


Current Resarch, Devebpment, and Demonstation

RD&D Goals

X Goals for next-generation fission enegygtems (@reration 1V) research a foaused on thelesign of
reactors anduel cycles that are saf, more econoneally conpetitive, nore resistant to proliferation,
produce less waste, anthke better usef the energy content uranium

RD&D Challenges

x Denonstrateéechnoloy for advanced concepts.

x Develop proliferation-resiant fuel-cyle concepts.

x Develop safst, waste, and proliferatiomspects of aghnced fission reactors.

x Conduct comprehensive R&D on advanced fission reaciocepts, reipg heaviy on international
collaboration.

RD&D Activities

x Federallyfunded development of advanced reacénis fuel ¢/cles has been semed in the United States
through the Nclear Energy Research Initiative, tBeneration 1V Nuclear EnergyStens Initiative, and
the Advanced Fuel @e Initiative.

x Advanced used fuel treatment technasgare undedeveloprentthroudh the Advanced Fuel Gyle
Initiative.

Recert Progress

X Advanced light water retors have receged desigrecertification fromtheNuclea RegulatoryCommission.
X An advanced boiling water reactor, which was builess than fiveyears, is operating in Japan.

Commercialization and Deploynent Activities

X Generation IV Nuclear Eargy Systemsare projectedo be readyor commercial deplayent in the
timeframe 0f2020to 2030.

Market Context

X Indeterninate at this time. Potentigllarge international and dagsticmarkets.
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2.4.2 RESEARCH ON NUCLEAR POWER PLANT TECHNOLOGIES
FOR NEAR-TERM DEPLOYME NT

Technology Description

Electricity from nuclear power generates no
greenhouseasp enssions. To the extetihat
deployment of near-terrmuclear poweplants
can addressrpvailing concerns, nuclegower
can continu¢o be an irportant part of a
greenhousedas enssions-free energgortfolio.
In order to eable the deplgment of new,
advanced nuclear power plants in thatekh
States in the relativelgear-tem — within a
decade - it is essential tordenstrate th
untested federal regulatory and licensing
processes for the siting, construction, and
operation ohew nucleaplants. In addion,
other ngjor obstacles (includinghe iniial high
capital cost®f the first few plants and the
business risks resulting frothisand the
regulatoryuncertainty must be addressle
Technolog development on near-teradvancec
reactor conagts that offer enhanoeents to
safetyand economss is needed to enathese
new technologies to be cqetitive in the
deregulated electricitynarket, and suppornergysupplydiversity and security
TheNear-Term DeploymérRoadma was issued in October 2001 and advises DOE on actions and resol
requirenentsneeded to syport depbyment of new nalear power fants. The primarjocus of the roadap is
to identify the generic and design-sgecgaps to near-terdeployment, tadentify those designs that best
promise to meet the needs$ the narketplace, and tpropose recommended iets that would close gaps anc
otherwise support depyment. This inaldes, but is ndimited to, actions to achieve econ@mompetitiveness
and tinely regulatoy approvals.
System Conepts
x Advanced fission reactor designs that are currentéflable or could be ade awailable with limited
additional wak to conplete design developemt and deplgment in the 2Q0 timeframe.
Representative Technologies
x Certified Advanced LighWater Reactodesigns: ABWR, AP60%ystem80+.
x Enhancerants to certified designs withr®e engheering work akadyconpleted: AP1000ESBWR. (An
NRC design certification ruleaking is schedwdd for the AP-100@n Decenber 20(5.)
x Proposed light water retor designs fronoveisea with potential br near-terndeployment in the United
States: ACR-700, EPR.
Technology Status/Applications
x All near-term deplognent designs are well-defined cmepts in varing stages oflevelopnent Most still
need significant detailed engineeringgdepment and/or regulatprapproval.

Jrce

Current Resarch, Devebpment, and Demonstation

RD&D Goals

X Resarch goals are focusexh successily demonstrding theuntested regulatory processes Early Site
Pemit (ESP) and cotnined Construction and Oging License (COL) processes and onrdgulatoy
acceptane (certification) and completion of first-of-a-kind engineering ardksign.

X Specific goals include amdusty decision toorder anew nucleapower plant g 2008 anddeployment of
one or nore new nuclear@wver plants in the 21D time frame.
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RD&D Challenges

X

X

X

Supportresolutionof the tehnical, institutional, andegulatoly bariers to the deplayent of new nuclear
power plants in the 2M time frameconsistent with recmmendations ilNear-Term Deployment Roadm
In cooperation with the nuclear indng denonstrae the untesteregulatoy processes for Earl@ite Pemit
and conbined Construction and Operating Licensesdduce licensing uncertdies and attendant financi
risk to the liensees.

Provide for tehnolog development to enable finalizimn and NRCcertification of those adwaed nuclear
power plant designs that the U.S. pogeneration coanies are willing tduild.

Provide fordevelopment and deamstiation of adanced technoloigs to reduce constructiomrte for new
nuclear power plants and tammize €hedule uncertainties and associatedscist construction.

RD&D Activities

X

X

Demonstratian of regulatory processegarfEarly SitePemit and conbined Consruction andOperating
Licenses.
Development and NRC certification gidvanced nuehr plant designs.

==

i |

Recert Progress

x

Three near-terrdeplog/ment designs hae been certifiedythe Niclear Regulatgr Commission.

Reactor vendors are exploring NRC dfezation of advanced reamt concepts.

The three cost-shared Early Site PielaSP) deronstration projets initiated vith industy in FY 2002;
power canpanies submtted ESP applations to tle NRC for review and approval. IssuarafeNRC
approved EBs is anticipated in calendagar 206.

