
DOE/EIS-0015 
VOLUME 3 

LL 

REVISED 

FINAL 
'r .""""E�NMENTAlIMPACT STATEMENT 
,., '-' i U. S. SPENT FUEL POLICY 

Storage of Foreign Spent Power 
Reactor Fuel 

APRil 1980 

U. S. DEPARTMENT OF ENERGY 





• 

DOE/EIS-0015 
VOLUME 3 

FINAL 
ENVIRONMENTAL IMPACT STATEMENT 

U. S. SPENT FUEL POLICY 

Storage of Foreign Spent Power 
Reactor Fuel 

APRIL 1980 

U. S. DEPARTMENT OF ENERGY 
Washington, DC 20545 



• 



C 

FOREWORD 

Spent fuel removed from a nuclear power reac tor contains 
unfiss ioned nuclear fuel , together with radioact ive was te fiss ion 
products . On Ap ril 7 ,  1977 , Pres ident Car ter announced that the 
U . S .  would indef initely defer reprocessing of spent fuel for 
recovery of th e unf issioned fuel so the U . S .  and other count ries 
could evalua te alternat ive fuel cycles and processes which might 
reduce risks of nucl ear weapons prolif eration. Eventually , the 
spen t fuel will either be declared to be entirely was te; and 
provision wi ll be made for its dispo sal ; or it will be rep roc essed 
to separate the was tes from the unf iss ioned nuclear fuel wh ich may 
then be recycled and th e waste disposed o f  separately . Howeve r ,  
pending future decis ions as to i t s  ultima te disposi tion , the spent 
fuel discharged from U . S .  power reactors must be s tored , pro tec ted , 
and safeguarded . 

In Oc tober 1 9 77 ,  a Pres ident ial policy on the interim manage­
ment of spent fuel was announced . Und er this policy , the Federal 
Government would of fer to take title to and provid e in terim 
s torage for spent fuel from U . S .  power reac tors . In addition,  
under this policy , the Federal Government would of fer to  take 
title to and to accep t a limi ted amount of spent fuel from foreign 

I sources when such ac tion would contribute to mee ting nonprol if eration 

I goals . In Decemb er 1 9 78 , a draft environmental sta tement ( DOE/EIS-
0 040-D) was is sued to provide environmental input into decis ions 
on whether, and if so , how this foreign spent fuel s torage policy 
should be implemented . A no tice of availability of the document 
was published in the Federal Register on December 14,  1979 , and · 
public comments were so licited . 

A to tal of 78 comment let ters (some with supplements) were 
received on the draf t environmental s tatement and its companion 
draft do cument s on s torage of U . S .  spent fuel ( DOE/EIS-OOIS-D) 
and on es tablishing the charge for spent fuel storage (DOE/EIS-
0 041-D) . Majo r comment s from these let ters were catego ri zed and 
are published in Volume 5 o f  thi s final EIS . 

Per tinent major comments received on draft s tatements 
DOE/EIS-OOIS-D , DOE/EIS-OOIS-DS , DOE/EIS-0040-D, and DOE/EIS-
0041-D are now incorporated into five volumes of the Final 
Environmental Impac t  S tatement eElS), U . s .  Spent Fuel S torage 
Po licy , DOE/EIS-OOIS . Thes e five volumes cons ist of : 

Volume 1 :  

Vo lume 2: 
Vo lume 3: 
Vo lume 4 :  

Volume 5 : 

Execut ive Summarv 

Storage of U . S .  Spent Power Reac tor Fuel 

Storage of Fore ign Spent Power Reac tor Fuel 

Charge for Spent Fuel Storage 

Comment Letters on Draft Statements and Major Comments 
With DOE Responses 
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C Changes from the draf t s tatements are identified by vertical 
l ines in the left margins of the pages . Where a change was the 
result of a maj or comment , each comment is identified with a 
line delineating the changed material and a number and a letter 
corresponding to its designation in Volume 5 ,  Final Environmental 
Impac t  S tatement , Comment Letters on Draft S tatements and Major 
Comments �.Jith DOE Responses . If the change is the result o f  an 
error , it is identifi ed with the letter "E , "  and if a change was 
made to clarify or expand on the draf t  statement , it is identifi ed 
with the letter " C . "  

This volume o f  the f inal environmental impact s tatement is 
intended to provide environmental input into decis ions regarding 
the portion o f  the spent fuel s torage policy involving foreign 
spent fuel and focuses on the incremental effects of acceptance 
of foreign fuel in the U . S .  

l-b If a d ecision is made to implement the Spent Fuel Policy , 
l-c an away-from-reactor spent fuel storage facilities EIS (AFR-EI S )  

will be  prepared t o  provide the environmental input needed for 
the selection of  facilities required for domestic and foreign 
spent fuel storage . The demand for spent fuel storage will be  
developed by  using the latest available data as supplied by 
domestic and foreign utilities concerning their plans for ex­
pan sion, compaction, transshipments ,  and the expected quantities 
of spent fuel discharges. The environmental effects associated 
with the construction and/or operation of  the f acilities and 
transportat ion effects associated with the available options will 
be evaluated . 

As proposed in the Spent Nuclear Fuel Act of  1 9 7 9  ( see 
Appendix B of  Volume 1 ) ,  ISF S  facilities for interim storage of  
spent fuel will be  licensed by  NRC . The NRC licensing process 
will provide additional public input . 

l2-d If the Spent Fuel S torage Policy is imp lemented to include 
foreign spent fuel , a generic plan will be prepared as required 
by the Nuclear Non-Proliferation Act of 1 978 and the DOE Authori­
zation Act o f  19 7 8 ,  Section 107.  This generic plan is required 
before DOE can receive spent fuel from foreign countries for U . S .  
s to rag e .  

Poss ib le approaches that the Federal Government could adopt 
C for-foreign spent fuel storage include :  1 )  acceptance of  foreign 

spent fuel at either domestic centralized or decentralized s torage 
basin ( s ) , 2) encouragement of  continued storage at foreign multi­
national or national basins , and 3) no new policy initiatives in 
this area . 
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It is proposed that the decision to accept spent fuel from 
a given country be made on a case-by-case basis , measured against 
one or both of  the following criteria : 

• The country is located in s ensitive regions in which the 
storage o f  spent fuel would contribute to international 
tension . 

• The accep tance o f  the spent fuel would lead to s ignificant 
gains in nonproliferation ( e . g . , by encouraging alternatives 
to developing a national reprocess ing capacity to meet spent 
fuel disposal needs , by stimulating implementation o f  
desirable regional or internat ional fuel cycle approaches 
consistent with overall U . S .  policy , or by inducing adherence 
to the Treaty for the Nonproliferation o f  Nuclear Weapons , 
or other s imilar steps ) . 

l-a DOE's preferred alternative is Cas e G; i . e . , spent fuel from 
Option 2 (mid-range) countries is shipped to the U . S .  for storage 
in ISFS facilities . The fuel covered by the United Stat es under this 
policy would be selected to provide a nonproliferation benefit , as 
describ ed above . It is assumed for purpo s es of  analysis that this 
foreign fuel will eventually be  dispo s ed of as was t e  in a U . S .  geologic 
repository . It should be  noted , however. that DOE is no t making a 
choice between reproces sing and dispo sal of spent fuel as was te 
at this time . DOE intends also to continue to support mult inational 
storage. not by sub s id ies , but by discus s ion with foreign nat ions . 

l2-g ISFS facilities are assumed to be  available in the f iscal 
year 1983 . It  is no longer pract ical to complete a newly con­
s tructed ISFS by the year 1983 . The earliest a newly constructed 
ISFS  could be  made available is in the late 1980s if imme-
diate funding is availabl e .  Therefore. DOE is studying the 
purchase or lease o f  existing privately owned facilities , or 
possible use of existing government facilities , as options to 
provide s torage capacity in the 1983 time frame . In DOE , tes t i­
mony to the U . S .  S enate Committee on Environmental and Public 
Works , on S eptember 13 , 197 9, it was stated that DOE has looked 
at the spent fuel pools at AGNS/Barnwell ,  GE/Horris. and 
NFS /West Valley , since these pools exist  and could provide 
needed space in the time frame neces sary . 

GE/Morris is currently receiving and storing spent fuel . 
NF S /West Valley is not receiving spent fuel . AGNS /Barnwell facility 
is complete but has not been licensed to receive spent fuel . Capacity 
increases over the current limit at each of the three facilities are 
considered p o s s ible . Existing U . S .  Government facilities that could 
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12-g be modif ied and used to store spent fuel have been identif ied 
in Spent Fuel Program Preliminary Technical Assessment of Exist­
ing F acilities f or APR St orage Capability , D OE / SR / 10007 -1-Rev 1 
(September 19 7 9 ) . 

The alternatives f or ultimate disp o s ition of the spent fuel 
are discus sed in this rep ort to furnish the decisionmaker with an 
understanding of the p o s sible long-term implications of the U . S .  
p o licy f or accep ting f oreign spent fue l .  They do  not c onstitute 

C a p art of the p o licy at this time . Delays in the opening of the 
f ir s t  geologic rep ository beyond the time frame originally 
analy zed in the draft EI Ss is a p os s ibility . Between the time 
the draf t EISs  were written and the f inal EIS was completed , DOE 
recognized that the first disp osi tion f acility might not be in 
operation until the mid to late 199 0's . As a result , D OE 
decided to pr epare an appendix (Appendix A) to thi s volume to 
show the environmental effects ass ociated with the interim 
storage of  f oreign reac tor fuel in ISF S  f acilities with the 
f irst  disp osition f acility startup in the year 2010.  Appendix A 
compares the effects o f  the delay in startup of  the geologic 
repository if the U . S .  Spent Fuel Storage Policy is implemented 
or is not, implemented . 

A detailed analysis of the environmental imp acts associated 
with the potential disposal of  f oreign spent fuel which may be  

6-a shipped to the U . S .  is  contained in the Draf t Environmental Impact 
Statement - Management of Counnercia11y Generated Radioactive l�aste 
(DOE /EIS-0046-D ) which was recently issued . Other related environ­

mental reviews which provided input to this EIS inc lude :  Light 
Hater Reactor Fuel Reproces sing and Recycling (ERDA-77 - 7 5 )  and 
F inal G eneric Environmental Impact S tatement on Handling and 
Storage of Spent Light Water P ower Reactor Fuel (NUREG-0 5 7 5 ) .  

The support d ocument , Analytic al Methodology and F acility 
and Environmental Description - Spent Fuel P o licy (DOE-ET-0054) 
contains additional data that may be of interest to s ome reviewer s 
and it is'referenced in this volume . 

A G lossary of Terms and Abbreviations is included as 
Appendix B .  
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I.  SUMMARY 

In October 197 7 ,  the Department of Energy (DOE) announced a 
Spent Fuel Storage Policy for nuclear power reactors . Under this 
policy , as approved by the President , U.S. utilities will be given 
the opportunity to deliver spent fuel to U . S. Government' custody 
in exchange for payment of a f ee .  The U . S .  Government will also 
be prepared to accept a limited amount of  spent fuel from foreign 
sources when such action would contribute to meeting nonprolifera­
tion goals . Under the new policy , sp ent fuel transferred to the 
U.S. Government will be delivered - at user expens e - to a U.S. 
Government-approved site. Foreign sp ent fuel would be stored in 
ISFS facilities with domestic fuel. 

A bill was submitted to Congress in March 1979 , to implement 
the Spent Fuel Storage Policy. This bill , known as the " Spent 
Nuclear Fuel Act of 19 7 9 "  ( see Volume 1 ,  Appendix B) would 
authori ze the Secretary of Energy to acquire or cons truct one 
or more away-from-reactor s torage fac ilities. These s torage 
facilities would b e  licensed by the Nuclear Regulatory Commission. 
The Secretary would be authorized to take title to and provide 
interim s torage and ultimate disposal for domestic spent fuel and 
limited amounts of  f oreign spent fuel . Nondiscriminatory , prepaid 
charges for s torage would cover all government costs of  s torage 
and ultimate disposal. Provisions would be made to refund a portion 
of the charges in the eventuality that spent fuel were to be 
reprocessed. A revolving fund would be es tablished to f inance 
activities and functions associated with away-from-reactor interim 
storage and ultimate disposal facilities . The Secretary o f  Energy 
would have the authority to s ell up to $300,000,000 worth of bonds 
to the Treasury to assist in financing these activities. 

This volume of  the environmental impact statement includes 
effects associated with implementing or not implementing the Spent 
Fuel Storage Policy for the foreign fuels . To show the environ­
mental impact of the foreign spent fuel that may b e  involved 
under the Spent Fuel Storage Policy , the incremental environmental 
eff ects  associated with only the foreign fuel that may be accepted 
by the U.S. Government are assessed .  This is the equivalent of 
the environmental impacts of implementing the for eign portion of  
the policy. The impact of the policy for the domestic fuels is 
reviewed in Volume 2 of this EIS. The major environmental effects 
of implementing both the domestic and foreign portions of the 
policy are analyzed in Sections G and H of Volume 1 of this EIS . 
Because the details of  the implementation of  the policy have not 
yet been developed , the statement is prepared on a generic ,  rather 
than a facility-specific basis. 
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The Spent Fuel Storage Policy is based upon the princ iple 
that the U . S . national interes t will be s erved by encouraging 
delay of conventional reproces s ing by o ther nations until more �p�roI{teratlon

�
-resistanttechnologies and; or�� in.s titut ional arrange­

ments can be developed . The U . S . offer to accep t limi ted quantities 
of foreign spent power reactor fuel for storage in this country 
and the proposed program for s toring spent fuel from domestic 
utilities can contribute to this and other nonproliferation 
obj ectives . S torage in the U . S .  provides an option o ther than 
repro ces s ing to nations that have no alternative acceptable from 
a nonproliferation point of view for disposing of their spent 
fuel . If the foreign nations accep t this o ffer , time would then 
be available for these nations to develop lo cal s torage capability 
or to investigate regional , multinational , or international storage 
facilities . The nations would then have time to evaluate and 
develop more proliferation-resis tant techno logies and / or ins titu­
tional arrangement s  for their nuclear fuel cycles . If nations 
accep t the U . S .  of fer , then such actions may assist in promo ting 
an international consensus , favoring an evolutionary approach to 
the nuclear fuel cycle .  

The environmental impacts of  a full range of  U . S .  options 
associated with implement ing the policy are evaluated and compared 
with the alternat ive of no t implementing the policy . Basically , 
the U . S .  o f fer to store foreign spent fuel involves a tradeoff  
between the po tential gains for  the nonproliferation policy and 
the additional risks to the environment posed by the transportat ion 
and storage of f oreign fuel within the U . S . The analyses show 
that there are no substantial radiolog i cal health impacts whether 
the policy is imp lemented or not . In no case considered does 

ci the population dose commitment ex ceed 0.000006% of the world 
population dose commitment from natural radiation sources over 
the period analyzed . 

Full implementation of the U . S .  o ffer to accep t  a limi ted 
amount of  foreign spent fuel for storage provides the greatest 
benefits for U . S .  nonproliferation policy . Accep tance of les ser 
quantities of foreign spent fuel in the U . S .  or less U . S .  support 
of  foreign spent fuel storage abroad provides some nonproliferation 
benefits , but at a s ignificantly lower level than full implementa­
tion of the offer . No t imp lementing the policy in regard to 
foreign spent fuel will be least productive in the context of  
U . S .  nonproliferation obj ectives . 

The remainder of  the summary provides a brief descrip tion 
o� the options that are evaluated , the facilities involved in 
these options , and the environmental impacts , including non­
proliferation considerations , as sociated with each option . 

C Eleven cases spanning the range of options associated with 
implementing and not implementing the U . S .  of fer to accep t the 
foreign spent fuel are analyzed . In Cases A and J, the alternative of 
not implementing the Spent Fuel Storage Policy , the U . S .  Government 
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C would take no action with respect to the st orage o f  foreign 
spent fue l .  The alternative of  imp lementing the policy considers 
two maj or subalternatives . 

1. U . S .  Government accep ts no spent fuel from foreign government s 
but provides assistance to foreign countries for s torage of  
their spent fuel abroad . This is  des cribed in Cases B and C .  

2. U . S .  Government accepts foreign spent fuel for interim s torage . 
The remaining seven cases (D through I )  consider a range of  
pos s ibilities under this subalternative . The amount of fuel 
accep ted by the U . S .  is proj ected and analyzed for three 
accep tance options . 

Two basic dispos it ion s cenarios that have also been analyzed are 
disposal in U . S .  or repro ces s ing in the U . S .  or abroad . To maxi­
mize the impacts of the range of dispos ition modes , each mode was 
analyzed assuming the maximum fuel accep ted . 

Two parameters ,  the quantity of  foreign fuel assumed to be 
sh ipped to the U . S .  and the s tartup date of the U . S .  geologic 
repository ,  are varied to show the environmental effects of the 
pos s ib le range of op tions associated with the implementation of  
the policy . These are briefly described below . 

• Foreign Fuel Schedules . Three foreign fuel s chedules are 
assumed in this environmental s tatement to show the range 
of foreign fuel that may reasonably be expected to be 
accep ted by the U . S .  Government under the policy . In each 
instance , acceptance of  fuel would be cons idered from the 
s tandpoint of U . S .  nonproliferation obj ectives on a case­
by-case bas is . The amount of foreign fuel accep ted by the 
U . S .  under any of  the fuel s chedules would not exceed 19% 
of the spent fuel from U . S .  power reactors that is received 
by the U . S .  Government .  

C In the Option 1 foreign spent fuel s chedule , only fuel from 
countries in sensitive regions is considered . A to tal of 
about 2160 MTU (metric tons of uranium) of  spent fuel is 
assumed . 

In the Op tion 2 foreign spent fuel s chedule , the Op t ion 1 
fuel level plus a very limited amount of spent fuel from a 
small number of  o ther countries with spent fuel storage 
problems is considered when , from a nonproliferation s tand­
point , there may be benefits derived from U . S .  accep tance 
of spent fuel from these additional countries . A to tal of 
ab out 4350 MTU is assumed . 

In the Op tion 3 foreign spent fuel schedule , Opt ion 2 fuel 
level , plus spent fuel from a few larger, indus trialized non­
nuclear weapons s ta tes , is considered on the same basis as 
Option 2. A to tal of  ab out 13,600 MTU is assumed. 
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6-b 

Initial Operation of U . S .  Geologic Repo sitory . The environ­
mental effects  for the s ix cases that invo lve shipment of  
foreign spent fuel to the U . S .  are evaluated , assuming the 
U . S .  Geologic rep osit ory begins init ial operat ion in the 
year 198 5 . The report to the Pres ident by the Interagency 
Review Group on Nuclear Waste Management 1 indicates that 
initial operation of the f irst geologic repository for high­
level waste (spent fuel or reprocess ing waste) is expected 
between the years 1988 and 199 5 .  The IRG Report 2 was reissued 
in March 19 7 9 , after extensive public review . The conclusion 
on the earliest date for operation of a geologic repository 
for high-level waste had not ,  however , changed . The March 
IRG Report d id ind icate,  however , that the range of dat es 
d id not reflect the IRG ' s  estimate of  "political or unforeseen 
technical difficult ies , "  but " some members of  the IRG believe 
that these additional uncertaint ies actually cause the range 
of  es timated dates of  opening the firs t repository . "  To 
identify the environmental effects  associated with a delay in 
s t artup of the geologic repository , the cases that include 
shipment of foreign spent fuel to the U . S .  for interim storage 
and then disposition of the spent fuel in the geologic re­
pository are analyzed , assuming initial operation of the 
geologic repository begins in the year 1995  (a ten-year delay) , 
in addit ion to the assumption of initial operation in the year 
1985 . 

C Delays  in opening the f ir st U . S. geologic repository beyond 
the time frame originally analyzed in the draft EIS is a p ossi­
bility . Therefore , Append ix A was added to provide the envir on­
ment al analysis of foreign spent fuel storage for two additional 
cases assuming operation of the initial U . S .  geologic rep o sitory 
is begun in the year 2010 . 

C The descriptive titles of  the nine cases analyzed in the body 
of the EIS are g iven below. 

Ca se A. 

Case B. 

Ca se C .  

Case D.  

Fuel Remains in Fo reign countries -
No U. S .  Support 
( Option 3 Fuel Schedule) 

Fuel Remains in Fo reign Co untries -
U. S .  Supports Multinational Interim Storage 
( Option 3 Fuel Schedule) 

Fuel Remains in Fo reign Co untries -
U. S .  Supports National Interim Storage 
( Option 3 Fuel Schedule) 

Fuel Shipped to U. S .  -
La ter Dispo sed o f  in U. S .  Geologic Repo sitory* 
( Option 3 Fuel Schedule) 

* Analyzed , assuming initial operation of U.S. geologic repository 
C begins in the year 19 85 and in the year 1995 . 
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Case E .  

Case F-l. 

Case F-2 . 

Ca se G. 

Case H.  

Fuel Shipped to U . S .  -
Later Returned for Reproces sing 
(Option 3 Fuel Schedule) 

Fuel Shipped to U. S .  -

La ter Reproces sed and Recycled in U. S .  
(Option 3 Fuel Schedule) 

Fuel Shipped to U. S .  -
Later Reproces sed in U. S .  - Pu and U Returned as 
Refabricated Proliferation-Resis tant Fuel 
(Option 3 Fuel Schedule) 

Fuel Sh ipped to U. S .  -
La ter Disposed of  in U. S .  Geologic Repository* 
( Option 2 Fuel Schedule) 

Fuel Shipped to U. S .  -
Later Disposed of  in U. S .  Geologic Repository* 
( Option 1 Fuel Schedule) 

C The descriptive titles of two additional cases analyzed 

C I 

c 

in Appendix A of this EIS are g iven below : 

Case I .  

Case J. 

Fuel Shipped to U . S .  -
Later Disposed of in U . S .  Geologic Rep os itory** 
(Option 2 Fuel Schedule) 

Fuel Remains in F oreign Countries -
No U . S .  Support** 
(Option 2 Fuel Schedule) 

The operat ions involved in each case are shown in Table I-I . 
The facilities as soc iated with these operations are described 
briefly in the following paragraphs . 

• The generic ISFS facility is assumed to cons ist of  a set 
of modular water-filled bas ins . The maximum capacity of a single 
ISFS bas in facility is assumed to be 18,0 0 0  MTU of spent fuel . 

* Analyzed, a s suming initial operation of U . S .  geologic repository 
begins in the year 1 985 and in the year 1 995 . 

** Analyzed, assuming initial operation of U . S .  geologic repository 
begins in the year 2 0 1 0 . 
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• The generic geologic repos itory is as sumed to be con­
structed in a salt formation . The selection of a salt formation 

C as a reference for this analysis is not intended to indicate a 
preference for salt as a hos t  material for geologic repositories . 
It is also  conceivable that a technology other than conventional 
disp osal may be chosen . Delay in startup of the U . S . rep ository 
beyond the year 2000 is treated in this EIS in Append�ces E and 
A of V olumes 2 and 3 respect ively . The type of rep ository is 
not expected to affect significantly the env ironmental effects 

sonsiderec:l. in this volume. _ ___ ___ __ ___ _ _____ _ 

• The generic fuel reprocess ing plant (FRP) in the U . S .  is 
C assumed to have a processing rate of approximately 2 5 00 MTU/yr for 

U. S .  p lus foreign fuels , if a U . S .  dec ision is made in the future to 
proceed with reprocessing . Because the amount of foreign fuel 
(cons idered in this vo lume)

' 
to be processed in reproces s ing plants 

abroad is much less than that in U . S .  plants des igned to process 
domest ic and foreign fuel , the generic foreign reproces s ing plant 

c 

TABLE 1-1 
SUlllllilry of Operations Involved in Cases 

Case 
Foroeign SP""t Fue� h FU8� Sclu!du�e Option� 

Retained in Foreign Countries 

Interim Storaae in Foreign Countries Wi thout U.S. Support 

u.s. Slolpports Interim Storage in Countries of Origin 
Except Those Located in Sensitive Regions 

U.S. Supports Interim Storage in Mul tinational 
Storage Facilities Located in Countries OUtside Sensitive 
Regions 

Spent Fuel Disposed of as Waste in Foreign Geologic 
Repasi tories 

Reproces sed in Foreign Countries
C 

Separated PlutoniUJII and Uranium Recycled in 
Foreign Countries 

Shipped to U.S. for Storage 

Returned to Foreign Countries 

Reprocessed in U.S.a 

Returned to Foreign Countries and Reprocessed
C' 

Separated P l utonium and Uranium Recycled in U.S. 

Separated Plutonium and Uranium Recyc led 1n 
Foreign Countries 

.1. 
I 

.1. 

1 

I 
Ie 
I 

-I 
I -I 

I 

i ! 

: I 

• I. 

I ·1· 
I 
I­

i _ I 
_I 

I 
I 

I 

· 1 · 
! 

• i • 

i 
I 
I 
I-

-I 
I -I 
I 

I I 
I I 
: i 
i i 

• 

? : 

• • • • • • 
• 

• • 
• 

• 

I • • 

J 

-
-

-

-

I Disposed of as lI!'aste I in U.S. Geolog1c 
Reoosirory 

Reposi tory} 19B5 I ! I i i  I. i I • I • 
Srarrup �19�'"�:'.------------+--�-+--�--+-�---+�.--�--�---+----t-�.��.�+-�-+----1 
Date 2010 j I I I I I .  L 

Q.. In Cases A. 8, and C. dispos1t1on of the spent fuel by reprocess1ng and by disposal in a geologic reposltory is 
considered. In the first column, the fue l is assumed to be reprocessed. In the second column. the spent fuel IS 
assumed to be disposed of as waste in a geo l ogie repository . 

.0. - As deta i l ed in Section 11-0, three different levels of foreign spent fuel (Optlons I, : . and 3) are identified In 
this study of the U.S. offer to store fore1gn spent fueL 

The Option I foreign spent fue l schedule includes fuel from countries lnside sensltive reg10ns. Acceptance of fuel 
from these countries ..... i11 be considered from the st andpoint of U.S. nonpro liferatIon objectives on a case-by-case 
basis. 

The Option 2 foreign spent fuel schedul e includes the Option 1 fuel l evel and 1n addition , acceptance of spent fuel 
from a l imited number of other countries with spent fuel storage prob lems (from a nonpro l iferatlon standpolnt). 
Acceptance of fuel by the U.S. wi l l  be conSidered on a case-by-case bas1s. 

The Opt1on 3 foreign spent fuel schedu l e  inc ludes the Option 2 fuel l evel and In addition, acceptance of some o f  the 
spent fuel from a larger number of non-nucl ear-weapons states. Aga1n, acceptance of �uel from these count rIes ,.,,'i l l  
be considered from the standpo1nt of U.S. nonprol iferation objectives on a case-by-case baS1S. 

c. Reprocessing vaate is disposed of in foreign geologic repositories. 

d. Reprocessing waste is d isposed of in U.S. geologlc repository. 
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l2-i is assumed to be smaller than the generic U. S.  plant. The environ­
mental effects per unit of fuel throughput from each of  these 
facili ties were assumed to be the same regardless of the assumed 
plant s ize. Collocated with each reprocessing plant is a mixed 
oxide (MOX) fuel fabrication plant ( s ized to handle the output of  
the FRP) . 

For purposes of  this volume, fuel reprocess ing plants coming 
online in the late 1990s are assumed to include equipment currently 
under development. This equipment will reduce and control releases 
of tritium, krypton-8S , carbon-14 , radioiodine, and particulates. 
In this vo lume , all U. S. and certain foreign FRP-MOX plants are 

C also assumed to meet current and future req uirements for pro lifera­
tion res is tance and safeguards ; these features are assumed no t to 
increase the environmental effects over previous ly analyzed 
FRP-MOX plants . 

In all cases considered in this volume , facilit ies are 
assumed to be decommissioneg af ter completion of the operating 
phase. The reference decommiss ioning mode is decontamination 
and dismantlement of the surface facilities , combined with some 
res triction of future subsurface activities at the geologic 
repos itory. 

S ince many areas are probably suitab le for the cons truc t ion 
C of  ISFS bas ins , geologic repos itories , and FRP-MOX plants , a 

generic s ite environment was selected in this volume for quanti­
tative asses sment of the environmental ef fects from construction, 
operation , and decommiss ioning of  these facilities and from 
transportat ion of spent fuel and wastes . The generic site is 
as sumed to have the same characteristics for facilities located 

l-b in the U. S. and in foreign countries. As discussed in the 
Foreword , DOE will prepare another EIS to provide environmental 
input into the selection of facilities if a decision is made to 
implement the Spent Fuel Storage Policy . Public input will be 
reques ted during (1)  the scoping process for this EIS , ( 2 )  review 
of the draft EIS , and ( 3 )  the NRC licensing process. 

C 

Transportation of  spent fuel and reprocess ing was te involves 
the use of  mas s ive , heavily shielded shipping casks that are 
transported by truck ,  rail , and ship. About ten times more fuel 
can be shipped in a rail cask than in a truck cask. Additional 
casks mus t  be made available for the spent fuel and was te ship­
ments as the number of shipments increase. Spent fuel shipments 
to the U . S .  from foreign countries are assumed to originate at a 
port near the foreign reactors and to travel by ship to a port 
near the U . S .  storage bas in .  Eighty percent of the foreign LWR* 
fuel is assumed to be transported from the foreign docks to U. S. 
facilities in rail casks and the remainder in truck casks. All 
CANDU** fuel is as sumed to be shipped in rail casks.  

* LWR - Light Water Reactor. 
** CANDU - CANadian Deuterium Uranium. 
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12-e The purpose of providing spent fuel s torage in the U . S .  for 
foreign fuels is to reduce the potential for proliferation of 
sensitive nuclear facilit ies and materials . Although quantif ica­
tion of nonproliferation is diff icult and of ques tionable benefit , 
any reduction in p roliferation po tential is a maj or environmental 
and societal benefit . The benef its listed are in the form of 
policies adopted by individual nations , group s  of 
by consensus within the international community . 
such benef its from the U . S. perspective include: 

na tion-s ,  and 
Examples of  

• Applying adequate and effective international safeguards 
to all civilian nuclear facilities 

• Preventing the spread of nuclear explo sive capability 
to additional foreign nations 

• Limiting the number of sensitive nuclear facilities to 
that required to service the international nuclear fuel 
cycle and res training the deployment of such facilities 
not currently required to s erve the development and 
deployment of  nuclear power generation 

• Limiting the potential of divers ion of weapons-usable 
nuclear materials from the nuclear fuel cycle 

• Promo ting es tablishment of new or s tronger international 
institutions which will contribute to international 
as surance that nonproliferati on undertakings are being 
observed 

• Encouraging nations to adopt fuel cycle s trategies 
that take proliferation res is tance into account 

For purposes of comparing the proliferation ef fec ts of the 
various cases analyzed in this volume , the fo llowing assump tions 
are made: 

• Disposing of fuel in a geologic repo sitory reduces the 
risk of divers ion and reduces the nuclear proliferation 
potential . 

• Reproces s ing of  spent fuel in the U . S. or ab road under 
internat ional safeguards by us ing proliferation-resis tant 
_technolo gies would , in comparison with additional national 
reproces s ing , be a gain for U . S .  policy . However , spent 
fuel storage is more secure . 
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C In the context of the U . S .  nonproliferation goals , Cases A and 
J are least accep table . In Cases A and J ,  the U . S . takes no action 
in regard to s t orage of spent fuel from f oreign p ower re actors . Some 
nations lacking sufficient s torage capability may turn to nat ional 
reproces s ing as an alternative . Other nations will contrac t with 
st ill other countries for reproces s ing s ervices . Thus , additional 
countries would acquire facilities capable of producing material 
usable in nuclear explosive devices , and sens itive materials might 
be s tored in many countries , some in sens itive reg ions . The U . S . , 

C if this case were adopted , would be limited in its oppor tunity to 
pro mo te its nonp rolifera tion goals of  fores talling the building of 
new reproces s ing plants and of  decreas ing the widespread nat ional 
s torage of spent fuel containing plutonium . 

C 

Spent fuel remains in foreign countries in Cases B and C .  
In these cas es , the U . S .  would support either multinational s torage 
(Cas e  B) or national s torage (Case C) . The nonproliferation 
benefits of multinat ional storage are greater than nat ional s tora ge 
because the countries eligible for bilateral support of multi­
national storage would have to be outs ide s ensitive regions and 
show financial capability to support an expanded spent fuel s torage 
program once U . S .  assis tance s tops . Hultinational s torage provides 
for removal of fuel from sens itive countries while national s torage 
does no t .  Multina tional ownership and/or operation of spent fuel 
storage facilities could also  provide an additional barrier to 
diversion of material for reprocessing to ob tain materials that 
could be used in nuclear weapons . In Cas e C ,  the national s t orage 
facility , which is located outside s ensitive regions , would 
provide no fuel s torage for countries in sensi tive regions and 
in itself , would not achieve the nonproliferation goals o f  the 
U . S .  This option could be us ed aiong with other op tions (e . g . , 
Case H for fuel from sens i tive countries ) to imp lement the U . S .  
nonproliferation goals . 

Cas es D ,  E ,  F-I and F-2 p�ovide for spent fuel s torage in 
the U . S .  and the Op tion 3 fuel s chedule . The Option 3 fuel 

C schedule is assumed to be the highest level of participation by 
foreign countries . Four potential options for eventual disposal 
of  foreign spent fuel are analyzed for the Op tion 3 fuel s chedule 
to show the range of long term impacts of accep tance of foreign 
spent fuel in the U . S .  for storage. Options for disposal include: 

C Dispos ition of  foreign fuel in a U . S .  geologic repository 
. (Case D) . 

2 )  Return of  foreign fuel f o r  foreign reproces sing under 
conditions that meet nonproliferation obj ectives (Case E) . 

3) Reprocess ing of foreign fuel and recycling of uranium 
and plutonium in the U . S .  wi th a pro liferation-resis tant 
technology (Case F-I) . 
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C 

c 

C 

C I 

C I 

C 

4 )  Reprocess ing of foreign fuel in the U . S .  and return of  
fabricated mixed oxide fuel to  foreign countries no t in 
sensitive regions ( Case F-2) . 

Cases E, F-I, and F-2, in which the foreign spent fuel is assumed 
to be reprocessed either in the U . S .  or abroad, are inconsis tent 
with present U . S .  policy . They are included for the sake of com­
pleteness as part of the NEPA process . If  the U . S .  agrees to the 
reprocess ing of the fuel, it would be carried out under inter­
national safeguards with pro liferation-resis tant technolo gies that 
meet the nonp roliferat ion objectives of the U . S. 

Cases G ,  H, and I are similar to  Case D in that foreign fuel 
is stored in the U .• S .  and later disp osed of in a U . S .  geolog ic 
rep ository . The d if ferences in these cases are the countries 
included in the po licy, the amount of foreign fuel received by the 
U . S . , and the startup timing of the geologic repository . Case H 
(Option I - the least amount of foreign fuel) involves only 
countries in sensitive reg ions . Cases G and I ( Option 2 )  involve 
countries in sensitive reg ions plus a limited number of smaller 
countries in less sensitive reg ions with clearly identified spent 
fuel storage p rob lems . Case D ( Option 3 - larges t amount of 
foreign fuel) includes countries in Case G ,  plus a very few, 
larger, industrialized, non-nuclear-weap ons states . 

In Case H, the spent fuel will be removed from countries in 
sensitive regions, a maj or obj ective of the U . S .  nonproliferation 
policy . However, other foreign nations would have to choose a 
course of action for s torage of their spent fuel . Spent fuel 
would be stored in a number of locat ions, and some countries might 
select reprocessing as an alternative even though adequate safe­
guards to meet nonpro liferation obj ectives are no t available.  
Larger , industr ialized nations are better able to f inance spent 
fuel storage facilities . They are more likely , however , to 
construct a reprocessing plant, either j o intly or on an ind i­
vidual basis . Therefore, Case D ,  which includes larger, in­
dustrialized non-nuclear-weapons nations offers the highest 
benef its to the nonproliferation policy, because it provides the 
ab ility to influence the greatest number of countries to store 
spent fuel instead of reproces s ing it . 

Other than the effects on the nonp roliferation obj ectives, 
the environmental ef fects believed to be of the greatest signifi­
can ce are given in Tables 1-2 and 1-3 for Cases A through H and 
in Table 1-4 for Cases I and J. Tables 1-2 and 1-4 include 
only the environmental effects associated with interim storage of 
foreign spent fuel, and they are presented to allow a direct com­
p aris on with the environmental ef fects shown in Volume 2 ,  Storage 
of U . S .  Spent Power Reactor Fuel (which assessed only the interim 
storage of domestic fuel) . Tab le 1-3 includes both the effects 
from interim s torage and disp osition of foreign spent fuel for 
Cases A through H .  D ispos ition effects were not determined for 
Cases I and J .  Only interim effects were determined in Appendix A. 
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TABLE 1 ., 2  

Summary of Env i ronmental Effects Fro� 1 nter i ma 

Storage of Foreign S pent Fuel 

Year c,' . s. 'JeoZ,oaic 3eposi tor:-I 
Begins I'li:i:::.3 O::>ercticy. v 1 9 85 

Pavu Z,arian wao Z e  Boau :ose 
Co�i�en�, man-rem v 

:../. 5. cmd :;Zooal :;ommons 

w'orld 

OccupationaZ Exposure, man-rem 

i'/. S. and :JZoba2- Carnrrrons 

Wor ld 

u. s. and v:'obal Commons 

World 

Accidenta l Jea:ns 

u. s. and :;bba! Commons 

World 

0
:::' 

2 . 5  

1 6  

0 . 0 1  

0 . 4  

D D E F-l 

1 9 85 1 9 9 5  

730 2840 

7 3 0  2 8 4 0  

440 1 2 20 

5 1 0  1 2 70 

0 . 74 2 . 5  

0 . 78 2 . 6  

1 . 6  2 . 4  

1 . 6  2 . 4  

1 9 8 5 1 9 85 

980 1 0 0 0  

980 1 0 00 

345 5 1 0  

370 5 7 0  

0 . 8 3 0 . 96 

0 . 8 5 1 . 0  

0 . 8 - 1 . 8  

1 . 2  1 . 8  

F-2 

1 9 8 5  

1 0 0 0  

1 0 0 0  

5 1 0  

5 8 0  

0 . 96 

1 . 0  

1 . 8  

1 . 8  

1 98 5  

1 7 0 

1 7 4 

1 38 

1 - ­;" 

0 . 1 9 

0 . 2 1 

0
,

4 7  

0 . 4 7 

1 995 

1 0 40 

1 04 0  

4 5 0  

4 7 0  

0 . 9 3  

0 . 94 

0 . 82 

0 . 8 2 

.. c :: 

1 985 

47 

47 

.,-, .)  

