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EXECUTIVE SUMMARY

ES.1 INTRODUCTION

The United States has decldrd82 metric tons bweapons-grade plutomusurplus to
nationa securiy needs. Additiond inventories dplutonium are expected to bring the total
amount of plutonium that is surplus to approximately 50 metric tons.

To estalish a framework for selecting plutonmudisposition options which would achieve a
high degree oproliferation resistance, the Natidscadeny of Sciences (NAS) reviewed a
number @& options and concluded ththe nationhobjective should be to make the surplus
“plutonium roughly as inaccessible for weaponseuss the much larger angrowing
quantity of plutonium tha exists in spenfuel from commercid reactors,” a state the NAS
defined as thepent fuel standard The Departmenof Energy (DOE) has enhanced this
statement to read:

DOE Spent Fuel Standard

A concep to make the plutonm as un#ractie and
inaccessible fo retrievd and weapons esa the residua
plutonium in the spent fuel from commercial reactors.

The DOE enhancememakes exlocit the @wncep of materid attractiveness which was
implicit in the NAS usagefahe term. The spéruel standard is roa specification-type
standard It encompasses a rangé loarriers which deter acceskily to ard use of
plutonium, including suc barriers as a radiation field,jldtion, inaccessible location, and
size and weight In the aggregate, these barriers acleewdegree binaccessility and a
difficulty of extraction & the plutoniun comparable to thaof plutonium in “typical’
commercid spen fuel. Once having achieved the speimel standard, the formerly
weapons-usable plutomuis rendered no meratractive for usen ruclear weapons than
the much larger and growing inventory of plutonium in commercial spent fuel.

Building on the NAS work, the DOE completeda@eeningprocessn March 1998in
which a large set of proposed, conceptual options for the disposition of plutonium were
evaluated. The options that remained after the screening process were identified as

! President Clinton’s March 1, 1995, Address to the Nixon for Peace and Freedom Policy Conference and
the Department of Energy Openness Initiative, February 6, 1996.

2 National Academy of Sciences, Committee on International Security and Arms Clelainalgement and
Disposition of Excess Weapons Plutonjudational Academy Press, Washington, DC, 1994.

% U.S. Department of Energy, DOE/MD-0002, “Summary Report of The Screening Process, March 29,
1995. Referred to as “The Screening Report” in this document.
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Executive Summary

reasonable alternatives and have been analyzed for environmental impacts in the Draft
Programmatic Environmental Impact Statement (PEIS)

As $own in Figure ES-1, the reasoraldternatives fl into three céegories or combina-
tions d them reactor,immohilization, ad deep borehole (also known as dirgeologic
disposal) or combinations them. In thereactor alternatives plutonium is used as a fuel
source for conmercid reactors, resulting in the residyautonium being incorporated in
highly radioactive spdnfuel assemlbes In theimmobilizationalternatives the plutonium
is fixed n various matrices in large canisterstthiso contai highly radioactive material. In
the deg baehole alternativesthe plutoniun is emplacedtadepths 6 severakilometers.

In dl three categoriesf@lternatives, barriers are created to make regauet reuse fothe
plutonium difficult; however, the naturef éhe barriers to recoverand reuse varwith the
categoy of alternatives The definitions ad understanding ohow the reasonabldterna-
tives might be implemented has matured since the screepmocess and since the Draft
PEIS as additionaengineering informatio has becom available The dternatives and
variants discussed in this report are listed in Table ES-1 and described in detail in Chapter 2.

Table ES-1. Alternatives and Variants Analyzed in this Report

Disposition Category Alternatives Variants*
Reactor Existing Light Water Reactors 1. Existing Light Water Reactors using
Greenfield Facilities
2. Existing Light Water Reactors using
Existing Facilities
Partially Complete Light Water Reactors  None

Evolutionary LWRs None
Canadian Deuterium Uranium Reactors None
(CANDU)
Immobilization Vitrification 1. Greenfield Glass

2. Adjunct Melter
3. Can-in-Canister

Ceramic 1. Greenfield Ceramic
2. Can-in-Canister
Electrometallurgical Treatment None
Deep Borehole Direct Emplacement None
Immobilized Emplacement None
Hybrid" Existing Light Water Reactors with None

Immobilization Can-in-Canister

CANDU Reactors with Immobilization  None
Can-in-Canister

" For an alternative which has no variants, the terms “variant” and “alternative” are used synonymously.
" Hybrid alternatives combine two or more technologies for accomplishing plutonium disposition.

