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U.S. Activities Related to Fast Reactors and ADS
Nuclear Generation
The U.S. nuclear power industry achieved its second straight year of record power generation
levels during 2000. According to information released by the Energy Information
Administration, total power generated was 753.9 billion kWh, 3.5 percent above the previous
record of 728.1 billion kWh set in 1999. This represents continued growth in power production
for the nuclear power industry that had produced only 577.0 billion kWh as recently as 1990.
The record year 2000 output was achieved despite the fact that the industry now has only 103
operating reactors compared to 111 operating reactors as recently as 1990. Record output was
attained through an annual net capacity factor of 89.1 percent during 2000 compared to 85.5
percent in 1999 and 70.2 percent in 1990.
Recent years of reliable service and declining production costs have led to increased industry
interest in nuclear power plant license renewal. The Nuclear Regulatory Commission approved
the license renewal applications for five U.S. nuclear power plants in 2000. Five additional
applications were received and 28 more are planned to be submitted by 2004.

Generation IV Nuclear Energy Systems Initiative
Concerns over energy resource availability, climate change, air quality, and energy security
suggest an important role for nuclear power in future energy supplies. While the current
Generation II and III nuclear power plant designs provide an economically, technically, and
publicly acceptable electricity supply in many markets, further advances in nuclear energy
system design can broaden the opportunities for the use of nuclear energy. To explore these
opportunities, the U. S. Department of Energy's Office of Nuclear Energy, Science and
Technology has engaged governments, industry, and the research community worldwide in a
wide-ranging discussion on the development of next-generation nuclear energy systems known
as "Generation IV".
The technology goals for Generation IV nuclear energy systems were developed by a
subcommittee of the Department's independent Nuclear Energy Research Advisory Committee
(NERAC) in cooperation with the international research community. After multiple reviews by
U.S. and international experts, the goals are now widely endorsed as an appropriate basis for
deciding on a future, multinational R&D plan for developing advanced nuclear energy
technologies.
Technical Working Groups will collect information on and evaluate four broad classes of nuclear
energy system concepts by reactor coolant type: water, gas, liquid metal, and nonclassical. The
Technical Working Groups will be assisted by our Evaluation Methods Group and other
crosscutting groups that will conduct comparative assessments of alternative fuel cycles and
specific technology area.

US DOE Nuclear Energy Research Initiative (NERI)
In January 1997 the President's Committee of Advisors on Science and Technology (PCAST)
was tasked to evaluate the current national energy research and development (R&D) portfolio
and provide a strategy to ensure the U.S. has a program to address the nation's energy and
environmental needs for the next century.
In its November 1997 report, the PCAST Panel on Energy Research and Development
determined that establishing nuclear energy as a viable and expandable option was important and
that properly focused R&D was needed to address the potential long-term barriers to expand the
use of nuclear power (e.g., nuclear waste, proliferation, safety, and economics). The PCAST
panel recommended that the Department of Energy (DOE) reinvigorate its nuclear energy
research and development activities in an R&D effort to address these potential barriers with a
new Nuclear Energy Research Initiative (NERI). This new initiative would fund research based
on competitive selection of proposals from the national laboratories, universities and industry.
These recommendations were followed by the 1999 PCAST report on International Cooperation
on Energy Innovation which recommended that an international component to NERI be created
to promote "bilateral and multilateral research focused on advanced technologies for improving
the cost, safety, waste management, and proliferation resistance of nuclear fission energy
systems."
The Department and Congress endorsed the PCAST and established the NERI program in fiscal
year (FY) 1999 to sponsor innovative scientific and engineering R&D to address the key issues
affecting the future use of nuclear energy and to preserve our nation's nuclear science and
technology leadership. In FY 2001, the Department will launch a new initiative within NERI,
the International Nuclear Energy Research Initiative (I-NERI) to further leverage U.S. R&D
funding through bilateral and multilateral nuclear energy research.

International Nuclear Energy Research Initiative (I-NERI)
The I-NERI program has the following objectives:
•

•

•

Develop advanced concepts and scientific breakthroughs in nuclear fission and reactor
technology to address and overcome the principal technical and scientific obstacles to the
expanded use of nuclear energy worldwide;
Promote bilateral and multilateral collaboration with international agencies and research
organizations to improve development of nuclear energy; and
Promote and maintain nuclear science and engineering infrastructure to meet future
technical challenges.

