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B ased  on  m ateria ls provided by P . J. F inck
A dvanced Fuel C ycle In itiative Program  M anager at

A rgonne N ational L aboratory, and other sources

P resented to the Integration G roup for the Safety  C ase
by Abe Van Luik

T he U .S. D epartm ent of E nergy’s 
A dvanced Fuel C ycle Initiative is

E valuating Potential C osts and B enefits of 
Partitioning and T ransm utation

INTRODUCTION

� Policy Statement from Department of Energy
Undersecretary Card: the Department is interested in
partitioning and transmutation (P&T) to the extent that
“. . . transmutation is technically feasible and will reduce
the toxicity of the waste to a point that makes it technically
and economically justified …”

� Therefore, making the case for P&T within the
Department requires an evaluation of its potential costs
and benefits
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B ackground

� P artition in g  and  T ran sm u tation  (P & T ) strategies h ave
b een  stud ied  over th e p ast 15 years as a  w ay  to:
� R educe rad iotoxic ity  (L ong L ived F ission  P roducts, M inor

A ctin ides)

� R educe dose (I , T c, N p)

� R educe p roliferation  potential

� R educe volum e of h igh  level w aste

� R educe heat load

� P rovide a path  for effective w aste m anagem ent

� S um m ary of S tu dies
� A A A  and  A F C I program s
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International Approaches to Transm utation

France
 “com mercial” approach
[not a transmutation approach]

Japan, France
“reference” approaches

U.S.,  France
“IFR”

U.S., others
“FR burning”

Italy, Sweden, U.S.
“ATW ”

T RU burning in
FR

T RU burning in
ADS

Double S trata
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Note: Differences between multi-recycle approaches are 
mostly due to normalization to total energy produced.

T R U  burning in
F R

T R U  burning in
ADS

Double S trata

Figure 1(b): TRU waste production

• Thermal spectrum partial irradiations
provide little toxicity benefit

• All transmutation approaches
meet the 1000 year objective

Toxicity Reduction
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T h e  U . S .  A p p r o a c h

y 1 9 9 9 :   A T W  R o a d m a p
y A c c e l e r a t o r  b a s e d  t r a n s m u t a t i o n
y R & D  p r o g r a m  w a s  l a u n c h e d :

y S e p a r a t i o n s
y F u e l s
y P h y s i c s
y T e c h n o l o g y
y S y s t e m  S t u d i e s

y 2 0 0 2 :   R e p o r t  t o  C o n g r e s s  ( I n  P r o g r e s s )
y S y s t e m  s t u d i e s  i n  U . S .  a n d  E u r o p e  i n d i c a t e  p r e f e r e n c e  f o r  r e a c t o r  b a s e d

t r a n s m u t a t i o n
y D O E - N E  p r o p o s e s :   i s o l a t i o n  o f  C s / S r ,  r e c y c l e  o f  P u  a n d  N p  i n  L W R ’ s ,

a n d  l a t e r  r e c y c l e  o f  M A ’ s  i n  f a s t  r e a c t o r s
y D e p e n d i n g  o n  t h e  n a t i o n a l  n u c l e a r  p o w e r  s c e n a r i o ,  i t  m a y  d e l a y  o r

a v o i d  n e e d  f o r  s e c o n d  r e p o s i t o r y

Advanced Fuel Cycle System

LWR
Spent
Fuel

Dissolver
(Chop-Leach

Process)

Cladding Hull
Cleanup

UREX
Solvent Extraction

Process

Low-Level
Waste Disposal

or Storage
(~265 m3/year)

Pu/Np
Extraction

Cs/Sr
Extraction

Denitration/
Solidification

Electrochemical
Reduction to

Metal
in Molten Salt

Molten Salt
Electrorefining

Storage
(~0.5 m3/y MA)

High-Level
Waste

Repository

Tier 2
Transmuter

Recycle or
Disposal

(~80 m3/year)

Storage
(~2 m3/year)

Tier 1
Transmuter

HNO3

Cladding
Hulls

Hulls (525 t/y)

Pu, Np (oxides)

Acid solution of Actinides and
Fission Products

Uranium (UO3)

Liquid raffinate
(nitrates of TRU
and FPs)

Liquid
Raffinate

Liquid
Raffinate

(Oxide
Powder,
~85 t/y)

Metal
TRUs

and FPs

Cs/Sr oxides

Fission Products (~30 m3/y waste form)

Metallic
TRUs

Minor
Actinides,
other FPs

Decay Storage
(~2 m3/year)

[Note: storage volumes based on 2,000t SNF per year, 10-yr cooling
(2,210 m3 per year if disposed directly in a geologic repository).]

