERSONS COST COST

Engineerin@e8ign

LicensiN

Tad@cd Olvlalun ToW

AdmhiDwatlv* & Qsnd

TOTAL

Overtime, Supplemental, Etc.

Social Security. Unbmcdoyment

GRAND TOTAL

44 $1,768,800

5 $268,000

661 *21 ,631,980

Is 01,137,000

2143 $7S,529,61S

07,952,962

$7,962,962

:SS,436,842

$589,600

$0

04,180,420

*O

$22,723,623

$2,272,362

82,272,362

*27,268,348

$2,358,400

$268,000

025,712,400

$1,137,000

:102,263.240

010,225,324

t 10,226,324

$122,703,888

345-vl.wPkm VI-31



PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

TABLE VI. C-S
SASE CASE DEPLOYMENT OPTIONS STAFFING REQUIREMENTS

SPENT FUEL SF-1

CATEQORY NO OF PORIASDR ECA LABOR TOTAL IABOR COS7
PERSONS COS7 C08T

Executive Mmagmlmf

Administrative OWiaion

Regulatory ComplianceiOEA

Safety/fiaelth

Sacwity

TrainiN

s9faty

Medicel

Fire Frotwtion

Emeroenoy Fknnina

Envlronmetil

Administrative

AdmHatdve Diviahrn Total

Operations Oiviaion

Maintenenw Oivision

Meintenenm

RadwaatarDae4m

Fecilidas

System Engineering

Outeoe Mgmt

ONOc

Wwehawe

MalntanmaaDMaim Tot#

Technical Division

Plant Tach Support

Chamiatfy

HPIAIARAIRediation protection

Reactor Engineering

Other Non-Nuclear 8ite

Enpkwerin@Oqsian

Licensing

346-Vl.wp/cm

$

1

2

126

36

4

2

2

2

3

12

1Ss

110

230

10

2

12

21

15

8

29s

12

62

73

2

47

18

3

*1 ,09s,000

$54,000

S81,SO0

$3,273,750

$1,593,000

@l60,DO0

$100,000

S76,000

S108,OOO

$121,s00

S388,S00

06,S25,S60

$4,8s2,6s0

S7,627,053

3413,DO0

S44,250

3482,400

S704,025

$670,600

$228,000

$10,1SB,22S

S418,S60

S2,701,650

b3,270,40!J

S125,200

$1,142,100

b723,W0

$160,800

VI-32

:0

bo

S20,SO0

8363,750

:631,000

$50,000

$0

S2S,000

co

*40,5ea

so

$1,030,s50

$2,0S3,S50

S3,268,737

40

S14,750

S1 60,800

S234,S76

80

$76,CCQ

:3,7 S4,962

S104,64O

S900,550

*o

so

$380,700

$241,200

60

$1,09s,000

0S4,000

SE2,400

$3,637,500

:2,124,000

@2Do,ooo

$100,000

Sloo,ooo

$108,000

$182,000

S388,800

$6.96S,700

06,s4S,500

S1O,8S5,79O

S413,000

S68,000

S643,200

S938,700

$670,600

$304,000

$13,S24,190

S623,200

S3,602,200

83,270,400

S125,200

:1,622,800

?964,800

$160,800



PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

TABLE VI. C-S (Continuad)
BASE CASE DEPLOYMENT OPTIONS STAFFING REQUIREMENTS

SPENT FUEL SF-1

CATEGORY NO OF
PERSONS

Tachnicd Olvklon Total 217

Overtime, Supplemental, Etc.

Social Security, Unemployment

ORANDTOTAL

PDR LABOR
COST

$8,S42,310

$834,000

631,431,438

S3,143,1S4

S3,143,194

*37,718,328

ECA IASOR TOTAL IASOR COST
Cosr

*1 ,627,090 010,16s,400

$0 *834.000

8s,496,852 *39,S28,790

SS4S,6S5 S3,SS2,879

6849,886 $3,SS2,879

*10,196,222 $47,914,s4s

346-Vl.wp)cm VI-33



PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

TABLE VI. C-7
EASE CASE DEPLOYMENT OPTIONS STAFFING REQUIREMENTS

SPENT FUEL SF-2

CATEGORY NO OF PDR LABOR ECA fABOR TOTAL MBOR

ssscrstfwMme@ment

Administrative Division

Regulatory Compliance/OEA

Ssfetyrnadth

Secwfty

Training

sefety

Medical

Fire Protection

Emergency Flenning

ErwironmemAl

Administrative

AdnWetrsthra DhrielonTotal

Operations Division

Ofsereuons

Maintsmence Oiviaion

Mekltensnoe

Rsdwastetlkcon

Facilities

System minesring

Outage Momt

WC

Warehouw

Mdntutmsos Division Total

Technical Division

Plain Tsch SWpwt

Chsmiatry

HP/AIARlv%diation Protection

RslectorEngii

Other Non-?klesr Site

EnginsmrinrJOesign

Licensing

PERSONS COST

s

2

4

160

36

8

4

4

4

6

12

186

20

2

17

29

21

11

12

52

53

2

66

22

3

$1 ,0S8,000

*1 OS,OOO

$123,800

$3,82 S,600

$1,683,000

8300,000

$200,000

#l 60,000

0216,000

$243,000

*3SS,CO0

$0

$0

441,200

$43s,500

$631,000

$100,000

$0

$50,000

$0

$s1 ,Ooo

$0

$7,260,100 $1239,700

$8,177,92S $3,604,825

48, S16,718 $4,121,451

0826,000 80

$44.260 $14,750

$ss3,400 *227,8CQ

$872,226 0324,076

$S38,700 00

$313,600 0104,600

$13,3B4.7S4 $4,7S2,S7S

$41s,660 *1 04,640

:3,573,150 :l,tsl,oso

04,166,4W *O

$125,200 *O

$1 ,803,S00 $634,800

$s84,400 $294,800

4160,800 $0

COST

$1,09S,000

$108,000

$1s4,s00

$4,385,000

$2,124,000

MOO,ooo

4200,000

0200,000

b216,000

@324,000

*3SS,0D0

$8,48S,800

011 ,SS2.7B0

613,738,170

*S26,000

$59,000

4B11,200

$1,296,300

$s3s,700

441 S,000

$1 B,l 87,370

$623,200

$4,764,200

$4,166,400

$126,200

$2,1 3s,400

$1,179,200

$160,s00

346-Vl.wBlun VI-34
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PU CONSUMPTION IN ALWRS
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COST AND SCHEDULE ESTIMATES

TABLE VI. C-7 (Continued)
BASE CASE DEPLOYMENT OFTIONS STAFFING REQUIREMENTS

SPENT FUEL SF-2

CATEOORY NO OF PORLJiBOR ECALABOR 70TAL LABOR
PERSONS C067 Cosl COST

Tochnlod Division Totel 280 :10,932,910 :2,125,090 $13,067#400

AdmhbweUve & Gwnd 13 *834,000 $0 6834,000

TOTAL 1107 441,8S7,12S $11,662,181 063,348,320

Overtime, Stmplementel, Etc. $4,168,713 81,166,219 $6,334,632

Social Security, Unemployment $4,168,713 $1,166,219 46,334,932

QRANO TOTAL :50,024,656:13,864,628 :64,019,164
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TAME VW-5
8ASS CA3S osPLoYmm7 OPlm - ANNUAL Nsvmus Nsoummms M-Y cONWMoNAsEA:8Pm7

FUEL SF-2

YSAN ANNUAL CO092 WUAL YSAN ANNUAL
Nm GM

SOSr -1992 ANNUAL

Mw@
NE7QM

pw WC M-& w. pu MW9 (l-u%)

2000 18,257,242 $27.56 $502.98 2030 18,267,242 $38.20 $897.43

2001 18.257.242 $28.01 $511.38 2031 1S,267,242 $38.57 $704.18

2002 18,257,242 428.38 $518.14 2032 1S,257,242 $38.94 $710.84-

2003 18,257,242 #21L7S $525.08 2033 t8,257,242 $39.32 $717.87

2004 18.257,242 $29.14 $532.02 2034 18,257,242 $39.70 *724.81

2~5 18,267,242 628.54 *539.32 2035 18,257,242 *40.00 $730.29

2006 18.257,242 @29.8fI $548.80 2038 18,257,242 $40.48 *739,05

2007 18,257,242 e30.37 +554.47 2037 18,257,242 840.8s 6746.3s .