82 

0 . 0 8 

0 . 0 8 

0 . 2 2 

0 . 2 2 

1 9 95 

5 5 0  

5 5 0  

1 9 0  

2 0 0  

0 . 46 

0 . 4 7  

0 . 3 8 

0 . 38 

C a • .  Does not include incremental environment a l  e ffects of mining and mi l l ing . 

b. Case A effects are shown . The effects for Cases B and C are essent ial l y  the same . 

c. Cas e G includes environmental impacts for receipt of Op tion 2 spent fuel in the U . S . ,  and 
Case H inc l udes env ironmental impacts for receipt of Option spent fu e l  in the U . S .  

d. In Case A no operations occur in the U . S .  or the g l obal commons . For Cases B and C ,  there are 
no operations with foreign spent fuel in the U . S .  but some fue l  may be shipped by sea between 
countries other than the U . S .  

e .  Serious g enetic and somat i c  health effects were c a l cu l ated from radiation doses , assuming a 
linear dose-hea l t h  effect re l at i on . EPA dose-effect factors were used . Heal th effect s from 
organ doses are not shown independen t l y ,  but these organ health effects are inc luded in t hese 
l i n e s  along with those caused by the who l e  body dose. (See App end ix B of Volume 2 for more 
detai l on methodo l ogy used in determining health effec c s . )  
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TABLE 1 - 3  

Summary of Major Envi ronmental Effects from I nterim 
Storage and Di s p o s i tion of Forei gn Spent Fuel 

:; ear �I. S. 'Jec iogia Reposi tory 
Begins InitiaZ Operation 

?op:A.7..ar;ion ;.(no Ze Body Dose 
Conmi tmenr:, man-rem 

[':. 5. & 'JZobaZ ::ommons 

occupationaZ Exposure, 
Man-rem 

U. S. 8 GlobaZ Corrmons 

WorZd 

Hea l th EffeC!ts C! 

u. s. & GZobaZ Ccrrrmons 

'iv'orld 

Aaaidenr:aZ Jearhs 

U. S. & Global Commons 

World 

A, E, C
a D 

1 9 8 5  1 9 85 1 9 9 5  

5 5 0 0  8 5 0  2 9 5 0  

7 2 0 0  8 5 0  29 5 0  

o 700 1 4 8 0  

8 7 0 0  770 1 5 30 

1 .  0 2  2 . 8  

1 0 . 5  1 .  06 2 . 8  

o 3 . 4  4 . 2  

7 . 9  3 . 4  4 . 2  

1 9 85 

69 3 0  

8260 

440 

79 1 0  

4 . 3 

1 0 . 6  

1 . 6 

8 . 3  

---------------------------

1985 1 9 85 1 9 85 1 9 95 1 9 8 5  1 9 9 5  

1 1 , 5 00 1 1 , 5 0 0  1 9 8  1 0 8 0  6 7  5 7 0  

1 1 , 5 0 0  1 1 , 5 0 0  2 0 2  1 0 8 0  6 7  5 7 0  

5 8 1 0  6 0 6 0  2 2 8  5 4 0  1 1 8  235 

5 8 7 0  6 2 1 0  2 4 7  5 6 0  1 27 245 

1 1 . 1  1 1 . 3  0 . 28 1 .  0 2  0 . 1 2  0 . 5 1  

1 1 . 1  1 1 . 4 0 . 3 0 1 .  0 3  0 . 1 3  0 . 5 2 

9 . 4 1 0 . 6  1 . 1  1 . 5 0 . 5 6  0 . 72 

9 . 4 1 0 . 9  1 . 1 1 . 5 0 . 5 6  0 . 7 2 

a .  D o e s  n o t  includ e  incremental environmental effects of mining and mi l l in g .  I n  Cases A , D , C , E ,  F - l  and 
F - 2 ,  it is as sumed the for e i gn spent fuel i s  repro c e s s ed and the recovered p l uton ium and uranium i s  
recyc l ed ;  reduced mining and mil l in g  requiremen t s  wou l d  resul t in a decrease of � 1 2 0  hea l t h  effects 
(because of reduced lung exposure t o  the population and work force) and a decrease of �3 1 in occupa­
t ional deaths . 

c b .  Case G includes environment a l  imp a ct s  for receipt of Op t i on 2 spent fuel in the U . S .  and Case H 
includes environmental impacts for receipt of Option 1 spent fuel in the U . S .  

a. S er i ous genet i c  and somat i c  health effects were cal cu lated from rad i at i on doses , assuming a 
l inear dos e - h ea l th effect re l at i on .  EPA dose -effect factors were u s ed . Hea l t h  effect s fro� 
organ doses are not shown independen t l y , but these org an hea l t h  effects are inc luded in these 
l ines a l ong w i t h  those caused by the who l e  body do se . ( S ee App endix B of Volume 2 for more 
d etai l on methodology used in determining health effect s . )  
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c TABLE 1 -4 

Summary of Envi ronmenta l Effects from I n terim Storage of Forei gn Spent Fuel , 
2010 Startup of U . S .  Geo l og i c  Repos i tory 

Case r jJ 
Yecrt' u.s. GeoZogic Repository 
Begins InitiaZ operation 2 0 1 0  2 0 1 0  

PopuZation WhoZe Body Dose Ccnrmitment. 
man-rem 

U.S. c:nd GZobaZ COImlonS 1 4 0 0  0 

WOl'Zd 1 4 0 0  8 . 5  

OccupationaZ &:posure. man-rem 

U.S. and GZobaZ COImlonS 330 0 

WOl'Zd 360 4 3  

EeaZth Effects
C 

U.S. and GZobaZ COImlons 1 . 0  0 

WOl'Zd 1 . 1  0 . 04 

AccidentaZ Deaths 

U.S. and G ZobaZ Commons 0 . 5  0 

WOl'Zd 0 . 5  0 . 1  

a .  Case I includes environmental impacts for Option 2 spent fue l received in the 
U . S .  

b .  I n  Case J ,  n o  operati ons occur i n  the U . S .  or the g l obal commons . 

c. Serious genetic and somat i c  health effects were cal culated from radi ation 
doses , assuming a l inear dose-health effect rel ation . EPA dose-effect 
factors were used .  Hea l th effects from organ doses are not shown independen t l y ,  
but these organ health effec ts are in cluded under thi s column along wi th 
those caused by the who l e  body dose . ( S ee Appendix B of Volume 2 for more 
detai l on methodo l o gy used in determining hea lth effect s . )  
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C I 

C I 

c I 

The scope of this volume is the environmental imp act on the 
U. S .  and glob al commons fr om imp lementation of the proposed foreign 
por tion of the U . S .  Spent Fuel St orage P olicy and alternatives 
thereto . Tables 1-2 , 1-3 , and 1-4 set forth the impacts on the 
U . S. and global commons . These cumulative imp ac ts on the U . S .  
and global commons were calculated by determining the total world 
environment al effects less those ass ociated with regional effects* 
resulting from �perations in foreign nations . The world environ­
mental effects are also set forth in Tables 1-2 , 1-3 , and 1-4 
for purp oses of comp letene s s .  The environmental effects on the 
territories of foreign states are not as sessed in this volume . 

In this analysis , the effects from reprocessing of the for­
eign spent fuel are as sessed for Cases A, B, C, E, F- l ,  and F-2. 
Al though this analysis is concerned with operations as sociated 
with the back-end of the fuel cycle , if the fuel is reproces sed 
and the recovered plutonium and uranium recycled , a decrease in 
virgin uranium feed requirements would resul t .  This in turn would 
lead to a reduction in mining and milling ac tivities to provide 
urani um. The reduc tion in mining and milling ac tivities would 
resul t  in a significant decrease in radiation health effects to 
the population ( primarily from a decrease in lung do se from radon 
gas ) and in accidental mining and milling deaths to occupational 
employee s .  These reduced mining and milling effects  exceed the 
increase in heal th e ffects and accidental deaths arising from the 
activities associated with the foreign spent fuel analyzed in thi s 
volume . However ,  the mining and milling activities are no t included 
in the dis cus s ion of the ef fects for the dif ferent cases and are 
no t shown in Table 1-3 because these operations are not directly 
associated wi th the operations at the back-end of the fuel cycle 
that are direc tly affected by the Spent Fuel S torage Policy offer . 

The population whole body dose commitments  resulting from 
interim storage of the f oreign spent fuel , g iven in Tables 1-2 
and 1-4 range up to about 3000 man-rem . The p opulation dose 
commitment s  range from about 7 0  to about 11 , 5 00 man-rem when 
interim stor age and disposition of the foreign spent fuel are 
considered , as shown in Table 1-3 . Effects  of long-lived nuclides 
in the 100-year period following the end of the study are also 
included in this tab le to provide an as sessment of ef fects of 
persisten t nuclides .  The population doses shown in Tab les 1-2 
and 1-3 are a very small fraction of the whole body exp osure to 
the world population of about 200 , 000 , 000 , 000 man-rem from 

* The regional effects are tho se impacting on a hypothetical land 
area of 9 million km2 ( 3 . 5 million mi 2 ) (an area equal to 
that of the United States ) with the foreign nation carrying out 
the ac tivities located at the center of  that area . 
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C natural rad iation sources in the same period . The world p opulation 
dose commitment in Table 1-4 should be compared to 37 0 , 000 , 000 , 000  
man-rem . Thi s  comparis on value is  higher than those f or Tables 
1-2 and 1-3 due to different leng ths of the s tudy period . The 
differences between the different cases are not j udged to be of 
suff icient imp ortance to strongly inf luence the selection of the 
case or combination of cases that bes t imp lements  the U ; S .  offer 
to store foreign fue l .  

Occupational radiation exp o sure s  are als o summarized in 
C Tables 1-2 and 1-3 f or Cases A through H and in Tab le 1-4 for 

C ases I and J .  These expo sures increase in the cases when initial 
operation of the geologic rep ository is assumed to be delayed 

C (Cases D ,  G ,  H ,  and I) . The increases occur because of  the larger 
work f orce and longer p eriod of operation at the ISFS basins . The 
o ccup ational dose is greatest f or the cases with rep rocessing , but 
ag ain , the d oses are so low that they would not s trong ly inf luence 
the deci sion of how to imp lement the u . s .  offer to store f oreign 
fuel . 

The radiological health effects calculated from the p opulation 
and o ccup ational doses range f rom 0 . 01 to 2 . 6 when only interim 

C s t or age of the foreign spent fuel is considered ( see Tab les 1-2 
and 1-4) and from 0 . 13 to 11 . 5  when disp osition of the f oreign 

7-a f uel is als o  considered (See Table 1-3) . For perspective , 
C 120 , 000 , 000  health effects are expec ted to occur within the 

world p opulation f rom natural radiation during the same period 
considered in Tab les 1-2 and 1-3 . If the period i s  extended to 
include that used in Table 1-4 , the expected health ef fects will 
be 220 , 000 , 000 from natural rad iation . The number of acciden-

7-j tal deaths f or the cases considered in this volume of the EIS 
r ange up to 2 . 4  f or activities associated with interim s torage 
of the f oreign spent fue l .  When activities associated with 
disp o sition of the f oreign spent fuel are included , the range 
i s  up to 11 . Again , these effects are small enough not to have 
a signifi cant effect on the selection of the policy whi ch will 
best implement the u . S .  offer to store f oreign fue l .  

Analyses are als o  made o f  the environmental risks from maj or 
abnormal events and accidents in the f acilities considered in 
this volume . These risks are shown to be  very small and es sentially 
the same for C ases A through H .  The environment al risks from 

C abnormal events and accidents were not determined f or Cases I and 
J ,  but the risks for these cases would be p roportional to those 
of Cases G and A respectively correc ted f or program size and 
program duration . The maximum individual dose commitments 
following abnormal natural events ( e . g . ,  tornadoes ) and severe 
accidents (e . g . ,  criticality) that may occur during op eration of 
the f acilities are all below one rem , and the probabili ty of these 
events  occurring is very low.  S omewhat greater consequences 
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are es timated f or extreme tr ansportation ac cidents in which a 
C shipping cask i s  breached ; The consequence s  of transp orting 

low-level TRU waste from rep roces sing was determined to be 4 rems 
for an extreme accid ent . The consequence of an extreme accident 
associated with sp ent fuel expected to be transported under this 
policy is estimated to be somewhat lower , 1 . 6  rems . The extreme 
accident which would result in a 1 .  6-rem body dose was d_eve1op ed 
f or a maritime accident . The accident is  assumed to result in 
s imultaneous breaching of f our large shipping casks . A comparable 
extreme accident which would involve land tran sp ort would possib ly 
breach no more than a s ing le cask and as such would result in 

8-b a body dose of 0 . 4  rem . However , the risk of these events is  
small because of the low probability of cask failure . No near­
term biological ef fects of any signif icance are expected from the 
ac cidents analyzed . 

Transportation and storage activities with spent fuel involve 
radioactive and fissionable material that can , under specific cir­
cumstances , be misused to create an unacceptable public consequence.  
However , spent fuel is relatively easy to pro tect because o f  its  
intense radiat ion and the technical problems associated with sepa­
rating the plutonium it contains . In addition, the consequences 
from the mos t  credible sabo tage scenario s  involving spent fuel are 
very small. Property damage resul ting from sabotage incidents 
would cons i s t  mo stly of  locali zed contamination that would neces­
s itate limited access until cleanup operations could be completed. 
Therefore , the spent fuel storage and transportation operations 
described in this volume do not impose an unacceptable safeguards 
risk or hazard to the public . 

As discus sed earlier , if  in the future , the U. S .  decides that 
the foreign spent fuel s tored in the U. S .  can be reprocessed and 
the separated plutonium and uranium fabricated into fuel assem­
blies , the reprocessing and refabrication would be carried out 
under international safeguards with proliferation-resistant tech­
nologie s that meet the nonproliferation objectives o f  the U. S .  
This wo uld include acceptable measures to reduce to acceptable 
levels the risk of theft or diversion of separated plutonium and 
sabotage o f  FRP-MOX facilitie s .  

Re source consumption i s  small in all cases , although cases 
that include the assumption that the geologic repo sitory is de­
layed require more energy and ll!ater_ials _�ecatl§��L incr���ci 
construction and the longer operation o f  ISF S basin facilities . 
Re source consumption is also greater if the decision is made to 
reproce s s  the foreign spent fuel either in the U. S .  or abroad , but 
it is still small .  
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Releases o f  thermal and nonradioactive effluents , and 
secondary effects on biota are j udged to be minor and are no t 
discus sed in this volume. 

I-a Because o f  the preceding analys es of the various alternatives 
contained in this final EIS and the comments received on the Draft 
EIS (DOE!EIS-0040-D - Storage of Foreign Spent Power Reactor Fuel ) , 
DOE prefers the fo llowing cas e .  The Spent Fue� Storage Policy 
should be implemented , and the U . S .  Government should o ffer to 
take title to foreign spent fuel from Option 2 countries on a 
case-by-case basis . This fuel would be  s tored in ISFS facilities 
located in the U .  S .  as identified -in Case -t-.- -It -is assumed for 
purposes of  analysis that this fuel will eventually be  disposed of 
as waste in a U . S .  geologic repository . It  should be emphas ized 
that DOE is not making a choice b etween reproces sing and geologic 
storage at this  time . Further , DOE propo ses to continue to support 
multinational storage, not by sub s idies , but by discussion with 
foreign nat ions . 
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II . BACKGROUND 

A. Introduction 

The environmental aspects  of alternative ways of implementing 
the offer made by the U . S .  in October 1 9 7 7 , to accept limited 
quantities o f  foreign spent power reactor fuel f or s to r�ge , when 
such action would further nonproliferation obj ec tives , are analyzed 
in this volume . The imp acts associated with not implementing the 
policy are also analyzed . This volume covers the environmental 
effects on the U . S .  and the global commons* and on the world . 

C However ,  in order to avoid any infringement on s overeignty of  o ther 
nations , the asses sments in this volume exclude local impacts of  
the U . S .  Spent Fuel S torage Policy on the territory o f  individual 
foreign nations . 

The o f fer to accept foreign spent fuel for s torage in this 
country is part of a much larger proposed program involving s torage 
by the U . S .  Government of spent fuel from domes tic power reactors . 
This domestic program is addressed in Volume 2 ,  S to rage of U . S .  
Spent Power Reactor Fuel . Since the amount of foreign fuel 
expected to be accepted for , s torage in the U . S .  is much less than 
the amount of  U . S .  fuel expected to be  s tored under the program, 
the environmental impacts o f  the foreign o ffer are given in thi s  
volume a s  increments t o  the domes tic aspect o f  the program .  
Predicting the exact quantities o f  foreign spent fuel that may 
be sent to the U . S .  under the October 1 9 7 7  o ffer is no t poss ible 
because this will depend upon a number of  variables , including 
the policy and economic decisions o f  foreign governments and 
utiliti es on the optimal means of handling their spent fuel . 
Therefore , a range of  effects spanning the minimum and maximum 
quantities o f  spent fuel that may reasonably be expected to be 
sent to the U . S .  will be described in this volume . 

Es timates o f  the nonproliferation implications o f  the U . S .  
offer are also necessarily j udgmental and , to some degree , specu­
lative for s imilar reasons . For example , it is not poss ible at 
this time to forecast how nations that do not accep t  or do not 
qualify for the U . S .  offer will choose to dispose o f  their spent 
fuel . Such decisions will be based upon the cost and availability 

* The environmental effects to the combined U . S .  and global 
commons are the total world environmental effects les s  those  
ass ociated with foreign regionall effec ts from foreign 
national operations . The regional effects are those associ­
ated with a land area of 9 million km2 ( 3 . 5  million mi2 ) (an 
area equivalent to the U . S . )  with the foreign nations at the 
center o f  that area . 
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of alternatives , including the U . S .  storage of fer , national fuel 
cycle plans , availability of multinational facilities , expanded 
national storage , and nonproliferation considerations . Possible 
alternatives may include expanded national interim or long-term 
retrievable storag e ,  terminal geologic d isposal , or reproces s ing 
to separate fission products from plutonium and uranium. Further­
more , some of the benefits expected from implementation. of the 
policy are nonquantifiab1e , depending upon diplomatic outcomes , 
examples set , and follow-up actions by o ther nations . 

B .  United States Spent Fuel Storage Policy 

On April 7 ,  1977 , the President announced that because  of  
the prolif eration risks involved , the U . S .  would defer the 
commercial reproces s ing of spent fuel and the recycling of re­
covered plutonium and uranium into light water reactors (LWRs ) . 
Commercialization of the breeder reactor in the U . S . , which had 
been expected to become a maj or producer and user of plutonium , 
would also be  delayed . In the interim ,  the U . S .  would s tudy 
alternative fuel cycles that would avoid or minimize access  to 
separated plutonium ,  a material directly usable in nuclear 
weapons . The President also asked other countries to proceed 
cautiously with these technologies and to j o in with the U . S .  
in a broad-bas ed international evaluation of  alternative fuel 
cycles and processes that might reduce the risks of nuclear 
proliferation . 

This change in policy created uncertainties for the 
domestic nuclear power industry . For many years , rep rocess ing 
and recycling had been considered part of  the solution to 
d isposal of  spent fuel . A new policy taking into account the 
deferral of these activities was needed . 

Accordingly , in October 19 7 7 , the President announced that 
the U . S .  Government was proposing to accept and take title to 
spent fuel from utilities upon payment of a one-time storage 
fee designed to recover all costs . Delivery of  the spent fuel 
to an approved storage s ite would be at user expense . No 
immediate credit would be given for the value of the uranium o r  
plutonium remaining in the spent fuel . If the U . S .  decided 
in the future to opt for commercial reproces s ing , then the spent 
fuel and part of the s torage fee would be returned , or the 
customer would receive compensation for any net fuel value . 

As part of  this policy , the U . S .  announced that it was 
prepared to accept limited quantities of  foreign spent fuel 
under the same conditions applying to domestic utilities when 
this action would " contribute to meeting nonproliferation goals . "  
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At the same time , the U . S .  would encourage o ther nations to 
develop their own s torage plans to support s tudies of regional 
or international s torage s ites . Basically , the U . S .  has assumed 
that o ther nations would assume the primary responsib ility for 
so lving their own spent fuel problems . 

U . S .  s torage of  limited quantities o f  foreign spent fuel 
is designed to demonstrate the feasib il ity of alternatives to 
the premature reproces s ing of  spent fuel and the recycling of 
plutonium. It is intended as a contribution to international 
and national resolution of the spent fuel problem . The accept­
ance o f  foreign spent fuel by the U . S .  is intended to encourage 
o ther national and international ef forts of a s imilar sort . 
This combination of  efforts would help o ther nations in exercis ing 
caution in moving toward a plutonium economy and would help to 
provide time to evaluate and develop more proliferation-resistant 
technologies for the next generation of reactors and fuel cycles . 
Nations with limited lo cal s torage capacity would have an alterna­
tive to reprocess ing as a s tep in was te management .  In some 
cases , countries would have no immediate choice but to move toward 
reprocess ing unless the U . S .  can provide them with a prac tical 
alternate option . Overall , the U . S .  Spent Fuel S torage Policy 
would introduce a valuable element of  flexibility into international 
planning for the nuclear fuel cycle . 

12-p Foreign fuel returned to the U . S .  or transferred to multi-
national s torage facilities under this po licy will be on a voluntary 
basis . Negotiations between the U . S .  and foreign nat ions will be 

. on a case-by-cas e basis . DOE believes it would be  unreasonable to 
assume in this policy that all returns could be on a mandatory 
basis for the following reasons : 

• As a practical matter , the U . S .  canno t remove large 
quantities of spent power reactor fuel from a foreign 
nation without the cooperation of  the foreign nation 
or without using military force . 

• The U . S .  nonproliferation goals as a whole require 
voluntary broad-based international cooperation to 
succeed . A policy of mandatory returns would be 
interpreted by many nations as coercive and discrimi­
natory and would ,  on balance , reduce the inclination 
of o ther nations to coop erate with the U . S .  

• A policy of  mandatory returns would require unilateral 
' changes in pres ent contracts and unders tanding governing 
U . S .  supply of nuclear fuel . Such action would unde rmine 
the reputation o f  the U . S .  as a reliable supplier , 
thereby reducing the U . S .  influence in international 
nuclear matters . 
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Plutonium in spent fuel cooled for several decades is more 
accessible to would-be diverters . If o ther nations , which do no t 
choose  to accep t the U . S .  s torage o ffer,  emulate U . S .  policy with 
respect to s toring spent fuel within their respective territories , 
then they will be  accumulating s tocks o f  spent fuel which could 
be later reprocess ed to recover the contained plutonium-. However ,  
despite these possib ilities , spent fuel storage i s  s t ill less of  
a proliferat ion risk than fuel cycles which use  o r  build  up stocks 
of separated plutonium or mixed o xide fuels containing plutonium . 
Furthermore , multinational spent fuel storage regimes , as described 
later , would result in improved international safeguard s , would 
provide interim s torage capability until p ermanent disposal in a 
geologic repository o f  spen t  fuel becomes available and would 
improve the proliferation resistance o f  storage arrangements .  

l-b If a decision is made to implement the policy , an away from 
l-c reactor-spent fuel storage facilities EIS (AFR EIS ) will be  

prepared to provide the environmental input on the selection 
of  facilities for policy implementation . The d emand for spent 
fuel s torage will be  developed by using the latest available 
data as supplied by domestic and foreign utilities concerning 
their plans for expansion , compaction, transshipments , and 
the expected quantities o f  spent fuel discharges . The environ­
mental eff ects  associated with the construction and /or operation 
of the facilities and transportation effects associated with the 
available options will be evaluated . 

l-b As prop o s ed in the Spent Nuclear Fuel Act of 1 9 7 9  (see 
Appendix B o f  Volume 1 ) , ISFS facilities for interim s torage of 
spent fuel will be  licensed by NRC . The NRC licens ing process 
will provide additional public input .  

C .  Range o f  Activiti es 

The range of  activities described in this analysis includes : 

• Acceptance of  foreign fuel 

• Suppo rt o f  foreign storage facilities 

• No action . 

These are discussed briefly in C . l ,  C . 2 , and C . 3  o f  this s ection.  
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C . I Accep tance of  Foreign Fuel 

As part of the Spent Fuel Storage Policy , the U . S .  announced 
that it would be prepared to accept limited quantities of foreign 
spent fuel under the same conditions which apply to domestic 
utilities des crib ed in Volume 2 when this action would contribute 
to meeting nonproliferation goals as no ted in Section II B .  

C . 2  Support of Foreign Storage Facilities 

As part of this policy , the U . S .  would encourage o ther 
nations to develop their own storage plans , and the U . S .  would 
support s tudies of regional or international s torage s ites . 
Basically , the U . S .  assumes that o ther nations would retain 
the primary responsibility for solving their own spent fuel 
problems . 

The U . S .  could choose to support multinational s torage 
arrangements  outside the continental United S tates . Formal 
arrangements  could take the form of a multinational s torage 
facility under specific country ownership and/or operation, or 
under the auspices of an exis ting international o rganization , 
e . g . , the International Atomic Energy Agency . The s iting of  
such facilities would be by  international agreement but , in all 
cases , they would be located outside sensitive regions . U . S .  
assis tance to such arrangements  would be contingent on the 
degree to which they contributed to this nation ' s  nonproliferation 
obj ectives . Depending upon the circums tances , the U . S .  might 
be a direct participant or might limit its role to providing 

12-j technical and /or financial assis tance . One possibility might 
be to locate an ISFS facility on an island . Currently , an island 
s torage concept is being considered by the U . S .  Government and 
at lea s t  one o ther country lo cated in the Pacific Basin . This 
concept ,  although not analyzed specifically in this volume , is 
cons idered to be a possible suboption of  either multinational or 
bilateral type facilities . 

Ano ther option would be to support the cons truction of  
s to rage facilities abroad on a bilateral basis . Eligib le countries 
would be lo cated outside sensitive regions and would be financially 
capable of supporting an expanded s torage program once initial 
U . S .  assistance terminated . In each ins tance , cooperation would 
o ffer nonprolif eration benefits to U . S .  policy . Decisions to of fer 
U . S .  ass is tance would be made on a case-by-case basis . This 
as s is tance could take the following forms : as s is tance in increas ing 
the densi ty o f  exis ting ons ite reactor s torage pools as described 
in Volume 2 of this EIS through reracking and the ins tallation o f  

C neutron-abs orbing racks , etc . , or through ass istance in the con­
struction o f  ISFS storage facili ties . 
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C . 3 No Action 

The effects of the U . S .  not providing any offer to foreign 
C countries as described in either C . l  or C . 2  of  thi s  s ec t ion are 

als o  considered � In this case ,  each foreign country is assumed to 
proceed with its current plans for disposing of the spent fuel 
from its reactors by 1) reprocessing the spent fuel and recycling 
the - recovered plutonium and uranium and then disposing of  the 
reprocessing waste in a foreign geologic repos itory or _ 2 )  dis­
posing of  spent fuel as was te in a foreign geologic repos itory .  

D .  Criteria o f  Offer to Accept Foreign Spent Fuel 

Predicting the exact quantity of foreign spent fuel that 
may be sent to the U . S .  under the October 1 9 7 7  offer is not 
possible because it will depend upon a number of variab les , 
including the policy and economic decis ions of  foreign govern­
ments and utilities on the optimal means of handling their spent 
fuel . 

C Certain technical factors will also aff ect the actual volume 
of  spent fuel returned to the U . S .  including : 

• Actual rate o f  reactor burnup and the degree to which operators 
adhere to optimum d is charge s chedules . 

• Unforeseen factors which affect the actual growth in nuclear 
power utilization abroad . 

Therefore , a range o f  effects  spanning the minimum and maximum 
quantities of  spent fuel that might reasonably be expected to be  
sent to  the United S tates will be described . 

l-f The implicit assumption made in establishing the amount of 
foreign fuel that might be shipped to the U . S .  was that it would 
be cooled on the average o f  about 5 years . For environmental 
effec ts , the fuel was assumed to be cooled on an average o f  4 
years . Specific fuel shipping schedules have no t been es tablished ; 
these will be negotiated on a case-by-case bas is , and if receipt 
o f  short-cooled spent fuel from sensitive countries benefits the 
U . S .  nonproliferation obj ective , it could be shipped . 
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l2-k 

This volume analys es the impact of  rece�v�ng spent fuel 
from foreign countries to increase U . S .  nonproliferation 
obj ect ives . As indicated in this volume , the des ired obj ect ive 
probably will not require acceptance of all of the spent fuel from 
a sens itive foreign country ( Option 1 country ) . The policy does 
not restrict the U . S .  to receiving only spent fuel cooled a minimum 
of  five years . When it is des irable from a nonproliferation stand­
point , fuel cooled les s than 5 years could also be received . 
Leaving a 5-year accumulation of  spent fuel in sensitive countries 
may slightly increase the proliferation potential comp ared with 
removal of  all of  the spent fuel from s ensi tive countries . DOE 
does not believe , however ,  that proliferation po tential is propor­
tional to the amount of  spent fuel stored in sensitive foreign 
countries ; however , it is more a function of disposal needs and 
alternatives available to meet these  needs . 

The above conclusions were reached because  

• Firs t ,  the benefits of  the U . S .  s torage o ffer are no t 
directly proportional to the vo lume of material shipped 
to this country . The policy will have a nonproliferation 
benefit  to the degree to which it as sis ts individual 
nations in avo iding early reproces s ing as a po licy choic e ,  
t o  the degree to which it allows individual nations the 
time to arrive at more permanent multinational , or where 
prudent , national arrangements for spent fuel storage as 
an alternative to early reprocessing , and to the degree to 
which the foregoing points encourage nations with nuclear 
energy programs to consider long-term spent fuel storage 
as an economically viable approach . It  is no t possible to 
measure in a quantitative fashion these influences in 
national nuclear energy decisions . 

• Second , while it is true that s tored spent fuel is a 
po tential source o f  plutonium for any nation in possession 
of  such material , it is also true that spent fuel is 
relatively less of a proliferation risk than separated 
plutonium or contracts which will lead to the s eparation 
o f  plutonium.  The radiation barrier o f  spent fuel provides 
an inherent degree of pro tection . International safeguards 
are applied to nearly all of the spent fuel storag e  
facilities in the non-Communist world . These IAEA safe­
guards can be applied with a greater confidence to stored 
spent fuel than to reprocess ing p lants or to separated 

- plutonium, and , when combined with the radiat ion barrier 
in the material itself , provide greater assurance to the 
international community of timely warning in the event of  
any attempt to  divert the material for  weapons purpo s es .  
To the degree to which the U . S .  spent fuel s torage program 
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l2-k discourages early reproces s ing , these nonprolif erat ion 
advantages will be retained . Shipment o f  s ome fuel to 
the U . S .  will involve the sending country in a commitment 
to avoi d  premature reprocess ing in favor o f  long-term 
spent fuel storage . 

• Third , the U . S .  will encourage countries located in 
sensitive regions to reduce their inventories of spent 
fuel to the lowes t  possible levels , initially by shipments 
to the U . S .  and over the longer term by participating in 
multinational s to rage arrangements . Even in ins tances 
in which all o f  the fuel is no t returned , the U . S .  will 
obtain a nonproliferation benefit to the degree that the 
country concerned becomes committed to storage as 
compared with premature reprocessing . Such a commitment 
would enhance international confidence in the observance 
o f  international safeguards and contribute to a reduct ion 
of tensions in regions in which countries build such 
confidence • 

• Fourth , the U . S .  offer to s tore foreign fuel is no t an 
isolated element o f  nonproliferation policy . I t  is part 
of a larger s trategy designed to discourage the appearance 
of po tential weapons-usable materials in the fuel cycle 
and the spread of  sens itive facilities which can p roduce 
such material . The policy will result in benefits to the 
degree that  it contributes to this overall s trategy . 
However , it should be noted that s to rage alone is not 
regarded as the to tal solution to outs tanding nonprolif era­
tion issues and problems . 

I t  should also be no ted that benefits would be achieved if 
countries located in s ensitive regions made commitments to 
mul tinational spent fuel s to rage or shipped their fuel to the 
United S tates . These options are identified in this volume , and 
also groups o f  countries which could be  eligible f or the U . S .  
o f f er are identifi ed to illus trate how these benefits would apply . 
Since a generic analys is is made in this volume , further precision 
is not pos s ible . 

In the following sections , three conceptual levels o f  foreign 
fuel d eliveries (Options 1 ,  2 ,  and 3 )  that may be involved in the 
implementation o f  the Pres ident ' s  o ffer to s tore foreign spent 
fuel under this policy are des cribed . These options (Table 11-1) 
represent progressively larger increments of  fuel that may be 
received , each increment f rom an additional category of countries . 
This breakdown is provided so that the nonproliferation benefits 

C o f  different types o f  o ffers may be  analyzed . After the three 
options were defined , based upon word descrip tion o f  each option ,  
a list o f  potentially eligible countries was compiled . Total 
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TABLE 1 1 - 1  

foreign Spent Fuel De l i vered to Uni ted States . MTU 

Countries in Sens i tive Region� iQQtion 1 )  
LWR IIWR "-T"'o."ta"'l'--__ _ 

Cumu- Cwnu- Cumu-
FY Annual lative Anlll<al lavive Annual lative 

1 98 3  30 35 75 7 5  1 1 0 1 I 0 

1 9 84 20 55 30 1 0 5  50 1 60 

1 9 8 5  20 70 � 5  1 50 65 2 2 5  

1 9 86 35 1 I 0  35 1 86 7 0  2 9 5  

1 987 3 0  1 4 0  50 2 .15 8 0  3 7 5  

1 9 8 8  5 0  

1 9 89 4 5  

1 990 55 

1 9 9 1  5 5  

1 992 60 

1993 65 

1 994 70 

1995 75 

1 996 80 

1 9 9 7  9 0  

1 99 8  9 5  

1 999 1 00 

2000 1 I 0  

1 90 

2 35 

290 

34 5 

405 

4 70 

5 � 0  

6 1 5  

690 

780 

8 7 5  

9 8 0  

1 085 

�o 

50 

55 

60 

60 

b5 

65 

70 

70 

70 

75 

75 

80 

2 7 5  

3 2 5  

380 

4 �0 

500 

5b5 

635 

700 

775 

8 4 5  

920 

995 

1 0 75 

90 

95 

1 10 

1 1 5  

1 20 

1 30 

1 35 

1 4 5  

1 50 

1 60 

1 70 

1 80 

1 90 

465 

560 

670 

785 

905 

1 0 35 

1 1 70 

1 3 1 5  

1 4 6 5  

1 6 25 

1 795 

1 9 70 

2 1 bO 

No>!proUferation Benefi ts - Lolil Option (Option 2) Nonproliferation Benefit - lIigh Option. (Option J) 
LWR IIWR Total LWR IIWR ",To:::.:..:ta::l,---= _

_ 

Cumu- Cumu- Cumu- Cumu- Cumu- Cumu-
Annual lative Annual lative Annual lative Annual lative Annual lative Annual la tiv(! 

50 50 1 6 5  1 6 5  220 2 20 

55 1 0 5  70 2 3 5  1 2 5 340 

25 1 30 70 305 9 5  4 35 

70 200 70 375 1 40 5 7 5  

40 2 4 0  75 4 50 1 1 5 690 

1 05 

1 00 

1 1 0 

1 1 5 

1 20 

1 25 

1 35 

1 50 

1 65 

1 85 

200 

220 

24 5 

345 

4 4 5  

5 5 5  

6 70 

790 

9 1 5  

1 050 

1 I 9 5  

1 365 

1 550 

1 75 5  

1 9 75 

2 2�0 

90 

1 1 0 

1 1 5 

1 20 

1 20 

1 2 5 

1 30 

1 35 

1 4 0  

1 4 5  

1 50 

1 50 

1 5 5 

540 

650 

765 

880 

1 005 

1 1 30 

1 260 

1 39 5  

1 5 35 

1 680 

1 8 30 

1 9 80 

2 1 35 

1 95 

2 1 0  

2 20 

230 

240 

250 

265 

285 

305 

330 

350 

375 

400 

885 

1 09 5  

1 320 

1 5 50 

1 795 

204 5 

2 3 1 0  

2595 

2900 

3 2 30 

3580 

3955 

4 35 5  

1 80 1 80 360 360 54 1 5 4 0  

85 2 70 3 3 0  6 9 0  4 1 7  960 

105 370 340 1 0 30 4 4 3  1 400 

1 20 490 500 1 5 30 620 2020 

1 4 0 6 30 400 1 9 30 5�0 2560 

1 80 

2 10 

250 

300 

350 

� 20 

4 80 

5�0 

590 

6 70 

740 

800 

8 70 

8 1 0  

1 0 20 

1 2 70 

1 5 70 

1 9 20 

2 340 

2 8 20 

3360 

3950 

4 6 20 

5 360 

6 1 60 

7030 

260 

2 70 

280 

300 

3 1 0  

330 

350 

360 

380 

4 1 0  

4 30 

460 

4 80 

2 1 90 

2·160 

2 740 

311�0 

3350 

3b80 

4 0 30 

4 390 

4 7 70 

5 1 80 

5 6 1 0  

b070 

b550 

4�0 

4 80 

3000 

3� 80 

5 .�0 � 0 1 O  

600 4 6 1 0  

660 5 2 70 

750 b020 

830 6850 

900 7750 

9 70 8 7 20 

1 0 80 9 800 

1 1 70 1 0 , 9 70 

1 260 1 2 , 2 30 

1 350 1 3 , 5 80 



C spent fuel d is charged for each group o f  countries was calculated 
as a function of proj ected growth in nuclear power utilization 
under normal reactor operation conditions . 

l2-h Country-specific data have not been included in this f inal 

C 

l2-f 

EIS for several reasons . Many nations regard long-term fuel cycle 
policy and policy regarding the role of  nuclear energy in national 
energy planning as sens itive mat ters protected by s overeign 
prerogatives . Class ified as sessments o f  the nuclear energy 
programs o f  po tentially eligible countries were used to as sess  
each option developed ; therefore , detai ls are not discussed to 
pro tect confidences exchanged between the United S tates and o ther 
governments .  S ince this volume of the final EIS is a generic 
analysis being made before programmatic commitments , aggregate 
data establishing the maximum action were used to provide a bas is 
for analyzing the potentially adverse impacts on the environment . 
Aggregate figures als o  average out the degree o f  uncertainty with 
respect to spent fuel returns from any one country . Until the 
U . S .  makes a firm of fer accompani ed by contractual terms and 
criteria for accep tance ,  it will not be  possible to determine 
precis ely which countries will choose  to ship fuel to this country . 

The amounts o f  spent fuel from Option 3 countries is assumed 
to be conservative and forms the upper bound o f  DOE policy at 
this time . Further , the amount of spent fuel in the o ther options 
(1 and 2 )  is lower . The split between LWR and CANDU type is 
arbitrary ; some guidance was obtained from s tandard s ources on 
exis ting and planned reactor configurations in foreign 
countries . 2 , 3 , 4 

I The amount of  foreign fuel considered in this volume is  the 
proj ected fuel discharged up to the year 1995 . It  is exp ected 
that this spent fuel would be  received through the year 2000 . 
DOE has no plans to accept foreign spent fuel indefinitely . It  
is DOE ' s  obj ective to promote as rapid a transition as possible 
to national and multinational arrangements accep table from the 
nonproliferation perspective for disposition of spent fuel . 

D . l  Option 1 ,  Countries in Sensitive Regions 

Under Option 1 ,  the U . S .  would accep t spent fuel on a 
cas e-by-case basis only from countries lo cated in sensitive 
regions where the pro tracted s torage of even this material might 
be . j udged inappropriate or troublesome in terms of nonproliferat ion 
concerns . As us ed in this analysis , the term "sensitive regions " 
means areas of  the world in which international tensions are high , 
and there is a risk of  vio lent conflict . The term also applies 
to areas in which a country ' s  nuclear power program may represent 
an additional source of international tens ions per s e .  In mos t  
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cases , the U . S .  acceptance of  fuel would be  limited to countries 
that have agreements for cooperation with the U . S .  for peaceful 
use of nuclear energy . However , in some cases , the U . S .  might 
accept spent fuel from other nations . 

The offer would apply to fuel that had cooled suff ic iently 
to allow safe transport and would not encourage the sending 
countries to build up substantial local spent fuel s torage 
capability . Under this option, a few countries may wish t o  
avail themselves of  the U . S .  spent fuel storage offer a s  a way 
of  demons trating their intentions to observe nonproliferation 
obligations , and in so doing , contribute to mutual confidence 
and a reduction o f  hos tility and s uspicion. 

Precisely which countries or regions may at any given time 
be covered under this option , or what quantities o f  spent fuel 
may be involved during a given period is diff icult to specify . 
However , the quantities o f  spent fuel likely to be included 
are modest .  At a maximum , this material would represent about 

C 3% of  total proj ected U . S .  spent fuel s tored under the U . S .  Spent 
Fuel Storage Program .  

The nonproliferation impacts of Option 1 may be  summarized 
as follows : Removing spent fuel from a region subj ect to inter­
nat ional tension could increase confidence that nonproliferation 
obligations will be observed and could reduce fears about possible 
misuse of the nuclear power programs in the nations concerned . 
Reductions in spent fuel stocks would limit the material available 
for potential reprocess ing operations and , therefore , reduce the 
risk that separated plutonium might· be introduced into the region . 
These  countries would be provided with a practical alternative 
to reprocessing or transfer of spent fuel to another country for 
reprocess ing . From the U . S .  perspective , such opportunities may 
remove diplomatic irritants in relations . with the countries in 
question . Countries in a particular region could improve conf i­
dence in each other ' s  observance of  nonproliferation obligations 
by shipping spent fuel to the U . S .  or o ther locations outs ide the 
area. 

On the other hand , some maj or policy costs may be involved 
in implementing Option 1 .  The limited nature of the U . S .  offer 
may be interpretated by ineligible nations as discriminatory . 
Because spent fuel storage is a service with a def inite economic 
worth and a value in improving the public acceptance and opera­
tional effic iency of a nuclear power program, a limited o f fer 
to · countries in adversity , facing regional political tensions 
or s ituations that raise nonproliferation concerns , may also be  
interpreted as a form of  sub s idy . Thus , those  nations of  greatest 
concern from a nonproliferation standpoint would be the bene­
ficiaries , whereas nat ions more supportive to United S tates non­
proliferation obj ectives or in more stable regions would not 
benef it . 
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D . 2  Option 2 ,  Nonproliferation Benefits  - Low Opti on 

Under Option 2 ,  the U . S .  would accept spent fuel on a case­
by-case basis from the countries covered in Option 1 and in a 
limited number of  o ther countries where there is a nonpro­
liferation benefit and the countries have no ready alternative 
solutions for spent fuel disposition that are acceptable from 
a nonproliferation s tandpoint . 

Illustrative nonproliferation benef its may include continued 
commitment of adherence to the Nuclear Non-Prolif eration Treaty , 
(NPT) 5 or to the Tlatelolco Treaty , 6 or accep tance o f  full-scope 
international safeguards on nuclear facilities . Countries that 
play a key role in evolving useful international fuel cycle 
arrangements  or that agree to renegotiate their agreements  for 
cooperation with the United S tates to include the conditions 
established in the Nuclear Non-Proliferation Act of 1978  might 
also be given preference .  The United S tates might also give 
preference to countries which do not undertake reprocess ing or 
that suspend conventional reproces s ing activities , or that avoid 
entering into maj or new commercial reprocess ing contracts with 
third countries . Illustrative evidence that a country has no 
ready solution to spent fuel disposition could include a temporary 
shortage o f  local spent fuel capacity , an inability to dispose  of  
spent fuel domestically , e . g . , on  geo logic or demo graphic grounds ,  
or unavailability of  anticipated spent fuel s torage in another 
country . In general , countries located outs ide s ensitive 
regions as defined in Option 1 would be expected to make good 
faith efforts to establish or expand local spent fuel storage 
capacity . 

A number of  small industrialized countries have not planned 
interim ,  retrievable,  or terminal geologic s torage for their 
expected spent fuel on the assumption that reprocessing would 
take place . In several countries , reactor licensing and operating 
rules or policies assumed reprocessing , causing governments and 
utilities to plan only for a limited capability to s tore spent 
fuel at power s tations . In the absence of  more attractive alter­
natives , a few of these countries may opt for reprocessing . 