I-NERI will sponsor innovative research and development in the following areas:
•

Next-generation nuclear energy (i.e., Generation IV) and fuel cycle technology concepts;

•

Next-generation nuclear energy plant designs with higher efficiency, lower cost, and
improved safety and proliferation resistance;

•

Innovative nuclear plant design, manufacturing, construction, operation, maintenance,
and decommissioning technologies;

•

Advanced nuclear fuels; and

•

Relevant areas of fundamental science.

Fast Reactor Program
In 2000, the US Fast Reactor and ADS programs include the EBR-II Electrometallurgical
Treatment program, FFTF activities in view of a decision whether to restart or deactivate the
facility, several NERI awards, and the Advanced Accelerators Applications program.
EBR-II fuel treatment
Further development of electrometallurgical fuel processing technology was assured by several
favorable events in 2000. First, in April the National Research Council issued their final report,
which endorsed the technology as a viable option for processing sodium-bonded spent fuel. Then
in August the Department of Energy completed their Environmental Impact Statement on the
treatment of sodium-bonded fuel. Finally, in September DOE issued a record of decision
approving the treatment of some 25 tonnes of EBR-II spent fuel. Fuel processing commenced
later that same month. Several years of additional R&D will be required in order to achieve
practical throughput rates and to qualify the waste forms for repository acceptance. The
treatment project is currently scheduled to be completed within 10-13 years.
FFTF
In December 2000, the final Programmatic EIS (Environmental Impact Statement) was issued.
The EIS (i.e. Preferred Alternative) recommended that the FFTF facility be shutdown and
permanently deactivated. Secretary Richardson on January 26, 2001 issued the Record of
Decision (ROD) which reaffirmed the EIS recommendation that the FFTF facility be shutdown
and permanently deactivated. Under the requirements of the Tri-party Agreement, DOE had 90
days to construct a revised cost estimate and deactivation schedule. Fluor Hanford Company
delivered to DOE the revised deactivation plan in April 2001. In May 2001, Secretary Abraham
requested a 90 day review of the FFTF. The purpose of this review is to provide the Secretary
with the information required to make a final decision as to the future of the FFTF. This review
is underway.

Advanced Accelerators Applications (AAA)
In 2000 Congress merged two previously existing programs, the Accelerator Transmutation of
Waste, and the Accelerator Production of Tritium. The program has three major components:
>

A 10 year R&D plan concentrated on defining the key technologies to be used for
transmutation of nuclear waste (plutonium, minor actinides and long lived fission
products). This activity includes fuels development and performance testing,
development and testing of dedicated separation technologies, design of transmutation
systems, and materials and physics research. It is expected that after 10 years, suitable
technologies will have been demonstrated for practical waste transmutation
demonstration.

>

The Accelerator Driven Test Facility (ADTF) will be built over 10 years. It will consist
of a large proton linear accelerator (600MeV, 13mA), coupled to two testing stations; the
Target and Multiplier Test Station will consist of a large (8MW) spallation target
surrounded by test loops for materials and small amounts of fuels; the Sub Critical
Multiplier (SCM) will consist of a 100MW subcritical fast reactor driven by a 4MW
spallation target and will be used to demonstrate the safe and efficient operations of
accelerator driven systems, and will serve to irradiate experimental fuels.

>

The ADTF will serve as the principal test station for a Proof of Performance series of
tests, to demonstrate the safety and operations of Accelerator Driven Systems, and to
demonstrate efficient transmutation and recycling of minor actinides and long lived
fission products.

U.S. Activities Related to
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Background
U.S. Energy Policy
-Landscape is changing

EBR-II
FFTF
Existing Programs
-Generation IV
-NERI/INERI
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Advanced Accelerator Applications
Program (AAA)
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AAA Program Background
PROGRAM CONCEPT: Use APT design and technology base,
coupled with ATW technology development, to
-Jump start transmutation technology development
- Help reinvigorate the national nuclear science infrastructure by
creating a new class of nuclear engineering test facility
- Produce credible accelerator-based backup tritium
production capabilities
FY01 funding - $68M
Participants
- Los Alamos, Argonne, Savannah River
- Burns and Roe, General Atomics
- Universities (UNLV, U Texas, UC Berkeley, Michigan)
- Other DOE labs (LLNL, BNL, ORNL)