2008 18,257,242 830.80 $582.32 2038 18.257,242 *41.28 $753.68

2008 18,257,242 $31.24 $570.3s 2039 18,257,242 *41.69 *761.14

2010 18,257,242 *31.89 $67s.57 2040 1S.257,242 *42. 10 *768.63

2of 1 t8,257,242 $31.98 $563.S7 2041 1S,257,242 *42.52 $776.30

2012 18,257,242 $32.27 $589.16 2042 16,257,242 *42.94 b7s3.97

2013 18,257.242 $32.67 $564.s4 2043 18,267,242 *43.37 $7S1 .82

2014 18,257,242 *32..67 *600.12 2044 16,257,242 $43.6f $799.s5

2016 18,267,242 933.17 *606.68 2045 16,267,242 444.24 eso7.70

2016 18,257,242 *33.48 $611.26 2046 1S,267,242 $44.69 $S15.92 -

2017 16,257,242 $33.76 $616.73 2W7 18,257,242 $45,14 *624.1 3

2018 18,257,242 834.10 b622.67 2048 16,257,242 $45.69 $832.36 -

2018 16,267.242 $34.42 $628.41 2048 1S,257,242 M8.OS 6840.83

2020 f 6,267,242 *34.74 $634.26 20s0 1S,257,242 ~4S.62 *849.33

2021 16,267,242 *36.07 8640.28 2051 1S,257,242 *47.00 $666.02 .

2022 16,267,242 $36.40 $646.31 2062 1S,267.242 *47.47 $S66.67

2023 f8,257,242 *36.74 $652.61 2063 18,267,242 *47.98 $675.98

2024 16,267,242 $36.07 $866.64 2054 16,257,242 $48.46 $884.56 .

2026 18,257,242 $36.42 $664.93 2055 16,267,242 $46.95 $683.69

2026 18,257,242 $36.78 $671.14 2066 16,267,242 $48,45 $802.62

2027 T8.267,242 837.12 4677.71 2067 16,257,242 $49.96 $812.13 .

202s 16,257,242 $37.47 $6S4.10 2068 18.257,242 $50.4s $921.63

2029 18,257,242 437.s3 $690.67 2059 18,257,242 $51.00 $931.12



PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

FIGURE V1. B-1
CASH FLOW

FOR S-O DEPLOYMENT OPTION

o I 1 1 1 1 1
1993 1994 1995 19% 1997 1998 1999 2000 2001

YEAR
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PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

FIGURE VI, B-2
CAPITAL COST

FOR S-O DEPLOYMENT OPTION

)93 1994 1995 19% 1991 1998 1999 2000 2001
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PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

FIGURE V1. B-3
CASH FLOW

FOR SF- 1 DEPLOYMENT OPTION

,~
1993 1994 199s 19% 1997 1998 1999 2001

YEAR
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PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

FIGURE V1. B–4
CAPITAL COST

FOR SF- 1 DEPLOYMENT OPTION

993 1994 199s 19% 1997 1998 1999 2000 2001

YEAR
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PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

FIGURE V1. B-5
CASH FLOW

FOR SF–2 DEPLOYMENT OPTION

,~
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COST AND SCHEDULE ESTIMATES

FIGURE V1. B-6
CAPITAL COST

FOR SF–2 DEPLOYMENT OPTION
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PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

FIGURE V1. B-7
CASH FLOW

FOR SF–O DEPLOYMENT OPTION
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PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

FIGURE V1. B-8
CAPITAL COST

FOR SF–O DEPLOYMENT OPTION

I I I 1 1 I 1
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YEAR
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PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

FIGURE V1. B-9
CASH FLOW

FOR D-O DEPLOYMENT OPTION
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PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

FIGURE W B-10
CAPITAL COST

FOR D-O DEPLOYMENT OPTION
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PU CONSUMPTION IN ALWRS
COST AND SCHEDULE ESTIMATES

FIGURE W B-11
R & D COSTS

FOR S–O, SF–O, SF- 1 & SF-2 DEPLOYMENT OPTIONS
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YEAR
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FIGURE V1. B-12
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FIGURE V1. B-13
PRE–OPERATIONAL COSTS
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FIGURE W B-14
PRE-OPERATIONAL COSTS
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Wt. DEPLOYMENT STRATEQY

A. INTRODUCTION AND OVERVIEW

The purpose of this section is to sddress the deployment options ss required by the
Plutonium Disposition Study (PDS) Requirements Document (RD). This overview briefly
introduces thaspproech tekenin responding to the basic requirements inlster subsections.

The RD establishes beeic requirements for the time period end emount of plutonium to be
disposed snd cspabilitias that must be providad (a.g., capability for tritium production).
The RD methodology raquiras devalopmant and characterization of thrae rasctor cora
design casaa baaed on the fual cycla) that are referred to as Spiking, Spent Fuel and
Destruction. Thaaa raquirad core dasign cases ara conatrainad in that they must satisfy all
RD requkaments.

The RD(Saction 5.1, Davalopment Strategies) stataa: “Thadaploymant atratagyoutlinad
intha pravious aactionsanvisiona ona ormorelsrga reactor complexes, probeblylocetad
on Fedaral land and wholly supported by Fadaral funding.” Tharefora, tha deployment
stretegias to baaddresaed includa thethrearaquirad raactor core design cases, locstad on
Federal land and wholly supported by Federal funding. Thaseare rafarred toharain as the
Requirad Deployment Options snd are deaignatad sccording to tha fual cycle used as S-O
(Spiking), SF-O (Spent Fual) and D-O (Destruction), raapactivaly.

The RD (Saction 5.1, Development Strategies) goes on to stata: “Designers are requested
to discuss and daacriba any othar poaaibla daployrnent stratagias that could be conaidared
within the U.S. or outside the U.S., through intarnationtd cooperation, etc.” Thts
raquirament solicits a discussion of othar possible raactor deployment options, which mey
or mey not aetisfy all RD raquiraments. Th!s implicitly racognizas that benefits mey ba
obtsinad by ralaxing the constraints imposad by RD requirements. This tradeoff allows less
axtrama raactor core designs (fuel cycles) to be utilized and is particularly beneficial with
ragard to eatabkhing a mora economic belance between tha mission time and number of
raactors raquirad.

Consideration of othar deployment optiona also includes altarnativa strategiaa regerding
Iocetion end funding. This axtands tha ranga from that stipulated for tha raquired options
(La., totally Gwernment ownad and oparatad facilities on Federal lands) to ancompass
possible privata investment and other siting akarnetivas.

Consistent with the intent of the plutonium mission, two additional deployment options
have baen davelopad. Thaaa msy be considarad as variations of the required Spent Fuel
[SF) option, in tarms of the raactor core design (fuel cycla). They are raferrad to harain as
Othar Deployment Options and ara designated as SF-1 and SF-2, since they include one
and two reactors, raspectivaly. Tha banefits obteined from thaaa options rasults principally
from ralaxin~ tha mission tima constraint of the RD requiremanta.

It should also be racognizad that the location (reactor complax siting) and funding
alternatives applicable to Other Daploymant Options are rathar ganaric; thay ara not
axclusivaly aaaocietad with SF-1 or SF-2. For axampla, the SF-1 Deployment Option is
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dafined in terms of the number of reactors, reector core and fuel cycle perimeters, etc. It

is not defined in terms of where it is Ioceted or how it is financed. k could equally well ba
Iocatad anywhera in the U.S. or one of the Commonwealth of Independent States (CIS)
and financed by a variety of options. Therefore, these and other factors affecting Othar
Deployment Optiona are addressad sspsrataly in the Discussion of Othar Deployment
Options aaction.