If Option 2 were implemented ,  the small industrializ ed 
countries would have an alternative to reprocessing . However , 
forecasting the precise quantities of  spent fuel that may be sent 
to "the U . S .  under this option is difficult . Because more countries 
are included , the quantities will be larger than those  proposed 
under Option 1, but still relatively small when compared with the 
quantities involved in the U . S .  domestic s torage program . If the 
foregoing categories are taken into account . then spent fuel 
shipments  to the U . S .  under Option 1 might be twice that for 

C Option 1 or about 6% of  the total proj ected U . S .  spent fuel stored 
under the U . S .  Spent Fuel Storage Program . 
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In addition to the nonproliferation implications of  Option 
1 ,  Opt ion 2 would have the following eff ect s .  Additional countries 
may be induced to forego premature reproces s ing . Nations without 
suitable local disposal s ites may be able to obtain the time to 
explore regional or international cooperation for spent fuel 
storage.  Spent fuel storag e in the U . S .  might provide an incen­
tive for additional countries to accept more extensive nonprolifer­
ation assurances , to adhere to the NPT , S or to adhere to the 
Tlatelolco Treaty . 6 The U . S .  would approach the search for 
acceptable international fuel cycle arrangements with the added 
advantage o f  having made a positive contribut ion . Other countries 
might then be  motivated to make their own contributions . 

On the o ther hand , accep tance of  Op tion 2 fuel for storage 
could reduce the motivation for o ther countries to find their own 
solutions to the storage problem fo r sp ent fuel . The storage 
issue involves ques tions of public acceptance and cost which every 
nuclear power nation mus t  eventually face for itself . However , 
the U . S .  could limit this potential by imposing stric t ceilings 
on th e quantity of fuel to be accepted from a given country and 
perhaps also a fixed time period during which shipments could be 
made .  Such provisions would reinforce the limited , transitional 
nature o f  the U . S .  offer . 

D . 3  Option 3 ,  Nonproliferation Benefits - High Option 

The U . S .  would accept spent fuel from countries in sensi­
tive regions ( Option 1 countries) , from other presumably smaller 
countries with clearly identifiable storage problems ( e . g . , 
Option 2 countries ) ,  and from some o f  the larger , industr ialzed , 

C non-nuclear-weapons states . The total represents 10% of  all 
f ive-year-old spent fuel from noncommunist countries . 

Receipt o f  spent fuel in this option would be taken on a 
case-by-case basis when U . S .  nonproliferation interests would be  
s erved and there would be an apparent need for  the action . This 
option includes : 1)  cases in which reprocessing is likely to be  
a probable alternative to storing fuel in the U . S . ; 2 )  cases in 
which U . S .  acceptance would be offered under terms that would 
encourage the sending country to develop alternatives to nat ional 
reprocessing , including investigation of multinational or national 
storage facilities ; and 3 )  a larger number of  cases in which non­
proliferation treaty adherence or similar actions might be  
encouraged . Option 3 differs from Option 2 by expanding the 
scope of the o ffer to include a very few non-nuclear-weapons 
countries with larger nuclear power programs . In no ins tance 
would the U . S .  o ffer be made for all the spent fuel generated in 

II- 1 3  



C 

l2-m 

l2-m 

large nuclear power programs but only for specific amounts of  
spent fuel for which the needs and nonproliferation benefits 
described above are relevant . 

Many of  the observations applicable to the spent fuel 
storage s ituat ions discussed under Option 2 apply here . While 
some of  the countries in Option 3 may be considering acquiring 
their own reprocessing capabilities , the U . S .  offer to accept 
their spent fuel may assist  in deferring new investments . Under 
Option 3 ,  the quant ity o f  spent fuel shipped to the U . S .  would 
represent about 19% o f  the total proj ected U . S .  spent fuel stored 
under the U . S .  Spent Fuel Storage Program .  

The nonproliferation effects o f  Opt ion 3 are potentially 
the most  comprehensive of the three options s ince it provides 
the ability to influence the greates t number o f  countries to store 
instead o f  premature reprocess ing o f  spent fuels . Removal of 
spent fuel from s ensitive regions would be encouraged as in the 
o ther options . The indus trial countries are important as  
trend-setters for the international community and as potential 
contributors to estab lishing multinational storage facilities . 
The more comprehens ive nature o f  the off er under Option 3 
would make it appear less discriminatory and , therefore , more 
attractive to all potentially eligible and cooperating countries . 
Decisions by some of  the larger industrialized countries to defer 
reprocess ing might have benef icial precedential impacts on the 
international community ' s  approach to the nuclear fuel cycle . 
These nations also have the f inancial and technical resources 
to support the study and the possible creation of national or 
multinational spent fuel storage facilities . Adherence to the 
NPT treaty could be encouraged . In general , this option would 
contribute to improved international coo'peration and a sense of 
common purpose in the nuclear area and would increase the 
effectiveness of U . S .  nonproliferation effort s .  

D . 4  Combined Domes tic and Foreign Schedules 

The three assumed foreign spent fuel options , described in 
the previous sections are presented on Figure 11-1 in addition 
to the estimated amount o f  domestic fuel (Volume 2) . The 
domestic fuel estimate 
foreign fuel options . 
for all three options . 

is given to provide perspective to the 
As shown , the foreign increment is small 

I I - 1 4 



E. Long-Term Implication of Policy Alternatives 

Several alternatives for long-term disposition of the spent 
fuel are considered in this volume . These are briefly listed 
b elow and described more fully in a sub s equent s ection . 

• Spent fuel is disposed of  as waste in a geologic repository . 

• Spent fuel is reprocessed in the U . S . , and the plutonium 
recycled in power reactors in the U . S .  or returned to the 
foreign countries of the fuel origin . 

• Spent fuel may be reprocessed outside the U . S .  In this case 
the foreign spent fuel stored in the U . S .  would be returned 
to the country of origin for reproces s ing . 
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F .  Technical Descript ion 

F . I  Characteristics  of Spent Fuel 

The new policy does not exclude any type of power reactor 
fuel . However , two types of  fuel are expected to predominate :  
light water reactor (LWR) and heavy water reactor (HWR) fuel s . 

The fuel currently used in LWRs is uranium dioxide in which 
the readily f is sionable uranium-235 in the uranium has been 
enriched from natural abundance ( 0 . 7 % )  to 3 or  4% uranium-235 . 
The LWR fuel rods , in the form of  uranium dioxide pellets encased 
in either s tainless s teel or zirconium alloy (Zircaloy) tubes ,  
are assembled into bundles ( fuel assemblies) in a square array . 
Each rod is  spaced and supported by grid s tructures and end pieces . 
Two types o f  LWR fuel are in use .  Although s imilar in design , 
the fuel assemblies for pressurized water reactors (PWRs) and 
boiling water reactors (BWRs) differ somewhat in configuration as 
s"hown in Figure 11-2 . They also diff er in s ize  and in the quantity 
of fuel contained . 

The predominant HWR fuel is CANDU ( CANada Deuterium Uranium) 
fuel . CANDU fuel rods contain natural urinium (0 . 7% uranium-235)  
as uranium dioxide in a Zircaloy fuel sheath . The fuel rods are 
combined into a bundle with varying numbers of rods . Figure 11-3 
shows a typical 37-element fuel bundle . Each CANDU bundle is 
about 50  cm ( 20 in) long . 

When fuel can no longer sus tain a chain reaction at economic 
power levels ,  it is considered to be spent and removed from the 
reacto r .  About one-third to one-fourth of the LWR fuel is re­
moved each year and replaced by fresh fuel . In a CANDU reactor 
with online fueling , the fuel remains in the reactor core for 
about one year . At discharge , the LWR fuel s t ill contains fissile 
isotopes (about 4 g o f  fissile plutonium and about 8 g of  
uranium-235 per kg of  uranium) and about 98% o f  the uranium-238 
originally charged . CANDU fuel contains about three-quarters 
of the plutonium and uranium-235 per unit of  total uranium that 
is contained in LI{R fuel . In addition to the plutonium and 
uranium , all o f  the spent fuel contains large amount s  of  radio­
nuclides formed during irradiation . These  radionuclides occur 
both in the uranium oxide and in the hardware components of the 
fuel assembly . Radioactive decay of the unstable nuclides 
produces intense radioactivity and considerable heat . These  
radioactive materials in the spent fuel mus t  be isolated from 
the environment . 

I I - 1 6 



I-i 
I-i 
t 

..... 
'.J 

Top 
Nozzle 

A .  Typi cal PWR Fuel As s embly 

4 0 6  cm 

Rod Clusler 
Conlrol Anembly 

_____ Fuel 
Rod 

380 cm 

Bottom 
Nozzle 

Grid 
Assembly 

1/ 

:3 BO cm 

B .  Typi cal  Fuel Rod 

" 
J 

16 cm 

If 
) 

366 cm 

I \ 
( lk:::: I I ' J 'J 
I� � �-<i � �I � � � 

, 

. :; \::::: 

End PIU9 

Weld 

Sprinv 

Pellets 

Fuel-Clod Gop 

Zircoloy Clod 

Weld 

C .  Typi cal BWR Fuel As sembly 

Upper Tie 

Plale 

Fuel Rod 

Fuel Rod 
Spacer Grid 

Lower Tie 
Plale 

cm 

F I GURE 1 1 - 2 .  Typ i ca l  LWR Fuel A s s emb l i e s 



H 
H 
, 

f--' 
00 

E N D  V I E W  

I Z I R C A L O Y  B E A R ING P A D S  

2 ZIR C A L O Y  f U E L  S H E A T H  

3 Z I R C A L O Y  E N D  S U P P O R T  PLATE 

• URANIUM DIOXIDE P E L L ETS 

.5 I N T E R  E L E M E N T  S P A C E R S  

F I GURE 1 1 - 3 .  Th i rty - s even E l ement CANDU Fuel Bund l e  



Concentrations of  the more-significant radionuc1ides and 
heat generation from typical p�m and CANDU fuel were calculated 
with the ORIGEN 7 computer cod e .  They are shown in Table II-2 
for fuel at time of discharge and at two and f ive years after 
discharge . Table II-2 includes only the radionuc1ides that 
contribute significantly to off s ite dose when released ih the 
quantities assumed in this environmental s tatement . Activities 
are shown for activation products  (primarily in the hardware 
components ) , fission product ( in the fuel matrix) , and trans­
uranic elements (also in the fuel matrix) . Addit ional in­
formation on fission products , activation products ,  and trans­
uranic product content of  PWR and CANDU fuel is given in 
Reference 1 .  

Table II-2 also shows that the radioactivity and thermal 
power of spent fuel aged for two years are less than 1% o f  that 
for fresh spent fuel . Aging for an additional three years 
results in further reductions of less than a factor of three . 
On the average , the fission product radioactivity decays to 
about 0 . 1% of the original level in 300 years . In contras t ,  
p1utonium-239 in spent fuel requires about 250 , 000 years to 
decay to 0 . 1% of its original activity . Becaus e o f  these 
differences in decay rates and types of radiation emitted , the 
need for shielding and cooling decreases more rapidly than the 
need for isolat ion . 

F . 2  Basin Storage 

Spent fuel is now stored primarily in reactor discharge 
basins . In s ome cases , the limited s torage capacity initially 
provided at the LWR s ites is being increased by densification o f  
s torage . 

In o ther cases , it has been possible to ship the fuel assem­
blies to o ther reactor s ites or to privately owned spent fuel 
storage bas ins . The private basins in the U . S .  include tho s e  
a t  the General Electric (GE)  Horris Plant , the Nuclear Fuel 
Service (NF S )  Wes t Valley Plant , and the Allied General (AGNS ) 

C Barnwell Plant (no t  currently storing fuel ) . The capacity of  GE , 
NFS, and AGNS could be increased by densification o f  storage . 

These facilities are described in Volume 2 .  They have a 
current capacity of  about 500 to 1000 MTU o f  basin space that 

C will become inadequate within a few years , but these facilities 
can be expanded . As discussed in this  report , a capacity of  
several thousand MTU will be needed by  the year 1985 . Alterna­
tives that could be developed to meet the needs are described in 
the remaining parts o f  this section . 
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TABLE I I-2 

Radioact i v i ty and Thermal Power in Spent LWR and CANDU Fuel 
per MT Uran i um Charged to Reactor 

Years After Diseharge � 

Radionuc 1ide Content , curies 

Important Activation Products 
l �Ce .  
5 SFe 
s OCo 

6 3Ni 

5 SZr 

Total Activation Products 

Important Fission Products 

3H 
8 51(r 

-' ISr 

1 0 'Ru 

1 2 9 1 
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Total Fission Prodllcts 

Important Transuranium Products 

2 3 8Pu 
2 3 'Pu 
2 Io °Pu 
2 � l pU 
210 lAm 

2 Io "Cm 

Total Transuranium Products 

Thermal Power, Watts 

o 2 

6 . 6  " 1 0 - 1  
2 . 0  X 1 0 3  
6 . 3  X 1 0 3  
5 . 5  X 1 0 2  
2 . 8  x 1 0 "  
1 . 4  x l O s 

5 . 1  x 1 0 2  
1 . 1  x 1 0 "  
7 . 8  x 1 0 "  
5 . 3  x 1 0 5  
3 . 7  x 10. 2 
1 . 1  X 1 0 5  
1 . 4  X 1 0 8  

2 . 7 x 1 0 7  
3 . 2  x 1 0 2  
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1 . 2  x 10 ' 

2 . 8  x 10 7 
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4 . 7  x 1 0 2  
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5 . 9  x 1 0 3 
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8 . 7  x 10 " 

2 . 1 x 10 3 

o 2 

4 . 6  X 1 0 - 1  
2 . 1  X 10 3 
4 . 1  X 10 3 
4 . 8  X 1 0 2  
4 . 1  x 1 0 2  
2 . 1  x 1 0 " . 

1 . 4  x 10 2 
2 . 7  x 10 3 
1 . 8  x 1 0 "  
2 . 8 x 10 5 
1 . 0  x 1 0 - 2 
2 . 8  x 10 � 
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1 . 6  x 1 0 2 
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9 . 5  x 1 0 1  
4 . 6  x 1 0 1  

2 . 6  x 1 0 " 

2 . 1  X 1 0 3 

4 . 6  X 1 0 - 1 
5 . 6  X 1 0 2  
2 . 1  x 10 3 
4 . 7  x 1 0 2  
1 . 4  x 1 0 2  
3 . 2  x 1 0 - �  

1 . 0  x 1 0 2  
2 . 0  x 1 0 3  
1 . 5  x 1 0 "  
8 . 8  X 1 0 3 
1 . 0  X 1 0 - 2 
2 . 5  x 1 0 " 
1 . 4  x 1 0 5 

1 . 0  x 1 0 2  
1 . 6  x 1 0 2 
2 . 8  x 1 0 2 
2 . 2  x 1 0 "  
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4 . 1  x 10 1 

a. Cal culated with the ORIGEN code for PWR fuel irradiated to 3 3 , 000 MWD/MTU at a specific power of 30 MW/MTU . 
b. Cal culated with the ORIGEN code for CANDU fuel irradiated to 8200 MWD/MTU at a specific power of 26 MW/MTU . 

C I e. Based on 25 ppm nitrogen (by weight) in fue l .  
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Several ways of  providing additional fuel s torage have been 
proposed (Volume 2) . Alternatives that have been considered 
include s torage of unpackaged fuel in water-cooled basins or air­
cooled vaults and s torage of packaged fuel in water-cooled basins , 
air-cooled vaul ts , concrete surface s ilos ( surface s torage casks ) 
geologic formations , or near-surface cais sons . These s torage 
alternatives are compared in Table 11- 3 . 

None o f  the al ternatives described in Table 11-3 is avail­
able today for interim spent fuel s torage o ther than the limited 
private basin capacity . Interim s torage in a geologic repos itory 
may become a viable option when a geologic repo s itory becomes 
available . Use o f  this  same facility for interim s torage and 
later for terminal s torage wo.uld reduce the amount o f  future 
interim s to rage facilities . 

Modular water-cooled basin s torage o f  unpackaged spent fuel 
was selected as the generic method for interim s torage in Volume 2 
becaus e it is a proved concept that is acceptable to the NRC . 
The same type facility is assumed in this volume for the s torage 
of foreign spent fuel in U . S .  and foreign facilities . 

A schematic representation of  the maj or  process s teps in an 
ISFS water basin facility is shown in Figure 11-4 . Figure II-S 
is a plot plan for a generic ISFS* ins tallation . The maj or 
facilities , located within a security fence,  include a cask 
unlo ading and fuel handling building , an emergency cooling water 
pond , and the fuel s torage bas in .  Environmental release points 
are the 4S-m (ISO- f t )  high s tack, where the airborne effluents 
are discharged ; the cooling tower , where water is evaporated to 
diss ipate heat from the spent fuel and the facility air condi­
tioning system;  and the radwaste treatment area , where nonsolid 
facility was tes are converted to s olid was tes for shipment to 
offsite disposition. 

The water dep th in the facility is sufficient to allow 
vertical unloading of the spent fuel from the casks and at the 
same time shield the operating personnel from the spent fuel . 
All spent fuel is handled by remote control under a minimum o f  
3 . S-m (12-ft)  o f  water t o  shield the operating p ersonnel from 
the intense radiation emitted from the irradiated fuel . More 
details about the generic facility and its operat ions are 
included in Reference I and Volume 2 .  

* ISFS - Independent Spent Fuel Storage , i . e . , away from reactor . 

I I - 2 1 



H 
H 
I 

N 
N 

TABLE 1 1 - 3  

Summa ry tompa ri son o f  Spent Fuel I nterim Storage Al terna ti ves 

Stomfle A l tel'native 

Unpa ckage d  Storage 

Wa t e r - c oo l ed bas i n  

A i r - coo l ed vau l t  

P ack aged Sto rage 

Wat e r  bas i n  

A i r - coo l ed vau l t  

Conc ret e s u r face 
si  10 ( s u r face 
s t orage c a s k )  

Geo l o g i c  
forma t i on s  

Nc a r - su rfa ce 
ca i s s on 

Confinement 
Ba1'1'ie1's in 
Addition to 
Claddinfl 

Water
a 

F i l t e r s 

Wat e r  and 
a 

package 

Package 

Package 

P a c k a ge 
ho l e  J i ne r

a 

Package , 
ho l e  l i n e r  

Means o f  Heat Removal 

Forced c i rc u l a t i on o f  
b a s i n  w a t e r  

Forced c i rcu l a t i on o f  
a i r  

Forced c i rcu l a t i on o f  
bas i n  wa t er 

N a t u r a l  c i rc u l a t i on 
o f  a i r  

N a t ura l c i rcu l a t i on 
o f  o r  conduc t i on t o  
a i r  

Conduc t i on t o  e a r t h  

Conduc t i on t o  e a r t h  

Me thod o f  Con t1'o l linfl 
Fue l Claddinfl 
C01'1'oaion 

Low - t empe rature and 
water qua l i ty con t ro l  

Low t empe r a t u re 

Packa ged i n  i ne r t  or 
noncorro s i ve med i um 

Packaged i n  i ne r t  o r  
noncorro s i ve med i um 

Packa ged i n  i ne rt o f  
non c o rro s i ve med i um 

Packa ged i n  i nert o f  
noncorro s i ve med i um 

Packa ged i n  i ne r t  o r  
noncorros i ve med i um 

Maintenance 
Requi1'ements 

l I i gh 

Mod e r a t e  

l I i gh 

Low 

Low 

�Iodera t e  

Low 

a .  F i l t ra t i on o f  e ff l uent ven t i l at i n g a i r  may be used t o  prov i de a n  addi t i on a l  c o n f i neme n t  barri e r .  

SU1'face 
Land Use 

Low 

Mode r a t e  

Low 

Mod e ra t e  

l I i gh 

Low 

l I i gh 



Waste 
Treatment 

SPENT FU EL ELEMENTS 
FROM REACTORS 

OR TRANSPORTI NG SH I PS 

SPENT FUEL RECE IV ING 

Spent Fuel 
Storage 

SPENT FUEL SHIPPING 

SPENT FU EL ELEMENTS 
TO REPOS ITORY . 
REPROC ESS I NG • 

OR FORE IGN COUNTRI ES 

Water 
Treatment 

Low-level 
Gas eous ,  L i q u i d  
and Sol i d  Wastes 

F I GU RE 1 1 - 4 .  S i mp l i fi ed Schema t i c of the I S FS Storage 
Bas i n  Proces s 

r 

Seeuri I Y Fence 

1 1 00'· 
(:5:55 "') 

1 100' 
(:5" "') 

o Main Security Guardhou •• 

® RR GuordhoulO 

o Truck CUk Parkl"o A .. o 

o Faclilly Warehou .. 

G) ' Pro�ar�tiOll Ar;" and A ir Lock 

@ Ca;OiI�Lo.di�� aftd Lo�dlno' A�a 

G Calk and Fuel H...cjllno Slatlon 

(!) Fuol Slaraoo Station 

o Balin Wat., Treot",."t Area 

@ Rodwaltl Tr_""' ...cj 51QrG91 Aro. 

® Hoatin;, VlntUatino.  and Air Condltionlft; Area 

@ Pereonn" Focillt 10. 

@ E",.roency Wa' .. Pond G Coolino Towor 

@ E.o�oro'ion Pond 

@ "'oin'ononco BuUdinO 

® 50.00° Troa'",ont ® Focilily Slacle @ Admlni8tratlon Building @ Personnel Porklng @ Sleam Plan' 

F I GURE 1 1 - 5 .  Pl ot Pl an  fo r a n  I S FS Storage Faci l i ty 
for Unpac kaged S pent LWR Fuel  

I I - 2 3 ' 



F . 3  Disposition Facilities 

Facilities for ultimate disposition of the spent fuel are 
discus sed in this volume to furnish the decisionmaker with the 

C long-term implication of  accepting foreign spent fuel . However ,  
the disposition decision is not considered to be a part o f  Vo lume 2 .  
Bas ically , in this volume , disposition is assumed to occur after 
interim s torage of the spent fuel and will consist of  either 
1) disposal in a geologic repository or 2) reprocessing to recover 
and reuse the uranium and plutonium content of the spent fuel . 
In this reprocessing mode , reprocessing waste will be disposed of 
in a geologic repository . The next two sections describe th e 
geologic repos itory and the reprocessing and fuel fabrication 
facilities . 

F . 3 . l Geologic Disposal Facility 

C In this volume , the generic geologic repo sitory for disposal 
of  spent fuel or reprocessing waste is as sumed to be constructed 
in a salt formation . Selection of  a salt repository for this 
environmental analysis does not infer that sal t is either the most 
likely or the optimum alternative for a geologic repository , but 

C serves only as a reference repository . 

Neither alternatives to a geologic repository nor the alter­
native host mat erials f or geologic repo sitories are discussed in 
this volume because the dispo sit ion facilities ident if ied in this 

6-a volume are to show the effect of accepting the foreign fuel under 
the Spent Fuel Storage Policy . An EIS8 entitled the Management of  
Commercially Generated Radioactive Was tes which was is sued in draft 
for review and comments on April 7 ,  1 9 7 9  is in the process of being 
f inalized by DOE to evaluat e  the environmental impac t of options 
for waste dispo sal . 

The generic geologic repository assumed in this volume is 
designed to receive , encapsulate , and place spent LIVR and CANDU 
fuel elements , high-level was te , and transuranic (TRU ) was te in 
mined locations 450 to 600 m (1500 to 2000 f t )  below the surface .  

The waste repository cons ists of surface fac ilities for 
waste receiving and handl ing , mining support , and general opera­
tions support and subsurface facilities for was te handling and 
storage and mined salt removal . Figure 11-6 , a facility plot 
plan , shows the surface facility layout . Figure 11-7 shows 
subsurface facilities . These fac ilities are des cribed in more 
det ail in DOE-ET-0054 . 1 

1 1 - 24 



H 
H 
I 

tv 
U1 

r 
� 

Legend : 

1 .  !li ned Sa l t  S torage Bui l d i ng 
2 .  Can i s te red Haste Rece i v i ng Bu i l d i ng 
3 .  Ni ne Operation Bu i l d i ng 
4 .  Harehou se 
5.  E l ectr i c a l  Subs ta t i on 
6 .  Low- Level  Wa s te Rece i v i ng Bu i l d i ng 

F I GURE 1 1 - 6 .  

<D 

7 .  Admi n i s tr a t i on Bui l d i ng 
8 .  Exhau s t  Vent i l a t i on Bu i l d i ng 
g. Upc a s t  Vent Sha ft 

1 0 .  Men and Ma te r i a l  ( M&H) Shaft 

� � : }  S torage Tracks w i th 1 00-Can Capaci ty 

Fac i l i ty Secu r i ty Fence 

P l o t  P l an  for Repos i tory Surface Faci l i t i es 



CANDU PWR I 

L 
�----------- -10,400' -----------:��I 

F I GURE 1 1 - 7 . Undergro u n d  Repos i tory 

I I - 2 6  



F . 3 . 2  Reprocessing and Fuel Fabrication ( FRP-MOX) Facilities 

In this volume , spent fuel reprocessing and fuel fabrication 
are as sumed to take place in a collocated fuel reprocessing­
mixed oxide fuel refabrication (FRP-MOX) plant . The conventional 
Purex process is used in the reprocessing plant to produce 
separate or combined streams of uranium and plutonium for recycle 
and waste for dispo sal . The FRP and MOX plants are assumed to 
meet the proliferation-resistance and saf eguards criteria that 
are current at the time of startup . 

12-1 Proliferation-resis tant techno logy as used in th is final 
EIS describes reproces s ing technologies that increase the diffi­
culty of  diversion of plutonium and enriched uranium to some as 
yet undefined level . These technologies are being assessed as 
part of the International Nucl ear Fuel Cycle Evaluation ( INFCE) 
and Nonproliferat ion Alternative Sys tems Assessment Programs 
(NASAP ) . The FRP-MOX facilities considered in this EIS in 
Cases E ,  F-l ,  and F-2 will meet  all requirements in effect at 
the time reprocessing begins . 

The FRP-MOX facilities assumed to be used for reprocessing 
foreign fuels during the next few years employ the conventional 
Purex process . The environmental effects of this FRP-MOX facility 
developed in ERDA-77-75 9 are used as the basis for the analysis 
in this volume . However ,  the ongoing assessment programs 
of alternative fuel cycles with improved proliferation res istance 
are as sumed to continue , and to result in a modification of the 
Purex process and reduce proliferat ion risks by the mid-19 9 0s . 
The alternatives that are currently under study include 1) partial 
decontaminat ion of  the fission products , 2) sp iking or denaturing , 
or 3 )  preirradiation . Each of  these alternatives is des igned to 
result in the final product streams being radioactive , thus , 
requiring heavy shielding to make the divers ion of the enriched 
uranium or plutonium much more difficult . To enable assessment of  
environmental effects of  the FRP-MOX , a modification of  the Purex 
process is assumed to be us ed in the mid-1990s to produce a 
uranium s tream and a combined stream of  plutonium and uranium 
( coprocessing) that also includes a strong gamma emitter ( sp iking) . 
The environmental effects of this proliferation-resis tant FRP-MOX 
facility have not been analyzed , but the improved proliferation 
resis tance and safeguards features are assumed not to increas e 
th� environmental impacts over previously analyzed FRP-MOX plants 
developed in ERDA-7 7-75 . 9 

The generic FRP-MOX operations are assumed to be located 
at the same site

6 
within a fenced area of ab out 2430 hectares 

( 6000 acres ) . 9 , 1  This area permits a 2 . 4-km (1 . 5-mi) buf fer 
zone around the plants . A sample layout of the s ite is shown in 
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Figure 11-8. The princ ipal operating components of the site are 

• Fuel Receiving and Storage Facility 

• Fuel Reproces s ing Facility 

• Uranium Conversion Facility (UF6 Plant ) 

• Plutonium Conversion and Mixed Oxide Fuel Fabricat ion Facility 

• Waste Handling Facility 

• Vent ilation Filtration Facility and Exhaust Stack 

C These components are des cribed in DOE-ET-005 41 along with the 
methodology as sumed for determining environmental effects . 

I.. 1 M i l e  -\ 
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F . 3 . 3  Transportation Systems 

Exis ting designs of truck, rail , and marine cask systems 
can provide transportation for foreign and domestic fuel . 
Suffici ent shipping casks for spent fuel and repro cessing wastes 

9-b are no t now available ;  but in thi s volume , cask availability is 
as sumed no t to delay implementation of the spent fuel program. 
Foreign casks are as sumed to be used to ship foreign fuel to the 
U . S .  ( government facilities ) and for any return shipment . Spent 
fuel casks o f  these types are currently being fabricated in 
Europe and Asia . In this volume , U . S .  casks are also assumed 
to be used for o ther shipments of foreign spent fuel within the 
United States . U . S .  cask fabrication and availability are 
des cribed in Volume 2 .  Additional discus sion of cask availability 
is contained in S ection VIII of this volume . Foreign reactors 

C are as sumed to have facilities for overweight truck casks or rail 
casks . The assump tion is made that 80% of the foreign LWR fuel 
is transported from foreign docks to U . S .  fac ilities in rail casks 
and 20% of foreign LWR fuel is shipp ed in overweight truck casks . 
All CANDU fuel is assumed to be shipped in rail casks . 

Mas sive , heavily shielded shipping casks designed for land 
transportation of  spent fuel from current generation of LWRs have 
been licensed for both truck and rail systems . Either PWR or BWR 
fuel can be shipped in mos t  of the spent fuel casks with different 
fuel baskets ; however , some casks are designed only for a 
particular fuel type .  Large casks des igned specifically for 

C CANDU fuel do no t exist , but conceptual designs for baskets for 
s torage of  CANDU fuel in ISFS facilit ies are compatible with the 
NLI 10/ 24 cask ,  for example . Other spent fuel shipping casks for 
CANDU will be constructed as needed . A mo re detailed description 
of casks and land transportation sys tems can be found in 
Reference 1 and Volume 2 .  

C In this volume , spent fuel is assumed to be transported from 
foreign ports to U . S .  ports and any return shipments will be 
by cargo ship of the 20 , 000 dead weight ton class . Such ships 
carry a cargo of 7 , 000  tons and can readily include spent 
fuel casks as part of their cargo if the casks are placed on 
load spreading devices . Many regularly scheduled cargo ships 
of  this type also have roll-on , roll-off  facilities , and these 
could be used for overweight truck casks mounted on trailers . 
Raii casks built in the U . S .  and Europe that could be shipped 
by sea on regularly scheduled cargo ships are discussed in 
DOE-ET-0054 . 1 
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C The sp ent fuel is transported from the U . S .  port to an 
ISFS basin fac ility or geologic repos itory by U . S .  commercial 
carriers hired by the broker or agency responsible for the 
international transfer . Therefore , U . S .  regulations apply to 
shipments of foreign fuel shipments only within the U . S .  

F . 3 . 4  International Transport Regulations 

9-d Maj or regulations for transporting radioactive materials 
internationally are developed and controlled by the IAEA. ll 
These regulations are adop ted by almo st all international organi­
zations concerned with transportation , and IAEA members use 
them as the basis of their national regulations . 

The lAEA packaging and shipping requirements for trans­
porting rad ioactive materials are approximately the same as the 
U . S .  Federal regulations and are a funct ion of quantity , type , 
and f issile characteristics of the radionuclides being shipped . 
Bo th U . S .  and other nations which accept lAEA regulations mutually 
accept and allow shipment of certif ied packages , in both the 
U . S .  and abroad . 

The Office of  Hazardous Materials (an office under the U . S .  
Department of Transportation - DOT) requires that foreign shipments 
into the U . S .  provide comparab le safety to that of  domestic ship­
ments .  DOT regulations (49  CFR l73 . 393b) require the foreign 
shipper to notify the Office of  Hazardous Materials of impending 
shipments to the U . S .  and also to submit a copy of a valid foreign 
competent authority certificate for the package .  If review of 
these items indicate adequate safety will be ensured , DOT authorizes 
the shipment . DOT may request that NRC review the adequacy of the 
proposed p ackage . The U . S .  transportation regulations , discussed 
in Reference 1 and Volume 2 of this final EIS , will app ly to the 
U . S .  carriers who will transport the foreign spent fuel in the 
U . S .  

In addition to IAEA regulations , 11 a code of practice 
for maritime transport of nuclear materials is included in the 
Maritime Dangerous Goods Code written by the Inter-Governmental 
Marine Consultative Organization (IMCO) . 12 The IMCO code is 
designed to ensure safety of ship , cargo , persons , and the 
environment . This code is no t legally binding but has been 
adop ted and implemented by national legislation in many countries . 
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F . 3 . S  Ins titutional Issues 

Operations dealing with transportation , storag e ,  and dis­
position of spent fuel raise a number of institutional issues 
involving : 1)  legal questions , 2) regulatory and licensing 
requirements ,  and 3 )  international agreements ,  arrangements , and 
understandings .  Resolution of these institutional issues is 
comp lex because they invo lve interaction among industry , govern­
ment , and social institutions . 

Legal 

New agreements between participants would be required if 
international s torage of spent fuel were to occur . These 
s torage agreements could involve numerous complex legal issues . 
Exis ting national laws may conflict with agreements expected to 
be reached in negotiations for international storage of spent 
fuel . If the agreements are intergovernmental , such as a treaty , 
ratification of  the agreement by the legislative body of individual 
nations might resolve conflicts with the agreement provisions . 
Otherwise ,  special legislation by the participant nation would be 
required . 

The participants ,  including intergovernmental agencies such 
as lAEA , will probably be defined and their legal right and 
duties do cumented in the agreements . Provisions for the addition 
and withdrawal of participants will also probably be included . 

U . S .  maritime law is currently unclear as to the liability 
of the carrier for incidents involving nuclear materials which 
occur outside the territorial limits of the U . S .  and cause effects 
within the U . S .  As indicated in Reference 13 , traditionally , the 
prevailing rule of maritime law is that liability is based upon 
fault and limited to the value of the vessel and cargo after the 
cause of loss has taken place.  In the absence of a controlling 
convent ion or other form of international legal consideration , 
the law governing the liability in transnational transportation 
will be determined by general principles of conflicts of laws . 
International conferences on maritime matters tend to recommend 
rules for adoption by governments without embodying them in a 
convention . As a result , maritime law remains national law, and 
it is likely that the controlling law will be that of the nation 
whi·ch suf fers the damage . 13 

Regulatory Licensing and Requirements 

Nations that may participate in international storage of 
spent fuel regulate mo st  of their own nuclear activities inter­
nally . Regulations typically consider public health and safety , 
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environmental impact s , phys ical security , safeguards , account­
ability , transportation,  import and export , indemnity and 
liability,  etc . Licenses are usually is sued by the competent 
government authority according to its established requirements 
to conduct nuclear-related activities . Although uniform inter­
nat ional guidelines have been adopted for some of these areas 
including liability to nonparticipating parties , safeguards , 
and transportation restrictions , the detailed licensing require­
ment s may differ substantially from country to country . 

In mos t  countries , transportation is regulated by a 
designated governmental authority or "competent authority , "  
and their laws are based upon guidelines issued by the LARA 
entitled "Regulations for the Safe Transport of  Radioactive 
Materials , "  Saf ety Series No . 6 ( 1 9 7 3 ) . 11 Shipments at sea 
are governed by guidelines in the International Maritime 
Dangerous Goods Code12 issued by the Inter-Governmental 
Maritime Consultative Organization . 

U . S .  regulations also apply to the U . S .  carriers that trans­
port foreign spent fuel within the U . S .  as discussed in Appendix C 
of  Volume 2 of this final EIS .  Routing from U . S .  ports to interim 
storage or dispos ition facilities will be governed by NRC , DOT , 
stat e ,  and local regulations and ordinances . The transfer of spent 
fuel from ships to land transportation systems at U . S .  docks and 
transport of foreign spent fuel through port citi es and within 
the U . S .  will be analyzed in a subsequent AFR-EIS if the Spent Fuel 
Storage Policy is implemented as discussed in the "Foreword . "  

International Agreements , Arrangements , and Understandings 

The international agreements , arrangements ,  and understand­
ings for international storage of spent fuel would be written 
to define precisely the function , duties , and responsib ilities 
of each participant and the nations ho sting storage , dispo sal , 
and reprocessing facilities . The operating ent ity and its 
management form would be established for each facility . Juris­
dictional delineations for regulatory and legal aspects and 
financial responsibilities , including liability to nonparticipa­
ting parties , probably would be specified in agreements and 
memoranda of  understanding among participants .  Safeguard and 
nonprolif eration obligations must also be precisely defined . 
The Nonproliferation Treaty (NPT) and subsequent bilateral 
treaties between NPT nations and IAEA already impose safeguard 
obligations on some participants .  The obligations of participants 
who have not signed the NPT would be established . 

Facility inspection pro cedures , such as standards and methods , 
would be established . For example , LARA ' s  established safeguards 
system might be adopted to regulate accounting for nuclear 
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materials . Physical security requirements would be established 
by user nat ions participat ing in the international storage 
program.  

G .  Relationship to Other Federal Programs 

A numbe� of other Federal programs may modify the implemen­
tat ion of the U . S .  Policy on Spent Fuel S torage . The programs 
include : 

• Nonprolif eration Alternative Systems As sessment Program 
(NASAP ) 

• International Nuclear Fuel Cycle Evaluation (INFCE) 

• DOE Converter Fuel Cycle Technology Program 

• National Waste Terminal Storage (NWT S )  

• Waste Isolat ion Pilot Plant (WIPP ) 

• EPA and NRC Programs 

The relationship of these programs and the Spent Fuel S torage 
Policy are discussed in the following paragraphs . 

Nonprolif eration Alternative Systems As sessment Program (NASAP ) 

This program is being developed by DOE to imp lement the 
President ' s  Nuclear Policy S tatement of April 7 ,  19 7 7 . NASAP 
will ident ify and evaluate alternative nuclear fuel cycles with 
the obj ective of def ining fuel cycles that have the mo st potential 
for reduc ing the risks of nuclear weapon proliferation while still 
providing the benefits as sociated wi th worldwide use of nuclear 
power . The spent fuel storage being evaluated in this volume is 
a key s tep toward alleviating uncertainties linked to the near­
term disposition of spent fuel here and abroad . 

International Nuclear Fuel Cycle Evaluation ( INFCE) 

This program is also an implementation of the President ' s  
Nuclear Policy S tatement of April 7 ,  19 7 7 , and is similar to 
NASAP but with international participation . U . S .  participation 
in the program is coordinated by the State Department . The spent 
fuel policy may provide spent fuel storage capacity and thus 
increase the time available for development of fuel cycles under 
the INFCE and NASAP programs that reduce the risks of nuclear 
weapon prolif eration . 
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Department of  Energy Converter Fuel Cycle Technology Programs 

Thes e ongoing programs will provide technical information 
to NASAP and INFCE on advanced fuel cycles having pro liferation­
res is tance and safeguards fea tures . Development of sys tems is 
included in these programs . 

National Was te Terminal S torage (NWTS )  

This program was es tablished in February 1976 , and represents 
the principal programmatic ef fort of DOE for disposal of u . s .  
commercial nuclear waste or spent fuel in geolo gic formation ( s ) . 
This program interfaces wi th the dispo sition of  U . S .  spent fuel 
as described in Volume 2 .  If the foreign fuel is received into 
the u . s .  under the Spent Fuel Storage Policy , comparable disposal 
may be required ; if so , it would be disposed 'of  in the geologic 
repository . The original emphas is of  the NWTS program was 
disposal of  was tes from commercial repro cess ing facilities . 
Af ter the President ' s  announcement of  a plan to defer commercial 
rep roces s ing , the emphasis was shif ted to dispo sal of spent fuel 
that may be classified as was te and to retrievable storage of  
spent fuel that may later be reproces sed . 

Waste Iso lat ion Pilot Plant (WIPP) 

The principal mission of WIPP was ul timate disposal o f  
transuranic (TRU) was te from the national defense program. 14 

The President recently s tated15 that "the Waste Isolation Pilo t 
Plant (WIPP) Proj ect should be canceled , since it is unlicens ed 
and canno t accept commercial was te . The site of the proposed 
proj ect in Carlsbad , NM ,  will be investigated further and if 
found qualified will be res erved for cons iderat ion along with 
o ther candidate s ites in different geologic environments as a 
licensed repos itory for high level waste . "  

EPA and NRC Programs 

C EPA is developing criteria for dispo sal of  all forms of  
radioactive waste . NRC is  licens ing expansions of  spent fuel 
basins at reactors . NRC has prepared a generic environmental 
impact s tatement tha t evaluates "at reactor" and "independent 
spent fuel" storage and supporting op erations . A finding of the 
NRC Final GElS (NUREG-057 5 ) 16 is that storage of LWR fuels in 
water poo ls, whether at reac to r sites or at independent spent fuel 
storage s ites , has an ins ignificant impact on the environment .  
The NRC GElS indicates also that , technically , "at reactor" 
storage can be greatly expanded . Even though , with the assumed 
substantial expansion of discharge basin storage capacity , the 
"away-from-reactor" s torage requirements per calendar year would 
be reduced , they would no t be eliminated . 
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H.  Environmental Controls and Monitoring 

Environmental monitoring and controls for U . S . facilities 
are des cribed in Vo lume 2 in S ection II H .  Thes e same programs 
and controls will apply to U . S .  facilities rece�v�ng , processing , 
or storing foreign fuel . Monitoring and/or controls at foreign 
facilities may no t meet U . S .  regulations , but appropriate IAEA 
monitoring and controls will probably apply . 

. 

I .  Safeguards 

The saf eguards applicable to U . S .  fac ili ties are described 
in Volume 2 .  These  safeguards will also apply to U . S .  transpor­
tation op erations and facilities , receiving , processing , or 

C s toring foreign fuels . Applicab le portions of  10 CFR 7317  provide 
the current requirements for these facilities . These requirements 
specify the degree of protection req uired by the facilities 
and personnel , control to assure that the material is 
always in its designated lo cation , and predefined response to 

10-a threats on this material . A recent revision of 10 CFR 7 318 

requires physical protection of spent fuel during transportation 
to safeguard against thef t or sabotage . 

C Foreign facilities discussed in this volume are subj ect to 
different , and , in some cases , less stringent material accounta­
bility and physical protection controls than similar U . S .  
facilities . Fo reign facilities would , by and large , be subj ect 
to their own national sys tem of safeguards and security ( to 
pro tect agains t subnational threat s)  and IAEA saf eguards as an 
overlay to verify material accountancy by the state . 