4 U.S. Department of Energy, DOE/EIS-0229-D, “Storage and Disposition of Weapons-Usable Fissile
Materials, Draft Programmatic Environmental Impact Statement,” February 1996.
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ES.2 TECHNICAL VIABILITY
ES.2.1 Technical Summary

Though each fothe dternatives appears to be techhiigaviable, each is currentlat a
different levd of technicd maturity. There is high confidence th#he technologies are
suficiently mature to how procuremehand/or constructionfdadlities and equipmerto
med plutonium disposition technidarequirements and to begin disposition in abau
decade.

ES.2.2 Common Technologies

Technologies cmmon to mos alternatives (safeguards and security, plutenahnemical

and mechanidgrocessing, existing infrastructulgensing, transportation drpackaging,
and the high-ledewaste repository) gendiy are na significart disciminators among
alternatives, but the following points apply:

* High-level Waste RepositoryThe CANDU reactor athdeep boreh@ dternatives
do nd depend on a U.S. high-ldwsaste repositgrand thus are ufffected ly U.S.
repositoy actions in contrdsto the othe reactor and th@nmobhilization alterna-
tives. Whie existing statutes pait consideration bMOX spert fuel for disposéin
a high-levéwaste repositorymmobilized disposition forms ngaequire authorizing
legislation, NRC rule-making, or other actions prior to such consideration.

— The waste forms frm the plutonium dispositionimmohilized alternatives hava
higher actini@ @ntert than theimmohilized high levewaste fom presently
being considered for the high-level waste repository.

— The MOX spenfuel from reactor irradiation for plutonia disposition $ smilar
to low enriched uranium spent fuel already considered for the repository.

— The spenfuel generated ythe eisting light wate reactor alternatives would
replace tk euivalert low enriche uranium spen fuel tha otherwise would
have been generated.

* Plutonium Processing Plutonium processing, which is the recoyeof plutonium
from surplus weapons components and surplus plutonium-bearing materials and
conversion to forms (uslw oxides) suitable for further disposition actions, is a
significart fraction d the technicheffort required to render the plutoniuto the
spen fudl standard For sone dternatives, te w4 for plutoniun processing is as
gred as d of the other operations combined; additibyyan matry alternatives, the
time required for th extraction and conversion procesdisits the star of the
plutonium disposition mission.
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ES.2.3 Reactor Alternatives

Existing lightwater reactorscan be ready converted to enable the usé MOX fuels.
Many Europearlight wate reactors operate on MOX fueycles and leas three ompa-
nies ae acively involved in MOX fue fabrication. Although some techniagsks exis$ for
the alternative, they are all amenable to engineering resolution.

The MOX fud cores which a airrently operating in Europ ae partid cores The @res
analyzed in this repomare ful core MOX fué cycles Full core MOX fué designs were
selected to complete the dispositimission faster with fewer reactors. Thé ftore MOX
fuel designs ca be implemented with or withduintegrd depletable neutron absorbers,
where tle asorbers provid enhance putonium throughpa capallity but require a
extensive fukqudification demonstration programFor cores nbusing integraneutron
absorbers, there is no substdrdiéference between pairtigersus fll core MOX fué cores
for fabrication; the dierences vl reside in reactor performance @nalditiond analyses
will be required to confirm the adequacy of the new full core MOX fuel designs.

CANDU reactors appear telrgable d operating on MOX fukecycles, btithis has never
been demonstrated onyandustrid scale. Therefore, additiondevelopmenis required to
achieve the level of maturity for the CANDU reactors as exists for light water reactors.