(~20 t/y)

(~3 t/y)

(~9 t/y)

(~1,870 t/y)

(~75 t/y FPs)

Iodine (as NaI)
(0.8t/y,

0.25m3/y)

Tc
(2.5 t/y, 0.2 m 3/y)
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Tier 2 Metal Fuel Processing

Spent
Metal Fuel
from Tier 2

Reactor Uranium
Product

Uranium
Recovery and
Conversion

Chop

Tier 2 Fast
Spectrum
Reactor

Electro-
Refining

Uranium-TRU
Product
(~30% U)

U-TRU
Recovery and

Fuel
Fabrication

High-Level
Waste

Repository

Metall ic
Actinides and

Fission
Products

Solid Cathode

Liquid cathode

(U, TRU, some
RE FPs)

Fission
Products

Fission
Products

U, TRU,
RE FPs

U-TRU-Zr Alloy

Low-Level
Waste or
Storage

P otentia l B enefits

� H L W  volum e red uction
� M anagem ent of short term  heat load
� R edu ction of long  term  h eat load
� R ad iotoxic ity , lon g-term  d ose reduction

S evera l issu es n eed to  be reso lved  to  ach ieve these b enefits, in
p articu lar:

� D em onstrate  new  sep arations technologies-un derstand  and  m anage
w aste stream

� D evelop  and  qu alify  ad eq uate w aste form s
� D evelop  w aste  m an agem en t strategy
� Im plem entation  stra tegy  and  Y ucca M oun ta in  sched ule
� N ational po licy  d ec isions to  invest in  necessary facilities
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Repository Benefit Analyses -  Example:
Effects of Spent Fuel Processing

� The goal of ongoing work is to quantify the benefits to the
repository from spent fuel processing, including

y effect of removal of contributors to the potential dose
y effect of removal of contributors to the heat load

y identify useful strategies for improving performance

� The results of the study will allow an assessment of which
alternatives can be economically useful in

y increasing the repository capacity
y reducing the potential hazard from the repository
y reducing uncertainties associated with the performance of the repository

Repository Benefit Analysis - Example
Effects of Spent Fuel Processing (continued)

Projects on quantifying the effects of actinide removal have been
in place for several years
-  Scoping studies using the Yucca Mountain Project GoldSim models of
the repository, along with thermal models of Yucca Mountain
-  Initial results are promising concerning

� increased capacity

� shorter times at high temperatures

� increasing predictability of waste package performance

Detailed analyses are planned that will allow better quantification
of the impact, along with an economic assessment to determine if
the approaches are viable
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Repository Benefit Analysis - Exam ple
 Actinide Rem oval and Decay Heat
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Example of Proposal: Simulation-Based Engineering
to Integrate All Aspects of Nuclear Energy

Fuels and M aterials
•Irradiation Performance
•High Temperature Performance
•Transient Fuel Behavior

Modeling, Simulation and
High Performance

ComputingSpent Fuel Treatment
•Advanced Aqueous and
Pyro Process Models
•Recycle Facility Design
and Operation

W aste Disposal
•Repository Performance
•Waste Form Qualification

Reactor Systems Design
•Integrated Core Design
•Optimized Assembly Design
•Steam Generator Corrosion
and Wear

Reactor Operations
•Thermal Uprate
Assessments
•Materials Behavior for
Plant Life Extension
•Plant Maintenance using
Virtual Reality

Reactor Safety
•Accident Analysis
•Inherent Safety Evaluation
•Power Plant Security

Y ucca M ountain Project FEIS on Potential
Im pacts of Separation &  T ransm utation

� Section  9.1.3 of the F inal Environm ental Im pact S tatem ent
for a G eologic Repository for the D isposal of Spent N uclear
Fuel and H igh-Level R adioactive W aste at Yucca M ountain ,
N ye C ounty, N evada (D O E/EIS-0250) addressed  S& T

� A cknow ledged that S& T could:
� elim inate/reduce certain radionuclides in the inventory and

thus add flexib ility to the design of the repository, and

� reduce uncertainties about repository perform ance

� D O E com m its to incorporating inform ation from  future
S& T  studies in  its decisions
� during preparation  of a M itigation A ction  P lan for the EIS
� during the repository licensing process, if necessary