One of the key obj ectives o f  the Spent Fuel S torage Policy 
is to provide consistently high standards of safeguards and 
security pro tection under U . S . auspices and , therefore , reduce 
the somewhat higher risk of less stringent foreign safeguards 
systems no t under direct U . S .  control . 

The safeguards considerat ions are discus sed further in 
Section IV of this volume . 
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III . ALTERNATIVES AND THEIR ENVIRONMENTAL EFFECTS 

A. Introduct ion 

A . l  Descript ion of Cases Analyzed 

The Pres ident ' s  announcement in October 19 77  of the U . S .  Spent 
Fuel Storage Policy included an offer f or the U . S .  to accept limited 
quant ities of foreign spent power reactor fuel for s t o rage . Such 
act ion would further nonproliferation obj ectives . The amounts 
of foreign spent fuel that may be involved in implement ing this 
program are discussed in detail in Section lI D .  

Nine cases spanning the reasonable opt ions as sociated with 
C implementing or not implementing the policy were identified for 

assuming initial U . S .  geologic repos itory operations b egin by 
the year 1995 . The maj or environmental ef fects of these nine 
cas es are pres ented in this s ection . The time period covered 
is that associated with operations carried out on the foreign 
spent fuel available through the year 2000 . 

C The nine cases analyzed in this section are tho se which 
appeared in the draft version of the EIS . Environmental analysis 
of  two additional cases based on Option 2 fuel schedule and a 
delayed s tartup of  the firs t U . S .  geologic repos ito ry to the year 
2010 are presented in Appendix A .  Only the effects o f  interim 
operat ions were analyzed for these two new cases whereas the 
analyses for the previous nine cases included interim and dispo­
sition operations . The new analysis from Appendix A was included 
to show the comparison of effects of implement ing the U . S .  Spent 
Fuel Policy for storage of foreign fuel with no t implementing 
this policy if the U . S .  geologic repos itory is delayed beyond the 
year 2000 . 

Table 111-1 gives the definitions f or each of the nine cas es 
discuss ed in this section . The proposed operat ions that would 
be involved with the foreign fuel in each of the nine cases are 
shown in Table 111-2 . In ad dition , the as sumed operations associ­
ated with U . S .  spent fuel are also shown in Table 111-1 because 
the of fer t o  accept foreign fuel for s to rage in the U . S . is  part 
of  a much larg er proposed program involving s torage by the U . S .  
Government of spent fuel from domes tic power reactors (Volume 2 ) . 

The quantity o f  foreign spent fuel projected to be s hipped 
to " the U . S .  in the nine cases ranges from 0 to 19% (0  to 13 , 600 
MTU) of the es timated quantity of U . S .  spent fuel assumed to 
become available through the year 2000 . Because the foreign 
spent fuel represents a modest frac tion of domes tic fuel , the 
environmental eff ects of the f oreign sp ent fuel shipp ed to the 
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U . S .  are determined incrementally . The Opt ion 3 f uel s chedule* 
"is assumed for Cases A through F- 2 ;  the Option 2 fuel s chedule** 
is assumed f or Case G;  and the Option 1 f uel s chedulet for Case H .  

TABLE 1 1 1 -1 
CAse Deflnltl O11s 

The foreign countries are responsible for theiT spent fue l .  

I t  i s  expected that they w i l l  _ke .rranl�ts for interill 

storage of spent fuel 9 until FRP-..oX pl&J'lts
b 

ancl/or geololic 

repositories are avai lable. 

U l t iutely. it is ass� t nat the foreian countries either 

( 1 )  reprocess the spent fue l . :recycle the plutolliloDl and uraniua 

and dispose of the ft'pTOcessina .ute in foreian geolol1c 

repositories or (2) dispose of the spent fuel in roreian ,eo'" 
logic repositot'ies . 

U . S .  supports multinational storage arranle.ents outside 

the U . S .  to be owned or operated 1.lD<ier U . S .  or under inter­

nat lonaI auspices. Foraal arrang...-nt s  could take the form 

of a JllUi t inational ISFs" faci lity under specific country 

or mltiple country ownership and/or operat ion. or under the: 

auspices of an existing international oTganiz&t ion, e . g  • •  

IAfA. Thus, interia stonRe of foreian spent fuel could be 

at a l ocation outside the country of orilin. The siting of 

such faci Ii t ies would be by internat ional agreemen t .  but in 

a l l  cases they lIIould be located outside sensitive regions. 

U . S .  assistance to such arranglD8nts ",culd be contingent upon 

the degree to which they contributeG �o this nation ' s  non ... 

pro l i feration obj ect ives . Depend.ing upon the circuastances , 

the U . S .  might be a direct participant or could lillit its 

role to providing techni,cal and/or financial assistance. 

Ultimately. it is aSIu.eci that the foreign ccuntries either 

l l )  reprocess the spent fuel ,  recycle the plutoniusn and uraniWlt 

and dispose of the reprocessing waite in foreign ieo lolic 

repos itories or (2) dispose of the spent fuel in foreign geo­

logic repositories . 

The U . S .  Gover-r-ent provides a j'eololic repository in the U . S .  

for disposal o f  U . S .  spent fuel only. Utilities are responsible 

for storage of their spent fuel unti l  the geologic repository 

becOMs avai lable in the year 1985. at ",hich t iae storage of 

spGnt fuel "' i l l  balin in the repository. A decision is aade in 

the year 1990 not to reprocess U . S .  spent fuel t and the U . S .  spent 

fuel is then disposed of in t he j'eologic repository. 

The U . S .  Governaent provides a geologic repository in t he · U . S .  

for disposal of U . S .  spent fuel only. Ut i l ities are responsible 

for storage of their spent fuel unti l  the ,eolo,ic repository 

becDMs avai lable in the year 1985 . at vhich ti_ stora.e of 

spent fuel w i l l  belin in the repository. A decision is aade in 

the year 1990 not to reprocess U . S .  spent fuel , and. the U . S .  spGnt 

fuel is then disposeG of in the geologic repository. 

.l. As detailed in Section 1 1·0. t h ree d i fferent leve l s  of foreign spent fuel (Opt ions I ,  2, and 3 fuel schedu l es ) are ident i f ied in 
this study of the U . S .  offer to store fore lgn spent fue l .  

b. 

The Option I forei gn spent fuel schedu l e  inc ludes fuel from count r i es l ns ide sens i t i ve reglons . Acceptance of fuel from these 
countries wi 11 be conSIdered frOftl the st andpo 1 nt of U. S .  nonpro l i  ferat ion object ives on a c a se-by-case b a s i s .  

The Opt ion 2 foreign spent fuel schedu l e  i n c l u d e s  t h e  Opt ion 1 fue l leve l and in add i t 1 0 n ,  acceptance of spent fuel from a 
l Imned nuroer of other count ries w i t h  spent fuel storage probl ems { from a nonpro l i ferat l on standpo I nt ) .  Acceptance of fuel 
by the U . S .  w i l l  be conS idered on a case-by-case ba s i s .  

The Option 3 foreign spent fuel schedule inc ludes the Opt ion 2 fuel leve l and 1 n  add lt lOn , acceptance o f  some o f  the spent fuel 
from a l arger number of non-nuc lear-weapons state s .  Again,  acceptance of fuel from these c ount nes \Io U l  be considered from t he 
s t andpoInt of U . S .  nonprol i feration objectIves on a case-by-case ba s i s .  

I n  Cases A throu.gh F- 2 ,  t h e  Option 3 fuel SChedu l e  i s  assuated ( about 1 3 , 600 M1lJ ) .  
In Case G, the Option 2 fuel schedul e  is assumed ( a bout -l3S0 MnJ) . 

In Case H, the Option j fue l s chedu l e  is assumed ( about 2160 MTU) . 

FRP-�X P l ant - fuel r�processing-lIll xed ox i de fue l fabri cat ion p l ant . 

ISFS - Independent Spent Fue l Storage ( away. from-reactor 5t orage ) .  

* The Option 3 foreign spent fuel schedule includes the Option 2 fuel level and in addition, acceptance o f  some of the 
spent fuel from a larger number of non-nuc le ar-veapons states. Again, accepcance of fuel from these countries will 
be considered f rom the standpoint of u . s .  nonproli feration object ive. on a caae-by-case bas i s .  

** The Op t i on  2 foreign s pen t  fuel schedule includes the Option 1 fuel level an d  i n  add ition, ac ceptance of spent fuel 
from a limited number of other countries with spent fuel storage problem. ( from a nonproliferation standpoint ) . 
Acceptance of fuel by the U . S .  will bE. considered 0:1 .:1 :::a£�-b:i-casc bac!.s • 

• The Option 1 foreign spent fuel schedule includes fuel f rom countries inside sens itive regions .  Accep tance of fuel 
from these countries will be cons idered f rom the standpoint of U . S .  nonproliferation objectives on a case-by-case 
baSis . 
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TABLE I 1 1-1 . Case Defi nitions (Continued) 

U . S .  supports nat-ional s'torage arrange.nts abraac1 on a 

bilateral basis .  Eligible countries would be l ocated outside 

sensitive regions and would be financial ly capable of suppon.­

ing an expanded storage program once initial U . S .  assi stance 

terminated. Decisions to offer U . S .  assistance .... ould be made 

on a case-by-case basis . In each instance, cooperative 

effons would offer nonprol i feration benefits to u . s .  policy. 

The assi stance could tak.e the follo .... ing foI'1D.S : assistance in 

increasing the density of existing onsite reactor storage 

pools through reracking and the installat.ion of neutron­

absorbing racks or assistance in the construction of ISFS 

basin faci liti e s .  

U l  tima:tely , it is assumed that the foreign countrdes either 

( 1 )  reprocess the spent fue l .  recyc l e  the plutonium and uranium, 

and dispose of reprocessing .... aste in foreign geologic reposi­

tories or ( 2 )  dispose of the .pent fuel in foreign geologic 

repositori es.  

Foreign spent fuel is shipped to the U . S .  for storage. 

ABlllJllled Ac:tiO>'! i� United States 

The U . S .  Government provides a geologic repository in the 

U . S .  for disposal of U . S .  spent fuel only. Uti lities are 

responsible for storage of their spent fuel until the geologiC 

repository becomes availab l e  in the year 1985 , at .... hich time 

storage of spent fue l .... i l l  begin in the repos itory. A decision 

is made in the year 1990 not to reprocess U . S .  spent fue l , and 

the U . S .  spent fuel is then disposed of in the geologic 

repository . 

The U . S .  Government provides ISFS fac i l i t ies and a 

geologic repository for storage of U . S .  and foreign spent fue l . 

The geologic repository becomes avai lable in the year 1985,  at 

which time storage of spent fuel .... i l l  begin in the repository . 

A decision is made in the year 1990 not to reprocess the U . S .  and 

foreign spent fuel and both are then disposed of in the geologic ' 

reposi t.ory . 

The environmental effects are also presented. &5suming the 

geologic repository is delayed ten years (becomes available in 

the year 1995) . 

a.. As detai led in Section I I - D .  three different levels of foreign spent fuel (Options 1, 2. and 3 fuel schedu l e s )  are identified in 
this study of the U . S .  offer to store foreign spent fue l .  

The Option 1 foreign spent fue l schedu l e  includes fuel from countries inside sensitive regions . Acceptance of fuel from these 
countries w i l l  be considered from the standpoint of U . S .  nonpro l i feration object ives on a case .... by-case bas i s .  

The Op'tion 2 foreign spent fue l schedule includes the Option 1 fuel level and i n  addition, acceptance o f  spent fuel from a 
limited number of other countries with spent fue l storage problems ( from a nonpro l i feration standpoint ) .  Acceptance of fuel 
by the U . S .  w i l l  be cons idered on a case-by-case bas i s .  

Th e  Option 3 foreign spent fuel schedu l e  includes the Opt ion 2 fuel level and i n  add i t i on ,  acceptance o f  some o f  the spent fuel 
from a larger number of non-nUC lear-weapons state s .  Again. acceptance of fuel from these countries \11"1 1 1  be cons idered from the 
standpoint of U . S .  nonprol i feration objectives on a case-by-case ba s i s .  

I n  Cases A through F- 2 ,  the Opt ion 3 fuel schedu l e  is a ssumed ( about 1 3 . 600 �mJ) .  
In Case G ,  the Option 2 fuel schedule is assumed ( about 4350 �mJ) . 
In Case H, the Option 3 fue l schedu l e  is assumed ( about 2 1 60 M11J) .  
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TABLE l l l - l . Case Defi niti ons (Continued) 

Ptoovosed Actio!'! in PON!iqn Count1'ies" 

� 
For.ign spen� fu.l is shipped �o �h. U . S .  for no rage in 

U . S .  Governmen� ISFS fac i l i�ies and a geologic reposi�ory. 

After a decision is made in the year 1990 to reprocess the U . S .  

an d  for.ign fue l ,  �he for.ign fu.l is re�urned. Th e  foreign 

countries arrange for reproce!sing and refabrication facility 

services that meet the nonprol iferation objectives of the U . S .  

Th e  location at which t.he foreign spent fuel is ' reprocessed and 

the recovered plutonium and uranium fabricated into fuel a5sem­

blies would probably be in a 1llU1 t inational facili �y under 

sp ecific count.ry Or mul tiple country ownership andlor operation. 

or under the auspices of an exi sting international organization, 

e . �  . •  lAEA. The return of foreign spent fuel will be �ontingent 

unon acceptable nonproliferation safeguards to restrict. the 

locat ions of sensitive fac i lities and activities, and to cont.ro l 

the locat ion of sensitive material s .  Sensitive fac.i lities and 

unirradiated fuel containing plutoniWl would not be permitted 

in countries located inside sensitive regions. These countries 

could negotiate compensation for any net fue 1 value of the 

plutonium and uranium recovered ft"01D their spent fuel . 

After the fonign fuel is reprocessed, and the p lutonium 

and uranium fabricated into fuel assemb l ies ,  the fuel assemblies 

will be irradiated in foreign power reactors. The reprocessing 

waste is disposed of in a foreign geologic repository. 

� 
Foreign .pen� fue l is shipped �o �he U . S .  for s�orage. 

AssumBd AcuUm in Unitsd States 

The U . S .  Governmen� provides ISFS facilides and a 

geologic reposi�ory for nonge of U . S .  and foreign spen� fuel . 

The geologic repository becomes available in the year 1985 , at 

which time storage of spent fuel wi l l  begin in the repository. 

" deciSion is made in · �h. year 1990 �o reproc... . The U . S .  

spen� fuel i s  reprocessed i n  �h. U. S . ; �h. P lu�oniUll1 and uranium 

is recycled; and the reprocessing waste is disposed of in the 

U . S .  g.ologic reposi�ory. The foreign fuel is re�urned for 

reprocessing in foreign countries (as discussed in the left 

column) . A decision to reprocess spent fuel would require that 

adequate safeguards be avai lable to meet the nonprOl iferation 

obj ec�iv.s of �he U . S .  

The U . S .  Governmen� provides ISFS facili�ies and a 

geologic reposi�ory for storage of U . S .  and foreign spen� fuel .  

The geologic repository becomes available in the year 1985 , at 

which time storage of spent fuel wi l l  begin in the repository. 

A decision .is made in the year 1990 that the U . S .  wi l l  reprocess 

bo�h �h. U . S .  and foreign fuel and recyc le �he p lu�oniUll1 and 

uranium frolll bo�h �he U . S .  and foreign spen� fuel in U . S .  power 

reactors . A decision to reprocess spent fuel would require that 

adequate safeguards be available to meet the nonpro l iferation 

objectives of the U . S .  The reprocessing waste is disposed of in 

a geologic repository. 

In all cases involving acceptance of foreign fuel for storage . 

the U . S .  assumes ful l ,  irrevocab le title to the fonign spent 

fue l .  In �hi s cue, �he U . S .  reprocesses �he foreign fuel and 

recycles the recovered plutonium and uranium in U. S .  power 

reac�or s .  Any residual fuel value of �he foreign fuel would be 

the subject of negotiat ions . 

a. As detailed in Section I I - D ,  three different levels of foreign spent fuel (Options 1 ,  2 ,  and 3 fuel schedu l e s )  are identified in 
this study of the U . s .  o ffer to store foreign spent fue l .  

The Opt ion 1 foreign spent fuel schedule includes fuel from countries inside sensitive region s . Acceptance o f  fuel from these 
countries wi l l  be considered from the standpoint of U . S .  nonpro l i feration objectlves on a case-by-case basis . 

The Option 2 foreign spent fuel schedu l e  includes the Opt ion I fuel level and in add ition . acceptance of spent fuel from a 
l imited number of other countries with spent fuel storage problems (from a nonpro l i feration standpoint ) .  Acceptance of fuel 
by the U . S .  w i l l  be cons idered on a case-by-case bas i s .  

The OptiQn 3 foreign spent fuel schedu l e  inc ludes the Opt ion :: fuel level and in addit ion , acceptance of some o f  t h e  spent fuel 
from a larger number of non-nucl ear-weapons state s .  Again. acceptance of fuel from these countries w i l l  be considered from the 
standpoint of U . S .  nonproli feration objectives on a case-by-case basis . 

In Cases A through F- 2 .  the Opt ion 3 fuel schedul e  is assumed (about 1 3 , 600 MTIJ) . 
In Case G. the Opt ion .2 fuel schedule is assumed ( about 4350 �m.J) .  
In Case H ,  the Option 3 fuel schedu l e  is assumed ( about 2160 MTU) . 
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TABLE 1 1 1- 1 ,  Case Definitions (Continued) 

P!-oposed Action in FOl'eia1l Count;rietT2 
� 

Foreign spent fuel is shipped to the U . S .  for storage in 

U . S .  Government ISFS faci lities and a geologic reposit o ry .  

After a decision is made i n  t h e  year 1990 to reprocess the U . S .  

and foreign spent fu e l ,  the p l utonium and uranium i n  the foreign 

fuel is returned to foreign countries . The return of the 

plutonium and uranium recovered in the U . S .  to the foreign 

countries of origin for recycle in their power reactors wi l l  

b e  contingent upon demonstration o f  safeguards acceptable t o  

meet the nonpro l i feration objectives o f  the U . S .  Unirradiated 

fuel containing plutonium would not be returned to countries 

locat ed inside sensitive regions. These countries could negoti­

at e compensation for any net value of the plutonium and uranium 

recovered from their spent fuel .  

ASBUm6d A"tion in Unitsd States 

The U . S .  Government provides ISFS faci l ities and a 

geologic repository for storage of U . S .  and foreign spent fue l .  

The geologic reposi torr becomes available i n  the year 1985, at 

which time storage of spent fuel wi l l  begin in the repository. 

A decision is made in the year 1990 that the U . S .  wi l l  reprocess 

both the U . S .  and foreign spent fuel and recyc le the plutonium 

and uranium from the U . S .  spent fuel in U .S .  power reactors . The 

p l utonium and uranium recovered from the foreign spent fuel wi l l  

be returne d .  The reprocessing waste i s  disposed o f  i n  a geologic 

repository in the U . S .  A decision to reprocess spent fuel would 

require that adequate safeguards be available to meet the non­

proliferation objectives of the U . S .  

Th i s  case is the same a s  Case 0 except that the quantity of 

foreign .pent fue l shipped to the United Staus is lower.a 

Thi s case is the same as Cases 0 and G except that the quantity 

of foreign spent fuel shipped is lower than in Ca.es 0 and G. a 

a. As detai led in Section I I - D .  three d ifferent levels of foreign spent fuel (Opt ions 1 ,  :2, and 3 fuel schedul e s )  are ident ified in 
this study of the U . S .  offer to store foreign spent fue l . 

The Opt.ion 1 foreign spent fuel schedu l e  includes fuel from countries inside sensitive regions . Acceptance of fuel from these 
countries wi l l  be considered from the standpoint of U . S .  nonprol i ferat ion objectives on a case-by-case bas i s .  

Th e  Option 2 foreign spent fuel schedu l e  includes the Option 1 fuel level and i n  addition, acceptance o f  spent fuel from a 
limited number of other countries with spent fuel storage probl ems (from a nonpro l i ferat ion standpoint ) .  Acceptance of fuel 
by the U . S .  w i l l  be considered on a case-by-case bas i s .  

Th e  Option 3 foreign spent fuel schedu l e  includes the Opt ion 2 fuel level and in addit ion , accept.ance of some o f  the soent fuel 
from a l arger number of non-nucl ear-weapons states . Again, acceptance of fuel from these countries .... ·i 1 1  be considered

' 
from the 

standpoint of U . S .  nonprol i feration obj ect ives on a case-by-case basis . 

In Cases A through F- 2 ,  the Option 3 fuel schedule is assumed ( about 1 3 , 600 r-mJ) . 
In Case G, the Option fuel schedule is assumed (about 4350 �rru) . 
In Ca.e H, the Option 3 fue l schedu le is assumed (about 2 1 6 0  r.rrU) . 
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TABLE I I I-Z 
5 umna ry of Operat1 ons Involve<! 1n Cases 

Case Aa g:l ;f' D E F-; F-2 � H 

Foreian Soent FUll � 
Fuei S"kduZe Optianb 

Retained in Foreign Countries • 
I n t erim Storage in Foreign Countries Without U . S .  Support • 
U . S .  Supports Interim Storage in Countries of Origin • • Except Those Located in Sensitive Regions 

U . S .  Suppons Interim Storage in Mul tinational 
Storage Faci l ities Located in Countries OUtside Sen s i t ive • • 
Regions 

Shipped to U . S .  for Storage • • 
Returned to Foreign Countries 
Reprocessed in U . S . "  

Reproces sed in Foreign Countriesd • 

Separated Plutonium and Uranium Recycled in U . S .  

Separated Plutonium and Uranium Recycled in 
Foreign Countries • • • • • 

e Disposed of as Waste in U . S .  Geologic Repository • • • 

Spent Fuel Disposed of as Waste in Foreign Geologic I ·  • • 
Repositories I 

o. In Cases A, B ,  and C, disposit ion of the spent fuel by reprocessing and by disposal in a geologic repository is 
considered . In the first column , the fuel i s  assumed t o  be reprocessed . I n  the second coluDDl, the spent fuel is 
assumed to be disposed of as waste in a geologic repository. 

b. As detailed in Section 11 D, three d i fferent levels of foreign spent fuel (Options 1. : , and 3)  are identified in 
this study of the U . S .  offer t o  store foreign spent fue l .  
The Option 1 foreign spent fuel schedul e  inc ludes fuel from countries inside sensitive regions . Acceptance o f  fuel 
from these countries wi l l  be considered from the standpoint of U . S .  nonpro l iferation obj ectives on a case-by-case 
b a s i s .  
Th e  Opt ion 2 foreign spent fuel schedu l e  includes t h e  Option 1 fuel level and in addition , acceptance of spent fuel 
from a limited number of other countries with spent fuel storage pro b l ems (from a nonpro l iferation standpoint ) .  
Acceptance of fuel by the U . S .  wi l l  be considered on a case-by-case bas i s .  
Th e  Option 3 foreign spent fuel schedu l e  includes the Option � fuel level and in addit ion , acceptance o f  some o f  the 
spent fuel from a larger number of non-nuc l ear-weapons states . Again. acceptance of fuel from these countries wi l l  
be considered from the standpoint of U . S .  nonpro l iferation objectives on a case-by-case bas i s .  

c .  Reprocessing waste i s  disposed of i n  U . S .  geologic reposi t o ry .  
d .  Reprocessing waste i s  disposed of i n  foreign geo logic repOS i tori e s .  
€. U . S .  geo l o g i c  repository i s  assumed t o  b e  ava i l a b l e  f o r  initial use in t h e  year 1985 in a l l  cases . Cases D ,  G .  and H 

are a l so ana l y z.ed . assuming the repository is de l ayed t en years to the year 1 99 5 .  
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C A foldout at the back o f  the report  includes the tabulations 
in Table 111-2 to provide easy reference to the cases as the reader 
proceeds through this volume . 

A . 2 Methodology 

The environmental ef fects f rom operations with f oreign 
spent fuel are presented in a format that provides input into 
the decisions to accep t  foreign sp ent fuel as a p o rt ion of the 
U . S .  Spent Fuel Storage Policy . Therefore , the methodology in 
this volume focuses on the incremental effects of acceptance of 
foreign fuel in the U . S .  This increment is determined as follows : 

1)  The environmental effects are assessed for activities 
involving the foreign spent fuel that take place 
outs ide the U . S .  

2 )  The effects are assessed for activities in the U . S .  
involving both f oreign and domestic fuels . 

3)  The portion of  the environmental effects for act ivities 
in the U . S .  attribut ed to foreign fuel is determined on 
the basis of the proportionate amount of  f oreign fuel 
ass ociated with that activity . 

4 )  The sum of  1 )  and 3 )  repres ents the increment rela ted 
to the foreign fue l .  

The methodology used in calculating the environmental effects 
for the cases analyzed in this report is the same as that used in 
Volume 2 ,  S torage of U . S .  Spent Power Reactor Fuel and is described 
in more detail in DOE-ET-0054 . 1 

A . 3 Environmental Impact Cons iderations 

The maj or environmental imp acts presented for each case in 
this section include the nonproliferat ion effects , population 
dose  commitments , o ccupational exposures , radiological health 
effects , *  and deaths resulting from accidents . 

* The rad iological health eff ec ts expect ed to result from popula­
t ion and occupational expo sure were calculated by us ing the linear 
dose-eff ec t  relationships derived from the BEIR2 Report by the 
EPA . 3 , 4  They include somatic and genetic effects .  No thresho ld 
dos e  is as sumed for health ef fects . A detailed dis cuss ion of  
the calculation of  health effec ts is given in DOE-ET-00541 and 
Volume 2 of this f inal EIS . 
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Resources that are committed in an irreversible and 
C irretrievab le manner by the actions cons idered in this section 

are modest  and are given in Section VI of this report . 

C The environmental impac t s  of nonradio1ogica1 releases from 
transportation and interim storage of  spent fuel ( e . g . , thermal 
effluent s ,  r eleases from combustion of fossil fuel , liquid and 
chemical effluents ,  etc . )  are not specifically tabulated in 
Volume 3 .  These ef fects are assessed in Volume 2 (Storage of u . S .  
Spent Power Reactor Fuel ) where they are found to be small and 
well within accep t ed limits . The increment resulting from s torage 
of  relatively small amounts  of  foreign fuel would no t add signif i­
cantly to the impact s .  

Environmental impacts are presented for the operations 
involved with interim storage of foreign spent fuel and for 
the operations associated with disposition of this fuel . In 
this  volume , dispos ition activities are either 1) fuel reprocess­
ing (with disposal of  reprocess ing wast e  in geologic repo sitories) , 
or 2 )  disp o s ing of  the spent fuel in geologic repositories . The 
environmental e f fects resulting from disposition alternatives 
are presented to provide decisionmakers with an understanding 
o f  the possible long-term imp lications of the policy of accept­
ing foreign spent fuel in the U . S .  The disp o sition alternatives 
are not a part of the policy , however . 

--------

C All cases in this section which consider shipment o f  foreign 
spent fuel to the U . S .  analyze the imp acts  and requirements resulting 
from geologic repos itory s tartup in the years 1985 and 1995 . The 
Report to the President by the Interagency Review Group on Nuclear 
Was te Management (TID 29442)  indicated that initial operation o f  
the f irst geologic repos itory for high level was te (spent fuel  o r  
reproces s ing was te )  was expected  between the years 19 88  and 1992 . 

President Carter ' s  Program on Radioactive Was te Management 
recently announced (February 12 , 1980)  the adminis tration ' s  pos ition 
on nuclear was te management and es timated that a decision on the 
location o f  the firs t rep o sitory will be made around the year 1985 , 
and initial operation o f  the f irs t repository would begin in the 
mid-1990s . DOE ' s  recent input to the NRC ru1emaking on nuclear waste 
s torage and disp o s al estimates that the first rep o s itory may be 
avai lable between the years 199 7-2006 . To show the environmental 
ef fects o f  delayed repository opening beyond the year 1995 , DOE 
expanded the analyses in the draft EIS (DOE ! EIS-0040-D) to show the 
environmental effects asso ciated with interim s to rage o f  foreign 
spent power reactor fuel  in ISFS facilities with the first geologic 
rep o s itory startup in the year 2010 . Startup o f  the geologic reposi­
tory in the year 2010 was arbitrarily s elected to es tablish an upper 
limit on s tartup o f  the geologic repos i to ry .  
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The scope of this volume is the environmental effects on the 
U . S .  and global commons from implementation of the propo sed U . S .  
Spent Fuel S torage Policy for foreign spent fuel and alternatives 
thereto .  Thes e  cumulative effects in the U . S .  and global commons 
were calculated by determining the total world environmental effects 
less those associated with regional effects resul t ing from opera­
tions in foreign nations . The world environmental effects are 
also set forth in this s ection for purposes of completeness . The 
regional environmental effects of operations in the t erritories 
of foreign states are not as sessed in this volume . In this volume,  
the sum o f  the environmental effects on the U . S .  and global commons 
are defined as being equal to the total world environmental effects 
les s  thos e  associated with regional effectsl that result from 
operations in foreign nat ions . The regional effec t s  are defined 
as thos e  on a hypothetical land area of nine million km2 (an area 
equal to that of the Unit ed S tates)  with the foreign nat ion carrying 
out the activities at the center of that area . 

Environmental effects are evaluated in this analysis f or 
interim s to rage and ,  in some of the cases , for reproces s ing of 
the foreign spent fue l .  Bo th op tions are discussed  in Cases A, 
B ,  and C .  In this analysis , the back-end operations o f  the fuel 
cycle are the imp ortant ones in the consideration of the Spent 
Fuel Policy . However ,  if the f uel is reproces s ed and the 
recovered p lutonium and uranium recycled ,  a decrease in virgin 
uranium feed requirements would resul t ,  and mining and milling 
activities for uranium would be reduced . Reduction in mining 
and milling activiti es would result in a s ignificant decrease  
in radiation health effects to the population (primarily from a 
decrease in lung dose from radon gas ) and in accidental mining 
and milling deaths . In fac t ,  thes e  reduced mining and milling 

C eff ects mora. than offset the health effects and accidental d eaths 
ari s ing from the transportat ion , storag e ,  reprocess ing and ultimate 
disposition of the foreign spent fuel analyzed in this report . 

In this volume , the reduct ions in health effects and accidental 
deaths as a result of decreased mining and milling activities are 
indicated in the tables showing the environmental effects of the 
cases cons idered . However , they are not included in the discus s ion 
of the effects for the various alternatives ,  becaus e  the mining 
and milling operations are not directly ass ociated with the op era­
tions at the back-end of the fuel cycle dis cuss ed in this repo rt . 
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B .  Impact Analysis 

The environmental impacts for each of  the nine cases are 
presented in two parts : the effects on the nonproliferation 
obj ectives o f  the u . s .  and o ther maj or environmental eff ects . 
This divis ion is made  for two reasons : 

1)  The eff ects on nonproliferat ion obj ectives cannot be p resent ed 
in a quantitative manner . Estimates  of the nonproliferation 
implications of the different alternatives cons idered in 
regard to the U . S .  o f f er are necessar ily j ud gmental . 

2 )  Although the diff erences in maj or environmental effec ts 
among the cases differ roughly by a factor of  ten , the 
effects in all cases are small . 

C In the cases analyzed in this s ection , the radiation dose 
to the populat ion and work force caused by operations with for­
eign spent fuel is les s than 0 . 00001% o f  that received by the 
population from natural radiation sources during the same t ime 
period . The accidental deaths are less than 0 . 004% of the 
o ccupational accidental deaths that will occur in only the u . s .  
during the same time p eriod . Because o f  the modest s ize o f  
the s e  environmental effects , nonprolif eration effects are 
dominant . 

B . l .  Case A - Fuel Remains in Foreign C ountries - No U . S .  Support 
(Option 3 Fuel S chedule) 

The U . S .  Spent Fuel S torage Policy for foreign spent fuel is 
assumed not to be imp lemented in this cas e . Each foreign country 
is responsible for storage o f  its own spent fuel . Ultimately , 
the foreign countries are assumed to either 1)  reprocess the 
spent fuel , recycle the plutonium and uranium and dispose of the 
reprocess ing waste in foreign geologic repos itories , or 2) dis­
pose of  the spent fuel in foreign geologic repositories . However , 
the foreign countries mus t  make arrangements for interim s torage 
of spent fuel until fuel reprocess ing plants (FRP ) and mixed 
oxide (MOX) fuel fabrication plants  b ecome available and/ or 
geologic repositories become available for disposal of  spent 
fuel . 

The environmental effects of the actions in this case are 
determined , assuming the foreign nations construct fuel repro­
cessing plants with sufficient c.apacity to handle the LWR and 
'CANDU spent fuel that become available . Foreign nations may 
support cons truction of  multinational facilities or arrange for 
services by countries with facilities already available . These 
foreign nations are assumed to b e  the same nations identified in 
Section II D . 3  for the Option 3 fuel schedule . Was t e  from repro­
cessing operations is assumed to be s tored in foreign geologic 
repositories . 
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B . l . l  Effects on U . S .  Nonprolif eration Policy ( Case A) 

The U . S .  po licy is assumed not to b e  implemented in regard 
to foreign spent fuel in Case A.  If the p olicy is not implemented , 
the U . S .  would not accept spent fuel from o ther countries for 
s torage . Any U . S .  role in foreign spent fuel disposition would 
then depend only upon our broad political influence and the rights 
ob tained under any new or modif ied agreements for coop eration in 
the peaceful uses of  nuclear energy that may b e  negotiated , as well 
as applicable provisions of present agreements .  Such action would 
amount to deferral or withdrawl of the President ' s  offer of October 
19 7 7 . 

In the absence of a U . S .  spent fuel storage o ffer , there will 
be some transportation of spent fuel among countries , either for 
s torage or reproces s ing of spent fuel . Trans fers for reprocessing 
would also involve return shipments of waste  and separated plutonium 
or mixed oxide fuel . It  is believed that shipment of  plutonium 
or unirradiated MOX fuel is easier to divert for use in cons truc­
tion of illicit nuclear devices than irradiated spent fuel and 
this case would , therefore , create the greatest proliferation 
risk of those considered . Accumulation o f  spent fuel at storage 
facilities also presents s tocks of  spent fuel that could b e  repro­
cessed to recover its contained plutonium . 

The precise amount of  shipments for interim s torage or 
reproces s ing will depend upon the fuel cycle policies and s to rage 
space available to nations . If the U . S . does not accep t foreign 
spent fuel for s torage , the proliferation risks would be greater 
than the risks associated with the U . S .  acceptance of foreign 
spent fuel . It  is believed that if the U . S .  o f fer is made , foreign 
spent fuel s torage would be minimized , and some foreign repro­
cessing would be fores talled . Thus , nuclear proliferation 
potential would be reduced . It is possible that o ther factors , 
including d iscussions in the International Nuclear Fuel Cycle 
Evaluation ( INFCE) , costs , phys ical security problems , national 
nonproliferation interests , or fuel cycle po licies will induce 
nations currently interes ted in reproces s ing to alternately choose 
to s tore their spent fuel . If  this occurs and the U . S . has not 
made the o ffer for s torage o f  foreign spent fuel , o ther nations 
may s till be encouraged to build interim storage facilities o r  
to nego tiate bilateral , multinational , o r  international storage 
arrangement s .  However , such an outcome could also mean that spent 
fuel would remain in sensitive regions . In the absence of  repro­
cessing , spent fuel itself is no t a weapons-usable material ; 
however , its continued presence does mean that a rep rocessing 
option remains available . 

If the U . S .  decides not to accept foreign spent fuel for 
s torage , then some of the nations lacking sufficient internal 
s torage capab ility may turn to reproces s ing as an alternative . 
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C If some nations develop internal facilities , then they will acquire 
sensitive facilities capable of  producing material usable in 
nuclear explosive devices . S tocks o f  separated plutonium , which 
are directly usable in weapons or explosive devices , may be e stab­
lished . It is also possible tha t some nations may begin to produce 
mixed oxide fuels containing bo th plutonium and uranium . These 
MOX fuels can be put through a relatively simple chemical sepa­
ration process to produce plutonium . The potential positive 
influence on the NPT or other safeguards undertakings would not be 
realized . 

On balance , if the policy is not implemented , the U . S .  would 
have less ability to promote its nonproliferation interests  and 

C to fores tall the spread o f  reprocess ing plants and the emergence 
of stocks o f  separated plutonium than if the policy is implemented . 

B . I . 2  Other Maj o r  Environmental Effec ts ( Case A) 

The maj or environmental effects o f  Case A (o ther than 
e f fects on U . S .  nonproliferation policy) , if the ultimate dispo­
sition of the foreign spent fuel is by reprocessing , are given in 
Tables 111-3 through 111-5 . Table 111-3 gives the impacts on the 
U . S .  and global commons ; and Table 111-4 gives the impacts on the 
world , if an Op tion 3 fuel schedule is assumed . A breakdown o f  
the effects due t o  the different activities associated with 
interim storage operations and with disposition activities is 
given in Tables 111-3 and 1 11-4 . 

The only environmental e ffect to the U . S .  and global commons 
is a population dose commitment o f  about 55 00 man-rem resulting 
in about 3 heal th e f fects because all operations involving the 
foreign spent fuel are carrie d out in foreign countries .  The 
worldwide population dose commitment is about 7200  man-rem ; and 
the occupational expo sure is about 8 7 00 man-rem , the combination 
resulting in about 10 health e f fects . Accidental deaths , resulting 
primarily from transportation accidents , will be about 8 .  

The environmental effects , i f  the foreign spent fuel is 
disposed of  as waste in a geologic repository , were not deter­
mined explicitly . However , because o f  the reduced operat ions 
required if the fuel is not reprocessed , and by comparison with 
the results presented for Case D ( foreign fuel shipped to U . S . 
and disposed o f  as was te in a U . S .  geologic repository) , it is 
clear that the environmental e f fects from spent fuel disp osed o f  
as . waste are smaller than those presented in Tables 111-3 through 
111-5 for the case when the spent fuel is reprocessed . 
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TABLE 1 1 1 - 3  

Major Envi ronmen t a l  Effec t s  t o  the U . S .  and G l ob a l  COlllllons i n  Case A" 

Faci l i ty or 
Operation 

Trans porta t i on 

I SFS 

FRP-HOX P l ant 

Geo log i c  Repos i t ory 

Tot a l  

�li n i ng and 
�ti I I  i ng 

Popu lation Whole Body Dose 
Commitment, man-rem 
Interim Disposi tion 
Opemticms Activities Total 

(J 

5480 5480 

< I  < 1  

5480 54110 

Oocupational Whole Body 
Exposure, man-rem 
Interim Disposi t ion 
0,erationo Activi ties Tota l 

a .  Fue l  Rema i n s  i n  forei gn countries - no U . S . support (Op t ion 3 Fue l Schedu l e ) . 

Health Effects from Popu la­
tion Dose Commi tment �nd 
Oocupational Exposure 
In tel'im Dinposi tion 
Operations Activi ties Total 

3 . 2  3 . 2  

<0 .0002 <0 . 0002 

3 . 2  3 . 2  

Accidenta l Dea thn 
Interim Disposi tion 
Operations Activi ties Tota l 

C b. Seri ous somatic and genet i c  hea l th e ffec t s  were ca lcu la ted from rad ia t ion doses , assum i ng a l i near dose-hea l t h  effec t re l a t i on .  
EPA dose-effec t fac tors were used . I�a l t h effec t s  from organ doses are not shown independen t l y ,  but these organ hea l th effec t s  
are i nc l uded under these col umns a l ong w i t h  those caused h y  t h e  who l e  body dose .  (See Appendix B o f  Vol ume 2 for more deta i l  
on methodo l ogy used i n  determ i n i ng hea l th effec t s . )  

� .  l�e dashes in the tab l e  ind i ca te  that the fac i l i t y  or operat i on i nd i ca ted i n  the f irs t  column i s  not invol ved i n  the type of 
act i v i t y  l i st ed ahove the dash .  
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TABLE 1 1 1 -4 

Major Envi ronmental Effects to the Wo rl d i n  Case Aa 

Hea lth Effects from Popu la-
Population Who le Body Dose Occupational Who le Body tion Dose Commi tmen t and 

Occueational EXPOSUI", b Accidental Deaths Commitment� man-rem Exposure� man-rem 
Interim Disposition Interim Disposi tion 
Operat ions Activities Total Operations Activities Total 

Faci lity or 
Operation 

Tra nspo rtat i on 2 . 5  3 2  3 4  1 6  9 4  l l O 

c l S I'S 

7 - j I FRP -�IOX P l ant 7 1 40 7 1 40  6300 6300 

Geo l o gi c  Repo s i t ory 2 2 40 2 2 40 

Tot a l  2 . 5  7 200 7 200 1 6  8650 8700 

M in i ng and 
Bi l l i ngd _ 3 x 1 0 6 e -3x 1 0 '  e - 3000 f _ 3UOOf 

a .  Fue l rema i ns i n  fore i gn coun t r i e s  - n o  U . S .  support (Opt i on 3 Fue l Sche du le ) . 