The partially completeandevolutionarylight water reactor alternatives areirsilar to the
existing light wate reactor alternative, excepha the reactors need tocebompleted or
built, respectively, and ehore designs wodl dffer somewhat There is more technical
risk for theg dternatives, relative to th eisting light wate reactor alternative The
increased technitaisks are due to two factors, namely(1l) the partily complee and
evolutionay reactor alternatives core designs both require integratron absorbers—a
novd MOX fuel technolog not currenty in use—to perfan the mission with on} two
reactors; att (2) thee ae inhereh uncertainties associated with completing oil dwg
reactor fadities These reactors walilgenerag aditiond spen fuel above tha for
existing light water reactors.

ES.2.4 Immobilization Alternatives

All of the immohilization alternatives W require qubfication o the waste fan for the
high-level waste repository.

All vitrification alternatives require additiolna@search and developngrior to implemen-
tation d immobhilization d weapons-usable plutoniumHowever, a growing experience
ba® eists relating to the vitrificationfdhigh leveé waste The® eisting technologies can
be alapted to the plutonm dispositionmission, though dhierert equipmen designs and
glass formulations will generally be necessary.

The fadlity requirements forceramic immohilization are geneltg smilar to those for
vitrification. Vitrification and cermic immobhili zation alternatives arénslar with regard to
the technicematurity of incorporatig plutonium in ther respective matrices Ceranic
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immohili zation dfers the potentiaor superior plutonim confinemen over geologic ime
frames.

The technichviahbllity of the electrometallurgich treatmenthas been demonstrated for
treatmen of spen nuclear fuels, buhas no yet been flly estalished for the plutonium
dispositionmission The expermentd data base for thdternative islimited, and critical
guestions on waste forperformamce ae nd yet resolved This alternative is considered
practical only if the underlying technology is developed.

ES.2.5 Deep Borehole Alternatives

The mos significart uncertainties for the deep borehaternatives relate to selecting and
qudifying a sie and to obtaining the requisitécensing approvalsThese uncertainties can
be resolved buwill first require amandate The front-end fe& processing operations for
the deep boreheldternatives are muchirspler than for other alternatives because no
highly radioactive materials are processed, thus avoiding the neerfmte hanithg
operations. Emplacemetechnologies & mmprised 6 largely low-technolog operations
which would & alaptations frm existing hardwas and processes used in industry,
requiring ony a systen integration 6 the various components for this #ipption One of
the dief safeyy advantages fothe deep borehel dternatives is their albty to isolate
plutonium from the biosphere on geologic time scales.

ES.2.6 Hybrid Alternatives

Two hybrid alternatives wermnsidered as example$ lmow diferern technologiesmight
be combined to #ed disposition ¢ al the nation$ surplus plutonium Since hybrids
combine technolog from differert categories titawere deemed techniba viable, both
hybrid alternatives are technicaable The hybrid alternatives benefty combining the
strengths btwo differert technoloy approaches and thus provide robussnéce they
provide a dual path for implementing plutonium disposition.

ES.3 COST SUMMARY

The variants discussed in this refpare based on pre-concegtdasign information in most
cases As 3aich, large uncertainties in the po&simates for cosand schedel esimates
provided in this reparapply. The kg parameters thalrive the uncertainties are identified
expicitly in Chapters 4 ah5 for the @4 and schedel estimates, respectively These
parameters includefor all alternatives: how will the alternatives develop and coynplith
regulatoy and oversighrequirements and ko will front-erd plutonium processing be
configured (existing falcty, co-located, or new fdidy); for reactor alternatives how
mary and whakind of reactors W be used, whacore managemestrategies are adopted,
and wha are the business arrangements ifoplementation;for immobilizaton dterna-
tives wha are the materiahroughputs and fdy schedules and o will waste form
processing and qiification proceedfor deep borehole alternativeBow will site selection

ES-6
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ard gudlification be acomgished Quantification & some kg uncertainties is provided in
Chapter 6.

Two figures & mert areimportar for sunmarizing cos impacts: investmercosts andife
cycle msts. These datae provided in Figures ESa2and ES-2b for constandollar
(undiscounted) and discounted dollar costs, respectively.

Some of the important investment-related conclusions from this study are:

» Alternatives which uli ze eisting fadlities for plutoniun processing and@mmohii -
zation or fuéfabrication are less expensive thauilding new fadities for the same
functions.