In addnion, the Other Deployment Options saction includaa e diacuaaion of alternativea
referred to as Special Deployment Optiona. This includes usa of the axiating, partially
complatad WNP-3 raactor, and deployment in Russia or one of tha CIS Statas.

Tablea are provided at the end of Saction V1l. Tablas VII.A-1 and VII. A-2 ara providad to
identify some of the chief characteristics of the deployment options. Tabla VII. E-1 providas
a mora comprehensive summary of tha main characteristics of the five PrinciPal
deployment options.

Laatly, the RO (Section 5.2, Challenges) states “The designer shall idantify the 10 most
difficult challenges (e.g., development raquasts, Iicansing approval, etc.) that would be
faced if the altamstiva were to be purauad.” Challangea are summarized in Tabla VILE-2,
which alao includes a relative indcation (Low, Medium, High) of the degrae of challenga
presanted to each deployment option. Challenges are also notad in partinant subsections
throughout this report.

It should also be noted that the intent of the RD and the information raquired and/or
deairad in this final report waa clarified by DOE, principally in the projact reviaw maetings
bald in Windsor, Connecticut on March 31, 1993, and in subsequent guidance. In
particular, thass interactions affected tha intarpratation of the cora design capability and
the presentation of coat information. Thess points are discussad in the appropriate
subsections.

1. Required Cases Methodology

Tha RD methodology is apparently intendad to explora tha axtreme limits of the
performance anvelop applicable to aach technology in terms of minimum mission time
(Spiking) and elimination of plutonium to tha maximum extent (Destruction).

WMin the context and conatrainta of the overall sat of RD requirements, the required
reactor cora design cases (fuel cycles) might be interpreted as the extreme caaea for
eatabliahing some of tha teohnical limits of a conceptual solution space for the plutonium
disposition problem. In this rasmct, then, Required Deployment Optiona do not represent
optimized choices for a practical deployment option. Perhaps, for the purpoaaa of the PDS,
the Raquirad Deployment Options may beat ba interpretad as an Mfator of the maximum
technological capability for plutonium diapoaition according to reactor type and cora
design. Howaver, with respect to location on Faderal land and Federal funding, the
Required Deployment Options ara realistic.

In tha procass of idantifying potantial deployment optiona, preliminary reactor core designs
wera developed that satisfied the RO. Givan these praliminsry core deaigna and principal
design options, an initial sat of potantial daploymant options waa devalopad for further
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discussion snd potentiel investigation. Prior to the Merch 31, 1993 meeting with DOE,
resctor core designs were developed thet provide the duel capability of slmuhneous
production of tritium snd continuing destruction (consumption) of plutonium. Sssed on
DOE guidence et thet meeting, the reector core deeigns end fuel cycles were revised
without this constraint. Ths Required Deployment Options sre now more focused on the
psremeter of intereet for eech caae (e.g., minimizing mission time for Spiking, etc.).

Similarly, aftar March 31, cost raporting requirements have been clarifiad. Although the RD
contampiatas full Federsl funding and location on Fadersl Isnds for the Raquirad
Deployment Options, emphasis hee bean plecad on accounting for the power plant split
into an Enargy Conversion Area (ECA) and Plutonium Disposition Reector (PDR). Tha ECA,
tha portion of the plant devotad to conversion of staam production to alectric generation,
could be opsratad ae a saparate antity. This modal is similar in concapt to ona which might
be used by an IPP (Independent Power Producar) or EWG (Elactric Wholaaala Ganarator)
project. Estimatas era provided harein for the conceptual split betwaen DOE and ECA
ownersMlp snd operation. Howaver, for the Raquired Daployrnant Options, it is not clear
that such estimatas ara rapraaentstiva of optimizad choicas ae would ba the case for SF-1
or SF-2.

2. Other Deployment Optiou Methodology

The RD request for s description snd discussion of other possible U.S. or international
daploymant options fostars a mora craative, yat practical, conaidaration of the means for
daploying ona or more PDRa. This permits daploymant options to be idantifiad thst provida
a differant optimization of cost, extent of bumup, and mission time than what is emboded
in the RD spscifiad methodology. The objective is simply to achiave mission goals for
plutonium disposition in a more prectical mannar.

That methodology serves tha purposes of tha PDS and providas a somawhat Iaval playing
fiald for an economic comparison of alternative, although some of the assumptions, (a.g.,
stipulation of a 7S% cepacity fsctor), may significantly undarestimata tha capability
provided. Still, tha optimum solution to the plutonium disposition problem naad not
necasssrily be within the solution spsce bounded by the Required Daploymant Options.

Selection of e deployment option obviously requiras a broad group of factore to be
addraaaad in addkion to the raactor core design and fuel cycla. A mora raalistic, pragmatic
approach ie naadad to address important factors not considarad by the simplified end
constreinad methodology of the required casas.

Some of the factors include: tha msny espscts of Iocstion, tradeoffs of characteristics in
some areas to obtain benefits in othara, financing arrangamant to includa privata and
govarnmant aourcea, proliferation riaka associated with siting and tranaportation,
numerous foreign deployment considerations, potantial use of axiating facilitiaa at tha
Savannah Rker Ske, lianford, and/or other Faderal facilities, use of hybrid combinations of
fual cyclas (a.g., spiking followad by spent fual), U.S. and foraign cooperative
deploymanta, international funding aourcas, relationahipa to other international afforta, end
eo forth.
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Given that these factors could not be treatad rigorously hara. a qualitative appr~ch haa
bean used. Initial diacuaaions focused on identification of a set of potantial dapioynrent
optiona for furthardiacuasion and invastigaticn. Potantial raactor coradaaignaandfual
cyclaswera davalopad insnattampt toprovida a battaroPtimization Of faCtOrS.In
~Riculsr, th*fficulty of fmtingthe capital cow for four reactors wasracognizad. From
a practical psrapactive, cna ortworaactora are much moraattractiva.

Aa theaa diacuaaicns and invaatigaticns continued, the aat of options was narrowad to
focus on those deployment options ccnsidared to be moat faasibla. Tha following
subaactiona providaebriaf deacripticn enddiacuaaion oftwodaployment optiona, SF-1
snd SF-2, which eraoneand tworeactor varaionaof thsmore aconomic SF fualcycla,
raspsctivaly. lhaaa options could bslocatad and funded inavariatyof waya and ara
impactad by aawral of the afcramentionsd factors. Therafore, those aapacts and tha
challenges to deployment ara diacuaaad in Saction D, following a daacripticn and
diacuaaion of the basic raactor cora and fuel cycle characteristics of aach option.

3. Summary of Daploymant Options

Tablaa VII, A-1 and VILA-2 at the and of this section summarize tha chiaf charactariatics of
tha various daploymant optiona. Tabla VILA-3 providas a mora comprahanaive comparison
of the main characteristics of tha fiva principal daploymant options.

s. REQUIRED DEPLOYMENT OPTIONS

Tha Raquirad Daploymant Options ara briafly described and discussed in the following
subaacticna in order to comment on tha significance of the option, identify controlling
factora, drawbacks and/cr waakneaaaa, ate. Aa appropriate, comments addrass the
economics of commercial operation, reasonability of aaaumpticna ragarding significant
parameters (a.g,, capacity factor) and so forth. This discussion is intendad to put the
daploymant optiona into proper psrapactiva.

It should be notad thst an alternative ccra daaign can be amployad for tritium production,
in compliance with the RO and DOE guidanca. The tritium cora producas 3410 MWt and
111 S MWe (net). This is baaad on meating the tritium production requirement with a single
raactor. This constitutes an altarnativa cora daaign and ia not ccnaiderad a deployment
option, par as. Technically, it is availabla for afl deployment options. !Nmilarly, tha S9iking
fual cycla could be usad for any daploymant option should it prova desirable at some later
tima.