Goals - Advanced Nuclear Fuel Cycle
With Partitioning and Transmutation
Reduce the toxicity of spent fuel in geological
storage to that of originating uranium ore after
1000 years storage (>99% removal of Pu)
Remove long-term biosphere dose contributors
as a concern for repository storage (Np, Tc, I)
Reduce, to unattractive levels, long-term
proliferation risks associated with disposal of
large plutonium inventories
Contribute to nuclear energy sustainability
- efficient utilization of fuel resource material
- revitalization of the nuclear infrastructure

i
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AAA Program Objectives
Demonstrate proof-performance (practicality) POP of transmutation as a
meaningful approach to long-term nuclear materials management
- Transmutation technology base development
- Fuels
- Separations
- High power accelerator and neutron target

- Systems performance (economics, proliferation risks and impacts)
- Material balance
- Coupling of an accelerator to a multiplying assembly (safe and
reliable operation)
Build the Accelerator Driven Test Facility and use it
- for the POP
- as a major means to help strengthen the domestic nuclear infra structure (people and facilities)
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Nuclear Materials Strategy Principles and Building Blocks
Enhanced proliferation resistance and waste management attributes
- Plutonium is secured via high radiation environments and/or secure storage
- Shipment of radiation-barrier protected material only
- Discharge of piutonium (other actinides) to geologic disposal minimized

Minimal impact on the nuclear energy production system
- Continue to improve LWRs and other reactor types (economics, safety)
- Improved economics for material recycle
- Management strategies built around minimization of the numbers
of special purpose systems (dual tier)

Commonality in technologies developed for nuclear materials
management and those applicable to meet future nuclear energy
requirements
- Technology investments to protect and preserve options

AAA Development Based on These Principles
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Major Transmutation System Issue Areas
1) Technological feasibility
Is transmutation feasible at (industrial) implementation scale?
2) Environmental performance
Will the operation of a transmutation system at practical scales achieve required reduction in the
amounts of problem materials? How much new waste will be created?
3) Safety and Licensing
Transmutation systems will include certain materials and processes different from current nuclear
reactor operating parameters. The use of particle accelerators coupled to other nuclear systems is
presently outside the base of regulatory system experience.

4) Economics
Transmutation necessarily involves processes, systems, and facilities beyond those operating today.
Will the cost of new facilities and operations impact the competitiveness of nuclear-generated
electricity?.
5) Proliferation
What is the proliferation risk of the overall implementation strategy compared to LWR/OT?

AAA will provide quantitative information for 1), 2), 3) and
more robust information basis for 4) and 5)

I
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ATW Plant Sized to Process 10,155 Tonnes of Spent Fuel
(based on average composition of Reference Scenario spent fuel)
US Spent Fuel Inventory
1999 40,000 tn
2015 72,000 tn
End? 86,317 tn

Spent Fuel from Current Reactors

{ATW Reference Scenario)

355 tn stable or short-lived
fission products

0.43 tn Tc-99
0.12 tn 1-127 & 129

10,155 tn
(169 tn/yr for 60 years)

Technetium: 8.1 tn

Uranium - Recycle or
Class C Low Level Waste

Iodine: 2.3 tn
TRU (Pu, Np, Am, Cm)
.106 tn

ATW Subcritical Waste
Burners
45 MW Proton Beam

8 targets
@840
MWt each

Used fuel

45 MW Proton Beam

@37% -->
2490 MWe

A

380 MWe

i

Fresh fuel
5.87 tn/yr
Fission
productsstable or
short-lived

30% burned

,

j^

-116
tn

2110 MWe net

en
IP

ATW Fuel

Fissions
1.76 tn/yr
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Up to Four Stages of Nuclear Fuel Cycle can be Envisioned
Stage 1: Once-through:

Stage 2: Transition TRU & LLFP transmuted

Stage 3: Breeders

Uranium
feedstock

Enriched
uranium

Pu*(1-x)
MA
LLFP

HIMMIilliinilmlilllllllNI

Separations

Breeders/
Converters

Stockpile
spent fuel

Stage 4: Close-Out

Residual
subcritical mass

ADS Burners

HiiinmiiiininminiiHiiiiiniii

TRU, LLFP, U
Equilibrium blend

Option: terminate
via geologic ;
repository

Separations

TRU and LLFP to Multi-tier
transmutation system
••'-

TRU, LLFP, U
-•Equilibrium blend

Residuals, if no
ADS in Stage 2

TRU and LLFP
toATW
(Roadmap I)

