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Advanced Fuel Cycle Initiative (AFCI)

° The Department of Energy’s AFCI and Generation IV Reactor
are integrated programs.

* The mission of the integrated programs is to develop the next
generation of nuclear energy systems, capable of providing
energy for generations, by

- Developing and demonstrating advanced nuclear energy systems that
meet future needs for safe, sustainable, environmentally responsible,
economical, proliferation-resistant, and physically secure energy (Gen
V)

- Developing and demonstrating technologies that enable the transition to
a stable, long-term, environmentally, economically, and politically
acceptable advanced fuel cycle (AFCI)

* These fuel cycles should
- Reduce high-level waste volume
- Increase the capacity of geological repositories
- Reclaim valuable energy in spent fuel
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Electricity Consumption is Increasing
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Energy Consumption Relates to Quality of Life
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Developing Countries Projected for Strong
Growth in Electricity Consumption

Projections Average Annual
Percent Change,
Region/Country 2001 2010 2015 2020 2025 2001-2025
Industrialized Countries
North America 4,036 4,839 5,306 5,792 6,314 19
Western Europe 2,246 2,486 2,659 2,839 3,029 13
Industrialized Asia 1,014 1,132 1,208 1,279 1,354 12
Total Industrialized 7,296 8,456 9,173 9,910 10,697 1.6
Easter n Eur ope/Former
Soviet Union (EE/FSU)
Total EE/FSU 1,815 2,181 2,447 2,706 2,941 2.0
Developing Countries
Developing Asia 2,650 3,723 4,508 5,342 6,274 3.7
Other Developing 1,528 1,998 2,235 2,730 3,159 31
Countries
Total Developing 4,178 5,721 6,743 8,072 9,433 35
Total World 13,290 16,358 18,453 20,688 23,072 23
Source: Energy Information Administration/International Energy Outlook 2004 5
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Why thereis a U.S. revival of interest now
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U.S. Reprocessing Policy Evolution

° Initially, a closed fuel cycle was thought to be necessary
* 1970s—a time of change

- Experts inform administration that reactor grade plutonium could
be used in a nuclear explosive device

- 1974: unexpected Indian test
- 1977: Carter cancels Barnwell licensing
- TMI-Il accident stalled nuclear power expansion in US
° 1981: reprocessing ban lifted under Reagan
* 1993: Clinton administration reinstates ban
° 2001: National Energy Policy allows reprocessing research

o Statusfor Spent Fuel Treatment in the United States

AFCI Goals

* AFCI Transitional Fuel Cycle R&D addresses specific near to
intermediate-term issues facing nuclear power including
- reducing high-level waste volumes
- increasing the capacity of the planned geologic repository
- reducing the technical need for a second repository
- reducing long-term inventories of plutonium in spent fuel
- enabling recovery of the energy contained in spent fuel
* AFCI Fuel Cycle R&D supplements the transitional AFCI objectives
and addresses the following objectives:
- reducing the toxicity of spent nuclear fuel,
- reducing the long-term heat generation of spent nuclear fuel,
- providing a sustainable fuel source for nuclear energy

- supporting the future operation of Generation IV nuclear energy
systems.
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AFCI Organization

°* AFCIl is divided into
four technical areas:
- System Analysis

- Separations
- Fuels
- Transmutation
Science/Engineering. Sl
S e el i
e

° A number of national EERANENEAREN:
laboratories support A by
this program.
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° Both agueous and
pyrochemical processes
are being assessed to
close the nuclear fuel
cycle.

* Argonne National
Laboratory is the leader
in development of both
technologies.

* Pyrochemical and
aqueous demonstrations
with spent fuel have been
performed.

10

. . Office of Sci C -
A Dloneering Statusfor Spent Fuel Treatment in the United States S, Department EE
Technology of Energy .




AFCI System Analysis
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* Assessments of how the capacity of the repository can be increased
under different fuel cycle and reactor options is being performed.
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Conclusions of Scenario Studies with
regard to AFCI Transition Phases
* In Phase 0, extended fuel burnup should be pursued.

- At 100 GWd/MT, Spent fuel growth rate reduced by factor of 2
- Plutonium inventory reduced by 1.6X

* Phase 1 will separate the spent fuel into different components.
- No spent fuel reductions, but possible waste handling benefits
- Move as quickly as possible to Phase 2 (or even Phase 4)

°* MOX fuel recycle in LWRs (Phase 2) can slow the plutonium growth
rate.

- However, continuous recycle needed to derive large benefits
° Stabilization of the spent fuel, plutonium, and minor actinide
inventories will require both fast reactors and processing capacity.
- Phase 3 burndown would require fast reactors (e.g. Monju)

* Phase 4 is a continuous recycle equilibrium state.
- Inventories contained in operating reactors and fuel cycle

Statusfor Spent Fuel Treatment in the United States




Benefits of AFCI to a Geologic Repository

° What steps can be proposed in AFCI that would be of benefit to
a geologic repository for hazardous nuclear materials?
- processing of spent LWR fuel to separate certain elements
- what elements to remove, and why?
- how efficient do the separations need to be?
- recycling for transmutation into less hazardous materials
- thermal or fast neutron irradiation?