1. Daacriptfon of S4: Raqufrad Doploymant Option for SpIkhrg

Tha Spiking option dafinss tha limit of minimum mission tima. A aingla raactor ia capsbla
of very rapidly aatiafying tha Spiking raquiremant dua to the combination of large reactcr
size and its capability to accommodate full MOX (mixad oxide) coras. Tha plutonium
dispoaiticn cora prcducaa 3800 MWt and 1256 MWa (nat). Tha fuel cycla raquired to
aatiafy the spiking raquiramanta ia Iase than thraa months. As a result, the plutonium
disposition miaaion ia accomplished in only four yaara and thraa months aftar the start of
operations.
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The advenced design feetures of System 80+ are used to grest advsntage in this option.
For exemple, these features provide the ability to accomplish refueling quite rapidly. (In
fati, ifano@sge were required exc/u&Ve& forrefueKng, it requires only 17daya.) Many
surveillance, taatand maintenance actiona may baparformad while at full power during
normal oparation. This permits raquired outaga work to ba distributed batwaan the
fraquent refueling outagaa raquired for the Spiking option each yaar.

2. Diacuaaion of S-O: Requlrad Deployment OptIon for Splldng

The principal significance of the Spiking option is simply to dafine the technical limit of
minimum mission tima. Only one reactor is requirad, and only a short operating period ia
neaded to aatisfy RD Requirement 3.2.1.3 for meterial characteriatica of graater than 100
ram/hr at thrae feet after a two yaar cooldown period. Howevar, it ia beiievad that the rata
of fuel fa~lcation will become the limiting factor for this option. Tharef ore, the operating
cycla was ahortanad until fual fabrication and other practical conaiderationa became
controlling. The resulting minimum cycla expoaura is 39 EFPD. Thk exposure will result in
material characteristic that greatly excaad the RD raquirament.

This option raaulta in plutonium daatruction of about 4% ovarall. Only a small fraction of
the anergy value of the fuel is utiiizad, which raprasents e conaidarebla waate of resources
and greatly reduces the revenuas from electricity production. Even at its best, ainca
Spiking requires numarous outages aach year, tha capacity factor ia low and tha option is
not economically attractive.

No compelling reaaons have bean identified to devalop additional Spiking casea in tha
Other Deployment Options section, which focuses on more practical deployment options.
However, it should be noted that Spiking, aa a fuel cycle option, remaina available for any
deployment option. It can alao be combined with other fuel cycle options in a variaty of
weys.

3. Daacrfption of SF-O: Requlrad Deployment Option for Spent Fuel

Tha Spent Fuel option ia an intermediate option betwaan the extrama Iimita definad by the
Spiking and Destruction options. It dafines the most economical disposition option subject
to the RD constraints. The RD conatrainta on mission time of 25 yeara requiraa four
raactora to satisfy the Spent Fuel requirement. The plutonium d@oaition core produces
3S00 MWt and 1256 MWe (net). An annual fual cycle ia used with a 50 day outage each
year. The stipulated capacity factor is 75% and ia consewative. Aa a result, the plutonium
diapoaition mi=ion ia accomplished in 1S yeara after the start of oparationa.

Positioned as it is batwean options for minimum mission tima and maximum extent of
plutonium destruction, tha technical y distinguishing characteristic of this option ia tha
similarity of the dlachargad fuel to typical commercial reactor spent fual. Average
discharge burnup is in axcaaa of 42,200 MWD/MTHM. This option transforms the
plutonium isotope reties such that Pu-240 constitutes approximate y 23% of the plutonium
in tha discharge fuel.
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4. Discussion of SF-O: Required Case for Spent Fual

The significance of tha Spent Fuel case ia that it dafinaa tha axtant of fual burnup and
plutonium transformation nacaaeery in tha fual cycla. At Iaaat for the U.S., thara doaa not
appaar to be any compelling raaaon to driva for a Iowar plutonium contant in tha PDR
apant fual than that which raaulta from tha commercial nuclaar industry.

This option ia alao wall provan technology with no naad for raaaarch and davalopmant
programa. Thus, there ia Iittla tachnical risk to affect cost and achadula. Tha total quentity
of plutonium, and mora ganarally, tha total quantity of apant fual and othar wastes to be
dispoaad of from oparation of the PDR, ia small with raspact to that of tha commercial
industry.

Conaidaring alactric sslea ravanuas, tha aconomica of SF-O ara the baat that ara possible
subject to tha constraints imposed by RD. However, thts option doas w reprasant an
optimum cycle from an aconomic parapactiva. Tha controlling factors ara tha 25 yaar
mission tima for 100 MT of plutonium, which nacassitatas four raactora, and tha
stipulated 75% capacity factor. This raactcr dasign and fual cycla ia capable of a highar
capacity factor (80%). Further, tha dasign Iifa is 60 years, such that a larga period of post-
mission commercial operation ia potentially availabla. Thus, tha davalopment of Othar
Daploymant Optiona SF-1 and SF-2 ara based on this basic raactor core design and fual
cycla, but with the RD schedule conatreint relaxed.

5. Description of D-O: Raqufred Deployment Option for Daatruotion

Tha Daatruction option dafinaa the extrama limit of maximum axtant of plutonium
destruction. Again, tha RD constraints of a 25 year mission time rasulta in four reactors.
The plutonium disposition cora producas 3S00 MWt and 1256 MWa (nat), An annual fual
cycla is usad with a 50 day outaga aach year. Tha stipulated capacity factor is 75% and is
conservative. As a result, tha plutonium disposition mission is accomplished in 1S yaara
aftar tha start of operations.

Tha technically distinguishing characteristic of this option ia tha cora daaign, which uses
non-fartila fuai. The cora ia daaignad for axtandad burnup using burnabia poisons, such
that the end of cora Iifa is tha rasult of irraufficiant reactivity to continue operations. This
reaulta in destruction of S3% of tha initial Pu-239 and 61% of the cora’s total initial
plutonium invantory, which is graatar than SF-O.

6. Discussion of D-O: Raqulmd Caaa for Daetructlon

The Daatrwtion option is ralavant principally from the parspactiva of defining the tachnical
limit of plutonium destruction. This Iaada to the selaction of non-fertila fuel. Tha genaral
characteristics of the generating capacity, ennual fual cycla, outagaa, elactric revanuas,
and so forth appear quite comparable to the SF-O Spent Fuel option. Howavar, whila thara
is aubatantial axparience with the MOX fuel usad for SF-O, thera is vary liia axparianca
with non-fartile fuel coras. This introduce schadula and financial risks that ara markedly
highar for the Destruction option, but difficult to quantify. Thare would also be othar,
second ordar impacts on tha cost, for axemple, by virtua of the cost of non-fartila fual,
which may raault in a lass aconomic option than SF-O.
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Also, as notad above, the ebiiity to accomplish eny incremental destruction bayond that
provided by a Spent Fual cycle ia of questionable velue unless tha plutonium contant of all
commercial reactor apent fuel ia reduced to comparable levels.

c. OTHER DEPLOYMENT OPTIONS

The Othar Daploymant Options are briafly dascribed and discussed in the following
subsections. As for tha analogoua section on Requirad Deployment Options, subsaquant
subsections ara intendad to put tha deployment options into proper perspective. These
subsections provide commant on the significance of tha option, idantify controlling
fectors, drawbacks end/or waakneaaaa, etc. Ae appropriate, comments addraas the
economics of commercial oparation, reasonability of assumptions ragarding significant
parameters (e.g., capacity factor) and so forth.

A daacription and discussion of Other Daploymant Optiona SF-1 and SF-2 ara provided
firat. (In the abaanca of other overriding factora, no optimized versions of Spiking or
Daatruction core deaigna and fuel cyclaa are considered reasonable due to the unattractive
charactaristica of such cyclae.) This ia followed by a discussion of two Spatial Options,
tha potantial conversion and compilationof the existing WNP-3 facility and location in
Russia or another CIS Stata.