Interim Disposition Interim Disposition 
Operations Activi t ies Total Operatiolls Activities 

0 . 0 1 0 . 08 0 . 09 0 . 35 0 . 7 2 

8 . 9 8 . 9  2 . 7  

1 . 5  1 . 5  4 . 1  

0 . 0 1  1 0 . 5  1 0 . 5  0 . 35 7 . 5  

- 1 20 g  - 1 20!/ - 3 1  

C I b. Se r i ous soma t i c  and genet i c  hea l th effec t s  were c a l c u l ated from rad i a t ion doses , a s sum i n g  a l i near dose-hea l th e ffect re l at i o n .  
EPA dose-e f fect factors were uscd . I�a l th effec t s  from organ dos es a re not shown i ndependen t l y ,  but these organ hea l th effe c t s  are 
i nc l ud ed under these c o l umns a l ong w i th those caused by the who l e  body dose . ( See Appen d i x  B o f  Vo l ume 2 for more deta i l on methodo l og y  
used i n  determi n i ng hea l th effec t s . )  

c .  The d a shes in  t he t ab l e  i nd i c a t e  t h a t  the foci l i t y  or operat i on i n d i c a t ed i n  t h e  f i rst c o l umn is  not i n v o l ved in  the type of 
act i v i t y l i s t ed above the d a sh . 

d. The i nc rement a l  e f fe c t s  of the reduc t ion i n  m i n i n g  and mi l l i n g  requ i rement s for uran i um resu l t i ng from recyc l e  of t he 
p l u t on i wn and u ran i um f rom the fore i gn fue l a re shown . The negat ive s i gns in the l a st l ine of data ind i ca t e  a decrease 
in e f fect s .  

e.  The popu l at i on d o s e  conun i t ment f rom m i n i ng a n d  mi l l lflg· act i v i t i e s  resu l t s  from i nha l at i on o f  radon gas . I t  i s  expressed i n  
uni t s  of man - rem t o  the l ung , rather t han man- rem t o  the who l e  body . 

t. The occupat i on a l  dose from m i ll i n g  and mi l l i n g  act i v i t ies re su l t s  f rom i nh a l at i on of radon gas and of pa rt i cu l at e s . It i s  
expres sed i n  un i t s  o f  wor k i n g  l ev e l  mont h s  (1�U.t) . A Wl.�1 i s  d e f i ned a s  exposure for 1 70 hours t o  a i r  t hat cont a i n s  any comb i nat i on 
of short - l i ved radon daught ers i n  one l i t e r  that w i l l  u l t imate l y  produce 1 . 3  x 1 0 5  �leV of a lpha energy or to an equ i va l ent product 
o f  concent rat i on and t i me . 

g.  9 9 . 75% o f  the he a l th e ffect s a r i se f rom t he m i n i ng and m i l l i ng popu l a t i on d ose . 

Tota l 

1 . 1  

2 . 7  

4 . 1  

7 . 9  

- 3 1  
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TABLE I I  1 - 5  

Summary of Maj or Envi ronmenta l Effects fo r C a s e  A
a 

Popu lat ion rvno le Body Dose 
Commitment, man-rem 

u . s .  and G l obal Commons 

World 

Occupational Who le Body 
��osure , man-rem 

u . s . and G l obal Commons 

Wor l d  

Hea lth Effects from Popu lation Dose 
Commitment and Occupational EXposure e 

u . s .  and G l oba l Commons 

Worl d 

Accidental Deaths 

u . s .  and G l ob a l  Commons 

Wor l d  

Total 

5500 

7 2 00 

o 

8 700 

3 . 2  

1 0 . 5  

o 

7 . 9  

Incremental Effects of Reduced 
�ning and Mi Z ling Requiremen�sb 
(Not inc luded in tota l )  

o 

- 3000d 

o 

- 1 2of 

o 

- 3 1  

a .  Fue l remains in fore i gn countries - no U . S .  support ( Op t i on 3 Fue l Schedul e ) . 

b .  The increment a l  effects o f  t he reduc t i on in mining and mi l l ing requirements for 
uranium resu l t ing from recyc l e  of the p l utonium and uranium from t he foreign fue l 
are shown . The negat ive s i gns ind i c at e  a decrease in effect s .  

c .  The popu l at i on d o se commitment from mining and mi l l ing act i v i t ies resu l t s  from 
inh a l at i on of radon gas . It is expres s ed in uni t s  of man- rem to the lung , rather 
than man-rem to the who l e  body . 

d. The occupat i onal dose from mining and mi l l ing act ivit ies resu l t s  from inh a l at ion 
of radon gas and of part i cu l at e s . I t  is expre ssed in un i t s  of working l ev e l  months 
( WLM) . A WLkl i s  defined as exposure for 1 70 hours to a ir t hat cont ains any comb i ­

nat ion o f  s hort - l ived radon daught e rs in one l i ter that wi l l  u l t imat e l y  produce 
1 . 3 x 1 0 5  MeV of a l pha energy or to an equiva l ent product of concent rat i on and t ime . 

C e. Serious somat i c  and genet i c  hea l t h  effects were ca l cu l ated from rad i at ion doses , 
assuming a l inear dose-health effect re l at i on . EPA dose-effect factors were used . 
Hea l th effects from organ doses are not shown independent l y ,  but these organ hea l t h  
effects are inc luded i n  these l ines a l ong w i t h  t h o s e  caused by t h e  who l e  body dos e .  
(See Append i x  B o f  Vo l ume 2 for more detai l on method o l ogy us ed i n  determining hea l t h  
effects . )  

�. 9 9 . 75% of the hea l t h  e ffects ari s e  from the mining and mi l l ing popu l at i on dos e .  
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B . 2 .  Case B - Fuel Remains in Foreign Countries - U . S .  Supports 
Multinational Interim Storage ( Option 3 Fuel Schedule) 

In Case B ,  the U . S .  Spent Fuel Storage Policy for foreign 
spent fuel is assumed to b e  implemented to the extent o f  the U . S .  
providing support for multinational storage outs ide the U . S .  
(Assis tance could also be provided on a b ilateral basis for 
foreign national s torage facilities ; this op tion is discussed as 
Case C . )  

The multinational facility could be owned or operated under 
U . S .  or international ausp ices . Formal arrangements could take 
the form of a multinational ISFS* facility under sp ecific 
country or multiple country ownership and/ or op eration or under 
the ausp ices o f  an existin g  international organization , e . g . , IAEA. 
Thus , interim s torage of foreign spent fuel could be out s ide the 
country of origin . The sites for such facilities would be out side 
sensitive regions . United States assis tance to such arrangements 
will be contingent on the degree to which these arrangements 
contributed to U . S .  nonproliferation obj ectives . Depending upon 
the circums tances , the U . S .  might be a direct participant or co uld 
limit its role to providing technical and or financial assis­
tance . 

The environmental effects o f  this case are based upon the 
following scenario . The U . S .  and the foreign countries considered 
in Option 3 fuel schedule will reach mutual accord to construct 
a multinational ISFS facility with U . S .  support in a country 
outside sensitive regions for storage of all or part of each 
country ' s  spent fuel . 

The spent fuel could ultimately be disposed of  1 )  by re­
processing the fue l ,  after interim storage in the mul tinational 
ISFS facility , followed by disposal of the reprocess ing was te in a 
geologic repos itory or 2) by di spos al of the spent fuel as was te 
in a geologic repository . 

B . 2. 1 Effect on U. S .  Nonproliferation Policy ( Case B )  

In Case B ,  the U . S .  i s  assumed to support a multinational 
storage facility in a foreign co untry outside sens itive reg ions . 
The nonproliferation benefits from this case are greater than if 
bilateral U. S .  support were provided for national facilities in 
elig ible countries ,  because the countries eligible for bilateral 
support would have to be outside sens itive regions and show finan­
cial capability to support an expanded spent fuel sto rage program 
once U. S .  as sis tance stops . ( The bilateral support al ternative is 
discussed in Section II C . 3 . )  

* ISFS - Independent Spent Fuel S torage (or s torage facilities 
away from reactor) . 
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Mul tinat ional foreign storage facilities co uld provide the 
following nonproliferation benefits . Nations without the neces­
sary na tional storage facilities or nations seeking to demons trate 
their respective intentions to obs erve nonproliferation obliga­
tions would have an al ternat ive to reproces sing , ret ransferring 
for reproces sing , or maintaining spent fuel st ocks inside sensi­
tive regions . Mul tinational ownership and/ or operat ion of spent 
fuel storage reg imes could provide an addit ional barrier to diver­
sion o f  material or reprocess ing to obtain mat erial s that could be 
used in nuclear weapons . International coo perat ion in spent fuel 
storage co uld enable additional count ries to benefit from the 
availability of storage space and facilities . Any reduct ion in 
the number of spent fuel storage si tes worldwide would facilitate 
the application of internati onal safeguards and phys ical secu­
ri t y.  

u. s .  assis tance for such arrangements could prov ide an incen­
tive for addit ional count ries to accept mo re extensive nonprolifer­
at ion assurances , e . g . , to adhere to the NPT or to the Tlatelolco 
Treaty . The U. S .  wo uld approach the search for acceptable inter­
na tional fuel cycle arrangement s with the added advantage of 
having made a positive cont ribution to the storage o f  foreign 
spent fue l .  Other count ries might then be mo tivated t o  make the ir 
own c ontribution. This approach will also be in keeping with the 
U. S .  belief that each nation will have primary re sponsibility for 
resolving its  own spent fuel st orage problem. 

Forecas t ing the precise quant ities of spent fuel that may be 
accommodated under this alterna tive is dif f icul t .  The Op tion 3 
fuel schedule was selected for this analysi s .  All of  these coun­
tries may not take part in this offer ,  and the U . S .  may exerc ise 
this opt ion in combination with one or more other option s .  Selec­
tion of Op tion 3 fuel schedule maximizes the environmental effects 
of this cas e.  To provide for st orage s ites out side sensitive 
regions , s ome count ries from Op tion 2 and Op tion 3 will have to be 
involved.  Furthermore , credible mult inational or international 
arrangements would have to be relatively nond iscriminatory in 
offering membership in order to be acceptable from a diplomatic 
perspect ive.  

However , the mul tinational pol icy woul d also pres ent dis­
advantages that could prevent the realizat ion o f  the benefits 
described above. In the absence o f  general int ernational agree­
ment on the requirement s for multinational spent fuel storag e ,  or 
of offers f rom other nations to accept foreign fuel on terms such 
as those proposed by the U. S . , the lead time required f or the 
es tablishment of such a policy and in turn the es tablishment o f  
such facilities would likely b e  long . From the U. S .  po int o f  
view , participat ion in a mult inational prog ram or i n  the storage 
prog ram o f  another nation would provide fewer opportunities to 
control costs  or to facilitate timely implementation. 
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B . 2 . 2 Other Maj or Environmental Effects ( Case B) 

The maj or environmental effects , o ther than the effect on 
nonproliferation discussed above , are not explicitly determined 
for Case B because they are essentially the same to the e f fects 

C presented for Case A ,  except that shipment from s ensitive coun­
tries may require transportation of spent fuel by sea . This would 
increase the population doses of Case A to U. S .  and global com­
mons and the wo rld by about 5 to 7 man-rem. Occupational expo­
s ures would increase by 40 to 50 man-rem compared to the effects 
of Ca se A. The impacts of Ca se A are discuss ed in Section III 
B . l . 2 and are shown in Table s 111-3 through 111-5.  

If  the foreign spent fuel is  ultimately reproces sed following 
storage in a mul tinational ISFS , the reproces sing would probab ly 
occur at a later time than in Ca se A ( U . S .  policy not implemented ) . 
Howeve r,  a delay in reprocessing will have little effect on the 
relative magnitude of  the environmental effects . The impacts will 
be smaller if the spent fuel is disposed of in a geologic reposi­
tory (as waste)  as discus sed in Section III B . l . 2 . 

B . 3  Case C - Fuel Remains in Foreign Countries - U . S .  Support s 
National Interim Storage ( Option 3 Fuel Schedule) 

In Case C ,  the U . S .  Spent Fuel S torage Policy for foreign 
spent fuel is  assumed to be implemented only to the extent of  
providing support for national storage facilities abroad on a 
b ilateral basis . Eligible countries will be outside sensitive 
regions and will be f inancially capable of supporting an expanded 
storage program once initial U . S .  assistance is terminated . In 
each instance , cooperation would offer nonproliferation benefits 
to  U . S .  policy . Deci s ions to  offer U . S .  assistance will be made 
on a case-by-case basis . The assistance could take the form of  
assistance in increas ing the dens ity of exi s t ing ons i te reactor 
s torage pools through reracking and installation of neutron­
absorb ing racks or assistance in the construction of ISFS facili-

13-v tie s . In the case of sensitive regions , DOE may provide assistance 
in expanding the capab ility of existing reactor storage pools 
pending availability of storage capacity in U . S .  or multinational 
storage facilities (not located in s ensitive regions ) . However ,  
DOE has no plans to provide financial support t o  national storage 
in sensitive regions . 

. Because the offer of  support for national storage arrange­
ments will be made only to countries outside sensitive regions , 
the amount o f  foreign spent fuel that would b e  included in such an 
of fer is actually equal to that covered by the Option 3 fuel 
schedule minus that covered by the Option I fuel schedule .  How­
ever , the only maj or environmental effect that is influenced by 
this limit is the effect on the U . S .  nonproliferation policy 
b ecause , ultimately , it is assumed that the foreign countries 

I I I - I S  



either 1)  reprocess the spent fuel with disposal of  reprocessing 
waste in foreign geologic repositories and recycle the plutonium 
and uranium or 2)  dispose of  the spent fuel in foreign geologic 
repo sitorie s . 

C The environmental effects of  this case are analyzed based 
upon the following scenario . Each foreign country considered in 
the Option 3 fuel schedule except tho se in sensitive regions 
agrees to cooperate with the U . S .  and with U . S .  aid develop an 
ISFS facility for interim spent fuel storage within its own 
national boundary .  Part or all o f  its spent fuel would b e  stored 
in this facility . Again , the spent fuel could ul timately be dis­
posed of  by reprocessing the fue l ,  after interim storage in the 

C ISFS facility , followed by disposal o f  the reprocessing waste in 
a geologic repository or by disposal o f  the spent fuel as waste 
in a geologic repository . 

B. 3. 1 Effect on U . S .  Nonproliferation Policy ( Case C )  

The beneficial nonproliferation impac ts o f  Case C are les s 
than those des cribed for Case B in Se ction III B. 2 where U. S .  
support o f  multinational storage arrangements are considered.  The 
bilateral o ffers considered in Case C would be restricted to co un­
tries out side sensitive regions that will be financially capable 
of supporting an expanded storage program once U. S .  as sis tance is 
terminated.  However ,  any increases in foreign spent fuel storage 
capability would provide al ternatives to reproces s ing or re trans­
fers for reproces sing to more countries . From the U. S .  perspec­
tive , such opportunities could lead to removal of  diplomat ic 
irritants in relations with the countries in ques tion . Such 
as sistance could provide an incentive for additional countries to 
accept more extens ive nonproliferat ion assurances ,  e. g .  to adhere 
to the NPT or to the Tlatelolco Treaty . The U. S .  would approach 
the search for acceptable international fuel cycle arrangements 
wi th the added advantage of having made a posi tive contribution . 
Other countries might then be motivated to make their own contri­
butions . 

The U. S .  could give preference to countries that do no t 
undertake or that sus pend new conventional reprocess ing activities 
or that avoid entering into ma jor new commercial re proces s ing 
co�tracts with third countries . This approach would al so be in 
keeping with the U. S.  belief  that each nation has the primary 
responsibility for resolving its own spent fuel problems . As sis­
tance could be cond it ional on a nation demonstrating good faith 
efforts to cons truct storage facilities and on having a need for 
U . S .  as sis tance in building or expanding facilit ies . "Need" would 
include cases in which reprocess ing is a likely alternative to 
expand ing lo cal storage facilities , or in which U. S .  as sis tance 
might lead to NPT adherence or similar act ions producing a nonpro­
liferat ion benefit from the standpoint of  U. S .  policy. 
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On the other hand , this alternative does present disadvan­
tages . Some countries may not have readily availab le storage 
sites which meet environmental and regulatory requirement s .  De­
pending upon the level of u . S .  assistanc e ,  some countries ,  partic­
ularly tho se with smaller nuclear power pro grams , could still have 
difficulties in amortizing the co sts o f  inves ting in storage 
facilities , as compared to costs of shipping spent fuel to foreign 
storage sites or foreign reprocessing plants . Furthermore , this 
alternative would not meet the needs of countries within sens itive 
re gions in which removal of spent fuel from local storage will 
contribute to increased confidence that nonproliferation obliga­
tions will be observed and to reduction of fears about the possi­
ble misuse of the nuclear power programs in the nat ions con­
cerne d .  

In addition , U. S .  as sistance t o  national storage could be 
more costly and time-cons uming than accepting foreign spent fuel 
for storage in the U. S .  A national storage program involving more 
diverse national situations would be harder to implement , and the 
U. S .  might be able to as sist fewer countries . A more limited pro­
gram woul d ,  in turn, increase the risk that U. S .  policy toward 
spent fuel disposition could be interpreted abroad as dis crimina­
tory by inelig ible nations ( i . e . , those locat ed within sensitive 
reg ions ) .  

As in o ther cases presented in this analysis , it is diff icult 
to forecast the quantities of  spent fuel that would be involved in 
implementation , particularly since the situations of individual 
nations are so diverse.  

B . 3 . 2 Other Ma jor Environmental Effects ( Case C )  

The major environmental effects , other than the effects on 
nonproliferation discus sed above , were not explicitly determined 
for Case C b ecause they were essentially identical to the 

C ef fects presented for Ca se A, except that shipments from sensitive 
countries might require transportation of spent fuel by sea. 
Shipments  by sea probably would involve shorter transport dis­
tances for Ca se C than for Ca se B. Transportation of  spent fuel 
by sea in Ca se C wo uld increase the population doses to the U. S .  
and global commons and the wo rld by about three t o  five man-rem. 
Occupational doses would increase , in Case C ,  about 20 t o  30 man­
rem compared to the effects o f  Case A. The impacts of Case A are 
discussed in Section III B . l . 2 and are shown in Tables 11 1-3 
through 111- 5 .  The impacts would b e  smaller i f  the spent fuel 
were disposed of in a geologic repository , as discussed in 
Section III B . l .  
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B . 4 Case D - Fuel Shipped to U. S .  for St orage - Later Disposed 
of in U. S .  Geologic Repository (Option 3 Fuel Schedule ) 

The U. S .  offer to accept foreign spent fuel for storage is 
assumed to be fully implemented in Case D .  All the nations 
considered under the Option 3 fuel schedule agree to ship part or 
all of their spent fuel to the U. S.  f or interim storage .  The U. S .  
Government provides ISFS facilities and a geologic repository for 
storage of both foreign and domestic spent fuel. The geolog ic re­
pository becomes available in the year 1 985 and at that time , some 

6-b of  the spent fuel will be stored in the repository. ( It is 
recognized that startup of the geologic repository will not be 
achieved as early as the year 1 9 85 . )  This case is also analyzed , 
assuming the startup of  the geologic repository is delayed ten 
years to the year 1 9 95 . 

The environmental effects of activities associated with the 
foreign spent fuel in Case D are analyzed , assuming a decis ion 
is made in the year 1 9 9 0  not to reprocess the fore1gn spent fuel 
or domes tic spent fuel.  The spent fuel is then disposed of in the 
U. S .  geologic r.epository. 

The U. S .  Spent Fuel S t orage Policy is assumed to be fully 
implemented for U. S .  spent fuel in Case D to enable the incre­
mental eff ects  of the operations as s ociated with the foreign fuel 
to be determined. However,  if the policy were not implement ed for 
domestic fuel , the effects of the operations required for storing 
the foreign fuel in U. S .  facilities and di sposing of the f orei gn 
fuel in a U. S .  g eologic repository will remain virtually the 
same. 

C In Case D ,  the Op tion 3 fuel schedule is as sumed , and it in-

E 

C 

cludes fuel shipments from : 

• Countries in sensitive regions 

• A limited number of other count ries with spent fuel storage 
problems 

A small number of  larger , industrialized non-nuclear weapons 
countries .  

In each instance , the action taken will be determined on a 
case-by-case basis and would be bas ed upon the benefits to the 
U . S . nonproliferation interests  and the apparent need for spent 
fuel shipment . 

I All of  the countries identified by the Op tion 3 fuel schedule 
are assumed to make agreements with the U . S .  to ship all or part 
of their spent fuel in the U. S .  f or storage. In the year 1 9 9 0 ,  a 
decision is as sumed to be made to dispose of the spent fuel ; and 
the foreign spent fuel is disposed of , along with U . S .  spent fuel , 
in a U . S .  g eologic repo sitory. 
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In Ca ses G and H ,  foreign spent fuel is al so as sumed to be 
shipped to the U. S .  and is later disposed of in a U. S .  geologic 
repository . However , the Op tion 2 fuel schedule is considered in 
Cas e  G and the Option 1 fuel schedule , in Cas e  H .  

B . 4 . l  Effects o n  Nonproliferation Policy ( Case D)  

The nonp roliferat ion impacts for all three foreign fuel ship­
ment schedules are discussed in detail in Section II D . 3 .  The 
nonproliferat ion effects of foreign spent fuel shipments with the 
Option 3 fuel schedule , considered in Case D ,  are potentially 
the mo st comp rehensive and b eneficial of the three options . 

The comp rehens ive nature o f  the offer under the Op tion 3 fuel 
schedule will make it appear les s discriminatory and ,  theref ore , 
more attractive to all potentially eligible and cooperating coun­
trie s .  Decisions by some of the larger industrialized countries 
to take advantages of  the offer and to defer reprocess ing may have 
beneficial precedential impacts on the international community ' s  
approach to the nuclear fuel cycle. These nations also have the 
f inancial and technical resources to support the study and possi­
ble creation of national or multinational spent fuel storage 
facilities . Adherence to the nonprolif eration treaty could be 
encouraged . In general , this option would contribute to improved 
international cooperation and a sens e of  common purpose in the 
nuclear area and would increase the eff ectiveness of U . S .  nonpro­
liferation efforts . 

B .  4 .  2 Other Uaj or Environmental Effects ( Case D) 

The ma jor environmental effects of  Case D ( other than effects 
on U. S.  nonproliferation policy ) are given in Tables 111-6 through 
111-8 , ass uming startup of the U. S .  geolog ic repository in the 
years 1 985 or 1 99 5 .  Table 111-6 gives the effects on the U . S .  and 
global commons , and Table 111-7 gives the effects on the world. A 
breakdown of the effects due to various activit ies as s ociated with 
interim storage activities and with dispos ition activities is 
presented.  

Table 111-8 summarizes the effects on the U. S.  and global 
commons and on the world. All operations involving the foreign 
spent fuel are carried out in the U. S . , except for maritime trans­
portation and cask loading onto ships in the foreign countries . 
Thus , the effects on the U. S.  and global commons and on the world 
are the same except for those associat ed with loading spent fuel 
casks of the foreign spent fuel onto the ship , and this makes a 
slight contribution to the total ( 1 0% or les s ) .  
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TABLE 1 1 1 -6 

Major E n v i ronmental Effec t s  to the U . S .  and G l obal Conmons in Case or 

Popu lat ion Whole Body Dose 
COrTl1li tmell t, /lUn-rem 

Occupa tional Whole Body 
Exposure, man-rem 

llea l th Effects from Popula­
tion Dose Commi tment and 
Oc��pational EXpo8ureb Accidenta l Dea ths 

rnterim DifJposit ion 
Opemtions Activities To t a l  

Interim -- -Disposition 
Opemt ions Activi t ies Total 

Interim -- Disposition 
Opera t ions Activi ties To ta l 

lnterim--- bispofJi tion 
Opera t i on8 Activi ties Total 

7 - j  

7 - j  

7 - j  

7- j 

Faci l ity or 
Opemt ion 

1 985 Startup of u . s .  (;eologic Hel'0si to)'y 

Transportat i on 36 " 

lS I'S 690 

I'Hr- �IOX P l ant 

Geologic Repos i tory 1 20 

Tot a l  730 1 20 

199., Stat'tup of Geologic lIel'osi tory 

Transport at i on 40 

I SFS 280() 

I'Rr-�OX r l ant 

Geologic Repo s i tory 1 10 

Tot a l  2B4() 1 10 

36 

690 

1 20 

8 50 

4 () 

2800 

1 1 0 

295() 

240 240 0 . 1 9  

200 200 0 . 55 

260 260 0 . 28 

440 260 7()0 0 . 74 0 . 28 

220 220 0 . 1 7  

1 000 1 000 2 . 37 

260 260 0 . 27 

1 2 20 260 1 480 2 . 54 0 . 2 7 

a .  I'ue l shipped to U . S .  for storage - l ater d i sposed of i n  U . S .  geo log ic repo s i t ory (Opt ion 3 Fue l Schedu l e ) . 

0 . 1 9  1 . 2  

0 . 55 0 . 4  

0 . 28 

1 . 02 1 . 6 

0 . 1 7  1 . 3  

2 . 3 7 1 . 1  

0 . 27 

2 . B I  2 . 4  

e l l>. Ser i ous soma t i c  and genet i c  hea l t h  effec t s  were ca lcu l a ted from rad i at i on doses , assumi ng a l i near dose-hea l th effec t re l at ion . 
ErA dose-effec t factors were used . I�a l t h  effec t s  from organ doses a re not shown i ndependen t l Y , but these organ hea l t h  effrc t s  
are i n c l uded under t h!'s!' co lumns a l ong w i t h  those caused by the who le  body dose .  (See Append i x  B of Vo lume 2 for more deta i l  on 
methodology used i n  determ i n i ng hea l th effec t s . )  - . r 

". The dashes in the t ab l "  i nd i ca te tha t  the fac i l i t y  or opera t i on i nd i ca ted in the f i rst column i s  not i nvol ved i n  the t ype of 
act i v i t y l i s t ed above the dash . 

1 . 2  

0 . 4  

1 . 8  1 . 8 

1 . 8 3 . 4  

1 . :1 

1 . 1  

1 . 8  I . B 

I . B 4 . 2  
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TABLE 1 1 1 -7 

r�aj o r  Env i ronment a l  Effec t s  to the Wor l d  in Case 0" 

Hea l t h  Effects from Popula-
tion Dose Corrvni tment and Popu latiml Whole Body Dose Docupa tional Whole Body 

Commi tme>l t, ma>l-rem EX�osure� man-rem Docueatio>lal EXeosureb Accidental Dea ths 

7- j 

7 -j 

7- j 

7 - j 

.Interim Dioposit ion r>lterim Disposi tion Tnterim Disposi tion 
Operatio>l" Activities To tal Operutio>ls Activities To tal Operatio>ls Activi ties 

Facil ity 01' 
Operatiml 

.< 
1985 StaI'tuI' of aeologic Reposi tol'Y 

Transportat ion 36 c 36 3 1 0  3 1 0  0 . 2 1  

I SFS 690 690 200 200 0 . 5 7  

FIlP-MOX Plant 

Geo logic Repos i tory 1 20 1 20 260 260 0 . 28 

Tot a l  730 1 20 850 5 10 260 770 0 . 78 0 . 28 

1 995 Sta r'tup of aeolooic flepos i t m'Y 

Transportat i on � O  4 0  270 270 0 . 1 8  

l SI'S 2800 2800 1 000 1000 2 . 39 

FRP-�IOX P lant 

Geo logi c Ileposi t ory 1 1 0 \ 1 0 260 260 0 . 27 

Tot a l  2840 1 1 0  2950 1 270 260 1 530 2 . 5 7 0 . 27 

a .  Fue l shi pped to U . S .  for storage - l ater d i sposed of i n  U . S .  geologic repository (Opt i on 3 Fue l  Schedu l e ) . 

Interim 
To ta l Opemtio>ls 

0 . 2 1  1 . 2  

0 . 57 0 . 4  

0 . 28 

1 . 06 1 . 6 

0 . 1 8  1 . 3  

2 . 39 1 . 1  

0 . 27 

2 . 8·1 2 . 4  

C b. Seri ous somat i c  and genet i c  hea l th effec t s  were ca l cu l ated from rad i a t i on doses , assumi ng a l i near dose-hea l th effect re l at ion . 
ErA dose-effec t factors were used . I�a l th effec t s  from organ doses a re not shown i ndependen t l y ,  but these organ hea l th effec t s  
are i nc l uded under these columns a l ong w i th those caused by t he who le  body dose .  (See Append i x  II of Vol ume 2 for more detai I on 
methodo l ogy used i n  determ in ing hea l th effect s . )  

c .  The dashes in the tahle i nd i ca te that the fac i l i ty or operat i on i nd i ca ted i n  the f i rs t  column i s  not i nvol ved i n  the t ype of 
act i v i t y l i s t ed above the dash . 

Disposition 
Activities 

1 . 8 

1 . 8 

1 . 8 

1 . 8  

Total 

1 . 2  

0 . 4  

1 . 8 

3 . �  

1 . 3 

1 . 1  

1 . 8 

4 . 2  
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TABLE 1 1 1-8 
SUlT1T1ary of �laj or E n v l  ronmenta 1 Effects f o r  C a s e  rf 

StartuD Date of Geoloaic Re�osi torv 

Popu lation Who le Body Dose 
Commi�ent, man-rem 

u . s .  and G l obal Commons 

Wor l d  

Occupational Who le Body 
Exposure, man-rem 

u . s .  and G l ob a l  Commons 

Wor l d  

Hea lth Effects from Popu lation Dose b 
Commi tment and Occupational E-�osure 

u . s .  and G l oba l C ommon s 

Wor l d  

Accidenta l Deaths 

u . s .  and G l obal Commons 

Wor l d  

1 9 85 

8 5 0  

8 5 0  

700 

770 

1 .  02 

1 . 06 

3 . 4  

3 . 4  

1 9 9 5  

2 9 5 0  

2 9 5 0  

1 4 80 

1 5 3 0  

2 . 8 1 

2 . 8 4  

4 . 2  

4 . 2 

a .  Fue l s h i pped t o  the U . S .  fo r st orage and l ater di spo sed o f  in t h e  U . S .  
geo l o g i c  repo s i t ory (Opt ion 3 Fue l Schedul e ) . 

C b. Serious somat i c  and genet i c  hea l th effec t s  c a l cu l at ed from rad i at i on 
dos e ,  as suming a l inear dos e-hea l th e f fect re lation . EPA do s e - e ffect 
factors were used . Hea lth effects from organ doses are not shown 
independent l y ,  but thes e organ health effects are inc l uded in t h e s e  
l ines a l ong w i t h  those caused by the who l e  body do s e .  ( See Appendix · 
B of Vo lume 2 for more detai l on metho l o l ogy used in determining 
hea lth effects . )  

The whole body dose commitment to the popu lat ions is 850 man­
rem if the U. S .  geologic repo sit ory becomes available in the year 
1 9 85 and 2950  man-rem if the reposit ory be comes avai lable in the 
year 1 9 9 5 .  The increase aris es because of the interim storage of 
a larger amount of spent fuel for a long er time. In a similar 
manne r ,  the occupat ional expo sure inc reases from about 700 man-rem 
for re posit ory startup in the year 1 985 to about 1 500 man-rem for 
repo sitory startup in the year 1 9 9 5 .  The combined po pulation and 
occupational exposures are expected to result in about one heal th 
effect for the 1 98 5  geologic repository startup and about three 

7-j health effects for the 1 995 geolog ic re posi tory startup . About 
three or f our accidental deaths are expected for startup in the 
year 1 985 or 1 99 5 .  
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B . S Case E - Fuel Shipped to U. S .  - Later Returned for 
Reprocessing (Option 3 Fuel Schedule ) 

In Case E ,  foreign spent fuel is assumed to b e  shipped to 
the U. S .  for s torage from each of the count ries identified in the 
Option 3 fuel s chedule and later returned for foreign reprocess­
ing , fuel fabrication, and recycling under conditions that meet 
the nonproliferation objectives of the U. S .  This case co uld al so 
be applied to the Option 2 fuel schedule.  Al though contrary to 
the present U. S .  policy , this case is included for completeness  
under the NEPA proces s .  

The location of  the foreign spent fuel reprocess ing and 
recovery of plutonium and uranium that is subsequently fabricated 
into fuel assemblies could be in a multinat ional facility under 
specific country or multiple country ownership and / or operation , 
and under the auspices of an existing international organization ,  
e . g . , IAEA. Fabricated MOX fuel containing plutonium would no t be 
returned to countries in sensitive areas . The return of foreign 
spent fuel will be cont ingent upon acceptable nonproliferation 
safeguards to restrict the locations of sens itive facilities and 
activities , and to control the location of  sens itive material s .  

The env ironmental effects o f  Case E were analyzed , assum­
ing that each country identified in the Op tion 3 fuel schedule 
ships spent fuel to the U. S .  for storage.  A decision that the 
U. S .  will reprocess and recycle U. S .  spent fuel and return the 
foreign spent fuel in lieu of  repayment for any residual value of 
the contained plutonium and uranium is assumed to be made in the 
year 1 990 .  

B . S . I  Effects on  U . S .  Nonproliferation Policy ( Case E) 

The nonproliferation effects  of shipment of foreign spent 
fuel to the U . S .  for storage are discussed in detail in Sec­
tions II D . 3  and III B . 4 . 1 . However ,  in Case E and in Cases 
F-I and F-2 ,  reprocessing o f  the foreign spent fuel and re­
cycling of the recovered plutonium and uranium is considered . 
Therefore , further nonproliferation considerations ari s e . 

Under Case E ,  the U. S.  is assumed to deci de in the year 1 990  
to reproces s  its domestic spent fuel by using a proliferation­
res istant technology. The October 1 97 7  spent fuel storage o f fer 
provides that in such an event the U. S.  would either return spent 
fuel to the original shipper with an appropriate storage charge 
refund to be determined at the time or provide compensation for 
any net fuel value. In Case E, the foreign fuel is as sumed to be 
returned for reproces s ing . In Ca se F- 1 ,  the possibility of  re­
processing the foreign fuel in the U. S .  and recycl ing the recover­
ed plutonium and uranium by U. S .  power reactors is considered. 
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Ca se F-2 considers the poss ibility of reprocess ing foreign 
fuel in the U. S .  and re turning plutoni um and uranium to foreign 
count ries for recycle in their power reactors . 

In Case E ,  nonproliferation considerat ions would be evaluated 
on a case-by-case bas is to determine whether a given shipper would 
be offered compensation or a return of his spent fuel.  Spent fuel 
will no t be returned to count ries within sensitive regions where 
its presence could contribute to an enhanced ri sk of proliferat ion 
or to an increase in international tensions . The U. S .  wo uld al so 
not favor returning spent fuel for reprocess ing in countries that 
did not previously possess reproces sing plants or mixed oxide fuel 
( MOX)  fabricat ion facilities . Such countries could arrange for 
exis ting reprocessing and fabricat ion services in other countries 
or multinational facilities . U. S .  policy will cont inue to support 
res tricting such sensitive activit ies as reprocess ing to as few 
locations as poss ible.  Appropriate ins titutional arrangements , 
international safeguards , and proliferation-resistant technolog ies 
would apply to such reproces sing plants as did operate. Any 
policy o f  returning spent fuel for reprocess ing under condit ions 
that take account of nonproliferat ion considerations would also be 
predicated on the develo pment and use of technologies and ins titu­
tional arrangements that minimized the risk of diversion of refab­
ricated fuel produced in secure facilities . 

Actual demand for returns of spent fuel would depend upon 
several factors , for example , the availability of reprocessing 
services in the U. S .  and abroad.  Consequently , it may be more 
attractive economically for countries considering spent fuel 
returns to contract for reprocessing in the U. S .  if such services 
are available . The availability of  reprocess ing services in the 
U. S .  will depend upon the lead time available before the prospec­
tive 1 990  decision to build and license facilities . Case F�l , 

discussed in Section III B . 6 ,  considers the impacts of reprocess­
ing the forei gn fuel in the U. S .  and recycl ing the separated 
plutonium and uranium in U. S .  power reactors . The impacts o f  
reprocessing in the U. S.  of  foreign spent fuel and of  returning 
the separated plutonium and uranium to foreign countries f or 
recycle are considered in Case F-2 , discussed in Section III B. 7 .  

I f  the U . S .  decides in the year 1990 t o  reproce s s , then 
approximately six to ten years may be required until the first 
facility using appropriate technology can start up in this 
country . The willingness to wait for U . S .  facilities to open 
by countries eligible for spent fuel returns would be a function 
of. their need and desire to use fuels other than slightly en­
riched uranium fuels in present generation light water reactors 
and of their need to begin to stockpile fuels for use in breeder 
reactors . Given present international uncertainties concerning 
the timing of breeder introduction and the adequacy of world 
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uranium supplies to support proj ected demand for nuclear power , 
it is no t p o s s ible at this time to forecast world requirements 
for mixed oxide fuel stockp iles . 

The availability of foreign reprocess ing services will als o  
b e  a factor in actual demand for spent fuel returns from U. S. 
storag e .  Most probably many of the smaller countries eligible for 
the U. S.  spent fuel storage offer will no t cons truct nat ional 
reprocess ing facilities for economic reasons . If U. S .  reprocess­
ing services are not available at the time spent fuel re turns are 
of fered , then these countries may elect one of the following 
courses : 

1 )  Contract for reprocessing services in another co untry 

2) Continue to store their spent fuel in the U. S.  until U. S.  
services are available 

3 )  Accept a cash payment or equivalent value in low enriched fuel 
for any net value in lieu of any re turn. 

U . S .  policy will oppose the cons truction and operation of national 
reprocess ing plants in countries not already possessing such 
facilit ies . If reprocess ing services in another country are us ed , 
then the U. S .  would screen each such retransfer request for its 
nonproliferation implications . 

The foregoing pro spec ts for return of  spent fuel to co untries 
that have made such shipments to the U. S .  f or s torage have nonpro­
liferation implications . A selec tive policy of  approving spent 
fuel returns from the U. S .  could be used to discourage the spread 
of sens itive facilities on a national bas is . Approval s for re­
trans fers for reproces s ing could be res tricted to a few facilit ies 
with appropriate internat ional safeguards , ins titutional arrange­
ments , and technological barriers to proliferat ion. Al ternative­
ly , the U. S.  could withhold approval of  any or some returns unt il 
a few multinational fuel cycle centers with similar controls and 
technology could be es tablished.  However , unless the planning and 
develo pment of such facilities were already underway at the time 
of the U. S.  decision to reprocess , the lead time for the es tab­
lishment of  multinational fuel cycle centers could be quite long . 
As no ted in Ca se F-2 , reprocessing of  foreign spent fuel in the 
U. S .  followed by re turn of the separated plutonium and uranium for 
the foreign count ries in form of  proliferation-resis tant refabri­
cated fuel may o ffer limited nonproliferation advantages . 

. Re transfers of  foreign spent fuel from the U . S .  af ter the 
U. S .  reaches a decision to reprocess spent fuel ( Case E )  could 
present proliferation risks . A selective policy on re transfers 
could discourage countries intent on building national reproces s­
ing facilities from accepting the U. S.  spent fuel storage offer 
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since their spent fuel might not be re turne d.  A U. S .  decis ion to 
proceed with domes tic reprocess ing while denying other co unt ries 
the opportunity to reprocess their own spent fuel would be int er­
preted as dis criminatory . Ot her co untries might conclude that 
they were being placed at a competitive or technological disadvan­
tage. However , the U. S .  could avoid this disadvantage by linking 
its plans for repro cess ing to the es tabli shment of mult inational 
fuel cycle centers open to co untries meeting appro priat e nonpro­
liferation obligations . Such linkage would ass ume that U. S.  and 
world needs for breeder fuels and /or mixed oxide fuels for recycle 
into light water reactors could be delayed until the establishment 
of such centers . 

If a U . S .  decis ion is made to allow spent fuel returns , pro ­
liferation-resis tant technolo gy is assumed to be available ; how­
ever , the real security and benefits of such technology remain 
unproved.  Reproces sing and recycling in any f orm s till represent 
mo re o f  a prol iferation risk than interim st orage and disposal o f  
spent fue l .  Returns of spent fuel cooled for a long period o f  
time will place into  internat ional commerce material that can be 
reprocessed for its plutonium content more eas ily than recently 
dis charged spent fuel . Prolif eration-resis tant fuel cycle techno-

C lo gy will not improve the security of this long-coo led material . 

B . 5 . 2 Other Ma jor Environmental Effects ( Case E )  

The ma j or environmental ef fects of  Case E ( other than ef fects 
on U . S .  nonproliferat ion policy ) are given in Tables 111-9 through 
II I-I I .  

Table III- I I  summarizes the effects on the U . S .  and glo bal 
commons and on the worl d .  The population whole body dose commit­
ment to the U . S .  and glo bal commons is about 6 900 man-rem , and the 
o ccupation expo sure is about 440 man-rem , re sulting in abo ut four 
health effects . The population whole bo dy do se commitment to the 
world is about 8300 man-rem ; and the o ccupational expo sure is 
abo ut 7 900 man-rem , resulting in 1 1  heal th effects . The number of  

7-j accidental deaths expected in the U. S .  and global commons is about 
two ; in the world , abo ut eight . 

B . 6  Case F-I - Fuel Shipped to U . S .  - Later Reprocessed 
and Recycled in U . S .  ( Opt ion 3 Fuel Schedule) 

In Case F-I ,  the foreign countries identif ied as part icipat­
ing in the Opt ion 3 fuel schedule are assumed to each agree to 
ship all or part of their spent fuel to the U . S .  for storage . 
This case could also be app lied to Opt ion I and 2 fuel schedules .  
The U . S .  Government provides I SF S  facilities and a geolo gic 
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TABLE 1 1 1 - 9  

I�aj or Envi ronmen tal  Effe c t s  t o  t he u . s .  and Gl oba l Commons i n  Case Ea 

Popu lat iOlI Who le Body Dose 
Conrni tme nt, mall-I'em 

Occupatiollal Whole Body 
Exposure, mall-rem 

Hea lth Effects frr;m Popu la­
tioll Dose Corrunitmellt rut 
O<J<Jupat iona l Exposure ' Accidental Deaths 

Interim Disposi tion Interim -- Disposition 
Opel'ations Aut ivities Tota l 

Interim Disposition 
Operat ions Activities Total 

InterWr Disposition 
Operations Aotivities  'l'ota 1 Operations Actiuit ies Tota l 

Fad lity 01' 
Ope ration 

Transpo rt at i on 

l SI'S 

FRP -MOX P l ant 

Geo l og i c  Repo s i tory 

Tot a l  

�li n i  n g  and 
Mi J I  i ng 

1 5  

960 

980 

e 
1 5  8 5  

960 260 

5930 5930 

28 28 

5960 6930 3 4 5  

85 0 . 07 0 . 07 0 . 49 

260 0 . 76 0 . 76 0 . 38 

3 . 4  3 . 4  

94 95 0 . 09 0 . 09 

94 4 4 0  0 . 8,) 3 . 5  ,1 . 3 0 . 8 7  

a .  Fue l s h i pped t o  U . S .  -- l at e r  re tu rned for reproc e s s i n g  (Opt ion 3 Fue l Schedu l e ,  1 98 5  s t a rtup o f  II . S .  geo l o g i c  repos i t ory) . 