Suggested Repository Metrics for Initial ATW Screening - Working Draft
Component
"What is the metric"

Rationale
"Why are we
interested in the
metric

Scale
"How to measure
the metric"

Setpoint
"Improvement
needed for
repository benefit"

Breakpoint
"Other limits to
further benefit
(What)"

Goal
"Suggested ATW
'stretch' goal"

Pu-239
Inventory Reduction

Proliferation/
Criticality

Log Inventory

90%

90%
(HEU)

99+%

Np-237(Am-241)
Reduction

Peak
Dose

Linear EBS
Release Rate

80%

95%
(Tc)

99+%

Total TRU
Reduction

Proliferation/
Criticality

Log Inventory

90%

90%
(HEU)

90-99%

s

Tc-99 Reduction

Dose
Compliance

Linear EBS
Release Rate

50%

90-99%

to

1-129 Reduction

Dose
Compliance

Linear EBS
Release Rate

50%

80%
(I)
90%
(C, DSNF)

80-99%

I

DOE-Owned SNF
Transmutation

Proliferation/
Criticality

Log Inventory
Reduction

90%

90%
(W-Pu)

90-99%

DOE-Owned SNF
Transmutation

Dose

Linear EBS
Release Rate

80%

90%
(HLW)

90-99%

WF, WP, Volume&
Thermal Options

Design Flex.
Lie. Confid.

Qualitative
Judgement

N/A

N/A

Design
Evaluation

Repository Capacity

Cost, Second
Repository

Waste volume,
Heat load

Less volume

Law,
Regulation

Less volume

HLW
Transmutation

Dose

Inventory
Reduction

90%

N/A

90-99%

"Based on YMP Viability Assessment Design Features and Performance Assessment

AAA Major Program Focus and
Top-Level Timeline
Yeari

R&D Program

ADT Facility

Transmutation
Technology
Development
Fuels
Front end
Separations
Backend
Separations
ATW facility
Preconceptual
design

Transmutation
Technology
Demonstration
• Existing facilities
•ADT POP

Tritium

NEPA
Preconceptual
Design
Accelerator tech
development
LEDA tests
Accelerator, target,
BOF design
Subcritical system
Design
Siting
Approvals
Construction
Testing
Operation

Year 10
Integrated Proof of
Performance Test

Year?

Successful
ATW Prototype

Possible tritium
production
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AAA Reference Technologies
First Tier
Accelerator

Second Tier
Linac

Fuels

TRISO
Or
LWR Fertile Free

Metallic; Nitride; Oxyde

Coolant

Gas or Water

Sodium (LBE?)

Separations

TBD (UREX)

Pyroprocessing

Spallation Target

LBE or Tungsten

AAA Sets New Accelerator Challenges

38
t

Understanding and predicting beam halo creation, propagation, effects
Reliability
LEDA will be used to examine both classes of issues

Materials Research - PbBi
Materials Test Loop
Motor

Loop

V

m-

Transfer It
Valve
Sump

- structural materials
- oxide layer creation
- oxygen control
- sensors
- model development
and benchmarking

o
I

A national resource
Applicable to AAA and
Advanced Reactor
Technology development

Accelerator Research Facilities
LANSCE: See physics &
materials
LEDA: Injector 6.7 MeV
RFQ HEBT, Beamstop
Planned program
- Beam - halo code validation
- Validate/confirm major
components
- Improve accelerator
operational reliability
- Safety class beam shutdown

I
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Blue Room Experiments
Area A
120 Hz
_rrm_
iiniini

Pulsed
magnet

• Material
• Size

100 Hz

20 Hz

_JTTTL_

MLNSC

-*Target-2

_A_A_A_

1.

Target-4

120 Macropulses/sec
20 Hz unchopped beam to MLNSC
Up to 100 Hz chopped beam to WNR
MLNSC

-

20 pulses/sec
250 ns wide pulse
4 1013 protons/pulse
Taraet2iB|ueRoom)
-200 nA depending on radiation levels
Target-4
~35,000 pulses/sec
< 1 ns wide pulses
~8108protons/|ip

Proton energy: 800 Mev
Spallation target parametrics

2.

Buffer parametrics
• Material
• Size

3.

Propagation in uranium
• High energy protons

4.