* Using arepository at Yucca Mountain as an example of a
geologic repository, the following have been determined:
- separations requirements that allow for increased loading
- effects of limited LWR recycling for various strategies
- age of the spent LWR fuel at processing
- the need for continuous recycling of certain elements
- changing operating strategies on the need for separations
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Reference Repository

° The reference repository for
modeling is based on Yucca
Mountain

- Assume nominal layout and
dimensions adopted by the Yucca
Mountain Project.

- Assume nominal operating modes,
performance goals, and operating
limits.

- Arepository “benefit” is something
that results in reduced repository
size and/or environmental impact.

(From Yucca Mountain
Project Reports)
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Proposed Yucca Mountain Layout
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(From Yucca Mountain
Project Reports)
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Criteria for Large Repository Capacity Increase

* Finite recycling with LWRs, where the last assemblies in each
strategy are sent to the repository, severely limits the potential
gain in repository drift loading.

- Older spent fuel reduces the gains of limited LWR recycle

* These results indicate that the following would be necessary to
achieve large increases in repository drift loading

- Efficient separation of plutonium and americium from spent fuel
- Never sending the last assemblies to the repository
- the need for repeated, or continuous, recycling

° Only with continuous recycling will large gains be possible
- May be feasible in either a thermal or fast neutron spectrum

- Itis essential to have the lowest practical losses for processing
both spent PWR fuel and spent recycled fuel
17
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An Analysis of Nuclear Energy Futures with
Fast Reactor Deployment

* Goalis to provide for growth in nuclear power

° Ground ruleis to avoid technical need for a second repository this
century

° Inthe work reported here, we examine going straight to fast
reactors (specific technology unspecified) without recycle in
thermal-reactors

* Reprocessing demonstrations must start quickly for technology
selection and economic data.

Coneenng Statusfor Spent Fuel Treatment in the United States

A Representative Scenario

* Growth of U.S nuclear power of 2% per year in 2010-2050, results
in 215 GWe at mid-century
- Current licenses extended
- Retiring plants replaced

* LWR fuel processing plants are assumed deployed as follows
- 500 MTHM/yr starting ~ 2015
- 1500 MTHM/yr plants starting ~ 2022, 2029, 2036
- Technology to emerge and improvements implemented with experience

* Avoid accumulation of plutonium-rich transuranic product by
timely placement in fast reactors
- Specific technology would emerge from accelerated work on fast reactors
- First demonstration plant assumed on-stream ~ 2014
- Others as necessary to accept processed transuranics supply

Statusfor Spent Fuel Treatment in the United States




“Base Case” Scenario

° The number of fast burner reactors deployed by 2050 depends on the
conversion ratio (CR):

“LWR” Capacity CR Fast Burner Capacity
164 GWe 0.0 51 GWe
154 GWe 0.25 61 GWe
141 GWe 0.50 74 GWe
98 GWe 1.0 117 GWe

* Take CR =0.5as the base case

* All candidate processes assumed to remove >99% of the
transuranics from high level waste
- Increases the total nuclear energy generated per unit decay heat of
waste at emplacement by a factor of 4-5, perhaps more
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Repository Heavy Metal or Heavy Metal Equivalent
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Conclusions

° With nuclear energy growth, nuclear plants operated with
once-through fuel cycle will require multiple repositories.

°* The proposed scenario could start the U.S. on a hew
energy-security path

- By 2050, hundreds of GWe of clean, safe nuclear capacity
could be deployed with a single repository to dispose of
wastes.

- Proliferation resistance of the process is needed, and
together with integrated and transparent safeguards
(development needed), the fuel cycle model can be
international norm

Statusfor Spent Fuel Treatment in the United States

Resources

° World Nuclear Association

* DOE Office of Nuclear Energy
* Nuclear Energy Institute

* Nuclear Energy Agency

* Energy Information Agency
* COGEMA
° MIT report

* Harvard’s Kennedy School for Science and International
Affairs Project on Managing the Atoms and
follow links

* Garwin and Charpak, Megawatts and Megatons (2001)
°* The Encyclopedia of Energy (Spring 2004)
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OECD/NEA Trends in the Nuclear Fuel Cycle, 2002

©  OECD/NEA Trends in the Nuclear Fuel Cycle, 2002 I =

research stage; Il = Laboratory/Pilot plant stage; Il = Pre-industrial
stage; IV = Industrial stage.

Industrial stage

Industrial stage RRP

Industrial stage J-MOX

Laboratory/Pilot plant

Laboratory/Pilot plant
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