C I b.  Seri ous soma t i c  and genet i c  hea l th e f fect s w e re c a l cu l a t ed from racli a t i on dose s ,  a s sumi ng a l i near dose-hea l th effect re l a t i on .  
EPA dose- effect factors were used . I�a l th effec t s  from organ doses are not shown i ndependen t l y ,  but these organ hea l t h effec t s  
a r e  i n c l uded under these c o l umn s a l ong w i t h  t hose caused b y  t h e  who l e  body dos e .  (See Append i x  B o f  Vo l ume 2 for more det a i  I on 
me thod o l ogy used i n  det e nn i n i ng hea l t h  effec t s . )  

c .  lbe d a shes i n  the t ab l e  i nd i c a t e  that the fac i l i ty or operat i on i nd i cated i n  the fi r s t  co l umn i s  not i nvo l ved in  the t y pe of 
a c t i v i t y  l i s t ed above the d a s h .  

0 . 49 

0 . 38 

0 . 7 1  0 . 7 1  

0 . 7 1  1 . 6 
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TABLE 1 1 1 - 1 0  

Major Env i ronmental Effects t o  t he World i n  Case � 
Hea l t h  Effects from Popu la-
tion Dose Commi tment Popu lation Who le Body Dose Occupat iona l Who le Body 

Cormri tment, man-rem E�oBure, man-rem Occueational EXeosure b Accidental Deaths 

7- j 

Interim 
Opem t io>ls 

Faci l i ty or 
Operation 

Transportat i on 1 8  

ISfS 960 

FRP-�IOX P l ant 

Geo l og i c  Repos i t ory 

Tota l  980 

mn i ng and 
Hi 1 1  i ngd 

Disposition 
Activities 

16 

c -

7240 

28 

7Z80 

_ 3x \O- 6e 

Tota l 

34 

960 

7240 

28 

8 260 

_ 3x 1 0 - 6e 

Interim Disposition 
Operations Activitie s  

1 1 3 4 9  

260 

6240 

1 250 

370 7540 

- 300(/ 

To ta l 

1 6 2  

260 

6240 

1 250 

79 1 0  

- 300oi 

Interim Disposition 
Opemtions Activit ies 

0 . 09 0 . 04 

0 . 76 

8 . 9  

0 . 9  

0 . 85 9 . 8  

- 1 20g 

Tnterim 
Total Ope rations 

0 . 1 32 0 . 84 

0 . 38 

8 . 9  

\ . 6 

1 0 . 6  \ , 2  

- 1 20fl 

a. Fuel shi pped to the U . S .  and l a ter returned for reprocess i ng (Opt i on 3 Fue l Schedu l e ,  1 98 5  s t artup o f  U . S .  geo log i c  repos i tory ) . 
C b. Serious soma t i c  and genet i c  hea l th e ffect s  were ca l cu l a ted from rad i a t ion doses , assuming a l i near dose-hea l th effec t re l a t i on .  

EPA dose-effect factors were used . I�a l th e ffect s  from organ doses are not shown independent l y ,  but these organ hea l th effec t s  
arc i nc l uded under these co lumns a l ong w i t h  those caused hy t h e  who l e  hody dose . (See Append i x  B o f  Vo l ume 2 for more det a i  I on 
me thodo l ogy used in determ i n i ng hea l t h effec t s . )  

c .  The dashes in  t he tab l e  i ndicate that the faci l i t y  or operat i on ind icat ed in t he f i rst co l umn is not i nvo l ved in t he t ype of 
act i v i ty l i sted above t he dash . 

d. The i ncrementa l  e ffec t s  of the reduct ion in m l lung and m i l l i ng requi rement s for uran i um resu l t i ng from recyc l e  of the p l uton i um 
and uran i um from t he fore ign fue l  are shown . nle negat i ve s i gns in the las t l i ne of data i nd i cate a decrease i n  effec t s .  

e .  The popu l at i on dose commi tment from m i n i ng and m i l l i ng ac t i v i t i es resu l t s  from i nha lat i on o f  radon ga s .  I t  i s  expressed i n  
uni t s  of man- rem to the l ung , rather than man -rem t o  the who le  body . 

f .  The occupat i onal dose from m in ing and m i l l i ng ac t i v i t i es resu l t s  from i nha l at i on of radon gas and o f  part i cu l ates . I t  i s  
expressed i n  uni t s  o f  work i ng l evel months (WIJI) . A WIJI i s  de fined as exposure for 1 70 hours t o  a i r that contains any comb inat i on 
of short - l i ved radon daught ers i n  one l i ter that wi l l  u l t i ma t e l y  produce \ . 3  x \ 0 5 '·leV of a lpha energy or to an equ iva l ent product 
of concent rat i on and t ime . 

g.  9 9 . 75% of t he hea l t h effec t s  a r i se from t he m i n i ng and mi l l i ng popu l at i on dose . 

Disposi t ion 
Activi ties 

0 . 72 

2 . 7  

3 . 7  

7 .  I 

- 3 1  

Tot a l  

\ . 6 

0 . 38 

2 . 7  

3 . 7  

8 . 3  

- 3 1  



i- j 

TABL E  I l l - l l 

Summary of Maj or Envi ronmenta l Effec ts for Case � 

Popu lation wno ie Body Dose 
Commi tment, man-rem 

U . s . and G l obal Corrunons 

Wor l d  

Occupationa Z Who le Boay 
Exposure, man-rem 

U . s .  and G l obal Corrunons 

Wor l d  

Hea �th Effecos from Population Dose 
Corrmi tmen"; and Occupationa l Exposuree 

u . s .  and G l obal Commons 

Wor l d  

Acciaental Deaths 

I u . s .  and G l obal Corrunons 

Wor l d  

Tota l 

6930 

8260 

440 

7 9 1 0  

4 . 3  

1 0 . 6  

1 . 6 

8 . 3  

Incremental Effect of Reduced . 
Mining and Mi l ling RequirementsP 
(Not inc luaed in tota l )  

o 

- 3000d 

o 

- 1 20f 

o 

- 3 1  

a .  Fue l  shipped t o  u . s .  and later returned for reprocess ing (Option 3 Fue l  Schedu l e , 
1 9 8 5  s tartup of U . S .  g e o l o g i c  repository ) . 

b.  The incrementa l  effect s of t h e  reduct ion in mining and mi l l ing requirement s for 
uranium res u l t ing from recyc l e  of the p l ut onium and uranium from the foreign fue l  
are shown . The negat ive s i gns indi cate a decrease i n  e ffect s .  

c. The popu l at ion do se corrunitment from mining and mi l l ing act i v i t i es resu l t s  from 
inha lat ion of radon gas . I t  is expressed in uni t s  of man - rem to the lung , rather 
than man- rem to the who l e  body . 

d. The occupat iona l dose from mining and mi l l ing act ivit ies res u l t s  from inha l at i on 
of radon gas and of p art i cu l ates . I t  is expres s e d  in units of working l eve l months 
( WLM) . A \�l.}1 is defined as exposure for 1 70 hours to a i r  that cont ains any comb i ­
nat ion o f  s hort- l ived radon daughters i n  one l i ter that wi l l  u l t imat e l y  produce 
1 . 3  x 1 0 5  MeV of a lpha energy or to an equ iva l ent product o f  concentrat ion and t ime . 

C e. Serious somat i c  and genetic hea l t h  effects were ca l c u l ated from rad iat i on doses , 
as s uming a l inear dose-health effect r e l at i on . EPA d o s e - effect factors were used . 
Hea l th effects from organ doses are not s hown independent l y ,  but thes e organ hea l th 
e ffects are inc l uded in these l ines a l ong with those caused by the who l e  body dose . 
( See Appendix B of Vo l ume 2 for more detai l on metho do l ogy used in determining hea l th 
effects . )  

9 9 . 7 5 %  o f  the hea l t h  effects aris e  from t h e  mining and mi l l ing population do s e .  

1 I I - 3 2 



repository for storage of u . s.  and foreign spent fuel. The geo­
logic reposit ory will become available in the year 1 985 , at which 
time limited amounts of spent fuel will be st ored in the reposi-

6-b t ory . ( It is recognized that startup of the geologic repository 
probably will not be achieved as early as the year 1 985 . )  

A decision is assumed to be made in the year 1 99 0  that the 
u . s . will reprocess both the U . S .  and foreign fuel and recycle the 
plut onium and uranium from both the u. s .  and foreign spent fuel in 
U . S .  power reactors . A decision to reprocess spent fuel would 
require that reproces sing facilities , containing adequate safe­
guards to meet the nonproliferation ob j ectives of the U . S . , would 
be cons truct ed.  The reproces sing waste would be disposed of in a 
geologic repository . Although contrary to pres ent u . s.  policy , 
this is included for completeness under the NEPA proces s .  

In all cases involving acceptance o f  foreign fuel for stor­
age ,  the u. s .  will assume ful l ,  irrevocable title to the foreign 
spent fuel. In Case F-I , the U . S .  reprocesses the foreign fuel 
and recycles the recovered plutonium and uranium in U. S .  power 
reactors .  Any residual value of the foreign fuel will be the su b­
ject of negotiations between the u . s .  and f orei gn countries . 

Case F-I is analyzed , assuming that reprocessing in the u . s .  
of the f oreign and U. S .  fuel will begin in the year 1 9 98 , and will 
be completed in the year 2028 . (The foreign spent fuel consti­
tutes about 1 6% of the total foreign plus domestic fuel reprocess­
ed. ) The reprocessing waste will be disp osed of in a U . S . 
geologic repos itory. 

B . 6 . 1 Effect on u . s .  Nonproliferation Policy ( Case F-1 ) 

In Case F- 1 ,  the u. s .  is assumed to decide in the year 1 9 9 0  
to reprocess its domes tic spent fuel and foreign spent fuel that 
has been placed in storage.  A proliferation-resis tant technology 
is used. All recovered material is recycled within the u . s . The 
October 1 9 7 7  spent fuel storage offer provides tha� in such an 
event , the u . s .  will provide compensation to the original shipping 
count ries f or any net fuel value on the same bas is as compensa­
tion (if any ) is provided to domestic utilit ies . Required re­
processing facilities are assumed to be in place or to become 
available in a more gradual implementation of this program. Re­
process ing was te from foreign and domestic fuel is disposed of in 
a U. S .  geologic facility. 

This alternative would offer some nonproliferation benefits . 
Some international commerce in mixed-oxide fuels would be avoided . 
All count ries shipping spent fuel to the u . s .  can be treated 
equally with respect to compensation for any net fuel value in 
spent fuel. Reprocess ing and recycling in the U . S .  would con­
tribute to f ores talling the spread of sens itive facilities abroad. 

I I I - 3 3  



Some o f  the reprocess ing , within the U. S., could be accomplished in 
a multinat ional fuel cycle center that co uld of fer inves tment and 
ownership opportuni t ies to other nations . 

Howeve r ,  this al ternative also pres ents some significant 
problems . Other nations may no t be wi ll ing to forego access to 
mixed oxide fuels that may be needed f or breeder reactor startup , 
especially if the U . S .  begins to use such fuel s .  Some nations may 
feel that res trict ing repro cessing to the U. S .  is dis criminatory , 
al though es tablishment o f  a multinational fuel cycle center co uld 
provide for a form of participation. Even if a multinat ional fuel 
cycle cent er is es tablished , some nations co uld de cide to stop 
sending spent fuel to the U. S .  f or storage , choos ing ins tead to 
arrange for reprocessing or other arrangement s af f ording them 
access to a supply of mixed oxide fuels . Furthermore , establish­
ment of a multinational fuel cycle center in the U . S .  will require 
resolution of pres ently unresolved questions concerning economic 
feasibility ,  cost , 'ins titut ional and legal arrangements , including 
status of the organization wi thin the U. S . , management , and access 
to technology . In the absence of a general int ernational agree­
ment on reproces sing , a U. S .  at tempt to monopolize such services 
could lead to the spread of sensitive facilities or to less con­
trol over internati onal commerce in mixed oxi de fuel s .  

I f  a U. S .  decis ion i s  made t o  reprocess , proliferat ion­
res is tant techno logy is ass umed to be available. However , the 
real security and benefits o f  such technology remain unproved . 
Other nations could choose to adopt the same technology used in 
the U. S .  but with fewer asso ciated institutional control s .  

B . 6 . 2 Other Ma jor Environmental Effects ( Case F-l ) 

The ma jor environmental effects of  Case F- l ( other than ef­
fects on U. S .  nonproliferation policy ) are given in Tables 111- 1 2  
through 111- 14.  Ta ble 111- 12 gives the effects on the U . S.  and 
global commons , and Table 111- 1 3  gives the effects on the world . 
A breakdown o f  the effects from the various operations as sociated 
wi th int erim storage and wi th disposition facilities is given in 
Tables 111- 12 and 111- 1 3  and summari zed in Ta ble 111- 14.  

Except for maritime transportation and cask loading onto 
ships in the foreign countries , all operations involving the 
foreign spent fuel are carried out in the U. S .  Thus , the effects 
on the U . S .  and global commons and on the world are the same 

C except for those asso ciated wi th loading casks containing 
foreign spent fuel ont o the ship , and this makes a very slight 
contribution to the total (about 1 %  or les s ) .  

111-34 
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TABLE 1 1 1 - 1 2  

r�a jor Env i ronmental Effec t s  to the U . S .  and G l oba l COlIJII()ns i n  Case F _ l
a 

Population f{/lO le Body Dose 
CorrvTli tment, man-rem 

occupational Who le Body 
Exposure, man-rem 

Hea l th Effects from Popu la­
tion Dose Conrnitment 
Occupationa l ExpoBureb Accidenta l Deaths 

Interim Disposition Fac i l i ty or 
Operut ion 

bzter�--t5{opoBiton 
OperationB Activities Tota l 

Interim Dispoliifion 
Operations Activi ties Tota l 

bzterim Disposition 
Opera tions Activi t ies Tota l Operations Activi ties Tota l 

Transportat ion 3 7  9 .  I 4 6  2 5 0  2 7  280 0 . 1 9 0 . 03 0 . 22 1 . 4  0 . 72 
7 - j I SFS 960 -" 965 260 0 . 7 7 0 . 7 7 0 . 4  

FHP-WJX P l an t  1 0 , 290 1 0 , 290 4 5 80 
260 

4 580 9 . 5  9 . 5  2 . 3  

Geo logic Repos i tory 1 90 1 90 690 690 0 . 6  0 . 6  4 . 6  

Tot a l  l Oon 1 0 , 500 1 1  , 500 5 1 0  5300 5 8 1 0  0 . 96 1 0 .  I I I .  I 1 . 8 7 . 6  

�li n i ng :lnd 
�ti l l ing' o _ 3 x 1 0 6e _ 3 X I 06e 0 - 30oof - 3000f 0 - 1 20(7 - 1 20[7 . - 3 1  o 

a .  

C 

I 
b. 

c. 

i. 

r .  

f· 

�7 • 

Fuel sh ipped to t he U . S .  and l a t er  reprocessed and recyc l ed in the U . S .  (Opt i on 3 Fue l Schedu le ) . 
Ser i ous soma t i c  and gene t i c  hea l th effects were ca l cul a ted from radi a t i on doses , a s suming a l i near dose- hea l t h  effect re l at ion . EPA 
dose-effect factors were used . lIea l t h  effec t s  from organ doses arc not shown independen t l y ,  but these organ hea l t h  effec t s  are i nc luded 
under these columns a l ong w i t h t hose caused by the who l e  body dose . ( See Append i x  B of Vo l ume 2 for more deta i l  on methodo l ogy used i n  
determi n ing hea l t h  effect s . )  
'n,e dashes i n  the tab l e  i ndicate that the fac i l i t y  or operat ion i ndicated i n  the first co lumn i s  not i nvo l ved i n  the t ype o f  act i v i ty l i s ted 
above the dash . 
The i ncrement a l  effec t s  of the reduc t i on i n  m i n i ng and m i l l ing requ i rements for uranium resu l t ing from recyc l e  of  the p luton i um and uranium 
from the forei gn fue l are shown. The negat ive s i gns in t h i s  l ine of data indicate a decrease in effec t s .  
The popu l a t ion dose commi tmen t from m i n i n g  and mi l l i ng ac t i v i t ies res u l t s  from inha l a t ion of radon gas . It i s  expressed in units o f  
man-rem to t h e  l ung ,  rather than man-rem to t h e  who le body . 
The occupa t i ona l dose from mining and mi l l ing ac t i v i t ies resu l t s  from i nha la t ion , radon gas aud of part i cu l ates . I t  i s  expres sed in un i t s  
of work ing l evel months (NUl) . A NLH  i s  defined a s  exposure for 1 70 hours to a i r  that conta ins any combinat ion o f  shor t - l i ved radon 
daugh ters i n  one l i ter that " i l l  u l t ima te l y  produce 1 . 3  x 105 �leV of a lpha energy or to an equiva l en t  product of concentrat ion and t ime . 
99 . 7 5 �, of the hea l th e ffects ar i se from the mining and m i l l i ng popu la t ion dose . 

2 .  I 

0 . 4  
2 . 3  

4 . 6  

9 . 4  

- 3 1  
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TABLE I 1 1 - 1 3  

Major Envi ronmenta l E f fects t o  the Wor l d  i n  Case F _ l a 

Popu lation Who le Body Dose 
COIIVTIi tment, man-rem 

occupational Whole Body 
Exposure, man-l'em 

Hea l th Effects from Popula­
tiun Dose Corrrni tmellt and 
Occupa tiona l Exposure b Accidental Deaths 

Interim �- Disposu70n Facility 01' 
Operation 

Interim Disposition 
Operat ions Activit ies Tota l 

Interun Disposition 
Opera t ions Activities Total 

Interim Disposition 
Op(lrations Activities Total Operations Activities Total 

Transporta t ion 

7 - j I ISFS 

FRP-�Kl)( Plant 

Geo l ogic Reposi tory 

Tota l  

Mining �nd 
Mi l l i nt 

37 

960 

1000 

o 

9 . 1 46 310 

-c 960 260 

1 0 , 290 1 0 , 290 

190 190 

1 0 , 500 1 1 , 500 570 

_3x 1 06e _3X 1 06e 0 

27 340 0 . 23 0 . 03 

260 0 . 7 7  

4 580 4 580 9 . 5  

690 690 0 . 62 

5300 5870 1 . 0 1 0 . 1  

- 300of -3000f 0 - 1 20(7 

a. Fue l sh i pped to the U . S . and l ater reprocessed and recyc l ed in the 11 . 5 . (Opt ion 3 Fue l Schedu l e) . 

0 . 26 1 . 4 0 . 7 2  

0 . 7 7 0 . 4  

9 . 5  2 . 3  

0 . 6  4 . 6  

1 1 .  I 1 . 8 7 . 6  

- 1 20(7 o - 3 1  

C I b . Serious soma t i c  and genet i c  hea l th effec t s  were ca lcu la ted from rad i a t i on doses , ass,un ing a l i near dose-hea l th effect re l a t ion .  EPA 
dose-erfect fac tors were used . I�a l th e ffec t s  from organ doses arc not shown i ndependent l y ,  but these organ hea l th e f fec t s  are inc luded 
under these co lumns a l ong w i t h  those caused hy the who l e  hody dose .  (See Append ix  8 of Volume 2 for more deta i l  on methodology used i n  
determi n i ng hea l th erfec t s . )  

c .  TIIC dashes in the table ind i ca te  tl tat the fae l l i ty or operat ion i nd icated in the first co lumn i s  not involved in the type o f  ac t iv i ty  l is t ed 
above the dash . 

d. lite incrementa l  e ffec t s  of the reduc t i on i n  mining and mi l l ing requirement s  for uranium resu l t ing from recyc l e  of the p lutonium and uranium 
from the foreign fuel are shown . The negat ive s i gns indicate a decrease in effec t s . 

e .  111e popu l a t i on dose commitmen t from mining and mi l l i ng ac t i v i t ies resu l t s  from i nha l a t ion of radon gas . I t  i s  expressed in un i t s  of 
man-rem to the l ung, rather than man-rem to the whol e  body . 

f. The occupat i ona l dose from min ing and mi l l ing act iv i t ies resu l t s  from inha l at ion of radon gas and of part icu lates .  I t  i s  expressed in uni t s  
o f  work ing l evel months (WL�I) . A Wl�1 i s  defined as exposure for 1 70 hours to a ir  that conta ins any combinat ion of shor t - l ived radon 
daughters in one l i t er that w i l l  " l t imat e l y  produce 1 . 3  x 1 0 ' MeV of a l pha energy or to an equival ent produc t of concen trat ion and time. 

U . 99 . 75% of the hea l th e ffec t s  arise from the m in ing and mi l l ing popu l a t ion dose .  

2 .  I 

0 . 4  

2 . 3  

4 . 6  

9 . 4  

-31 
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TABLE I I I - 1 4  

Surrmary o f  r·laj o r  Envi ronmenta l Effects for Case F_l
a 

Popu Zation Who Ze Body Dose 
Commitment, man-rem 

U . S . and Global Commons 

World 

Oaaupationa Z Who Ze Body 
E...-posure, man-rem 

U . S .  and Global Commons 

World 

Health Effeats" from PopuZation Dose 
Commitment and OaaupationaZ ExpOBUI'e e 

U . S .  and G l obal Commons 

World 

AaaidentaZ Deaths 

I U . S .  and G l obal Commons 

World 

TotaZ 

1 1 , 50 0  

1 1 , 5 00 

5 8 1 0  

5 8 7 0  

1 1 . 1  

1 1 . 1  

9 . 4  

9 . 4  

Inaremen�aZ Effeat of Reduaed b 
Mining and Mi Z Zing Requirements 
(Not Ina Zuded in TotaZ Co Zumn) 

- 3 1  

- 3 1  

a. Fuel shipped to U . S .  and l ater reprocessed and recycled in the U . S .  
Option 3 Fuel Schedul e .  . 

b. The incremental effects of·�the reduction in mining and mi l l ing 
requirements for uranium resulting from recyc l e  of the plutonium 
and uranium from the foreign fue l are shown. The negative signs 
indicate a decrease in effects .  

a. The popu l ation dos e commitment from mining and mi l l ing act ivities 
results from inhalat ion of radon gas . It is expres sed in units of 
man-rem to the lung , rather than man-rem to the whol e  body . 

d. The occupational dos e from mining and mi l l ing act ivities results from 
inhalation of radon gas and of particu l ates . It is expressed in units 
of working l evel months (WLM) . A WLM is defined as exposure for 170 hours 
to air that contains any comb ination of short - l ived radon daughters in one 
l iter that w i l l  ultimately produce 1 . 3  x 1 0 5 MeV of alpha energy or to an 
equival ent product of concentration and time . 

C e. Serious somat ic and genet ic health effects were c a l culated from radiation 
dos e s ,  assuming a linear dose-health effect re lation .  EPA dose-effect 
factors were used . Hea lth effects from organ doses are not shown independent l y ,  
but these organ health effects are included i n  these lines along with those 
caused by the who l e  body dose . ( See Appendix B of Vo lume 2 for more detail on 
methodol ogy used in determining health effect s . )  

f· 99 . 75 % of the health effects arise from the mining and mi l l ing popu l ation 
dos e .  

r-I I - 3 7  



The population whole body dose commitment is about 1 1 , 500 
man-rem ;  and the occupational exposure is about 587 0  man- rem , 
resulting in a total of about 1 1  health eff ects . The predicted 
number of accidental deaths that would arise from all operations 

7-j  ass ociat ed with the f oreign sp ent fuel is about nine . 

B . 7 Case F-2 - Fuel Shipped to U. S .  - Later Reprocessed in U. S .  
Plutonium and Uranium Returned (Option 3 Fuel Schedule ) 

In Case F-2 , the foreign countries identified as partici­
pating in the Op tion 3 fuel s chedule are assumed to each agree to 
ship all or part of their spent fuel to the U. S .  for storage. 
This case could also be applied to the Option 2 fuel schedule .  
The U. S .  Government provides ISFS facilities and a geologic reposi­
tory for s torage of U. S .  and foreign spent fue l. The geologic 
rep ository will become available in the year 1 98 5 , at which time 
limited amounts of spent fuel will be s t ored in the repository. 

6-b ( As in other cases , it is recognized that startup of the geologic 
repository probably will not be achieved by the year 1 98 5 . )  

A decision is assumed to be made in the year 1 9 9 0  that the 
U . S . will reprocess bo th the U. S .  and foreign sp ent fuel. The 
plutonium and uranium recovered from the foreign spent fuel will 
be returned to count ries outside sensitive regions for recycling . 
The reprocessing was te will be disposed of in the U. S .  geologic 
repository . Al though contrary to present U. S .  policy , this case 
is included f or completeness under the NEPA process . 

A decision to reprocess  spent fuel and to return mixed-oxide 
fuel containing plutonium would require that adequate safeguards 
be available to meet the nonproliferation ob jectives of the U. S .  

B . 7 . 1  Effects o f  Nonproliferation Policy ( Case F-2 ) 

In Case  F-2 ,  the U. S .  is assumed to decide in the year 1 99 0  
to reprocess domestic and foreign spent fuel by using a 
prolif eration-resis tant technology .  Recovered uranium and plu­
tonium are returned to countries originally owning the spent fuel 
in a form and under conditions that meet U. S .  nonproliferation 
objectives . Such a course of action represents an extension of 
the October 1 9 7 7  spent fuel storage offer. The offer provides 
that if the U. S .  reproces ses foreign spent fue l ,  the f oreign 
countries that provided the fuel will be given compensation for 
any net fuel value or will be provided with proliferation­
resistant fabricated fuel. 

I I I - 3 8 



Among the nonprolif eration conditions that will apply , 
plutonium-containing fuel will not be re turned to sens i tive 
regions , where its pres ence would contribute to increased int er­
nat ional tensions , unless suitable arrangements f or its use could 
be made ; instead , countries in such sensitive regions could be 
offered compensation for their spent fuel or equivalent value in 
fresh fuel containing slightly enriched uranium.  In all other 
cases , fuel would be fabricated in the u. s .  by us ing prol if erat ion­
resis tant technology and returned for immediate use in national 
reactors . No stockpil ing of unirradiated plutonium-bearing fuels 
would be permitted. 

The Ca se F-2 scenario would depend upon the availability of  
reproces s ing services in the United States . If  no facilit ies are 
ready for operation when the u. s .  makes a decision to re process 
the spent fue l ,  then six to ten years would be required to 
construct and license these facilit ies . In the interim , tho se 
considerations discus sed under Case E governing international 
demand for plutonium-bearing fuel s would determine in part how 
many countries wo uld be willing to continue s toring spent fuel in 
the United State s .  St orage_ would depend upon availability of  
reprocessing serv ices and how many nations would prefer to arrange 
for reprocess ing services el sewhere . 

This approach wo uld offer some nonpro liferation benefits .  
Re process ing o f  foreign spent fuel would be conf ine d to the U . S . , 
the reby dis couraging the develo pment of foreign reprocessing 
capabil ity.  A ban on fuel stockpiling in receiving countries 
would reduce the poss ibilities f or diversion of material poten­
tially usable in nuclear explo sive devices .  In the context o f  a 
U. S .  decision to reprocess , this approach would o f fer countries 
that originally shipped spent fuel to the U . S .  acce ss to a poten­
tially val uable source of fuel in re turn f or pledges not to con­
struc t sensitive national facilitie s .  

Howeve r ,  this approach wo uld al so present serious prolifera­
tion ri sks . Differential trea tment might discourage countries in 
sens itive reg ions from taking advantage of  the U. S .  offer to s tore 
spent fuel . The benefits of po tentially prolif eration-resis tant 
technologies for reprocessing and recycle remain unproved.  Many 
na tions wo uld regard a U . S .  decision to re process , co upled with a 
ban on foreign repro ces sing , as disc riminatory and unacceptable. 
The re sul t might cause some count ries to re sort to national 
reproces sing facilities as an alternative to shipping spent fuel 
to the U. S .  

III-39 
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B . 7 . 2  Other Ma jor Environmental Effects ( Case F-2 )  

The maj or environmental effects of Case F-2 ( other than ef­
fects on u . s .  nonproliferation policy ) are given in Tables III- IS 
through 111- 1 7 .  Table III- I S  gives the effects on the U. S .  and 
global commons , and Table 111- 16  gives the effects on the world. 
A breakdown of the ef fects due to the different operations associ­
ated with interim storage and with disposition facilities is given 
in Tables III- I S  and 111- 1 6 .  

All operations involving the foreign spent fuel except for 
transportation, cask loading onto ships in the foreign countries , 
and transportation of  spent fuel containing the plutonium and 
uranium from the f oreign fuel back to foreign countries are 
carried out in the United States . The contribution of the effects 
of these transportation activities outside the U. S .  and global 
commons to the total effects is quite small ( 5 %  or less ) ;  thus , 
the effects to the U. S .  and global commons and to the world differ 
only slightly , as was also observed in Case F- 1 .  These effects 
are summarized in Table 11 1- 1 7 .  

The population whole body dose commitment t o  the world is 
about 1 1 , 5 00  man-rem ; and the occupational expo sure is about 6 , 000  

I man-rem , resulting in a total of about 1 2  health effects .  The 
predict ed number of accidental deaths is about 1 1 . 

. 

B . 8  Case G - Fuel Shipped to U. S .  for Storage - Later Disposed 
of in U. S .  Geologic Repository ( Option 2 Fuel Schedule ) 

In Case G ,  the alternative pref erred by DOE , the U . S .  offer 
to accept foreign spent fuel for s torage is assumed to be imple­
mented for the Option 2 fuel schedule . This schedule includes 
nations in sensitive regions and a limited number of smaller 
countries . A decision is also assumed to be made in the year 
1990  to dispose of the foreign fuel received in the U . S . , along 
with U . S � spent fuel , in a U . S .  geologic repository . Case G is 
analyzed , assuming the U . S .  geologic repo s itory becomes available 
in the year 1985 , and at that time , storage of some of the spent 

I fuel will begin in the repository . (It  is reco gniz ed that startup 
of the geologic repo s itory will probably no t be achieved by the 
year 1985 . )  This case is also analyzed , assuming the startup of 
the geologic repos itory is delayed ten years until the year 199 5 . 

This case is s imilar to Case D ,  discus sed in Section III B . 5 
and Ca se H discus sed in Section III B . 9 . , except for the amount of 
foreign spent fuels received by the Unit ed Stat es . In Case D ,  the 
U . S .  offer is as sumed to be made to countries included in this 
cas e  ( Case G - countries in sens itive regions and a limited number 
of smaller countries ) and in addition to a few larger , industrial­
ized non-nuclear weapons countries ( Option 3 fuel s chedule) . In 
Cas e  H , the offer is assumed to be made only to countries in sen­
sitive regions ( Option 1 fuel schedule ) .  

1 1 1 -40 
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TABLE 1 1 1 - 1 5  

Major Env i ronmenta l E f fec t s  to the U . S .  and G l ob a l  Coomon s i n  Case F_2a 

Faci l i ty or 
Opemtion 

Transport at ion 

lSI'S 

FRP-MOX P l ant 

Geo logic Repos i t ory 

Tot a l 

M in ing and 
Mi l l i ng 

Popu la t ion WI,O Ie Body Dose 
Commi tment, man-rem 
Interim Disposi tion 
Ope rations Activities Total 

."17 4 5  8 2  
c 960 960 

1 0 , 290 1 0 , 290 

1 9  1 90 

1 000 1.0 , 400 1 1 , 500 

Occupatiorzal Whole Body 
Exposure, nun-rem 
Interun- Dtsposi tiorz 
Ol'emtions Activities Total 

250 270 520 

260 260 

4 580 4 580 

700 700 

5 1 0  5 5 50 6060 

Heal th Effects from Popula­
t ion Dose convni tmen t and 
Occupatio>!Q1 EXposureb 
Interim Disposition 
Opemtions Activities Total 

0 . 1 9 0 . 20 0 . 39 

0 . 7 7 0 . 7 7 

9 . 5  9 . 5  

0 . 62 0 . 6 2 

0 . 96 1 0 . 3  1 1 . 3 

a .  I'ue l  sh ipped to the U . S .  and later reprocessed In the U . S .  - Pu and U returned (Opt i on 3 Fue l Schedu l e) . 
C I b. Ser i ous soma t i c  and genet i c  hea l t h effec t s  were ca lcu la ted from rad i a t ion doses , assumi ng a l i near dose­

hea l th effect re lat i on .  EPA dose-effec t factors were used .  I�a l th effec t s  from organ doses are not shown 
i ndependent l y ,  but these organ hea l th effec t s  are i nc i llded under these col umns a long w i th those caused by the 
who I e body dose .  (See Append i x 8 of Vo I lime 2 for more deta i I on methodo logy used in determi ni ng hea l th 
effect s . ) 

c.  The dashes i n  the tab l e  i nd i ca te  that the fac i l i ty or operat ion i nd i cated in  the f i rs t  co i llmn Is not i nvol ved 
In the type of act i v i t y  l i s t ed above the dash . 

Accidental Deaths 
Interun Disposi tion 
Ope ,'atiO>lS Actilli ties Tota l 

1 . 4  1 . 9 3 . 3  

0 . 4  0 . 4  

2 . 3  2 . . > 

4 . 6  4 . 6  

1 . 8 8 . 8  1 0 . 6  
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TABLE 1 1 1 - 1 6  

Major Envi ronmenta l E f fects to the Worl d I n  Case F _ 2a 

Hea lth Effects frCffl Popula-
Population Who le Body Dose 
Commi tment, man-rem 

Oacupa t ional Who le Body 
Exposure, man-rem 

tion Dose Corruni tment gnd 
Oaaueational Exposure Accidental Deatlw 

Interim Di/Jposition Interim Disposi tion Interim Disposi tion 
Operat ions Activi ties To ta l Opemt ions Activities To tal Operations Activities 

Fac i l i t y  01' 
Opemtion 

Transporta t i on 37 50 320 350 670 0 . 23 0 . 2 7 

I SFS 960 c 96() 260 260 0 . 7 7 

FRP-MOX P l ant 10 , 290 1 0 , 290 4 580 4 580 9 . 5  

Geologic Repos i t ory 190 1 90 700 700 0 . 6 2  

Tot a l 1000 1 0 , 500 I I  , 500 580 5600 6 2 1 0  1 . 0 1 0 . 4  

�ti ning and 
- 300o! - 300o! �Ii I I  i ngi 0 _ 3 x 1 06e _ 3x l O 6e 0 0 - 1 2rfJ 

a. Fuel shipped to the 11 . 5 . and l a ter reprocessed i n  the U . S .  -- Pu and II returned (Option 3 Fuel Schedu l e ) . 

Interim 
To tal Ope m tions 

0 . 5 0 1 . 4 

0 . 7 7 0 . 4  

9 . 5  

0 . 6 2  

1 1 .  4 1 . 8  

- 1 200 0 

l b. Ser i ous soma t i c  and gene t i c  hea l th  effect s  were ca l cu l a ted from rad i a t ion doses , assum ing a l inear dose-hea l t h  effect re l a t i on .  
EPA dose-effect factors were used . I�a l th effec t s  from organ doses are not shown independent l Y ,  but these organ hea l t h  e ffec t s  
are i nc l uded under these co l umns a l ong w i th those caused by the who l e  body dose .  (See Append i x  B of Volume 2 for more deta i l  on 
methodology used in determ i n i ng hea l t h effect s . )  

c. The dashes in t he tab le  i nd i cate that t he fae i I i t y  or operat ion ind i cated in the first column i s  not Invo lved i n  the type 
of act i v i t y  l i st ed above the dash . 

d. TIle i ncrement a l effec t s  of the reduct ion in m i n i ng and m i l l i ng requi rement s for uran i um resu l t i ng from recyc l e  of the pluton i um 
and urani um from the forei gn fue l  are shown . The negat i ve s i gns I ndi ca t e  a decrease in effect s .  

e .  The popu l a t i on dose commi tment from mini ng and m i l l i ng ac t ivit i es resu l t s  from inha l a t i on of radon gas . I t  i s  expressed i n  units 
of man- rem to the lung , rather t han man- rem to the who le  body .  

Di.9posi tion 
Activities 

2 . 2  

2 . 3  

4 . 6  

9 .  I 

- 3 1  

f. The occupat iona l dose from m in i ng and mi l l i ng act iv i t i es resu l t s from inha l a t i on of radon gas and of part icul ates . I t  i s  expressed 
i n  uni t s of work ing l eve l months (WUI) . A WI.JI i s  defi ned as exposure for 1 70 hours t o  a i r  that cont a ins any comb inat i on of 
short - l i ved radon daughters i n  one l i ter that wi l l  u l t imate l y  produce 1 . 3  x 1 0 ' MeV of a l pha energy or to an equ i va l ent product 
of concentrat ion and t ime . 

g.  9 9 . 75% of the heal t h  e ffec t s  a r i se from the m ining and mi I l l ng popu l a t ion dose. 

To tal 

3 . 6  

0 . 4  

2 . 3  

4 . 6  

1 0 . 9  

- 3 1  
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TABLE I I I- 1 7  

Summa ry of Maj or Envi ronmen tal Effects for Ca se F_ 2a 

Popu lation Who le Body Dose 
Commi t:ment, man-rem 

u . s .  and G l ob a l  Commons 

Wor l d  

Occupational Who le Body 
Exposure, man-rem 

u . s .  and Gl obal Commons 

Wor l d  

Hea lth Effects from Popu lation Dose 
Commitment and Occupational �-posuree 

u . s .  and G l oba l C ommons 

Wor l d  

Accidental Deaths 

u . s .  and G l oba l C ommons 

Wor l d  

Tota Z 

1 1 , 5 0 0  

1 1 , 5 00 

6060 

6 2 1 0  

1 1 . 3  

1 1 .  4 

1 0 . 6  

1 0 . 9  

Incrementa l Effect of Reduced . 
Mining and Mi l ling RequirementsD 
(Not inc luded in tota l)  

_ 3x l 0 6
c 

_ 3x l 0 6 c  

- 1 2cf 
- 1 2 0"'  

- 3 1  

- 3 1  

a .  Fue l sh ipped to the U . S .  and l ater repro c e s s ed in the U . S .  - Pu and U are returned 
( Op t i on 3 Fue l Schedu l e ) . 

b.  The in crement a l  effects of t h e  reduct ion in mining and mi l l ing requ irement s for uranium 
resu l t ing from recyc le of the p lutonium and uranium from t he fo reign fue l are shown . 
The negat ive s i gns indicate a decrease in e ffect s . 

c. The popu l at ion dose commitment from mining and mi l l ing act iv it ies res u l t s  from inh a l at ion 
of radon gas . It is expres sed in uni t s  of man-rem to t he lun g ,  rather than man - rem to 
the who l e  bod y .  

c .  The occupat ional d o s e  from mining and mi l l ing act ivit ies resu l t s  from inhal at ion of radon 
gas and of part i culates . I t  is express ed in uni ts of working 1 eve 1 months ( WLr.1) . A WLM 
i s  defined as exposure for 1 7 0  hours to air that cont ain any comb inat ion o f  short - l ived 
radon daughters in one l it er t hat wi l l  u l t imat e l y  produce 1 . 3  x 1 0 5 MeV of a l pha energy 
or t o  an equival ent product of con centrat i on and t i m e .  

C e .  Serious s omat i c  and genet i c  hea l th effects were c a l cu l ated from rad iat i on doses , assuming 
a l inear dos e-hea l th r e l a t i o n .  EPA dose- effect factors were us ed . Hea l th effects 
from organ doses are not shown independent l y ,  but thes e organ hea l t h  effects are in c l uded 
in thes e l ines a l ong with thos e caused by the who l e  body dos e .  (See Append ix B o f  
V o l ume 2 for more deta i l  on methodo l ogy u s ed in d etermining health effects . )  

�. 99 . 7 5 %  of the health e ffects ari s e  from the mining and mi l l ing popu l at i on dose . 

I I I  - 4 3  



B . 8 . 1 Ef fects on u . s .  Nonproliferation Pol icy ( Case G )  

The nonproliferat ion effects for Cas e  G are discus s ed in 
detail in Se ction I I  D. 2 along with tho se for Cases D and H ( in 
Sections II D. 3 and II D. 1 ) .  The less-comprehensive nature of the 
of fer in this case , compared with Ca se D ,  may cause some nations 
to reprocess their spent fuel prematurely . If these nations elect 
to reprocess spent fuel , then they will probably be less inclined 
to part icipate in mul tinational cooperation to deve lop solutions 
to the spent fuel storage problem that mee t the ob jectives of the 
U. S .  nonproliferat ion pol icy . On the other hand , these count ries 
may be mot ivat ed to develop solut ions for st orage of their spent 
fuel which are acceptable from the nonproliferation standpoint .  

Regardless of  the react ion of  thes e na tions to their exclu­
s ion from the U. S .  offer,  a larger amount of s pent fuel storage 
would ha ve to be arranged for in foreign locat ions by these co un­
tries than was arranged for in Case D.  This increased storage is 
undersirable because of  nonprolif eration ob jec tives . 