Multiplication
• Highk
• Static and dynamics

NOTE: Materials Testing

\
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Area-A and "Blue Room" provide the
tests locations for LANSCE irradiation
In-situ corrosion results
'in a proton beam

Irradiation of candidate APT
structural materials (316L,
304L.AI6061-T6, Alloy 718,
Mod-9Cr-1 Mo and AI5052-O)
at 50-164C to a maximum
dose of 13 dpa.

800 MeV, 1 mA
Proton Beam

Irradiation of a prototypic
APT tungsten neutron
source, lead aluminum
blanket, 3He filled
aluminum capsules

In-situ measurement of
power deposition, decay
heat in
tungsten.radioisotopes
made in He loop, water
purification tests

Smalller-scale, simpler and less expensive tests are possible in the "blue room" with
a 800-MeV, -1-u.A beam.

1

AAA Nuclear Fuel Development
Nonfertile fuel
"Deep burn" ,no Pu breeding in U-238
PuO2-ZrO2-CaO oxide example
Metallic non-fertile fuels

f

Nitride non-fertile fuels

i

R&D Issues
- Higher actinide volatility and fabrication
- Burnup
- Fission gas buildup

ZPPR Experiments
Objective is to realize
coupled acceleration target - subcritical system,
with:
-

Cyclotron up to 250 MeV
Core configuration with large
Pu zone

Measurements would be
similar to MUSE
Experimental plan still to be
developed
Last phase is ADTF
(feedbacks)

Proof-of-Performance Demonstration
Objective 1 - Demonstrate material balance of ATW system
- Key radionuclide reduction factors
- Secondary waste generation
- Secondary long-lived radionuclide production
- Waste form robustness

2
Objective 2 - Demonstrate safe operation of accelerator-driven
subcritical multiplier using non fertile fuels
- Accelerator control
- Accelerator reliability
- Dynamic behavior understanding
- Transient behavior understanding
- Accelerator- multiplier control system
- Transmuter and fuel component robustness level

t

Accelerator-Driven Test Facility
Major Elements of the ADTF

Klystron Gallery
Beam Stop
Injector

Accelerator
Tunnel

~ 600 Million
Electron Volts
High Energy
Beam Transport

(1) The continuous
wave accelerator
which provides a
powerful proton beam
to a spallation target.

(2) The target
for the
accelerator
beam, which is
inside (3) a
sub-critical
multiplier.

Potential
International
User Facility

Potential Materials R&D
Facility and Tritium
Demonstration Facility
~ 100 Megawatts
ADTF Fence

Provides fuels and materials test capabilities
Demonstrates accelerator reliability
Demonstrates accelerator-multiplier coupling and control
Demonstrates ATW fuels performance portion of POP

I
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ADTF Test Stations
1) Target and materials test station
- 8 MW neutron source
- Closed loops for materials and fuel bundle-coolant
combinations irradiation
- Thermal, epithermal, fast spectrum
- Flux: 1-2 e15 n/cm2/s (fast)
- 5 MW fission power
2) Subcritical Multiplier
-100 MW capability
- Fast spectrum multiplier coupled to a spallation source
- Capacity for irradiation of tens of kg of fuel
- Control and safe operation demonstration
- Scalable to full-core operation with ATW fuels

Characteristics of Sodium-Cooled ADTF Concept
Pool-type multiplier system using standard U-10%Zr metal fuel, with
gradual changeover to prototypic ATW fuel.
Two primary Na pumps with intermediate heat exchanger to
secondary Na system.
Proven fuel handling using a rotating plug and a rotating offset
gripper with transfer to in-vessel storage basket.
Multiplier 48-in.-dia (including reflectors) with space for accelerator
spallation target/buffer.
Control rods at periphery or in interior of multiplier fuel region.
Three semi-permanently installed loops for developmental testing of
ATW fuels under prototypic thermalhydraulic and neutronic
conditions with Na, He, and Pb-Bi coolants.
Irradiation assemblies may be placed anywhere in and around the
multiplier region and handled same as fuel assemblies, and
instrumented assemblies may be included as well, if provisions are
initially made for them (i.e., access holes through rotating plug and
multiplier vessel cover.)