This saction focuses on identification of practical deployment options and principal factora
affecting dapioyment. This requires a broader view of optimization for deployment. The
intantion is to obtein more practical deployment optione by selectively ralaxing certain
constraints of tha RI) raquiraments, principally mission time. The principal objactiva
ramaina to diepoae of the axceaa plutonium inventory as rapidly aa practical with a credible
deployment option.

Cradibla deployment options must propose possibla solutions to problems prasantad by tha
existence of numarous legal, politicsl, inetitutionsl and financial factors. For axampla,
proliferation considerations affect the location, transportation, extant of burnup and othar
characteristics of any deployment option. A brief discussion of factors affecting realistic
deployment acenarioa is provided in Section D within the contaxt of a broader parapectiva
on tha significant factors affecting and obstaclas to successful deployment.

As noted previously, thst prior to the March 31, 1993 maating with DOE, reactor core
dasigns ware developad that provide the dual capability of aimtdtanaoua production of
tritium snd continuing destruction of plutonium. Although this line of development has not
bean continued, it representa a Ietent capability that could be devaloped if it is judged to
provide significant value to DOE. This illustrates how tha inherant design flarribility of
Systam SO+ provides graat advantaga in daveloping a PDR raactor core end fual cycla
design tailorad and optimizad to tha plutonium disposition mission. The optiona presanted
in the following sections ara a small subset of the available options that ware selected aa
tha most promising on tha basis of currantly availabla information.

346-Vll.wp/cm VII-7



PU CONSUMPTION IN ALWRS
DEPLOYMENT STRATEGY

1. Description of SF-1 and SF-2: Optimized Spent Fuel, One and Two Raactor
Vareiona

Thaee optiona are one and two raactor versions of the eema reactor core dasign aa was
davelopad for SF-O. As notad previously, SF-O dafinad the most economical disposition
option aubjact to tha RD constraints. The most limiting constraint identified for SF-O, tha
controlling factor for that option, is the RD limit on mission tima of 25 yaars for the 100
MT of plutonium, which requirad four raactora. Tha etipulatad capacity factor of 75% is
alao conaawativaly low, and an evaluation has bean parformad to varify that a capacity
factor of 80% ia raasonabla.

The SF-1 and SF-2 options simply provida a more practical, economic E@antFual option by
allowing the mission to axtand beyond tha 25 year RD raquiramant. Tha plutonium
diapoeition core ramains the sama and producas 3800 MWt and 1256 MWe (not) using an
annual fual cycle with a plannad 50 day outaga each year. Other aspects are discussad
below.

2. Discussion of SF-1: Optirnizad Spent Fuel, One Reactor

The significance of the SF-1 deployment option is that it eetiafiaa all mission objactivas
with the excaption of tha 25 yaar mission tima with a singla reactor concapt. Tha principal
focus is to uea tha most practical and economical raactor core and fuel design, an
optimizad Spent Fual approach.

Tha difficulties (a.g., financing, fual fabrication rate, ate.) associated with deploying a four
reactor concapt such as SF-O are significantly less for a eingla raactor concept. In order to
reduce the cost to the Faderal government, an option is naedad that is capable of
attracting privata investment.

The SF-1 deployment option is rasponeive to these needs. It providaa the capecity to
dispose of tha entira 100 MT inventory in an economical fashion over 60 year plant
Iifa. The raector core daeign ia most practical by using the provan baaa of MOX fual, rather
than non-fartile fuel. The fual fabrication rata of one full core per year or lass is relatively
low. Compared to a four reactor concapt, tha funding requiramants ara substantially
reducad. Thus, the single reactor concept improvas the probability of daploymant.

Because the Syetam 80+ dasign is already commercially viable, attracting significant
private investment is possibla, rathar then ralying on full Federal furtdng. Importantly, tha
quantity of fuel ia sufficient for long tarm electric generation, and MOX fuel is aufficiantly
provan to reduca ovarall davalopmant risks to a low Iaval. Thus, the prospects for
obtsining private investment, for axsmpla, by an Elactric Wholaesle Generetor (EWG), is
favorabla. (Cartain arrangements, funding and guarantees may be required of the Fadaral
government in order to sacure any privata invastmant, as rtiscussad in a subaaquant
section.)

Tha SF-1 (and SF-2) options graatly improve the potential for favoreble public relations. It
can have tha affact of raducing tha coat to the public, via private investment, producing
naedad alactric powar at a very competitive prica, and avoiding adverae environmental
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impacts of power generation from other sources while eliminating plutonium. This ia truly a
“aworda to plowshares” deployment option.

In the first 15 years of operation on ennual fuel cycles, the total inventory of plutonium
will be exposed well beyond that required to rander the spent fuel self protecting (spiked).
Should it be considered naceasary to complete the spiking mission more rapidly, it would
be possible to consider spiking all tha fuel first, as in the S-O option. Fuel could be stored
and then raturned to the raactor (after all the material has been apiked) for continued
opsretion to mora completely dispose of the plutonium, which evoids loss of the enargy
value of tha fuel and raduces the net cost by tha alactric sslea ravenues. Thesa
alternetivaa for accelerating disposition by spiking ara not necessarily considered desirabla,
and certainly are not the most economical. However, they do provida a potentially valuable
benefit to DOE that is important to racogniza: it ia possible to accelarata tha disposition
schedule. The option to accelerate ths deployment schedule ia not foregone by a decision
to adopt the SF-1 deployment option.

Lastly, if it wera determined theta foreign Iocetion would diepose of, for example, 50 MT
of the invantory, SF-1 would be an ideal option for disposing of tha othar 50 MT. In that
caae, the single reactor option would complete the disposition miesion in 30 years and ba
available for commercial operation for tha remaining 30 yaara of design Iifa. This variation
of the SF-1 option illustrate an important banafit in having the flexibility to provide an
economic deployment option over a wide range of quantities of plutonium to be disposad.
Other characteristics and alternatives for this situation would be similar to that discuasad
for SF-2, below.

3. Discussion of SF-2 Optimized Spsnt Fuel, Two Reactors

Tha significance of deployment option SF-2 is that it is an economical, two reactor
concapt. Again, the principal focus is to use of the moat practical and economical reactor
cora and fuel design, an optimizad Spent Fual approach, The discussion for the SF-1 option
applies hara with the simple chsnga to a two raactor concapt, which placaa a ralativaly
greeter emphasis (higher value) on repid completion of the plutonium disposition mission.
This option reduces the plutonium disposition mission time to 30 yeara following initial
operation.

The SF-2 option still requires aubatantially less funding than four reactor concepts such es
SF-O end provides a correspondingly higher probability of deployment. Thus, continued
operation ie possible for both reactora for 30 additional years aa commercial electric
generating facility. The capital cost of the alectric generating facilities msy ba recoupad
during tha first 30 years, after which it would be viabla to use purchaaa commercial U02
fuel for continuing operetion. Ths higher availability of electric generation from e two unit
commercial generating facility mey alao provide a more attractive basis for securing private
investment than for the single unit option, SF-1.

The aconomics of Advancad Light Water Reactors ware the aubjact of a racent USCEA
(U.S. Council for Energy Awareness) study, “Advancad Dasign Nuclaar Power Planta:
Competitive, Economical Electricity” (June 1992), noted the edventsgeoua economics of
building and operating dual units on a single site. Of course, realizing the economic
advantage of dual reactors on a common site requirea that there be a sufficient demand for
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power to support power purchase contracts for the electric sales. Therefore, the potential
foraupporting thialavalof powaraalas intheaouthesst U.S. waaavalusted. Itwaa
confirmad thet thare ie sufficient naed for powar in regions such ea the southeast U.S. to
aconomicelly justify deployment of the SF-2 option.