B. 8 . 2 Other Major Environmental Effects ( Case G )  

The maj or environmental ef fects of  Cas e  G ( other than effects 
on U . S .  nonproliferation pol icy ) are given in Tables 111- 1 8  
through 111-20 , ass uming startup o f  the U. S .  geologic reposi tory 
in the years 1 98 5  and 1 99 5 .  Ta ble 111- 1 8  g ives the ef fects on the 
U. S .  and global commons , and Table 111- 1 9  gives the ef fects on the 
world. 

Ta ble 111-20 summarizes the effects on the U . S .  and global 
commons and on the world.  All operations involving the foreign 
spent fuel , except for maritime transportation and cask loading 
onto ships in the foreign countries are carried out in the United 
States . Thus , the effects on the U . S .  and global commons and on 
the world are the same except for those associated with loading 
spent fuel casks containing foreign spent fuel onto the ship , and 
this makes a slight contribution to the total ( 1 0% or les s ) .  

The whole body do se commitment to the populat ion is about 200 
man-rem , if the U. S .  geologic repository be comes available in the 
year 1 985 and 1 080 man-rem if the repository becomes available in 
the . year 1 9 9 5 .  The increase results from the inte rim storage of a 
larger amount of spent fuel for a long er time because the geologic 
repository is not available for disposition of spent fuel.  Simi­
larly , the occupat ional do se increases from about 250 man-rem to 
about 560  man-rem if the repository is delayed from the year 1 985 
to the year 1 99 5 .  The combined populat ion and occupational do ses 
result in less than one health effect for 1 9 8 5  repos itory and 
about one health effect for 1 99 5  geologic repository startup . 

7-j Approxima tely one to two acci dental deaths are expect ed f or re­
pository startup either in the years 1 985  or 1 99 5 .  

I 1 I -44 
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TABLE 1 1 1 - 1 8  

Major Envi romlenta l E f fec ts to U . S .  and Gl oba l COIllnons i n  C a se G
a 

Popu lat ion Who le Body DOlle 
Corrrni tmellt, man-rem 

Occupational r.'hole Body 
Expo8ure� man-rem 

lJea lth  Effect8 from Popu lation 
D08e Commitment and 
Occupa t iOlla l Exp08ure b 
Interrm-- -- DIsposition 

Acciden ta l Deaths 
In terIm DispositIol'n Pacil ity 01' 

Opera t ion 
.r.ltel'im Disposi tioll 
Operations Activities Total 

Intel'Un Disposi tion 
Opera tions Activitie8 Total Operations Aotivi ties Tota l opera tions Activities Total 

1985 Startup of Geologic Repository r 

TTanspoTtat ion 1 0  c 1 0  6 0  69 0 . 05 o .  3� 0 . 34 

7 - j  I ISFS 1 60 1 60 68 68 0 . 1 4  0 . 04 0 . 1 3  

FRP-�K)X P l ant 

7 - j  I Geologic RepositoTY 28 28 90 90 0 . 09 0 . 09 

Tota l  1 70 28 198 1 38 90 228 0 . 1 9 0 . 09 0 . 28 0 . 4 7  

1995 Startup of Geologic Reposi tory 

TTanspoTtat ion 1 4 . 5  1 4 . 5  79 79 0 . 06 0 . 06 0 . 4 1  

7- j  I ISFS 1 0 2 3  1 0 2 3  3 7 0  3 70 0 . 8 7  0 . R 7 O . H  

FRP-mx P l ant 

7 - j  I Geo log i c  Reposi toTY 38 . 9  39 90 90 0 . 09 0 . 09 

Tota l  1 040 39 1 080 4 5 0  90 540 0 . 9 3  0 . 09 I .  02 0 . 8 2 

a.  Fue l s h i pped to the U . S .  fOT s toTage and lateT disposed of in the U . S .  geo log i c  Tepos i t oTY (Opt ion 2 Fue l Schedu l e ) . 

r. 1 b. SeT i ons soma t i c  and genet i c  hea l th effec t s  weTe ca l cu l a ted fTom Tad i a t ion doses , assuming a l i neaT dose-hea l t h  effec t Te l a t ion . 
ErA dose-effec t factoTs weTe used . I�a l t h  effec t s  fTom oTgan doses aTe not shown independent l y ,  hut these oTgan hea l th effec t s  
aTe i nc l uded undeT these columns a l ong w i t h  those caused hy the who l e  hody dose .  (See Append i x  8 of Vo lume 2 fOT mOTe deta i l on 
methodology used i n  deteTm i n i ng hea l th effec t s . )  

c .  lbe dashes in the tah l e  i nd i cate that the fac i l i ty OT opeTa t i on i nd i cated i n  the fiTst col umn is not i nvol ved in the type of 
act i v i ty l i s t ed above the dash . 

0 . 34 

0 . 1 3  

0 . 66 0 . 66 

0 . 66 1 . 1  

0 . 4 1  

0 . 4 1  

0 . 66 0 . 66 

0 . 66 1 . 5  
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TABLE 1 1 1 - 1 9  

Major Envi ronmental E ffec t s  t o  the Wor l d  i n  Case Ga 

I/ea lth Effect8 from Popu lation 
Popu lation Who le Body Dose Occupationa l WllO le Body D08e Cornllitment and 
Cornnitment. man-rem Ex�osure. man-rem Oacu�ationa l Ex�08ureb Accidental Death8 

Faci lity 01' Interim Disposition Interim Di8position Interim Disp08ition Interim Dispos i tion 
Operation Opel'at ions Activities Total Operation8 Activitie8 Total Ope:rations Activitie8 Total Opel'a tions Activitie8 Total 

1 985 Startup of Geologic Repos i tory 

Transportat ion 1 0 . 2 c 1 0 . 2  8 8 . 3  0 8 8 . 3  0 . 07 0 . 07 0 . 34 0 . 34 

7 - j  I I srs 1 64 1 64 68 . 4  68 . 4  0 . 1 4  0 . 1 4  O .  J 3  0 . 1 3  

FRP-MOX P I  ant 0 0 0 0 

7 - j  I Geol og i c  Repos i tory 28 2 8  9 0  9 0  0 . 09 0 . 09 0 . 66 0 . 66 

Tota l  1 74 28 202 1 5 7  90 247 0 . 2 1  0 . 09 0 . 30 0 . 4 7  0 . Ci6 1 . 1  

1 995 Startup of Geologic Rep08i tory 

Transportat ion 1 4 . 5  1 4 . 5  98 98 0 . 0 7 0 . 07 0 . 4 1  0 0 . 4 1  

7 - j  I l SI'S 1 0 2 3  1 0 2 3  3 7 0  370 0 . 8 7 0 . 8 7 n . 4 1  0 0 . 4 1  

FRP-�IOX P lant l'  0 0 

7 - j  I Geol og i c  Reposi tory 38 . 9  90 90 0 . 09 0 . n9 0 . 66 0 . 66 

Tota l  1 040 40 1080 470 90 560 0 . 94 0 . 09 1 . 03 0 . 8 2 0 . 66 1 . 5  

a. I'ue l  shi pped to U . S .  for storage and l a t er d i sposed in the U . S .  geo log i c  repos i t ory (Opt i on 2 fue l Schedu l e ) . 

C I b .  
Ser i ous soma t i c  and genet i c  hea l t h  effects were ca l cu l ated from radi at i on doses , asst�ing a l i near dose-hea l t h  effect re l at ion . EPA dose-effect 
factors were used . Ika l th effec t s  from organ doses are not shown independen t l y ,  but these organ hea l th effects are i nc luded under these columns 
a l ong wi th  those caused by the who le  body dose . (See Appendi x B of Vo lume 2 for more deta i l  on methodo logy used i n  determ i n i ng hea l t h  effect s . )  

c. The dashes i n  t he tah l e  i nd i cate that the fad l i t y  or operat i ons indi cated in the f i rst col tonn is not invo l ved in the type of ac t i v i ty  l i s ted 
above the dash. 
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TABLE 1 I I - 20 

Summary of Maj o r  Env i ronmental Effects for Case G
a 

Popu lation Who le Body Dose 
Commi tment. man-rem 

u . s .  and G l oba l Common s 

Wor l d  

Occupational Who le Body 
Expo sure. man-rem 

U . s .  and G l ob a l  Commons 

Wor l d  

Hea lth Effects from Popu lation Dose 
b Commitment and Occupationa l Exposure 

u . s .  and G l ob a l  Common s 

Wor l d  

Accidental Deaths 

U . s .  and G l oba l Commons 

Wor l d  

Startuv Date of Geoloaic Revository 
1 9 8 5  1 995 

198 
202  

2 2 8  
2 4 7  

0 . 2 8 
0 . 30 

1 . 1  
1 . 1  

1 0 8 0  
1 0 8 0  

540  
560  

1 . 0 2  
1 .  0 3  

1 . 5  
1 . 5  

a .  Fue l s hipped t o  the U . S .  for storage and l at er d i spo s e d  o f  i n  a U . S .  geo l og i c  
repo s i t ory ( Opt ion 2 Fue l Schedu l e ) . 

C b. Serious somat i c  and genet i c  hea l th effe c t s  were ca l cu l ated from rad iation dos es , 
as suming a l inear dose -hea l th effect r e l a t i on . EPA d o s e - effect factors were used 
Hea l t h  effec t s  from organ dos es are not shown independent l y ,  but thes e organ h e a l  
effect s  are inc l uded i n  th ese l i nes a l ong w i th tho s e  caused by t h e  who l e  b o dy dos 
(See Append i x  B of Vo l ume 2 for more detai l on methodo l ogy used in det ermi ning 

hea l t h  effects . )  

I I  I - 4 7  



B . 9 Ca se H - Fuel Shipped to U . S .  for St orage - Later Disposed 
of in U . S .  Geologic Repository ( Option 1 Fuel Schedule ) 

In Ca se H ,  the U . S .  offer to  accept f oreign spent fuel for 
s to rage is assumed to be made only to count ries in sens itive 
regions ( Opt ion 1 fuel schedule ) .  A decision is also assumed to 
be made in the year 1 99 0  to dispose of the f oreign fuel received 
in the U . S . , along with U . S .  spent fuel in the U . S . geologic 
repository . Cas e  H is analyz e d ,  assuming the U . S .  geologic 
repository becomes available in the year 1 985 ; and at that time , 

6-b s torage of s ome of the spent fuel begins in the reposit ory . (It  is 
recognized that s tartup of  the geologic repository will probably 
not be achieved by the year 1 98 5 . ) This case is also analyzed , 
assuming initial operation of the geolog ic repository begins in 
the year 1 995 , a delay of ten years . 

This case is like Cases D and G ( discussed in Sections III B . 4  
and III B . 8 )  except for the f oreign count ries that are assumed to 
receive an offer f rom the U . S .  to s tore their spent fuel. In 
Ca se G ,  the U. S .  of fer is assumed to be made to the countries 
included in this Case H and in addition,  to a limi ted number of 
smaller count ries . Ca se D expands the countries included in the 
o f fer by including a few large r ,  indus trial non-nuclear weapons 
c ountries .  

B . 9 . 1 Effects o n  U . S .  Nonproliferation Policy ( Case H )  

The nonproliferation effects of  Cas e  H are discussed in more 
detail in Se ction II D. l along with those for Ca ses D and G ( in 
Section I I  D. 2 and II D. 3 ) .  Removal of  spent fuel from countries 
in sensitive reg ions will increase confidence that nonprolifera­
tion obligations will be observed in these regions and wi ll reduce 
the risk of separated plutonium being introduced . However , the 
exclusion o f  count ries not in sensi tive regions may be viewed by 
these count ries as dis criminatory .  This exclus ion will also 
resul t  in a large amount of  spent fuel s torage remaining in these 
regions , and may increase the likelihood 'of premature reprocessing 
as a solution to the fuel storage problem. 

B . 9 . 2 Other }� jor Environmental Effects ( Case H )  

The ma j o r  environmental effects of  Cas e  H (other than ef fec t s  
on U. S . , nonprolif eration policy ) are g iven i n  Tables 111- 2 1  
through 111-2 3 , ass uming s tartup of  the U. S .  geologic repo s i tory 
in the years 1 98 5  and 1 99 5 .  Table 111- 2 1  g ives the effects on the 
U. S .  and global commons , and Table 111-22 gives the ef fec ts on the 
world. Table I I I-23 summarizes the effects on the U . S .  and global 
commons and on the world from all operations involving the foreign 
s pent fuel. 
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TABLE 1 1 1 - 2 1  

I�a jor Envi ronmental E f fec ts t o  the U . S .  a n d  Gl obal COlll1lOn s  i n  Case Ha 

Populat ion Whole Body DOBe Occupational Whole Body 
Commitment, man-I'em EX�osuI'e, man-I'em 

Fac i Lity o}' Intel'im DispoBition Intedm DiBpoBi t ion 
OpeI'a tion Opel'Q tionB Activities To tal OpemtionB Activities 

1985 StaI'tup of Geologic REpoBito}'y 

Transportat i on 5 . 1  c 5 .  I 33 . 7 

7 -j I l SI'S 4 2  4 2  39 

FRP-mX P l ant 0 0 0 

Total 

33 . 7 

39 

0 

Hea l th Effects fI'om Population 
DOBe COtTJrIitment and 
Occueational EXeQBUI'eb 
InteI'im Disposi tion 
OpeI'ations Activi tieB 

0 . 025 

0 . 05 

0 

To tal 

0 . 025 

0 . 05 

0 

Accidental Deaths 
In teI'im DispoBition 
OpemtionB Activi tieB Total 

0 . 1 8 0 . 1 8  

0 . 04 0 . 04 

7 -j I Geo l ogic Repos i tory 20 20 45 45  0 0 . 04 7  0 . 34 0 . 34 

Tota l  4 7  20 67 73 45 1 1 8 0 . 08 0 . 04 0. 1 2  0 . 2 2 0 . 34 0 . 56 

1995 StaI'tup of Geologic Rcposi to}'Y 

Transportat ion 7 . 2  7 . 2  39 . 5  39 , S  0 . 03 1  0 0 . 03 1  0 . 1 9 0 0 . 1 9 

7- j  I I SFS 54 1 5 4 1  I SO I SO 0 . 4 3  0 . 4 3  0 . 19 0 . 1 9 

FRP-mX P l ant 0 0 0 0 0 0 0 0 

7 -j I Geo logic Repos i tory 1 8  1 8  4 5  4 5  0 . 046 0 . 046 0 . 34 0. 34 
--- --

Tot a l  550 18 570 190 45 235 0 . 46 0 . 05 0 . 5 1  

a .  Fuel shipped to II . S .  for s torage alld l a t er di sposed o f  ill a II . S .  geo logic repos i tory (Opt ioll I Fuel Schedu l e) . 

0 . 38 0 . 34 0 . 72 

C 

I 
b. Ser i ous soma t i c  and genet i c  hea l th effects were ca lcu la ted from radiat ion doses , assuming a l i near dose-hea l th effect re lat ion . EPA dose-effect 

factors were IIsed . lIea l t h  e ffec t s  from orgall doses arc not shown independen t l Y ,  bllt these organ hea l t h effect s  arc i nc i llded under these 
columns a l ong w i t h  those calis cd by the who l e  body dos e .  (See Append i x  B o f  Vo i llme 2 for more detai l on methodol ogy IIsed in  determ i n ing 
hea l t h  effec t s . )  

o .  The dashes in the tab l e  i nd i cate that the fac i l i ty or operat i on ind ica ted in the first coi llmn is not invo l ved in the t ype of ac t i v i t y  l i s ted 
ahove the dash . 
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TABLE ' " -22 

Major Envi ronmental Effec t s  to the I�or l d  i n  Case If 

Popu lation Whole Body Dose 
Corrrni tmellt. man-rem 

Faai lity 01' Interim Disposi tion 
Opera tion Operations Aativi ties Tota l 

1 985 Startup of Geologia Repositol'y 

Transportat i on 5 . 1  c 
5 . 1 

I SFS 4 2  4 2  

FRP-UJX P l a n t  

Geo l og i c  Repo s i tory 20 20 

To t a l  4 7  20 67 

1995 Startup of Geologia Repositot,y 

Transportat i on 7 . 2  7 . 2  

I SFS 54 1 54 1 

I'RP-UJX P l a n t  

Geo l og i c  Repo s i tory 1 8  1 8  

Tot a l  550 1 8  5 70 

Oaaupational Who le Body 
Ex�osure. man-rem 
Tnterim Disposi tion 
Dr'erutions Aativities 

4 2 . 7  

39 

0 

4 5  

8 2  45 

4 9 . 5  0 

1 50 

0 

45  

200 45 

Total 

4 2 . 7  

39 

0 

45  

1 2 7  

49 . 5  

1 50 

45  

245  

Health Effeats f" om Popu latioll 
Dose Corrmitment and . 1 b Oaaue!:lh01IlI Exposure 
lntertm Disposition 
Operutions Aativi ties 

0 . 026 

0 .057  

0 . 04 7  

0 .08 0 . 05 

0 . 037 0 

0 . 4 34 

0 

0 . 046 

0 . 4 7 o . ns 

Total 

0 . 026 

0 . 057  

0 . 04 7  

0 . 1 3  

0 . 037 

0 . � 34 

0 

0 . 046 

n . 52 

a .  Fue l s h ipped to t h e  U . S .  for storage and l a t e r  d i sposetl o f  in a II . S .  g eo l og i c  repo s i tory (Opt ion I F u e l  Schedu l e ) . 

Aaaidenta l Deaths 
Interim Disposi tion 
Operutions Aat ivi ties Total 

0 . 1 8  0 . 1 8  

0 . 04 0 . 04 

0 . 22 0 . 34 0 . 56 

0 . 1 9  0 0 . 1 9  

0 . 19 0 . 1 9  

0 0 

0 . 34 0 . 34 

n . 38 0 . 34 0 . 72 

C I b . 
Ser i ous soma t i c  and gen e t i c  hea l t h  effects were ca l cu l a t ed from ra d i a t i on doses , a s sumi ng a l i near dose-hea l t h e f fect re l a t i o n .  EPA dos e - effect 
fact ors were usetl . l Iea l t h effec t s  from organ t10ses are not shown independen t l y ,  but these organ hea l t h e f fec t s  a re i nc l uded under t h e s e  c o l umns 
a l ong w i t h t h o s e  caused by the who l e  botly dos e .  (See Append i x  B of Vo l ume 2 for more d e t a i l  on method o l ogy used in d e t e rm i n i ng hea l th e f fec t s . )  

o .  l�e d a s h e s  i n  t h e  t ah l e  i ntl i cate t h a t  t h e  fac i l i ty or opera t i on i ntl i c a ted i n  the f i r s t  c o l umn i s  not i �vol ved i n  the t ype of a c t i v i t y  l i s t ed 
ahove t h e  dash . 
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TABLE 1 1 1 - 23 

Summa ry of Maj o r  Envi ronmental Effects for Case H
a 

Popu lation Who le Body Dose 
Commi tment� man-rem 

u . s .  and G l oba l  Common s 

Wor l d  

Occupational Who le Body 
Exposure� man-rem 

u . s .  and G l ob a l  Commons 

Worl d  

Health Effects from Popu lation Dose 
Commi�ent and Occupational Exposure b 

u . s .  and G l oba l Commons 

Worl d 

Accidental Deaths 

u . s .  and G l oba l Common s 

Wor l d  

Startuv Date o f  Geoloaic Revositoru 
1 9 8 5  1 99 5  

6 7  
6 7  

1 1 8  
1 2 7  

0 . 1 2 
0 . 1 3 

0 . 56 
0 . 56 

5 7 0  
5 70 

235  
245  

0 . 5 1  
0 . 52 

0 . 7 2 
0 . 7 2 

a. Fue l s hipped to U . S .  for s t orage - later di spos ed of in u . s .  geo l o g i c  
repos itory ( Opt i on 1 Fue l Schedu l e ) . 

C b . Serious s omat i c  and g enet i c  he a l th effect s  were c a l cu l at ed from 
radiat ion doses , as suming a l inear dos e-health effect re l at i on . 
EPA dos e- effect fact ors were used . Heal th effect s  from organ 

doses are not shown independent l y ,  but these organ hea l th effe c t s  
are inc l ud ed in these l ines a l ong with those caused b y  the who l e  
body do s e .  ( See Appendix B o f  V o l ume 2 for more detai l on 
methodo l o gy u s ed in determining h e a l t h  effects . )  

I I I - 5 1  



These o perations are carried out in the U . S . , except for 
marit ime trans portation and cask loading onto ships in the foreign 
countries .  Thus , the effects on the U. S .  and global commons and 
on the world are the same , except for tho se associated with load­
ing s pent fuel casks containing foreign spent fuel onto the ship , 
and this makes a slight contribut ion to the total ( 10 %  or les s ) . 

The whole body dose  commitment to the population is about 70  
man-rem if  the U . S .  geolo gic repos itory begins operation in the 
year 1985 and about 5 7 0  man-rem if the repo sitory b egins operation 
in the year 1995 . The increase results  from interim storage o f  a 

C larger amount o f  spent fuel for a long er time because the geo lo gic 
repository is not available for disposition of spent fuel . S imi­
larly , the occupational exposure increases from about 130 man-rem 
to about 250 man-rem if the repository is delayed from the years 
1985 to 1995 . The combined population and o ccupational doses 
result in less than one health ef fect for the year 1985 or 1995 

7-j geologic repository s tartup . Less than one accidental death is 
predicted for repository startup in the year 1985 or 1995 . 

c. Radiat ion Effects from Abnormal Events 

In this section , the releases o f  radioactive materials to the 
environment is from postulated accidents at fuel cycle facilities 
and during transport and are assessed and express ed in terms of the 
maximum dose commitment and risk that exists  for a hypo the tical 
member of the public.  For each of the pos tulated accidents , a 
credible release of radionuclides is assumed and a maximum indi­
vidual dose is calculated. Finally , the risk to the individual 
receiving the maximum dose is g iven for each accident . This risk 
is the product of the calculated consequence ( exp res sed as 5 0-year 
dose commitment ) and the probability of the event ( expressed as 
expected number of events over the entire campaign) . 

A wide range of postulated accidents is analyz ed. Releases 
o f  radionuclides from accidents classified as operating incidents 
are included in the normal radiological releases given in Sec­
tion III B and in Reference 1 and Volume 2 .  Probable accident s 

8-b f or each facility are discussed in the f ollowing sections . No 
near-term biological effects of any significance are expected from 
any o f  the accidents analyzed. Table 111- 24 summarizes the risks 
for all ca ses f or the f oreign fuel increment . The ri sk shown is 
conservatively estimat ed by assuming that the maximum individual 
adjacent to the facility of maximum risk is also located adj acent 
to  the transportat ion route int o that facility ; therefore , the 
facility and transp ortation risks are added. The compos ite risk 
is quite small for each cas e .  

I I I - 5 2  
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TAB L E  I I I - 24 

Summa ry of Ma x i mum I n d i v i dua l Do se R i s k  fo r A l l Ca ses 

Fuel Rema i n s  i n  Forei gn Coun t r i e s  
( Op t i on 3 Fue l Schedu l e )  

Fue l Sh i pped t o  U . S .  for Storage 
Later D i s po s ed o f  i n  U . S . Geo l o g i c  
Repo s i tory 

(Opt i on 3 Fuel Schedu l e )  

Fue l  Sh i pped t o  U . S .  -
La ter Returned for Repro c e s s i n g  

( Opt i on 3 Fuel Schedu l e) 

Fue l Shi pped to U . S .  -
La t er Repro c es sed and Recyc l ed i n  U . S .  

(Opt ion 3 Fuel Sch edu l e )  

F u e l  Shi pped to U . S . 
Later Repro c es sed in U . S .  
Pu and U Returned 

( Op t i o n  3 Fue l Sch edul e )  

F u e l  Sh i pped to u . S .  for Stora g e  
Lat e r  Di sposed o f  i n  U . S .  Geo l o g i c  
Repo s i t ory 

( Opt ion : Fue l Schedu l e )  

Fue l Shi pped t o  u . s .  for Storage 
Later D i s p o s ed o f  in U . S .  Geo l o g i c  
Repo s i to ry 

(Opt i on 1 Fue l  Schedu l e )  

A , B &C 

D 

E 

F- l 

F - : 

H 
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8-a Populat ion dose exposures for these accident s were not p re-
pared in this generic E1S due to the very uncertain results that 
would accrue from the many as sumpt ions that would have to be 
made : 

• Demo graphy around the s ite  and along transportation routes 
and corridors 

• Populat ion emergency response variat ion at fac ility sites -
suburban vs . rural respons e s .  

• Ava ilab ility and prof ic iency of emergency response groups 
after a t ransportat ion accident as a funct ion of the mode of  
transportat ion , route , and potent ially affected population . 

• Weather patterns ( prevail ing wind speed s , d irect ions , frequency 
of invers ions) at the fac ility s ite  or along transportat ion 
routes . 

• Topography around the s ite or around a transportation acci­
dent . 

• Actual d istance t o  the s ite  boundaries from a facility accident 
or distance between a transportat ion acc ident and the potent ially 
af fected populat ion . 

• Location of drinking water and food sources for the surrounding 
p opulat ion - a lso consumption rates of the above. 

S ince info rmat ion in each of the above areas would be Much bet ter 
defined in a s ite-specif ic analysis , if the Policy is implemented , 
DOE will determine a maximum individual dose estimat e and a popu­
lation do se es timate for f acility accident scenarios for each o f  
the involved s it es and the associated transportation routes and 
corridors . 

C . l 1SFS Facilities 

Two low-probability accidents that could result in off site 
release of  radionuclides have been ident ified - tornadoes and 
criticality events . These are dis cussed in Volume 2.  Since the 
f oreign fuel will only increase these risks slightly , this volume 
will not discuss these in any more detail. The dose and risk to 
the maximum individual resulting from these low-potential acci­
dents are given in Tables 111-25 and 111-26.  
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TABLE I I  I - 2 5  

Max i mum I n d i v i du a l  Do se from Re l e ase As s o c i ated 
vii th Extreme Abnorma l Events 

Maximum Individua l 5 0-year 
Event Dose Cornmitment� mrem/accident 

Body Bone Thyroid 

I S F S  Bas in 

E Tornado 5 . 7  x 1 0- 3 2 . 7  x 1 0 - 2 

Crit i c al ity 2 . 0  x 1 0 1 9 . 7  x 1 0 - 4 1 . 3 x 1 0 0 

Geo l o g i c  Repository 

Exp l os i on and , Fi re 9 . 9  x 1 0- 2 2 . 9  X 1 0 - 3 3 . 8  x 1 0 - 1 

Transport er Co l l i s ion 9 . 4  x 1 0- 3 1 . 1 X 1 0 - 4  3 . 8 x 1 0 - 2 

Dropped Can i s t er 9 . 4  x 1 0- 3 1 . 1 X 1 0 - 4 3 . 8 x 1 0 - 2 

E Cri t i c a l i t y  9 . 6 x 1 0 0 3 . 3  X 1 0 - 4 4 . 4  x 1 0 1 

FRP- MOX P l ant 

I Exp l o s ion in HLW 
E Concentrat or 5 . 4 x 1 0 0 9 . 3  x 1 0 1 

Exp l os ion in Pu 
Concentrator 1 . 1 x 1 0 1 4 . 8  x 1 0 2 

E I Criti c al ity 5 . 6  x 1 0 0 1 . 9 X 1 0 - 4 2 . 6  x 1 0 1 

Transportat i on 

Spent Fue l  Sh ipment 

Land Transport 4 . 0  x 1 0 2 1 . 7  x 1 0 4 

Sea Transport 1 . 6  x 1 0 3 6 . 8  X 1 0 4 

HLW Sh ipment 8 . 0 x 1 0 2 1 . 2  x 1 0 4 

LLW- TRU Shipment 4 . 0 x 1 0 3 6 . 0 X 1 0 4 

I I I - 5 5  
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TAB L E  I I I - 2 6  

Max i mum Dose Ri s k  to an I nd i v i du a l  f rom Ext reme Ab normal 
Eve nt Du r i n g  Enti re Camp a i gn for the Fore i gn Fuel  I nc remen ta 

Maximum Individua l Dose Risk� 
Event 

I S F S  Bas in 

Tornado 

Cri t i c a l i t y 

G e o l o g i c  Repos it ory 

Exp l o s ion and F ire 

Transporter ,Co l l is i on 

Dropped Can i st er 

Cri t ic a l  i t y  

FRP-MOX P l ant 

Exp l o s i on in HLW 
Concentrat or 

Exp l o s i on in Pu 
Concent rat or 

Crit ical ity 

T 
. b 

ransport at �on 

Spent Fue l  Sh ipment 

HLW Sh ipment 

LLW TRU Shipment 

mrem/ camoaian 
Body Bone 

3 x 1 0 - 1 

2 x 1 0 - 2 

3 X 1 0 - 8  

8 X 1 0 - 4 

6 X 1 0 - 2 

1 x 1 0 - 3 

1 x 1 0 - 2 

8 x 1 0 - 3 

2 x 1 0 - 4  

4 x 1 0 - 1 0 

3 x 1 0 - 8  

2 x 1 0 ° 

2 x 1 0 - 1  

4 x 1 0 ° 

a . For Opt i on 3 Fue l  Schedu l e .  

b .  Inc ludes l and and s e a  transport at ion acc ident s .  

I I I - 5 6  
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b 

1 x 1 0 ° 

6 X 1 0 - 2 

1 X 1 0 - 7  

4 X 1 0 - 3 
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C . 2 Geologic Reposit ory 

Two groups of accidents are analyzed for the geolog ic reposi­
t ory in this volume. These are accidents or events postulated t o  
occur during operation o f  the repository and tho se that may occur 
af ter the reposit ory has been shut down and the was te terminally 
s t ored. These events are discussed brief ly in this section. Ac­
cidents in the geologic reposit ory are treated mo re completely in 

I a generic environmental impact statement on commercial was te man­
agement 6 prepared by the Department of Energy . 

C . 2. 1 Abnormal Events During Operation of the Repository 

Abnormal events are those events that can be pos tulated to 
occur during - the operational phase of the repository but would 
occur wi ch a low probability.  These incl ude :  

• Canis ter dropped down the mine shaft 

• Crit icali ty 

• Explos ion and f ire in the repository 

• Collision of vehicles transporting spent fuel or waste 

• Tornado 

• Earthquake 

• Ai rplane crash 

Surface facilit ies handling the spent fuel and reprocess ing 
was te at a geologic repo sitory are Category I structures designed 
to withstand most credible accidents and natural events . The 
facility theref ore mitig ates the effects of tornado es , earth­
quakes , airplane crash , etc .  

C . 2 . 1 . 1  Canis ter Dropped Down Mine Shaft 

A fuel element canis ter is assumed to drop down the mine 
shaft with rup ture and release of the gaseous radionuclides and 
s ome' particulate act ivity contained in the fuel cladding gap . The 
dos e  and risk to the maximum individual are given in Tables 111-25 
and 1 11-26 , respectively . 

I I I - 5 7  
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C . 2 . 1 . 2  Criticality 

A criticality incident in the geo logic reposi tory is an un­
likely event . Safe spacing of spent LWR fuel is as sured by pro­
cedural control , the phys ical space required by the encapsulated 
fue l ,  the de s ign of the facility , and the spacing requi rements for 
disposal in geologic repositories . ( A  cri ticality incident from 
handling CANDU fuel or reproces s ing was te is not considered to be 
credible. ) In a quarter century ( s ome 500 plant years of expe­
rience )  of handl ing spent fuel and pr oducts obtained from these 
spent fuels , only four ma jor criticality events have oc curred .  
Two of  these o ccurred in plutonium scrap recovery operations and 
two in highly enriched uranium operations . The magnitude of these 
criticality events ranged from 1 . 3 x 1 0 1 7 to 4 x 1019 fissions . 
A criticality accident of 1 x 1 018 fiss ions as sumed in this 
analysis involves f our PWR assemblies ; the cladding and canisters 
are as sumed to be ruptured on all fuel elements , releasing the 
fuel-cladding gap activity . The consequence and ri sk resulting 
from this accident are given in Tables 111- 25 and 111- 26 , respec­
tively . 

C . 2 . 1 . 3  Explosion and Fire in the Repository 

The most likely cause of an explos ion and f i re that would 
involve radionuclides in the reposit ory operation would be explo­
sion of a spent fuel transporter fuel tank. If the exp los i on and 
fire involve the spent fuel , the canister would be heated ; and if 
it and the fuel cladding rupture , a small release could be postu­
lated. Only fiss ion product gas would es cape from the repository .  
The particulates would be removed by the two-s tage HEPA ventila­
tion filters . Gaseous radionuclides lost in such an accident 
would be releas ed through the 1 1 0-m ( 36 o-f t )  stack . Doses and 
risk to the maximum individual resulting from this explosion and 
fire are given in Tables 11 1-25 and 111-26 , respectively . 

C . 2 . 1 . 4 Collis ion of Vehi cles Transporting Spent Fuel 

If a transporter carrying spent fuel were to colli de with 
another vehicle and rupture both the cask and the spent fuel , then 
gaseous radionuclides in the fuel-cladding gap might es cape . The 
probability of this collis ion breaching the spent fuel cask within 
the " geologic repos itory is extremely low because of the low 
vehicle speed within the reposi tory. The accident was , however , 
as sumed to occur with the same probability as truck collision in 
surface activities ; and the cask and fuel were assumed to be 
damaged.  The consequence and risk of the maximum individual re­
sUlting from the collis ion are given in Tables 111- 25 and 111-26 , 
respectively . 
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C . 2. 2  Abnormal Events After Terminal S t orage 

Several s tudies 7- 12 have been made to inves tigate the 
consequences and risks of the long-term effects of s torage of re­
process ing waste.  A comp rehensive ri sk analysis has not yet been 
published f or was te rep osi tories , but the above s tudies generally 
conclude that both near-term and long- term risks for the types of 
geologic repositories described in this volume wi ll be small. The 
long-term risks (greater than 1000 year s )  will be about the same as 
that from natural uranium and radium in the earth ' s  crust . As can 
be seen in Figure I II- I ,  within a thousand years , the hazardous 
component s of nuclear waste de cay to relative toxicity levels 
lower than tho se of natural uranium from which the was te was 
derive d. The hazards of  disposal of reprocess ing was te are 
smaller than those of  spent fuel was te due to the removal of plu­
toni um  during repro ces s ing . Spent fuel requires on the order o f  
100 , 000 years t o  reach a toxicity level equivalent t o  reprocessing 
was te af ter 1000 years . At this point , the spent fuel becomes 
ess entially equivalent in toxicity to the natural uranium ore from 
which the spent fuel was prepare d.  

The generic geolog ic repository pre sents multiple lines o f  
defense agains t release ( i . e . , very s table was te f orm, durable 
containers , and a stable geolog ic repository deep in the ground ) .  
The re sul t  of  the inves tigation at the s ite of the 1 . 8-billion­
year-old Oklo natural reactor in Gabon , Africa , indicates the 
ability of geologic formations to retain radioactivity , especially 
long-lived actinides even when no t lo cated deep within geolog ic 
formations . However ,  abs olute confidence in the integrity of the 
repository over the next few hundred tho usand years cannot be 
a s s ume d ,  and it seems desirable to pos tulate conditions that may 
result  in failure of the repository and to determine the con­
sequence s and risks of the st ored wast e s . 
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Ba sically there are three gene ric types of  condit ions which 
could breach the reposit ory and release any of its contents .  
These are 

• Direct release of contents to the atmosphere or hydro sphere 
thro ugh such mechanisms as vo lcanic ac tivity , meteorite impact , 
or detonat ion o f  a large nuclear weapon .  On a much longer time 
scale , these mechanisms include denuding the earth to the depth 
of  the repository by erosion or glaciation. 

• Release by water that has entered the repository as a re sult o f  
flooding o r  seepage following breaching o f  overlying ro ck. 
Breaching of  the rock may o ccur from frac turing by f aul ting , 
nearby impact o f  meteorite or detonation of a nuclear weapon , 
thermal s t resses due to decay heat from the radioactive was te , 
mechanical s tress resul ting from ad justment of  repository rock 
following excavations , or by failure of shaft and/ or boreho le 
seal s .  

• Re lease thro ugh man-made intrus ions from exploratory drill ing , 
archeolog ical exploration or solut ion mining of salt or pho s ­
phates o r  as a result of  cavern construction f o r  st orage of  

E oil , indus trial was t es , compressed gas , etc. 

From these generic breach condit ions , several spec ific scena­
r i o s  were' selected and analyzed to show the range of consequences 
and risk that may re sul t .  These scenarios include : 

• Me teorite impact penetrat ing to . the waste bearing st ratum 

• Fracturing thro ugh rock overlying the reposit ory by faul ting 
followed by flooding 

• Explorat ory drilling through a was te canister.  

Table 111-27 s ummarizes the consequences and risk from these 
hypothet ical events . Thes e scenarios are given to prov ide a 
reasonable analysis on the severity of accidents which may breach 
the repository after operations at the repository have ceased and 
the reposit ory has been backfilled and decommissioned.  The se in­
dividual results are no t as sumed neces sarily to be the events mo st 
likely to o ccur. As can be seen , the consequences of repository 
failure caused by meteorite impact ,  50 y ears af ter repository 
clo sure , is large ( 4-5 x 1 06 rem to the whole body ) ; but the 

E risk is neglig ibly small ( 1 . 0  x 1 0-6 rem/yr) because of  the 
very low probability . The largest risk is from drilling into the 
repository , but it is also small « 9  x 10- 2 rem/yr) . 
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TABLE I I  1 -27 

Summary o f  Abnormal Events a fter Termi nal Storage ( lO-year Dos e Commi tment )  
Max i mum I ndi v i dual Whol e Body Dose 

50 Years Closure 1 000 Years After Reposi tory Clo8ure 
Spent Fue l Reprocessing Was te Form of Was te + Spent Fue 

Consequenc e ,  rem/event 

Meteo r i t e  3 . 9 X 1 0 6  5 . 1 X 1 0 6  3 . 6  X 1 0 2 2 . 3  X 1 0 2  

Fau l t in g  1 . 4 X 1 0 2  3 . 4 X 1 0 2  9 . 0  X 1 0 1 5 . 0  X 1 0 - 1 

�Ian Dri l l ing a a 9 . 4  X 1 0 2 9 . 9  X 1 0 3  

R i s k ,  rem/year 

�Ie teori te 7 . 8  X 1 0 - 7 1 . 0  X 1 0 - 6 7 . 2  X 1 0 - 1 1  4 . 6 X 1 0 - 1 1  

. Fau l t i n g  2 . 8  X 1 0- 1 1  6 . 8  X 1 0- 1 1  1 . 8  X 1 0- 1 1  1 X 1 O - 1 ! 

Man Dri l l i ng a a 8 . 5  X 1 0- 3 8 . 9  X 1 0 - 2 

a .  Not Ana l yzed . 



C . 3  Reproces s ing - MOX Fuel Fabricat ion Facil ity 

The fuel reprocessing and HOX fuel fabrication f ac ilities are 
housed in Cat egory 1 structures of reinforced-concrete which are 
built on reinforced-concrete f oundations . These struc tures are 
construc ted to undergo lar ge deformat ion loads that might be 
exp erienc ed in cred ible ac c idents , without failur e ,  includ ing 
des ign basis tornadoes and earthquakes . 

Low probab ility accidents  that could result in o ff site re­
leases o f  rad ionuclides at collocated FRP-HOX plant s  are discussed 
brief ly in the following paragraphs . These include :  

• Critical ity events  

• Explo sions in the HLW concentrator 

• Explo s ions in the plutonium concentrator . 

The cred ible range o f  energy release in explo s ions , f ires , 
and pressure surges from crit icality accidents is  not exp ected to 
breach the f ac il ity s truc tures . Any release o f  rad ioac tive mat e­
r ial will theref ore b e  from the 100-m ( 33 0-f t )  stack on the s it e ;  
f ilters located remo tely from the accident are as sumed t o  remain 
intact and reduce the amount o f  mat erial released . 

Cri t icality 

Equipment and processes in reproces s ing and Pu0 2 conver s ion 
plant s are designed to reduce the probab ility o f  a crit ical ity 

C accident to a very low value . Phys ically spac ing the fuel ele­
ment s in storage racks at the reproces sing plant as sures safe 
spac ing in storage basins , even when one spent fuel assembly is 
dropped . Proc ess sys tems and controls are des igned to prevent 
assembly of an unsafe array.  For this analysis , a crit icality 
ac cident i s  postulated in which a burst o f  1 0 1 8 f i s s ions occur s . 
For comparison , criticality ac c ident s in DOE facilit ies summar­
ized in HASH 1 1 9 2 14  resulted in from 3 x 1 0 1 5  to 5 x 1 017 f is­
s ions for metal systems in air and from 1 . 1  x 1 016 to 4 x 1 019 
f i s s ions for liquid systems . 

All volat ile f is s ion product s  formed dur ing the excurs ion are 
a ssumed to be relea s ed to the atmosphere through the stack.  Air­
borne part iculates in a criticality event in a reproces s ing 
facility make a negligible contribut ion to the dose commitment . 
However , if a crit icality acc ident occur s in the MOX fabricat ion 
facility , 500 g of  plutonium is assumed to be airborne wi thin the 
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facility and 5 x 1 0- 4 mg of plut onium is assumed to be re­
leas ed to the environment . The dose and risk to the maximum 
individual resulting from criticality excursions are given in 
Tables 1 1 1-25 and 111-26. 

HLW Concent rat or Explosion 

Du ring operation of the solvent-extraction process in the 
reprocess ing plant , solvent degradation products are generated and 
may be carried over int o the waste st reams . Thes e nitrated degra­
dat ion products have caused HLW was te concent rator explosions in 
the past because of rapid decomp osit ion. Modern plant s install 
equi pment and controls designed to preclude an explosion. 