ADTF Concept with Inclined Entry of
Accelerator/Target Tube

Bending Magnet
Accelerator

O
O

I

Multiplier

Vertical Section of Inclined-Entry
Pool-Type ADTF
-37.
4TT
TEST

MODULE''

Rotating Plug

—j__j j jj
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Accelerator Tube
O

Test Loop

Multiplier

k..D£.CDPE

Spallation Target
and Buffer
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Conclusions
• A multiyear plan exists that will demonstrate transmutation
technology and provide robust information to address
transmutation issues
• A proposed 10 year program would create and begin operation of
an ADTF to demonstrate proof-of-performance (if budget profiles
are consistent with schedule goal)
AAA will provide quantitative information for
-Technical feasibility
-Environmental performance (material balance)
-Safety and licensing
and a more definitive basis for
- economics
- proliferation
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Electrometalurgical Treatment
o
-p

I

R. W. Benedict
May, 2001

Spent Fuel Treatment Program History
In 1994, DOE requested that the National
Research Council (NRC) assess
electrometallurgical treatment for spent
nuclear fuel.
The NRC subcommittee concluded that
electrometallurgical techniques
represented a promising technology for
treating a variety of DOE spent fuels.
They supported a development and
demonstration program to establish the
viability of the technology.

,
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Spent Fuel Treatment Program
History (Contd.)
• In 1996, DOE prepared an environmental
assessment for a limited demonstration of the
technology.
- 1 0 0 EBR-II driver fuel assemblies and up to 25 EBRII blanket assemblies

• The demonstration occurred between June
1996 and August 1999.
• The program was reviewed throughout the
demonstration by the NRC subcommittee.
• Success criteria were proposed by ANL and
approved by the NRC and DOE.

Development of Separations
Technologies for Irradiated Transmuter Fuel
Most of the initial process development is performed
with simulated fuel at ANL-E; variety of fuel types being
considered at present
-

Metal dispersion of TRU in metal matrix
TRU oxide dispersion in metal or oxide matrix
TRU nitride dispersion in nitride matrix
Emphasis on industrial-scale processes

Once irradiated fuel is available, process
demonstrations will be conducted with such fuels at
various laboratories
-

ANL-E and ANL-W
Oak Ridge National Laboratory
Los Alamos National Laboratory
Savannah River site

o
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Materials Separations and Waste Forms
Spent LWR
Fuel
TRU

High radiation
pyroprocessing

Chop-Leach
Process

Novel uranium
TRU separation

Separate U from
TRU and FP
(UREX process)

Spent ATW Fuel
Cooling

Separate
TRU
p
f
FP
from
FP
(Pyro)

TRU.FP

Waste
(Including Zr)

TRU

ATW Fuel
Preparation
(Pyro following
aqueous step)

I
:

uel Fabrication Fuel Assy

ATW

(Metal)

Core/Blanket

Waste
TRU

Tc Targets
Prepare U for
Disposal

> Waste
Treatment
(metal and
ceramic . ,

,

FP Extraction
(Pyro)

1 Targets

Tc,l

HLWfor
Repository |
Disposal

Novel waste
forms

Transmutation
Assembly
Fabrication

Fission Product
Tc, I separation

O
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Cathode Processor Separates Salt-Uranium
From Both Electrorefiner Products

TEMfTRATUKr
SENSORS

SPLATTER.
SHIELO

THERMAL
RADIATION •
SHIELD

Advanced Eleotrorefiner Concepts Could
Increase Throughput to 10 MTHM per Year
This proposed concept
would be compatible with
existing vessels.
Development plan would
address operations
concerns that are
identified in initial
production operations.
Laboratory work would
be completed in parallel
with technical support
activities.

PCR HTER
(Outer Cathode Removed)

o
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Stripper
Mandrel
Scraper
Assembly

Inner
Cathode

Outer
Basket

Mark-V Electrorefiner Treats Blanket
Fuel Up to 5 MTHM Per Year

ROTATING CONTACTOR
(ANODE)

Fuel
Dissolution
Baskets
Scrapers

STIRRER
ASSEMBLY
FIXED CONTACTS
(CATHODE)

ANODE/CATHODE
MODULES

VESSEL
HEATERS

CATHODE
CYLINDERS

SALT
(ELECTROLYTE)

Cathode
Scraper

.Product
/Collector

FUEL
DISSOLUTION
BASKETS

SUPPORT
STRUCTURE

PRODUCT
BUCKET

r

Cun-ent Bus
and Scraper
Mount

Concentric Anode Cathode Details
(4 units per electrorefiner)

Mark-IV Electrorefiner
Treats Driver Fuel
ELECTRODE
ASSEMBLY
HOUSING
STIRRER
ASSEMBLY