Two cost-shared Construction and Ggierg License (OL) denonstrations projects were initiated with
power canpanies in FY2005, with activities leadingdadecision to subitna COL application to the NRC
in 2007.

A nuclear power plant cost and construction assestto independentlgvaluate the costelsedule, and
constructiommethods of the Advared Boiling Water Reactor degsi by GE, as well as ideftipromising
improvements to the constiction methods and techgues to supgt new nuclear power pladieployment
in the 2010 tneframewill complete in FY 2005.

The Advanced Boiling Water Reactor has beenaleql successfully in JapaAdvanced Boiling Water
Reactorsaareunder construction in Taiwan.

Commercialization and Deploynent Activities

At least two designs and perhapere can be commeeidized in the United States within the next decad
Achieving this goal will require a major effort bindustry and DOE to workdgeter to resolve open issue
and to share the one-taoosts of clogng bot genert and desigrspecific gaps.

Market Context

X

The focus of the market ia the Unted States. Due to the uncertaintgaeding he impacts of deregulatio
designs in thd00-300 MW, range andhe 1,00 MW, -plus rang are both required.
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2.4.3 ADVANCED FUEL CYCLE INITI ATIVE

Technology Description

Chemical Processing & LWR/HTGR Fast Reactor Recycle
Advanced Separations

(UREX+)
Pu/Np Uranium Uranium
Spent
Fuel
Recycle ] o ]
 Pu consumption and toxicity reduction
« Significant reduction in number of waste packages
Reactor Gen IV Fast Reactor » Permits significant expansion to existing repository
(LWR/HTGR) (Transmuter)

Trace Pu
Trace Actinides
Fission Products

Repository

The Advanced Fuelyele Initiative (AFCI) under thdeadership of DOHs focused on deveping adranced

ffuel cycle technolgies, which include@ent fuel treatmet, advanced fuels, atichnsnutation technologiedor

application to current operating commiatgeactos and next-generation reactoagd to informa

recanmendation ¥ the Seretaryof Erergyin the2007-2010 time frane on the need for a secogdologic

repositoy. The AFCI progranwill develop technalgies toaddress intermediatsdlong-termissuesasseiated

with spent nuclear fuel. The inteediate-term issuesare the reduction ohé voume and heat generation of

materal requiring geologidlisposal. Therogramwill develop proliferation-resiaht processesnd fuels for

application to current lighivater rectorsystems and Genation IV reactor sgteams to enableéhe energyalue o

hesematerials to be recovered, while desting sigrificant quantities of plutoniumrhis workprovides the

opporunity to optimize use of the nation’s first redtisy and reduce the technical need for an additional

repositoy. The longer-ternmissues to be addressedthe AFCI progranare the developent of fuel g/cle

echnologiesd destry minor actinides, greatlyeducng the long-term radiotoxicity and heabhd of hgh-level

wastesent to a geologic repositorThis will be acconplished through e developrant of Gen IV fast reactor

ffuel cycle technologies and psibly accelerator-driven syens

System Conepts

X Advanced nuclear syans (fission reaatrs and accefator-diven systems) that am to reducehe lifetime of
the waste frmn current-g@eration fission reactors to short 8m

x Advanced nuclear syems that aimto extract the fullenergy potential of the spent nuclear fuel fromrent
fission reactos, while reducing or elimating the peential for proliferation of nucleanaterals and
technologiesand reducinghe anount ofwaste produced.

Representative Technologies

x Spent-fuel treament techmlogies that are proliferation resistant.

x Advanced fuel tpes for waste tranautaton.

x Advanced fuel tpes for sustained nuclear energy

x Accelerator-diven systens for rapid waste tramsutation.

x Advanced reetors for sustained nuclear energy.

Technology Status/Applications
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X Advanced fuel-cgle developrent has eached the laoratoryscale-deonstraton stage in someases.
X Trangnutation fuels are in earlfR&D stages.
X Developmentof acceleator-driven gstems is at theady R&D stage.

Current Resarch, Devebpment, and Demonstation

RD&D Goals
x Provingdesia principles @& spent-fuel treatment and transtation technologies.
x Denmonstratiry the fuel andeparation technologiesrfavaste transuotation.

x Deploying Generation 1V advanced fast speatrueactors that can tramsute nuclear aste.

RD&D Challenges

x Demonstrae performancef advanced fuel ayjes.

x Demonstrae performancef advanced tramsutation fuels.

x Denonstrae technology for advanced fission reactor concepts.

x Denonstrae feasibility and technologyor acceleator-driven gstems.

RD&D Activities

x Continueddevelopnent am denonstration of ageots and electrometallurgicapent-fuel treathent
technologies.

x Developmentof transnutaion fuels forGeneration IV reactor syams.

x Development of technolgies for accelerator-drivelystems.

Recert Progress

X Hot denonstration of several parts of the UREX+ (hitan Extraction Plus) aggous spent fel-treatment
process, including separationlogh-purity urafum, cesium/strontium plutonium/neptunium, and
americium/curium products.

X Irradiation tests of severabinsmutation fuels containing transuranic elements

Commercialization and Deploynment Activities

x Disposal of spent nuclear fuel is a government actimithe Unitel States. Siitar spent-fuel treatment angd

transnutation technolog developmen programs exist in France, Japan, dredWnited States. Developme
of treament and transmtaion technobgies for usavith advancedeneration IV fuel cgles will increase
the acceptalitly of nuclear energy

X Advanced Fuel Ggle Initiative haghe potential talecrase the gantity andtoxicity of nuclear wate,
possiby eliminating theneed for a second gegio repositoy.

Market Context

X Technologies to iprove spent-fuel disposition increase tfalue of keeping esting nuclear power plants
online as well as increaghe likelihoodfor expandechew nucleapower capaci.
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