« The investmencosts for existing reactor alternatives tend ¢odbout $1 Hlli on?
completing or bilding new reactors increasesthgita commitments ly several
billion dollars.

* The investmeincosts for using existing fdidcies forimmobhilization are less than or
approxmately $1 Lllion; bulding new fadities for immobilization increases the
investment cost significantly.

* Hybrid alternatives requerasmdl incremenin investmenover tre eisting reactor
cases alone.

* Investment costs for the deep borehole alternatives are greater than $1 billion.

Some of the important life cycle cost conclusions are:

* The can-in-canister alternatives are the raractive dternatives forimmobhiliza-
tion based on cost considerations.

* While there isa aedt for the low enrichd uanium and naturburanium fuel dis-
placed in existindight wate reactors and CANDU reactors,etliombined invest-
mert and operating costs for MOX fuare higher than for eomercid uranium
fuels; thus, tB wd of MOX fuel cannd compee eonamicdly with low enriched
uranium fuel for light water reactors or natural uranium fuel for CANDU reactors.

® For convenience, text commentary is expressed in constant 1996 dollars unless otherwise noted.
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Figure ES-2a. Investment and Operating Costs for Baseline Alternatives (constaht $)
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Figure ES-2b. Investment and Operating Costs for Baseline Alternatives (discoundéd $
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! The costs are for base case estimates as defined in Chapter 4. Chapter 6 identifies a series of cost uncertainty factors and
provides a quantitative estimate of them for many of the alternatives.

2 For the net life cycle costs of the evolutionary and partially complete reactor alternatives, electricity is sold at $0.029/kWh
with all revenues assumed here to accrue to the government. No acquisition cost or salvage value for the reactors are
included. Alternative assumptions are considered in Chapter 6 .
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* A large fraction bthelife g/cle a4 for plutonium disposition is tk ectraction of
plutonium from pits and other plutonium-bearing materials.

 The deep borehel dternatives are mer expensive than # can-in-canister and
existing light wate reactor, existing falcties alternatives The immobilized em-
placemen borehoé dternative is espedig expensive with a $1lilbon premium
over the direct emplacement alternative.

* The sensitiviy to the assume discour rate (hee assumed to be 5% in rieerms),
while nd trivial, is sndl in comparison to the inhertenncertainties in th st
estimates.

Among the reactor alternatives tbheare two tha have the potentigo redize revenues:
namely, the partially complete and evolutionary light water reactors.

For the partithy complee and evolutionay reactor alternatives, revenuesl accrue to the
owners The gross amounof revenues are incorporated in the hée o/cle @sts in
Figures ES-2a and ES-2b. The extenwhich thg might impad net plutonium disposition
mission costs to the governnieare shown, assuing d revenues accrue to the govern-
ment Depending on the business arrangements, lachpad on overdd cosd may vary
significantly, as discussed in Chapter 6. |

Regarding evolutiongrreactors, the Departmein its Record 6 Decision on Tritium
Production did nbchoose to constramew reactor(s) for trition supply Rather, the
Departmenh chose to pursel astratey of evaluatig (1) using existing ammercid light
wate reactors and (2) constructiofi @linear acceleratdr. Subsequently, the Department
issued a reque$or expressionsfanteres for tritium production thaalso sdicited interest
regarding the future potentiase ¢ mixed oxide fukfrom surplus weapons plutonium
either coincident with or separate from tritium production.

Through the initiaresponses to the requésr expressionsfanterest, the Departmemwas
able to detamine tha there gpears to be $ticient commercid interes in use @ existing
light wate reactors for plutonion dispositionmission aloe axd/or in a join mission of
tritium production and plutonm disposition. The usef @xisting reactors would be subject
to formd procuremen procedures and business negotiations, including the feasy,i
which the utilities would charge for irradiation services.