The SF-2 option amphasis oncompleting themission morarapidly than fortha SF-l option
raaultain the total invantory of plutonium baing transformed totha isotopic charactariatics
of commercial apant fuel within an operating tima of 31 yaars at a 75% capacity factor.
Ate mora realistic SO% capacity fector, the time raquired would be reduced to
approximately 29 yeara. Fuel exposures ere alao well beyond thet raquired to render tha
spent fual self protecting during the firat S yaars of operation on annual fuel cycles.

Should it be considered necessary to complate tha spiking mission mora rapidly, it would
be possible to considar spiking all tha fual first, aa in tha S-O option. Fuel could ba stored
end then returnad to the reactor (efter ell the matarial haa baen spikad), which would
raquira a vary short period (of Iaaa than thrae yaars, dapanding on the timing between

startup of the units. Thareaftar, any continuad oparation would mora Complataly dispose
of tha plutonium, agein avoiding tha loss of the enargy value of the fuel and reducing tha
net coat by the electric aalas revanuaa.

As another potential option, the firet reactor could be initially operated with the Spiking
fuel cycle. Whan the second unit begins operation, it could run a Spent Fuel cycla using
the fuel discharged from the first raactor. Aftar all the fual is epiked, the first raactor could
than be oparatad on a Spent Fuel cycla.

Thaaa alternatives for accelerating disposition by apiking are not necessarily conaidared
desirable, and cartainly ara not tha moat economical. However, thay do provida a
potentially valuable banafit to DOE that ia important to racogniza: tha option to accelerate
tha diapoaition achadula is not foragone by a decision to edopt tha SF-2 deployment
option.

Special Daploymant Options area subset of Othar Deployment Options that ara intendad
to explore craative maans of disposing of the plutonium. Litaral application of each of tha
RD raquiramanta is not alwaya applicable in thasa casas. Two caaas ara discuaaad below:
WNP-3 completion and location in Russia or soma othar CIS State.

4. WNP-3 Compilation

Washington Nuclaar Project-3 (WNP-3) was avaluatad as a potantial Deployment Option.
WNP-3 is a 75% completa nuclaar plant, ownad by tha Washington Public Powar Supply
Syatam and located in tha wastern portion of the state, near tha Satsop Rivar. Tha plant
has bean in a praaarvation mode for nearly tan yeara.

WNP-3 was conaidared because it includes a System 80 nuclaar steam supply ayatam. Aa
notad aariiar in this raport, tha System SO reactor ia virtually idantical to tha new Syatam
SO+ raactor and, thus, would ba fully capabla of utilizing a 100% MOX reactor cora.
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During a tour of the WNP-3 facility and a maeting with representativas of the Supply
System, the following obaervationa were mada:

a. There is no technical raaaon that tha WNP-3 facility could not be completed and
sarva the mission assumad for a single unit facility.

b. It would be desirable, if not necessary, to avaluate the plant design to datermine
whethar any of tha Systam 80+ advanced features could be backfit into the unit, on
an economical baaia. Tha resulting calculated safaty Ieval would be greater than that
of the original System SO design, but would not be abla to approach the safety Ieval
of System SO+ without significant plant additions, such as an on-site combustion
turbine.

c. The unit would have to include additional structures and equipmant for a much Iargar
fual storage facility and for safeguards facilities.

d. A MOX fuel manufacturing facility and a tritium handling facility would either have to
ba built onsite or thasa materials would have to be transportad acrosa the state from
the Hanford reservation.

e. Thare would probably be vary strong opposition to the plant’s completion as a

plutonium burner from members of tha public in Western portions of Washington
state. It is expacted that the opposition would be even more vociferous if tha tritium
mission wera implemental.

f. Unless tha completed unit ie still owned by the Supply System, there are still legal
entanglamenta involved in selling tha unit to anothar party (e.g., DOE or an
Indapendant Power Producer). However, tha legal entanglements to selling the unit
are less savere than existed several years ago. Furthermore, tha Supply Syatam is
precluded by atata law from participating in an IPP to complete and operate the unit.

9. Although WNP-3 uses a standardized System 80 NSSS, the remainder of the plant is
a cuetom design. Tharefore, tha cost astimatea to complete the licensing and
construction of the unit are still substantial.

h. Becauee the Northwest region enjoys some of the lowest cost electricity in the
nation, the revenues that could be obtained in a competitive sala of electricity are
probably 30-40% lower than could be generatad in the eastern U.S.

Based upon a qualitative evaluation of these observations, it waa decided that the WNP-3
compilationoption would not be considered the first choica. Although tha unit could be
completed at a lower cost than for construction of a new unit, the potential revenues from
electricity sales are correspondingly lower, as well. Public opposition, concerns about
transportation of MOX and tritium, and potential legal entanglements all present areas of
significant uncertainty that cannot be eaaily resolved. However, other expedient avenues
may develop which may well turn compilationof this unit into a viabla option.
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5. Location in Russia or the Commonwaaith of indapandant Stataa (CiS)

Sinca haif of tha piutonium diapoaition matariais ara providad from Russis, it is reasonable
to consider a Speciai Deployment Option for deployment there or in a CiS Ststa. There are
sevarai aspects to this Speciai Depioymant Option. Howaver, a faw generai comments are
appropriate.

The former Soviet Union designed and built numerous reactors, principally tha RBMK and
WER designs. Since tha Chernobyi eccident, the international community has saan en
unprecedented change in poiiticai atructura of the formar USSR, which has simultaneously
heightened concerns about tha eafety of Soviet-dasigned raectors, snd yet, provided
genuine opportunities to bacoma invoived and provida much needed assistance. Thare is
such a demand for continuing nuciaar ganaration that the proposad shutdown of RSMK
and othar eider dasigns does not appaer iikaiy.

The currant situation is the subject of many reports. With raspact to deployment options, a
recent USCEA raport, “The Safety of Soviet-Design Nuciear Pianta: A U.S. Industry
Perspective,” provides e good generei summery of reievant information. it points out that
Soviet-dasigned resctors require, to verying degreea, a aubstantiai upgreding in operational
safaty, oparetor training and maintenance. However, thare is a graat naad within tha
former Soviet Union for hard currancy to obtain tha aquipment and spares raquired for
continuing oparation, say nothing of safety improvements.

Within this contaxt, than, two approaches are suggestad for conaidaration. in both, by
baing naar tha source, safeguard end transportation concarns may be minimized and
overaii costs might ba improved.

Tha first approach is Russian (or other CIS State) depioymant of a PDR (Plutonium
Disposition Raector) based on Systam SO+ to accommodate 50 MT of piutonium. This
option wouid be strictiy focused on the agreements to dispose of tha piutonium excess as
a resuit of waapons dismantiamant.

if davaiopad properiy, this approach couid assist to a degree in astabiishing a Westarn
raactor aafaty philosophy. This includas the safety philosophy, dasign criteria and features,
operational methods and maintenance and tasting practicas. This is synergistic with DOE
initiatives for operational safety and other simiiar activities undar tha support of WANO
(Worid Association of Nuciear Oparetors), iAEA (international Atomic Energy Agency), tha
Common Markat and othara. A iimitad tachnoiogy tranafar is aiso inherant with this
deployment option.

The sacond approach ancompaaaaa the banafits of tha first approach and ia more
ambitioua. It invoives proposing depioymant of one or more PDRs in exchanga for
phaseout of currentiy operating RBMKs (end possibiy soma othar concesaiona). This wouid
parmit shutdown of raactors considarad by many to feii short of minimum safaty standards
whiie providing tha powar damends that apparantiy nacasaitate thair continuing operation.
Moreovar, the piutonium disposition mission might constitute a minor part of such an
effort if a sufficient numbar of raactors wara pianned. This approach couid ba quits fiaxibia
in terms of the number of reectors to be buiit and tha scheduie; the piutonium disposition
mission wouid ba accomplished firat in any scenario.
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This option places greeter relience on coordinating overell assistance to former Soviet
Ststes in order to echieve potentially greeter benefits. The infrastructure to support current
opersting plsnts is not fully adaquste. There iaegraatdeel of technical talant available in
Russie end CIS States thet could be pieced into productive work. The verious Ministries
could be involved to foster technical expartiae and facilitate appropriate regulatory
controls. This would not only develop anappropriata infrastructure toaupport System
SO+ plants designs, butelso foster development ofanimproved infraatructura for older
Soviet-designed reectors. It could be coordinated with efforts undertaken in eupport of, for
exemple, the Lisbon Initiatives to improve plentsefety, to the benefit of both programs.