VALVE
ACTUATORS

NODE LOWER
ASSEMBLY

Mark-IV Electrorefiner Anode
HEAT SHIELD
REFLECTORS

JUKI.
DISSOLUTION
BASKETS

SALT BATH
CATHODE

CADMIUM
BATH

SIDESCRAPEK
i SLTi'ORI
AlRUCTURE

BOTTOM
SCRAPER
VESSEL HEATERS

Mark-IV Electrorefiner Cathode

Fission Products are Partitioned According
to Free Energy of Formation of Chlorides
-10

(Kcal per equivalent)
Hg
Mo
w
Ni
H

-20
-30

Metal Waste

Fe
Cd
Zn, Cr

V

-40
Zr

Mn, Be

-50
-• Uranium Product

U
-60

Pu

, Am

-70
-80

-90

fid
Ce
Pr.La

Ca, Na
Sr
Li
K
Ba, Cs, Rb

-> Ceramic Waste

Driver Element
Chopper

Driver
Fuel

Mk-lV Electrorefiner

Cathode
Processor

Element
Segments

Casting
Furnace

Cathode Products

Driver and Blanket Fuel
are Treated in Parallel

Element
Segments

Blanket
Fuel

Blanket Element
Chopper

Mk-V Electrorefiner

Storage X - -'•

ent Nuclear Fuel Treaimm
Mk-IV
Electrorefincr
Cathode
Processor

Element
Vertical Assembler-Disassembler
(VAD)
Fuel-?
Assembly
Transfer
Port

1J53

) Casting
•Furnace

Fuel Assembly
Storage Racks

Mk-V
Electrorefiner

Argon Cell

Electrometallurgical Treatment at Argonne
Treatment Operations resumed September 2000 and will
process the following fuel.
Formal Implementation Plan has been approved by
Argonne, DOE-CH and DOE-NE.
EBR-II
Driver at
ANL-West
(kg)

EBR-II
Driver at
INTEC
(kg)

FFTF
Fuel
(kg)

Total

Driver
Fuel

700

2,000

250

2,950

Blanket
Fuel

21,800

0

0

21,800

Total

22,500

2,000

250

24,750

Fuel Type

(kg)

DOE Sodium-Bonded Fuel Inventory
Spent Fuel
Treatment
Demonstration
(kg)

Spent Fuel
Treatment
Project
(kg)

Miscellaneous
Fuels

Fermi-1
Blanket

Total

(kg)

(kg)

(kg)

Driver Fuel

400

2950

84

0

3434

Blanket Fuel

600

21,800

0

34,200

56,600

Total

1000

24,750

84

34,200

60,034

Fuel Type

NRC Final Report Supported EMT
Final report was issued April 2000.
- Finding: The committee finds that ANL has
met all of the criteria developed for judging the
success of its electrometallurgical
demonstration project.
- Finding: The committee finds no technical
barriers to the use of electrometallurgical
technology to process the remainder of the
EBR-II fuel.
- Recommendation: If the DOE wants an
additional option besides PUREX for treating
uranium oxide spent nuclear fuel, it should
seriously consider continued development and
implementation of the lithium reduction step as
a head-end process to EMT.

'
*
'

Four Success Criteria
Demonstration that 100 driver and up to 25 blanket EBR-II
assemblies can be treated in the Fuel Conditioning Facility
(FCF) within three years, with a throughput rate of 16
kg/month for driver assemblies sustained for a minimum
of three months and a blanket throughput rate of 150 kg
per month sustained for one month.
Quantification (for both composition and mass) of recycle,
waste, and product streams that demonstrate projected
material balance with no significant deviations.
Demonstration of overall dependable and predictable
process, considering uptime, repair and maintenance, and
operability of linked process steps.
Demonstration that safety risks, environmental impacts,
and nuclear materials accountancy are quantified and
acceptable within regulatory limits.
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• EBR-II used a sodium bonded metallic
fuel.
-

Reactive materials (sodium and uranium
metal).
- Highly enriched uranium in driver fuel (63-75%
U-235).
- Blanket fuel contains ~ 1 % plutonium.

• Electrometallurgical treatment
recovers uranium and neutralizes
reactive components into high-level
waste.
-

Basic process development started in the early
1980's.
- Integrated demonstration was completed
August 1999 in the Fuel Conditioning Facility
(FCF) and Hot Fuel Examination Facility
(HFEF).

Schematic Drawing of
EBR-II Fuel Element