ES.4 SCHEDULE SUMMARY

Table ES-2 smarizes the schedule information and as noted in ES.3, sighiticaer-
tainties also applto the schedules famplementation Chapter6 dscusse ©me d the
key schedule uncertainty factors. Some of the key conclusions from this study are:

5 DOE News Release, October 10, 1995.
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* When using European MOX fdefabrication capacit for LWR and CANDU
reactors, ensuring an adequate sypplplutonium oxide is the ratdimiting step.
For the other existing reactor variaand the partity complete reactor alternative,
avalallity of MOX fuel is the ratdimiting step. For the evolutionareactor alter-
native, the availability of a reactor is limiting.

» The can-in-canister variants carewsailable plutoniun materials (oxides) ahpilot
immohili zation equipmenand begin pot plart (1.25 MT/yr) operation in seven
years.

» For the deep borelmlternatives, obtaining the siting approvals is the lhatging
step. Theitme to star disposition for borehel dternatives is eshated to be ten
years and the moind disposition period is ten year$dowever, once in operation,
the borehd dternatives @fer the possibty of completirg putonium disposition
very quickly, possibly in as few as three years after start-up.

» Hybrid alternatives havemportart schedu¢ alvantages in thiathe immobhili zation
leg can be initiated in adittle as seven years, operatibftexibility is retained, and a
back-up contingeryccapaliity is bult in if one d the technologies were toilfar be
delayed The mission could also be shorter using batimobili zation and reactor
technologies than that of either of the technologies separately, if desired.

ES.5 SUMMARY OF ADVANTAGES AND DISADVANTAGES

Table ES-3 identifie ©®me d the ke technical, cost, and schedukllvantages and
disadvantages of the alternatives analyzed.

ES-10
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Table ES-2. Disposition Schedule Summary

Time to Time to

start (yrs} complete (yrsj Remarks

Reactor Alternatives®

Existing LWRs, Existing 9 24 Reflects initial use of European MOX fuel fabrica-
Facilities tion plant until domestic facility is available. Un-
availability of European MOX fuel fabrication
and/or plutonium oxide for LUAs and initial reactor
core loads can delay the disposition mission up to
4 years.
Existing LWRs, Greenfield 13 31
Facilities
CANDU 8-10 <24 CANDU fuel irradiation likely could begin earlier with
European fuel fabrication, just like LWRs. Since
CANDU MOX fuel fabrication is less certain than for
LWRs, only half of the LWR schedule acceleration of
4 years is assumed to apply to the CANDU alternative.
The earlier date shown here assumes a two-year schedpile
credit for European MOX fabrication.
Partially Complete LWRs 13 28
Evolutionary LWRs 14 28
Immobilization Alternatives
Vitrification Can-in-Canister 7 18 |
Vitrification Greenfield 12 21
Vitrification Adjunct Melter 12 21
Ceramic Can-in-Canister 7 18 |
Ceramic Greenfield 12 21
Electrometallurgical Treatment 13 22
Deep Borehole Alternatives
Immobilized Emplacement 10 20 The implementation time is assumed to be 10 ye
it could be compressed to as little as 3 years
Direct Emplacement 10 20 The implementation time is assumed to be 10 ye
it could be compressed to as little as 3 years
Hybrid Alternatives
Existing LWRs with 7 <25 The 7 years corresponds to the immobilization por-
Vitrification Can-in-Canister tion of the hybrid. The reactor portion starts up in P
years.
CANDU with Vitrification 7 <22 The 7 years corresponds to the immobilization por-

Can-in-Canister

tion. The reactor portion will start in 8-10 years.

1

Time is measured from authorization to proceed. Start-up time refers to the initiation of production-scale operations
which for can-in-canister variants is taken to be 1.25 MT/yr capacity versus full scale (5 MT/yr) capacity.

Time to complete is the entire duration froaotherization to proceed to completion of the disposition mission. The

disposition mission is considered complete: for LWRs — after the first irradiation cycle for the last MOX bundles; for
CANDUSs — after the last bundle has completed its intended irradiation; for immobilization — when the last
immobilized waste form is fabricated; and for deep borehole — when the last borehole is sealed.

For reactor alternatives, this start of production-scale operations is defined to be the beginning of thenicgdti

for the mission fuel. For existing LWRs, this is 2—3 years after irradiation of lead use assemblies. For partially
complete and evolutionary reactors, the mission starts when the reactors go to full power with their MOX cores.
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