Two principal end interralatad challenges ere aasociatad with either of these deployment
approaches. Onechellenge istomeet theneed for funding from international sourcee.
~rectfundng, guarantees ofloens, etc. necesaery toenable privste panicipetion. It would
seem reasonable that safety improvementa (including evoidanca of potantial aavara
eccidents) would hsvesufficient tangible value toeupport this program, if tha cause is
championed within the international community.

Theother challanga hestodo with therolaofthe U.S. Government.Althoughdirect
Federal government involvement is raquired for any foraign deployment, such optione may
best bepursuad under the-detip oftha U.S. Government, retherthsn reepondingto
privata initietivee. Anaggreasiva, proactive stance would greatly facititata ttia option. It is
advantageous to first havetha basic agreements established by the U.S. and foraign
govarnmenta. This parmite the U.S. to appropriately influence the structure of neaded
agreements, including application of lAEAaafety standards, eafeguarde and inspections,
and funding errengemente andguarantaes. Other issues that should be addressed bydiract
government involvement include safeguards for international transportation, technology
transfer and, especially, nuclaar Iiebility. These and other aspecta of foraign deployment
require negotiation. Than, deployment arrangements fora Plutonium Disposition Raactor
can ba finalized byprivate firma within thaframawork eatabliahad by the Government.

D. DISCUSSION OF DEPLOYMENT ISSUES

Tha varioua deployment options hava baan daacribad and briafly discuaaad in pravioua
subsections. In those eubaections, the focus wes on those cherecteristics, considerations,
benefits, and obstaclas that wara applicable to the particular deployment option under
discussion. An effort was mada to place the deployment options into proper perepactive
by commenting on tha significance of the option, identifying controlling factors, drawbacks
and/or weaknesses, addressing the economics for commercial operstion end reasonability
of assumptions (a.g., capacity factor), etc. However, as noted, certein consideration,
such es location and funding, are rether generic end ere best discussed eeparetely in this
section.

Also, especially for the Other Deployment Options, a broad range of factors should ba
addressad in addition to the reactor core design and fuel cycle. These factors include the
many aspacts of location, including proliferation riaka aaaociatad with siting and
transportation, tredeoffe of characteristic in some areaa to obtain benefits in othara,
financing arrangement to include private and government sources, numaroua foreign
deployment considerations, perspectives, potential use of existing facilities (e.g., Savennah
River Site, Hanford, and/or other Federal facilities), use of hybrid combinations of fuel
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cycles (e.g., spiking followed by spent fuel), US & foreign cooperative deployments,
international funding sources, relationships to other international efforts, end so forth.
Some of these fectors have been touched on in prior discussion.

A detailed, comprehensive and in-depth treatment of these factors ia beyond tha scope of
this report, although the most difficult challenge for any of the deployment options result
from consideration of issues surroundingthese factors. Therefore, this section provides a
qualitative discussion of some of the more importent factorsfiesuee and identifies general
obstscles to deployment.

1. Fectors/issues Affectfng Deployment

General

The following subsections address factors end issues which require some clarification or
for which diacusaion separate from a specific deployment option k appropriate. For
example, the “licensing end regulatory” issue must be carefully defined in order to
highlight the issues of concern as distinct from what might be generally thought of es
either e licensing or e regulatory issue.

There are other factors and issues for which no specific diacusaion is presented. This may
be becauae of the subject waa not within the scope and schedule for this report. More
importantly, however, there are significant isauas that present a challange to any and ell
deployment optione. For example, public perceptions are quite important in ell ceses and
extremely so for U.S. deployment. Howevar, there is generally not en exclusive reletion to
a epecific deployment option. Thus, discussion has been Iimitad to areas for which the
impacts significantly discriminate batwean deployment options. In this example, public
acceptance of tritium production presente e eomawhat greater challenge since it is not
aligned with a “sworda to plowshares” concept.

Licensing and Regulatory

The Systam 80+ design is in the final stagee of Design Certification by the U.S. NRC. A
Dreft Sefety Evaluation Report (DSER) was issued in Saptember 1992. Excellent progrese
has been made in responding to NRC quastions and DSER itama. Steady progress k also
being made regarding new element of NRC licensing for Design Certification under 10 CFR
52 such as the ITAACS (Inepactions, Tasts, Analyaes and Acceptance Criteria). Basad on
this progress, the Final Safety Evaluation Report ia expected in aarly 1994.

As an evolutionary Advanced Light Water Reactor (ALWR) in tha final stages of Design
Certification, System SO+ provides en excellent baeis for tha plutonium disposition
mission. It ie a proven design thet minimizes the licensing end regulatory obstacles
associated with more developmental technology at a leas edvanced stage of licensing with
the NRC. It can be deployed rapidly with limited Iicenaing and schedule risk, which reduces
associated costs and schedule riska. Thus, dasign-related licensing and regulatory risks are
principally limited to aspects of the design associated with modifications for the plutonium
disposition mission. Several licensing factors involve design for special considerations,
such as satisfying both NRC and DOE requirements for safeguards and sacurity. Such
adaptations ara not ganerally considered to prasent significant obstacles.
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Licensing by NRC for commercial operation is considered to be essential to attracting any
privata investment, and particularly for SF-1 and SF-2 deployment optiona. In combination
with appropriate futi!ng arrangements and government guarantee, thksmakes significant
private participation achievable.

A few technical issues in the Iicanainghegulatory araa are more noteworthy. This group
includes Iicenaing of: full MOX cores with a high plutonium content, MOX fuel fabrication,
tritium targets, and safaty analyaea for plutonium cores, particularly if non-fertile fuel ia
used. There are coet and schedule riaka associated with Iicenaing riaka such aa the
potential for identification of new safaty issuaa and the schadule of regulatory authorities
(DOE and NRC).

There are direct means for potentially raaolving the technical aapects of theaa isauea, euch
aa suitable regulations for plutonium coraa. For axample, information from the discontinued
GESMO (Ganeric Environmental Statement Mixed Oxide) process may ba used to good
advantage. However, parhapa the greateat Iiceneing and regulatory challenge result from
the nead for a collaborative regulatory agreement between DOE and NRC. The regulatory
split of authorities and rolas batween OOE and NRC

Locatfon

The RD preaumea location on a Federal site. This is considered to be tha most practical
option, including for the case of private involvement as a commercial elactric generating
facility. The iaauea and concerns supporting the use of a government site are well known
and include proliferation conaiderationa, ability to provide appropriate safeguarda, limiting
transportation of plutonium, etc.

During the course of this study. consideration waa given to alternate Iocationa end

deployment options, such aa WNP-3, for which it k not expectad that all tha facilities
required of the reactor complex could be collocated with the reactore. This raquires uae of
existing government facilities and/or separately located new facilities. Thus, the
transportation of materials becomes a significant consideration. Whila such an approach ia
feasible, it ia clearly advantageous to limit transportation and maximize tha usa of
govarnmant facilities that already provide (or could provide with minor modification)
appropriate aafaguarda. Collocation of facilities on a single Federal site is most ideal.

In addition, selection of a government site may provide ready acceas to government
facilities that could be used to support the plutonium disposition miaaion, either diractly or
with some modification. This would also tend to reduce the costs from that required for a
green field site and make available the existing infrastructure. The existence of local
human resources with the appropriate qualification for thie mission is of great value to
achieving a short deployment echedule.

The area required for siting, for example, the SF-2 deployment option, raquires area for
two reactors units and the other facilities of the reactor complex. The area required ia
minimizad by the large capacity of the reactor(s), which requirea fewer unita than would
otharwiee be the case. Again, considering the other fecilitiea required for the raactor
complex and the Iicansing and permits required, this could be more easily accomplished for
a government site than elsewhere.
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Foreign Deployment

As discussed in a previous section, consideration has been given to potentiel deployment
in Russie or anothar CIS Stata. This daploymant option could baat ba pursued undar the
Iaadarahip of tha U.S. Govarnmant. This would permit structuring tha desirad and
appropriate agraamants, application of IAEA aafaty standards, safeguards and inspections,
and funding arrangamants and guarantaas. Othar issuaa that should ba addrassad by diract
govarnmant involvement includa safeguards for international transportation, technology

transfar and nuclaar liability. Thess and othar aspects of foreign daploymant requira

negotiation. It is desirabla to firet hava tha basic agraamants astablishad by tha U.S. and
foreign govarnmants. Than, daploymant arrangamants for a Plutonium D!aposition Raactor
can ba finalizad by private firms.

Tha plutonium disposition mission should ba initiated as soon as practical. Givan tha

uncertainties inherant to our changing world environment, it appears most prudent to bagin

during tha prasant “window of opportunity.” Tha nead to act now raquires salection of

technology that aliminatas or minimizas to tha maximum axtant any davalopment
programs. Proven technology is assantial.

Tha period for compilationof tha mission appaars to ba lass critical and dapands, in Part,
on whethar a foraign deployment option salactad. For axamPla, if the SF-1 oPtion wara
daployad in tha U.S. and a CIS Stata, tha schadula for tha foraign daploymant may ba
mora important than for tha U.S. daploymant option. If only U.S. daploymant is
contamplatad, than tha timatabla for compilationof tha mission bacomas ralativaly mora
important. That would than favor U.S. daploymant of tha SF-2 option couplad with a more

aggrassiva schadula for obtaining tha foraign plutonium.

The daploymant options discussed herain provide tha assantial provan technology and
flexibility in satisfying variable mission compilationschadulas. As discussed in prior
sactions, aach daploymant option has inharant capability to altar tha compilationschadula
by changing tha cora dasigna and fual cyclas utilizad. This ability providas tha schedula
flexibility which is an advantaga in daaling with uncartaintiaa from all sourcas.

Joint Government & Prlvata Paticlpation

Ownarship and funding altarnativas that wara considarad for tha Othar Oaploymant
Options rangad from a totally Govarnmant ownad, fundad and oparatad facility to full
privata ownarship and funding with oparation for tha Govarnmant. It was concludad thet

tha practical optimum claarly raquirae a combination of govarnmant ownarship and

financing within an arrangement that facilitates partial privata invastmant end ownarship.

As noted previously, requastad raporting requirements amphasiza an approach wharain
the powar plant is eplit such that tha Energy Conversion Area (ECA) is operetad as e

saparsta antity. This modal is similar in concept to one which might ba usad by an IPP

(Indapandant Powar Producar) or EWG (Elactric Wholasala Ganarator) projact. Estimatas
ara providad harain for tha ~ split batwaan DOE and ECA ownership and
oparation. Such an approach is only a first ordar approximation to tha Othar Deployment
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Options SF-1 snd SF-2. The RD methodology is elso insensitive to meny importsnt fsctors
thet could not be fully eddressed within the scope end schedule for this report.

An attractive potential option for private investment as an Exempt Wholesele Generator

(EWG) under the Energy Policy Act of 1992. This approach could be used with e concept
wherein ‘the entira power production portion of the reector complax could ba daveloped
and opereted by en EWG. That is, the entire System SO+ design ea modified for the
plutonium disposition miaaion would ba includad, but other facilities, such ee fuel
fabrication, would be excluded. This concept would allow the facility to obtain a
commercial license from the NRC under conditions fevoreble to private investment end
reduce the net cost to the government over the project life.

To expand briefly, the EWG is exempt from Holding Compsny Act of 1935 but under the
jurisdiction of the Federel Energy Regulatory Commission (FERC) per Federel Power Act. It
ia not exempted from state utility regulation, although the degree to which state
authorities might wish to exert their regulatory euthority is uncertsin. Joint utility and non-
utility ownerehip is ellowed. This approech is consistent with the overall FERC policy
supportive of merket-beeed pricing to promote competition. Further, FERC now hea
expanded euthority to require wheeling. This essures eccess to meet merket demands.
There are adequete demends to support the SF-2 deployment option in the southeest U.S.

Consideration of the arrangements thst would be necessary to arlrect private investment
in such a venture involves aeverel iaauea. Power aalaa agreements ere required for the
EWG to sell the electricity genarated. Commercial terms and agreements must be secured,
which naceasitates some guarantees that tha project would be continuad and available for
commercial powar generation and sales. Thus, the government would need to provide
appropriate finencial and other guarantees to obtain private investor funding during the
construction phase end limit the EWG’S liabilities should the project be cencelled or operate
at low power level due to government axarcisa of its’ options.

Additional clausas would be required to eddresa nuclear and commercial liability ariaing
from the potential for eccidents during tha plutonium disposition mission. For exemple,
decontamination & dacommisaioning (D&D) might have increaaed costs due to
contamination es e result of plutonium disposition over thet which would result from
operation aa a commercial fecility. Similar concarns apply for tritium production. Accidents
or spills, could exacerbate this financial liability, so the government would heve to provide
some Iiebility protection to the EWG. Perticulerly for e Federel site, end considering the
relatively low portion of overall costs rasulting from D&D, it may be simplar to hava D&D
be the government’s Iiebility. In eny cese, this illustrates the type of agreements thst
would be needed.

This concept would be realistic for daploying SF-2 or SF-1 optiona provided the
government provided edequate guarantees for funding the initial construction end limiting
the risks to the EWG to en acceptable level. In return, the EWG could expeditiously place
the reector(s) into operetion end bagin to repey the government for its’ investment.

Pending further enelyses, it is expected that the government would need to provide to the
EWG the MOX fual fraa of charge, a government plant aita, loan guarantees for privata
investor funde to construct the plent, provide separately the other reactor complex
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facilities required for the plutonium disposition mission, fund the detailed engineering and

NRC Iicenaing of System SO+.

Soma detailed consideration of the application of government rules to this conceptual EWG
project is necessary. This would consider, for example, the applicability and impact of DOE
Ordera versus NRC regulations. However, structuring a government and private
cooperative venture hes the potential to rapidly diaposa of the plutonium more efficiently
and at a lower cost to tha government over the Iifa of the electric generating plant than
any other deployment option.

Summery of Obstacles to Deployment

Table VILD-1 lists end qualitatively ranke tha challenges to the various deployment
options. These have been addrassad in various sections of this report. Soma of these
challenges ere specific to a given deployment option, some ere technicel in neture, and
some ere more globel in application. Each challenge is judged to be a high, medium or low
obstacle to mission objectives end practical implementation according to option.

From this Tabla it can be aean once again that the Destruction Option (D-O) poaaa the
highest levels of challenges, and the optimized spent fuel options (SF-1, SF-2) the Ieest.
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TABLE VII.A-1
DEPLOYMENT OPTIONS

CLASSIFIED BY FUEL CYCLE

FUEL CYCLE FUEL REQUIRED DEPLOYMENT OTHER DEPLOYMENT
DESION OFTIONS

SPIKING MOX s-a
l:’::.% .:ii:!i’i

,,;,:x~::

SPENT FUEL MOX SF4 SF-1 SF-2

DESTRUCTION NON- D4
,. ::<

FERTILE

I TABLE VII.A-2
LOCATIONS AND FUNDING SOURCES

DIIFU)YMENT LOCATIONS
OPTIONS

IS-O, SF4, D4 Required Option,
Fcdml location

SF-1, SF-2 U.S. or Foreign

FUNDING SOURCES

RcquizedOption,
Wholly Federal
owned and Funded

- Federal
- Fcdual and Frivatc
- Fukzal, Frivatc, FOrCiSII
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