Was te concent rators are installed in highly shielded cells 
with a volume of 3000 m3 0 00 , 000 f t3 ) .  The explo sion is 
as sumed to release about 600 L ( 1 5 0  gal) of was te s olut ion int o 
the cell as a finely divided mis t .  A su bstantial fraction of the 
mi s t  would rain-out or plat e-out on the cell surfaces . Mo st of 
the droplets remaining in the air would be removed by the HEPA 
filt ers or by the mois ture s eparat ors upstream of the filters . 
The material leaving the final filter is as sumed to include 420 mg 
of high level waste.  The re sulting dose and risk to the maximum 
individual are given in Tables 111-25 and 111-26.  

P lut onium Concentrator Explosion 

The exp losion of a plut onium concent rator in the fuel re­
proces sing plant could result in a release of plutonium to a cell 
or glove box area . The plut onium process ing equipment is usually 
smaller and is ins talled in smaller rooms ( cells or glove boxe s )  
than the was te concentrator dis cussed above. The do se commitment 
from the plutonium concentrat or explos ion is two to five times 
greater than that from the waste  concentrator explos ion , as seen 
in Table 1 1 1-25 . The dose risk to the maximum individual is about 
the same , however , because of an expected lower frequency of plu­
t onium concent rator explosions ( Table 1 1 1-26 ) .  

C . 4  Transportat ion 

A recent NRC study , 15 concluded that the cumulative annual 
rad iological impact was small for shipments of all radioact ive 
materials transport ed in the U . S .  by all modes o f  transportat ion . 
This NRC study also concluded that the rad iological dose risk 
from accident s for all shipments is about one-half percent o f  the 
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dose from all normal transp ort at ion . From that study , it can be 
concluded that U . S .  spent fuel as sumed to be transported in the 
year 1985 will cause about 3% of the total radiological impact 
of the total spectrum of shipments of  rad ioactive mat erials in 
the United S tates . Foreign spent fuel shipments considered in 
this volume are less than 20% o f  the estimated U . S . spent fuel 
shipments ,  and the radiological risk from accid ents during trans­
portation of foreign spent fuel in the U . S .  considered in this 
volume would be very small based upon informat ion given in the 
NRC study . 15 

The analysis performed for this vo lume conf irms the conclu­
s ions of the NRC stud y .  The mas s ive , heavily shielded construction 
of shipp ing casks f or spent fuel and reproces s ing waste are des igned 
to survive severe transportation accident s .  A low probability of  
damage severe enough t o  release radioactive mat erial from a ca�k 
is described in Ref erence 1 and Volume 2 ,  and the estimat ed conse­
quences and r isks during transport of  foreign fuel cooled f our 
years or longer on land and sea are given in Tables 111-25 and 
111-26 . The risks arise primarily from accid ent s invo lving rail 
shipment s because mo st  of the sp ent fuel and almost all the re­
processing wastes are transported by rail . The risk from maritime 
operat ions is small compared with rail operations . l , 15 , 16 Accident 
rates on the open seas are very low, and the rad iological risks 
determined in t his volume are small compared with the nonradio­
logical r isks of  inj ury and death caused by  collision of ship s 
or shipboard f ire or exp los ion . l 

The consequences o f  a transportation accident that breaches 
a spent fuel shipping cask are a function of the cooling time o f  
the spent fuel and the ef fectivenes s  o f  emergency actions . For 
exampl e ,  if railroad car carrying a cask containing 0 . 5-yr cooled 
fuel in its water-f illed cavity is involved in an extreme trans­
portation accident that breaches the cavity releasing the coo ling 
water , the cask temperature will increas e .  If no emerg ency action is 
taken to cool the cask exter ior for s everal days , the whole body 
dose to an individual may b e  as high as 120 rems from inhaled �-rad ionuclides . 6 -

This type of  accident
--ap�

plies only to fuels 
which are cooled less than two years and are shipped in casks with 
water-f illed cavities where no emergency act ion is taken to cool 
the exterior of  the cask for several days . ( See Section III C . 3 . 2  
and Appendix C of Volume 2 of  this f inal EIS  for further discussion 
of this accident . )  If receipt of short-cooled « 2-year-cooled ) 
spent fuel from sensitive countries b enefits the U . S .  nonprolif era­
tion obj ective , this spent fuel could b e  shipped saf ely under 
special arrangement s and agreements in existing casks . Therefore ,  
the consequences and risks resulting from transporting o f  short­
cooled spent fuel in casks with water-f illed cavities are not 
included in Tables 111-25 and 111-26 ,  nor in other parts  of this 
EIS . 
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C . 4 . 1  Sea TransDortat ion Accidents 

No marit ime accident has ever occurred that resulted in 
release o f  rad ionuclides from shipp ing casks . Statist ics o f  
marit ime accidents have not b een comp il ed as ext ensively a s  for 
land transport , but studies o f  U . S .  Coast Guard accident reports 
are currently being performed by Sandia Laboratory to identify both 
frequency and severity of  maritime accidents . Preliminary info rma­
tion available from the Sandia study indicat es that the frequency 
of extreme accidents on a per mile traveled basis in sea transpo rt 
is lower than the frequency o f  accident s in land transp ort . 

As sump t ions made  to evaluate the consequence , probab ility , 
and risk of  mar itime accidents for this volume are based upon 
discussions in NUREG-0170 , 15 ERDA-154 2 , 16 and Bm�-209 3 . 17  Perti­
nent informat ion extracted from these ref erences and Ref erence 1 
are summarized in C . 4 . l . 1  for a ssumed accident sc enarios . 

C The three mo st sev ere maritime accid ent scenario s considered 
are discussed in the following sect ions . These include ship col­
lis ion , spent fuel cask s inking , and explos ion and f ire involving 
these casks . Other accident s that are j ud ged to be of les s con­
s equence include :  

• Dropped cargo striking cask 

• Shifting cargo striking cask 

• Ship grounding 

• Dr if t ing obj ect s  str iking the carrier ship 

• Interact ion of cask with o ther hazardous cargo es . 

C . 4 . l . 1  Ship Collis ion Breaching Cask 

Ships operat e at much lower s p eeds than tru cks and trains . 
In harbors , ship sp eeds are no rmally less than 5 mph .  On the 
open s eas , the cargo ships transporting spent fuel casks cruise 
at 20 to 25 knot s  ( 23 to 29 mph) . In comparison , trucks and 
trains travel at velocit ies up to 60 mph in rural areas . 

8- e �1ost  o f  the ship collis ions occurred near and in busy harbors 
or in congested shipping lanes . For example , during the years 
1964 through 19 74 ,  of  59 collisions oc curring on the New York -
Ro tterdam route , f ive o ccurred in New York Harbor or its vicinity ; 
54 occurred in the English Channel , No rth S ea . or Ro tterdam 
approach ; and none occurred in the open s ea . 18 
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Cargo ships assumed to  transport sp ent fuel casks will have 
the cap acity to transport the c asks in the holds or on decks of  
the ships with spe cial t iedown f ixtures to  s ecure the cask.  The 
hull of the ship and the tiedown fixtures will s erve t o  mitigate 
forces act ing upon the cask in the event of a ship collis ion . 

8 - e  I n  view o f  t he  lower speed of  the cargo ship , particularly 
in harbors , the cushioning ef f ec t  of the ship ' s  hull , and cask 
t iedown fixtures , the p robab ility of  cask failure in a maritime 
accid ent is expected to be less than the probability of cask 
f ailure for land transport . The mass  of  fully load ed container 
ships of the 20 , 000 dead weight ton class is ab out 27 , 000 tons . 
For comp arison , the mass of  an "average" U . S .  train is about 
5500 tons . Cons idering the compensating ef fects of  op erat ional 
velocities and mas s  diff erences between the container ships and 
train s ,  the impact and crushing forces are probab ly similar . 

S ince suff icient data for ship accident s applicab le to  spent 
fuel casks are not currently availab le and the crush and impact 
forces are similar in rail and ship accident s ,  the probability of  
breaching a cask during s ea transport is estimated from rail cask 
dat a . The probability of a rail accid ent b eing severe enough to 
pos s ibly breach a spent fuel cask is e stimated to  be about 10-5 
(Reference 1) . In this volume , that probab ility is assumed to 
apply t o  casks invo lved in ship collis ions . Further , the con­
s equences o f  breaching a cask are as sumed to b e  about the same as 
f or a similar accident dur ing land transport . The frequency of  
collision o f  t he cargo ships that would transport the foreign 
spent fuel is about 10-5 to 10-6 p er trip . 19 As suming the upper 
value o f  10-5 for collis ion , the probability of a ship collision 
with breaching of a cask is ab out 10-10 p er ship trip . 

In the maximum y ear , about 70  ship trip s  will b e  required 
to  transport spent fuel to the U . S . ; thus , the probability of  a 
cask breaching in the year of maximum operation is in the order 
of 10-8 . I t  is assumed that the consequences of  cask breaching 
at sea is similar to the consequences of a rail cask f ailure in 
Volume 2 o f  this EIS and Refer ence 1 ,  where the dose  to the maximum 
individual would b e  0 . 4  rem/ event for spent fuel cooled four years 
or longer . 

S ince multiple casks will prob ab ly be transport ed on a s ingle 
ship , it is a ssumed in this analysis  that four casks on a s ingle  
ship may b e  breached . Consequences and risk of a collision re­
sulting in a breach of the shipping casks during ship transport 
are small as shown in Table 111-28 and were included in Tables 
1 1 1- 25 and 111- 2 6 . 
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TABLE 1 1 1 - 28 

Ma x i mum I nd i v i du a l  Dose and R i s k  from Re l ea s e s  
As soc i ated w i t h  Ma r i t i me Acc i dents 

Type of Acciden t 

C o l l i s i on w i t h  Damage to Ca s k  and 
Re l ea s e  of Ra d i oact ive Materi a l s  
( e x t re me acc ident s )  

Subm e rs i on o f  Caska 

- On Con t i n en t a l  She l f  

- Oc ean Depths 0 . 2 t o  3 . 6  km 

- Deep Ocean 

F i re or E xp l os i on Abo ard Sh ip 

Frequency 
(events/yr) 

About 1 0- 6 

4 X 1 0- 3 
4 x 1 0- 3 
2 X 1 0 - 2 

4 x 1 0 - 3 b  

Consequence 
(rem/event 

who le body ) 

1 . 6 

0 
< 2  X 1 0 - 4 
< I  X 10- 6 

Oc 

Risk (rem/yr 
who le body )  

2 x 10 - 6 

0 
< 8  X 1 0- 7  
< 2  X 10- 6 

Oc 

C i a . I n forma t i on from Re f e rence 1 7 i n  w h i ch a probab l e  l o s s  of t h e  s h i p  i s  
a s sumed t o  he < 1 0- 3 p e r  round t ri p . Oth e r  s t ud i e s shO\v t h a t  t h i s  v a l li e  
i s  v e ry con s ervat i ve f o r  a w e l l - equ ipped l arger c argo s h ip . l , 18 

b. F rom R e fe rence 18 . 

c .  A s h i pbo ard fi re o r  e xp l o s i on i s  not ant i c ip at ed t o  brea ch a c a s k  con­
t a i n i ng l on g - c oo l ed spent fu e l .  



C . 4 . l . 2  Cask Submers ion 

If a cask were lo s t  overboard during shipboard lo ading or 
unloading , during a maritime accident , or were sunk along with 
the carrier ship , the cask would be expected to b e  recovered . 
Equipment for deep- s ea recovery o f  ships and c ask-s iz e  obj ects  
has been developed and used . 20 Sunken ship s  have been recovered 
f rom depths greater than 5 krn ( 3  mi) , and cask-shap ed obj ec ts 
have been recovered from s teep and unstable walls of  marine 
canyons . 2l Other items have been located and recovered from 
d ep ths exceeding 6 km ( 3 . 8  mi) , or about twice the mean ocean 
depth . 22 The techniques indicated above can b e  adapted for 

C recovery of a submerged sp ent fuel cask.  A cask dropped in the 
water during lo ading or unloading or submerged after an accident 
in the harbor can be retrieved with exi st ing lift equipment . 

No releases from submerged cas ks would be expected to oc cur 
in water dep ths less than 0 . 2  km ( 0 . 1  mi) . 16 This is the typical 

C dep th at the edge of  the continental shelf . Typ ical spent fuel 
casks are des igned to maintain containment integri ty at internal 
pressures of 23 3 to 3 7 5  p s ig . 23 Theref ore , spent fuel casks are 
expected to withs tand water p ressure if submerged on the conti­
nental shelf . If  a cask seal were to f ail due to excessive 
pressure in deep water,  only the small amount of radioactivity 
in the cask coo lant and g ases from perforat ed cladding of fuel 
assemblies in the cask cavity would likely be immediately released.  
Hany years later , corro s ion of fuel as s emblies could s lowly 
release radioactivity . Dispersion of this s lightly contaminated 
coolant and gases in the s ea water would p o s e  no prob lem to the 
environment even in the immediate vicinity o f  the leakage . If  
s eafood gathered f rom the vicinity o f  the releas e is consumed ,  
the individual dose is  estimated a s  <2 x 10-4 rem/ event . 17 

Even if a c ask fails due to extens ive external pressure , 
the fuel a ssemblies will not neces sar ily fail . Reactor fuel 
elements are des igned to op erate at elevat ed temperatures and at 
pressur es of about 1000 to 2000 ps i .  Fuel cladding would no t be 
expected to f ail unless water depths of greater than 3 . 6  krn ( 2 . 2  
mi) 1 6 were reached . Once th e cladding failed , fuel pins would 
be exposed to s ea water and would very s lowly corrode . The cask 
would essent ially remain intact and provide adequate p rotection 
o f  the spent fuel unt il the cask could be retrieved . The conse-

C quences o f  these releases at d ep ths greater than 3 . 6  krn ( 2 . 2  mi) 
was estimated to be <1 x 10-6 rem/event to an individual by using 
info rmat ion from Ref erenc e 17 and the estimated fraction o f  
seafood taken from dep ths greater than 3 . 6  krn ( 2 . 2  mi) that the 
maximum ind ividual might consume . 
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Submersion o f  a spent fuel cask will occur if a ship sinks . 
The probab ility of  the loss o f  a s hip is conservatively as sumed 
to be <10- 3 per round trip . 17 Other s tudiesl , 18 show that this 

C value is conservat ive by a f actor of  102 to 103 f or cargo ships 
of the 20 , 000 deadweight ton class that have high quality naviga­
tional and electronic gear and a well-trained , highly qualif ied 
crew . 

8- f In the maximum year , 7 0 ship loads of  spent fuel will be 
required . Therefore , the los s  of a ship transporting spent fuel 
casks is assumed to have a f requency of 7 x 10- 2 event s /year . 
Since the ship will be trans porting casks conta ining spent fuel 
only during half of the round trip , frequency of lo s s  of a ship 
while transporting casks with spent fuel is assumed to be about 
3 . 5  x 10- 2 per year . 

For the assumed shipping lanes , about 10% o f  the shipping 
distance will be over the cont inental shelf , 10% over the ocean 
where depths vary between 0 . 2 to 3 . 6  km ( 0 . 1  to 2 . 2  mi) , and 80% 
over the deep ocean where depths exceed 3 . 6  km . 17 The es timat ed 
frequency o f  the loss of  a ship transporting spent fuel over the 
cont inental shelf , the ocean where dep ths vary between 0 . 2  to  
3 . 6  km ( 0 . 1  to 2 . 2  mi) , and the d eep ocean , are shown in 
Table 1 1 1-28 . This f requency is considered to be conservative 
because : 

• Mo s t  accidents with lo ss of ship oc cur in congested areas 
near harbors .19 In this analysis , uniform dis tribution o f  
accidents i s  assumed along the shipping lanes . 

• Reference 17 cites statis tics that include all vess els over 
1800 tons . Other stud ies 1 , 18 cite accident stat istics from 
only larger cargo ships and show more than an order o f  magni­
tud e less probab ility for lo ss  of ship per round trip . 

The cons equences shown f or cask submers ion are conservat ive since 
the as sumption is mad e that accidents resulting in cask subme rsion 
o ccur unif ormly along the entire traD sport route . However , most 
collisions oc cur in or near harbors , 18 where water depths are 
much less than 0 . 2  km ( 0 . 1  mi ) and the cons equences under that 
condit ion would be negligible . 

C . 4 . 1 . 3  Maritime Fire and Explosion 

All fire scenarios considered f or maritime trans port are not 
expec ted to result in any loss of  content s from the spent fuel 
cask carrying spent fuel cooled about f our years or longer . Even 
in a f ire o f  long duration , the temp eratur e of  the spent fuel in 
the cask is expected to remain well below the temp erature that 
might caus e cladding perforation because  the spent fuel is cooled 
for ab out f our years or longer . 
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8- e Maritime regulations 24 require storage of exp los ives at a large 
dis tance from radioactive mat erials on a ship . Therefore,  s ince 
any explos ion aboard ship would be exp ected to o ccur at distances 
removed from a spent fuel shipping cask , explos ions are not likely 
to d amage t he cask . Releases o f  radionuclides from the cask are 
therefore not expected for this postulated accident . 

C . 4 . 2  Land Transportat ion Accidents 

Foreign spent fuel will be transpo rt ed within the U . S .  by 
truck and rail in rugged casks specifically des igned and tested 
to ensure retention o f  t he cont ents during s evere transportation 
accident s . If a cas k is involved in moderat e or severe accident s ,  
cladding failure may occur , but the cask i s  exp ect ed t o  remain 
intact . Extreme accidents , which have a very low probab ility 
of occurring , may cause breaching of the cask containment . Unless 
the cask is  breached,  radionucl ides released to the cask int erior 
from fuel ro ds that suf f er cladding failures will not be r eleased 
to the environment until the cask is vented at the receiving 
fac ility . I f  the cask is breached , the r eleas e will occur at the 
accident s ite . The releas e of  r adionuclides , cons equences of  the 
releas e ,  and risk f rom t ranspo rt at ion accid ents of diff erent 
s everities are discussed in Ref er ence 1 and Volume 2 .  

C . 4 . 2 . l  Spent Fuel Transportat ion 

The do se t o  the maximum individual is shown in Tab le 111-25 
for an extreme accident resulting in breaching a cask b e ing used 
t o  transport spent fuel . The releas e  o f  radionuclides a ssumed 
in this accident is the s ame to the maximum individual as po stu­
lated in Volume 2 .  The r isk from accident s involving f oreign 
spent fuel transport is shown in Table 111-26 . 

C . 4 . 2 . 2  Reproce s s ing Was t e  Transportation 

In s ome cases considered in this volume , the spent fuel is 
as sumed to b e  reprocessed and the resulting wastes are as sumed 
to be transport ed to a geologic r epo sitory . Accidents associated 
with reprocess ing was te transport are identif ied in Reference 1 .  
This includes high-level waste , cladding was tes , intermediate-level 
wastes , low-level t ransuranic (TRU) wastes , and low-level wastes . 
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8-e Casks and other packages used f o r  shipment of wastes f rom 
any reproces s ing plant will be des igned to provide pro tection 
from high radiation dose rates , containment of  radionuc lides and , 
f or high-level was tes , dissipation of decay heat . The casks or 
steel drums and boxes that are placed in Type B overpacks for 
shipment are des igned to retain sh ielding and containment int egrity 
in virtually all transport accident s ituations . Licens ing requi re­
ments for thes e packages , including tests  specified for  hypothetical 
accident conditions , are s imilar to  tho s e  f or spent fuel casks . 

The consequenc es resulting f rom s evere transport at ion 
acc idents transporting all types o f  reproces s ing was t e  show 
that high- level waste and low-level transuranic wastes impose 
the largest consequence l and risk . Other waste forms have much 
lower consequences . This volume therefore determines the conse­
quence and risk resulting f rom transporting only the high-level 
was t e  and low-level transuranic wastes as fo llows : 

• High-Level Waste Transportation 

Casks us ed for  high-level was te are expected to b e  s imilar 
to rail casks us ed to transport spent fue l .  As indicated in 
Ref erence 1 ,  in an extreme ac cident  high-level was te casks 
are assumed to be breached in much the s ame manner as assumed 
for spent fuel casks . Bef o re a rel eas e can occur , this 
accident mus t  also penetra te the thick wall high-level was te 
container and fracture the high-level waste fo rm .  For an 
extreme transportat ion accident , this volume assumes the released 
f raction is on the order of 10-� o f  the cask content s . l 

The consequenc es to the maximum individual resulting f rom 
this high-level was te accident is g iven in Table 111- 25 and 
the risk fo r the campaign is given in Table 111- 26 . 

• Low-Level Transuranic Was t e  Transpo rtation 

In this volume , low-level transuranium wastes are assumed to be 
packaged in s t eel drums wi thin a s olid matrix such as concrete . 
Thes e was t e  drums are as sumed to be transported in a protec tive 
overpack . This overpack p ro tects the drums from imp ac t and 
thermal s tresses during transpo rtation accidents . In an 
extreme accident , there is a small possib ility that the over­
p ack may be breached . Only a small f raction o f  the matrix 
containing the was tes would be exp ected to be crushed int o 
respi rable f ines which may then migrate through a failed drum 
and then somehow be transported f rom the damaged overpack into 
the environment .  The analysis in Ref erence 1 identifies that 
the releas e f rac tion for s uch an extreme accident is  about 10-5 . 
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8-e In this volume , a load of  low-level transuranic waste is 
assumed to contain about 800 C i  of transuranium isotopes . In an 
extreme accident , 10% o f  the solidif ied waste ( concret e waste form) 
was a s sumed to be fractured and crushed producing some small 
p ar t icles . From data in DP-14 00 , 25 about 0 . 1% of the concrete waste 
was a s sumed to be crushed suff iciently to produce respirable s ize 
p articles by the impact assumed to breach the container . Further , 
in this volume , it is conservatively a ssumed that 10% of  the 
crushed concret e  part icles escape  from the damaged drums to the 
protect iv e  overpack and then through a breach in the overpack to 
the surround ing environment . 

The consequences to the maximum ind ividual resulting from a 
severe accident cau s ing low-level transuranic waste to be released 
to the environment are g iv en in Table 111- 25 . The r isk to the 
maximum individual for  the campaign is g iven in Table 111-26 . 
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IV . SAFEGUARDS 

The transpo rtation , storage , and dispo sal ac tivi ties 
describ ed in this volume invo lve radioactive and fissionab le 
material that can , under specific circumstances , be misused to 
attempt to create an unacceptable public risk . Examples of s itu­
ations that might repres ent such circums tances and th e resulting 
risk to the public are describ ed in thi s  s ection together with 
controls to mi tigate thes e si tuations . 

Both subnat ional and nat ional ( or mul tinat ional ) saf eguards 
are described in this section . Subnat ional saf eguard s include 
the controls aimed at preventing individuals or groups from stealing 
or d ivert ing fiss ionable mat erial or sabotaging nuclear facilities , 
including ships , trains , or trucks transporting fiss ionalbe mate­
rials . National ( or multinat ional ) saf eguards are the controls to 

C deter nations f rom diverting nuclear material for cons truction of 
nuclear devices . Safeguard controls addres s material accountancy 
and verif ication . 

Risk in the context of the Safeguards Section is the p roduct 
of the following factor s :  1)  th e p robabili ty of a threatening act 
being attemp ted , 2) the p robability o f  the ac t being suc cess ful , 
and 3 )  the cons equence of a succes s ful act to the pub li c .  

Measuring the risk to the pub lic , i n  a purely obj ective , 
quantitative way , is not pos s ible becaus e facto rs invo lved in 
determining the frequency of attempt ( s uch as assess ing mo tivation 

C and capability for various types of adversary actions as a function 
of a po tential adversary group ) canno t be detetmined . It  is 
po s s ib le ,  however ,  to develop and maintain a generally internally 
cons is tent system ( i . e . , to allocate saf eguards resources in a 
manner which results in a general equality of the individual risks 
from all reasonably po ssible adversary action sequences ) without 
quantifying the accep table level of risk or being able to calcu­
late the individual risk for each adversary s cenar io . 

A.  Threat 

A. l Threat Defini tion 

C Threat s involving radioactive and fissionable mat erials are 
sabotage and thef t with subsequent malevolent acts or divers ion 
of nuclear materials for construct ion of a nuclear device .  Sabotage 
could occur in storage or reproces sing facilit ies or during trans ­
portat ion operations . The intent would be to disrupt or des troy 
and might include a deliberate attempt to disperse radioact ive 
mat erials to the environment . Theft could be attempt ed from 
storage or reprocess ing facilit ies or during transportat ion . 
Potent ial acts subsequent to theft by force or d iversion may 
include : 
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C • Sabotage with intent to d isperse radioactive materials at a 
location remo te from the thef t site 

• Disp ersal o f  plutonium powders 

• Cons truc tion of an improvised nuclear device 

• Blackmail o f  governmental entities by threat of sabotage or 
disp ersal o f  rad ioactive contaminant s in populous areas . 

A . 2 Methods of Threat Execution 

The threats involve both sabo tage and thef t of nuclear 
materials in various comb inations . The three different methods 
of achieving the obj ectives of a saboteur group are 1 )  dispers al 
of radioactive contaminants from spent fuel or plutonium powders 
locally or at some remo te location selected by sabo teurs , 
2)  thef t o f  nuclear mat erial with the intent o f  construction of 
an improvised nuclear device,  and 3)  thef t o f  nuclear material 
for purpos es of blackmail by threatened subsequent malevo lent 
ac ts involving the nuclear material . Each of these three methods 
are dis cus sed b elow . 

A. 2 . l  Dispersal of Radioactive Contaminants 

Prerequis ites for dispersal of radioactive contaminants 
are 1 )  access to nucl ear materials in s torage or repro ces s ing 
facilities or during transportation op erat ions , 2) a means o f  
defeating any packaging or containment sys tem , and 3 )  production 
of a mechanism capab le o f  dispersing snaIl particulates or radio­
ac tive gases from the damaged confinement or packaging sys tem .  

Spent o r  recycled nuclear fuel as sembli es cons ist o f  a solid , 
ceramic-type core material encased in metal cladding , and use o f  
an energy- intens ive device would be required t o  crush and pulverize 
the fuel ass embly into small dispers ible particles . The energy­
intens ive device mus t  concurrently damage the containment sys tem 
o f  the storage or repro ces s ing facility or the protec tive packaging 
provided during transportation of fuel as semblies . 

As discus s ed in Volume 2 o f  this f inal EIS , concurrent damage 
of fuel as s emblies and the conf inement or packaging systems canno t 
be cons idered impo s s ible . Such an act ,  if performed in a location 
wi�h a high-population dens ity , has the potential to produce large 
releases of materials resulting in radiological and economic 
impac ts on the s cale of severe accidents but , to be succes s ful , 
the act mus t  overcome formidable obs tacles imposed by safeguard 
controls . 
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C If spent fuel were reprocessed and a plutonium powder 
produced during processing , as as sumed in Case A, some of the 
material could be diverted in the proces s ing facility , removed 
from the facility , and later dispersed to the environs . Al terna­
tively , spent fuel could be repro cessed , after being s tolen , to 
p roduce plutonium powders for the purpo s e  of dis p ersal to the 
environs . 

Ob taining plutonium powder for dispersal ( from a reprocess ing 
facility or a clandestine op eration af ter theft of spent fuel ) 
canno t be cons idered impos s ible . However , success ful dive rs ion 
of plutonium powder from a repro ces s ing plant would have to over­
come intens ive saf eguard cont rols , including monitoring of nuclear 
materials inventories and the activi ties of pers onnel . Af ter 
thef t ,  clandestine production of plutonium powder would require 
avo idance of detection by law enforcement authorities searching 
for the material to recover it . 

A. 2 . 2  Cons truction of Improvised Nuclear Device 

C Cons truction of an improvised nucl ear device requires a 
supply of s eparated plutonium or highly enriched uranium . The 
current generation of reactor fuels contains low concentrations 
o f  uranium- 235 and plutonium so that the plutonium separated f rom 
the spent reactor fuels is the material of concern to safeguards . 
Spent fuel itself is no t us able for the manufactur e  of nuclear 
explos ive devi ces . The plutonium contained in the spent fuel 
could serve as potential material for nuclear explos ives but , 
first , complicated and po tentially hazardous chemical reprocess ing 
is required to separate the plut onium from the fission products 
and res idual uranium . To acquire suff icient plutonium from spent 
fuel would require the handling of a highly radioactive material 
and the availab ility of a specialized chemical process ing facility 
app ropriately des igned with remo te handling equipment and shielding 
to separate the nuclear material from fiss ion products . Plutonium 
in sufficient quant ities could represent a po tentially serious 
criticality problem that mus t  be cons idered in any fabrication 
op erat ion .  In addition t o  the hazards in handling nuc lear mate­
rials , the fabrication and as sembly of high explos ive material , 
detonators , and electrical firing systems for an improvised 
nuclear device require extreme caution as well as significant 
expertise . 

C A general consensus is that th e fabrication of an improvised 
nuclear device requires a broad range of skills and resources . 
Disagreement arises with respect to the specif ic level and 
resources required , as well as to the difficul ty o f  acquiring 
the nuclear material and success fully fabricat ing a nuclear 
explos ive without detec tion or serious accident to the individuals 
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involved . There is also cons iderab le uncertainty concerning 
the yield that might be achieved by such a devic e .  

A number of complicated and high-risk steps would be 
C required of any group contemplating a malevolent act invo lving 

the cons truc tion of an imp rovised nuclear device . While each 
of thes e s teps for fabricat ing an imp rovi sed nucl ear device 
canno t be considered impos s ible , they must be recognized as 
po sing formidable obs tacles , each o f  which must be suc cess fully 
overcome without detection or s erious ac cident to the individual 
involved . 

C A . 2 . 3  Theft for Blackmail 

Thef t of radioactive and fiss ionable materials requi res the 
overpowering of safeguard forces at nuclear facili ties or high­
j acking of material during transportation . Af ter the thef t ,  the 
threat group could int imidate or blackmail municipalit ies o r  other 
lo cal government groups by threatening sabotage or some other 
method of dispersal of the radioactive contaminants in populous 
areas as discussed in Se ction A . 2 . 1 .  Theft co uld pos s ib ly be 
for cons truction of an improvised nuclear device as dis cus sed in 
Sec tion A. 2 . 2 or for sale of the material to a group contemplating 
cons truction of such a device.  

C A . 3 Threat Groups 

Groups that might attemp t sabo tage , theft or divers ion can 
be classif ied as subnational and nat ional (or mul t inational ) as 
d is cus sed below. 

A. 3 . 1  Subnational 

Subnational originators can be broken into 12 groups ; 
individuals ,  ad hoc organizations , organized criminals ,  diss ident 
employees , sociopathic group s , domes tic separatists , domes tic 
revo lutionary groups , react ionary extremis ts , violent issue­
oriented groups , domes tic anarchists , foreign separatis ts , and 
foreign revolut ionaries . A summary j udgment of the threat capa­
bility and g eneralized obj ectives of each of these subnational 
groups are p resented in Table IV- l .  

A general evaluation b y  NRC of those groups described in 
Table IV-l is that those groups that now have the means to mount 
a credible threat appear to lack the mo tive , while thos e  group s  
that have the mo tive lack the means . l Individuals , diss ident 
employees ,  extremists , and other domestic groups may select 
nuclear targets , but none has yet demons t rated the ab ility to do 
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TABLE I V- l a 

Character i z at i o n  o f  T hreat G roups 

Gl'OUp 

I nd i v idual (out s i de r )  

"d - hoc group 

C r i mi na l  group 

D i s s i dent emp l oyee 
( i ns i der) 

Soc i opath i c  group 

Dome s t i c  separa t i s t s  

Dome s t i c  
revo l u t i onary groups 

Reac t i onary 
extrem i s t s  

I s sue-oriented groups 

Dome s t i c  anarch i s t s  

Forei gn sepa ra t i s t s  

Forei gn 
Revo l ut ionari e s  

ObjecUve 

Protest , reve nge , 
finan c i a l  ga i n  

Norma l l y  finan­
c i a l g a i n  

F i nanc ial  

Revenge 

TIl r i I  I of a c t  

Form separate 
nati ons 

Ove rthrow 
government 

Protect the 
"sys tem" 

Prot e s t  

E l iminate 
government 

Recogn i t i on of 
movement 

Po l i t i c a l  changes 

a. N. R .  Wagner Re ference 1 .  

Targe t  

L i ght l y  protect ed 
faci l i t i e s o r  
peop l e  

Typi c a l l y  l a rge 
rohhe r i e s  or 
k i dnapping 

�lyth i ng marke t ­
ab l e  

I n s t i tut i onal  

Symbo l s  o f  
aut hort t y  

Pub l i c i ty 
oriented 

Symbo l s  of 
government or 
finan c i a l  power 

Le fti s t  a c  ti v i ­
t ie s  

Some soc i a l  
change 

Persona l i t i es 

Groups w i th 
indent i fiab l e  
characte r i s t i c s  

Local po l i  t i ca l  
i n s t i t ut i on s  

Ski Z l  Leve l 

Low 

Low to 
average 

"verage to 
h i gh 

General ly 
l ow 

Low 

Low 

"verage 

"verag e 

Low 

Low to 
average 

"verage 

"verage 

Mo t ivaUon 
LelJe l 

Low to 
a verage 

Low 

"ve rage 

Low to 
avc rage 

"veragc to 
h i gh 

" i gh 

" i gh 

Low 

Low 

"vc rage 

IIigh 

i ii  gh 

Equ ipment 
Depe Z 

I .ow 

Low to 
averilge 

"ve rilge 

Low 

Low 

Low 

"verage 

I I i gh 

Low 

Low 

"verage 
to h i gh 

"vf'ragf' 
t o  h i gh 

Risk 
Acceptance 
Lepe ! 

[.ow 

Low 

"ve rage 

Low 

H i gh 

"vcrage 

"ve rage 

Low 

Low 

l l i gh 

"ve rage 

"vc ragc 



more than harass or disrup t operat ions . Sophis ticated criminal 
groups , foreign s eparatis ts , and foreign revoluti onari es have 
all shown , upon occasion , the skill and resources that might be 
req ui red to overcome a nuclear facility or shipment . However , 
these groups s eem to lack the incentive to mount a credible 

C threat . They are unlikely to a ttack a nuclear facility , an 
extremely provocative ac t ,  unless their relationship with the 
nation hous ing the nuclear facility deteriorates . 

lO-b  A. 3 . 2  Nat ional ( or Mul tinational) 

A national (or multinational ) threat cons idered as saf eguards 
is a decision by a non-nuclear weapons s tate to acquire a nuclear 
explosive d evice by d iver t ing and chemically processing nuclear 
mater ials intended for p eac eful nuclear activities . Such a 
decis ion would d epend upon a number of complex political , 
d iplomatic , and military cons iderations . In the f inal analysis , 
a country ' s  p ercep t ion of its  national s ecurity needs will 
probably be the mo s t  important factor in any decision to develop 
nuc lear exp losives . 2 

The spread of nuclear weapons would signif icantly magnify 
the threat of nuclear war , increase global po lit ical ins tab il ity , 
advers ely affect u . S .  foreign relations , and have a negat ive and 
costly impac t on our national defense .  Historically , the U . S . 
has worked to discourage prolif eration , through its cooperative 
agreements , the creation of the IAEA saf eguards sy stem,  its 
alliance sys t em and security guarantees , the NPT , and through 
consult ations with o ther supplying nations . 2 

C B .  Saf eguard Controls Agains t Sabo tage and Thef t 

B . l  General Domes tic and Foreign Controls 

B . l . l  Domes tic Controls 

The phys ical protection r equirements at U . S .  s torage 
faciliti es for foreign spent fuel and during transportation of 
foreign spent fuel in the U . S .  are the same as f9r domestic fuel 
and are specified in NRC regulations ( 10 CFR 7 3 ) � ,  as discussed 
in Volume 2 .  Measures r equired for the purpose o f  protec t ion 
agains t acts of sabo tage or thef t  include (1 )  protective barriers 
and

" 
intrusion detec tion devices , ( 2 )  deterrenc e to at tack by means 

of armed guards and escorts , and ( 3 ) liaison and communication 
with law enforcement authorities capab le of rendering as sis tance 
to counter such at tacks . 

As summari zed in Reference 2 , i t  is q ui t e  clear that a p recis e 
quantitative evaluation o f  the effectivenes s of the domestic safe­
guards sys tem as a whole is no t pos s ible at this time . However , 
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DOE and its predecessors have employed professionals in the areas 
of physical protection , materials accountancy , measurement 
technology , chemistry , nuclear materials processing , s tatis tical 

techniques , and o ther relat ed safeguards disciplines to ensure 
that the bes t experienced j ud gment is brought to bear on the 
problems related to theft and diversion . Als o ,  knowl edgeable 
contractors and consul tants have been used in this area . Over 
the years , many external in-dep th studies of th e s afeguards sys tem 
have been under taken , and the conclus ions and recommendations o f  
these stud ies have been cons idered . It is recogni zed by all of 

C the profes sionals involved that the sys tem could never assure 
complete pro tection . There can be component failures ( e . g . , mal­
function of elec tronic component in alarm sys tems ) , "weak links " 
in the sys tem ,  or the threat that the system it is designed to 
counter may change . It is precis ely for these reasons that the 
current sys tem designs call for "in-dep th" measures and that 
procedures and devi ces cont inue to be developed to provide greater 

'"' protection . 

C B . l . 2  IAEA Controls 

As indicated in Volume 2 ,  I SFS facili ties that receive foreign 
fuel are assumed to meet NRC. licensing requirements that implement 
a US / IAEA safeguards agreement . 4 Foreign transportation will also 
mee t  the IAEA safeguards arrangements that are nego tiated between 
the IAEA and involved count ries . The overall purpose of these 
agreements is to provide a credible assurance that s ta tes do no t 
diver t  special nuclear material from peaceful to military purposes . 

C The specific obj e ctives of lAEA guidelines used in nego tiating 
safeguard agreements are 1) the timely detection of diversion o f  
s ignificant quanti ties o f  nuclear materials f rom peaceful nuclear 
ac tivi ties , and 2) the deterrence of such diversion by risk of 
early de tec tion and by sanc tions , including the political conse­
quences of reporting diversions to the interna tional communi ty . 

Nuclear ma terial accountancy is the fund amental IAEA safe­
guard tool , while containment and surveillance serve as important 
complementary measures . 

It is no t technically pos s ible to demons trate quantitatively 
whethe r ,  or to what degree , present international safeguards 
ac tually accomplish their des ired effects . However , the fact that 
no nation has entered the nuclear club by using nucl ear material 
subj ec t to IAEA safeguards is surely , in some degree at least , 
related to the existence and effec tiveness of those s afeguards . 
The risks o f  detec tion under IAEA safeguards are subs tan tial . 
As the May 1 9 75 Presidential Report to Congres s5 concluded , "Based 
upon our exp erience wi th IAEA accountancy safeguards , it  is our 
j udgment that the sys tem will detect and thus make an impor tant 
contribution to de terring any eff or ts at divers ion by s tates . "  
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Nevertheless , as the volume of material increases and as 
the fac ilities elsewhere in the world grow in their technical 

C complexities , requirements to maintain a high level of saf eguards 
will include improvements in safeguards equipment and increas es 
in s taffing , frequency of inspection , and funding of the IAEA 
system .  A high level of U . S .  f inancial , diplomati c ,  and technical 
as s is tance will be needed to support this effor t , since U . S .  
involvement and support of  the lAEA is essential , if the U . S .  is 
to continue to have a positive inf luence on the safeguards policies 
and programs of the agency . 

The U . S .  has b een a leader in working toward the adop tion 
of adequate international phys ical securi ty measures . The U . S . 
took the lead in supporting the lAEA ' s  maj or ef fort in April 1 9 7 5  
t o  revi ew and update recommendations 2 ieveloped under the agency ' s  
auspices ( published in March 1972)  for the physical securi ty of 
nuclear materials . The U . S .  is  encouraging the adop tion of effec­
tive phy s ical security measures in o ther countries by its support 
of  an international convention on physical security and by its 

C own physical security development efforts . Fur ther.  the U . S .  
Nuclear Regulatory Commiss ion has recently s ubmit ted to the U . S .  
Senate a p ropo sed formal agreement between the U . S .  Government and 
IAEA for applying lAEA safeguards in the U . S . 4 The U . S .  maintains 
an active research and development pro gram to develop up- to-date 
techniques and equipment designed to cope with all types of 
p o ssible threats . The U . S .  is exchanging technical informat ion 
in this area wi th the lAEA and on a bilateral bas is with o ther 
nations . The Spent Fuel S torage Policy is but one of many means 
of improving international phy sical s ecurity . 

B . l . 3  Other Contro ls 

Other activi ties by the U . S .  include NASAP , INFCE , the DOE 
converter fuel cy cle programs , and EPA and NRC programs . These 

C p rograms are dis cus sed in S ection II . The details of  the non­
proliferation advantages for the various levels o f  implementation 
of the Spent Fuel Storage Policy are described in Sec tions II and 
III . The nonproliferation considerations that may exist if  the 
policy is not implemented are des cribed in Case A .  I n  Cases B 
through H ,  alternative means o f  meeting th e U . S .  nonproliferation 
goals are described as they relate to the foreign spent fuel . 
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B . 2  Con trols for Specific Nuclear Facili ties 

B . 2 . l  Sabo tage of Nuclear Facili ties 

Volume 2 of this final EIS dis cus ses sabotage during 
transportation of spent fuel in the U . S . and during handling 
and s torage in water basin facili ties in the U . S .  This section 
des cribes the cons equences of sabotage of foreign spent fuel 
during transport (not included in Volume 2 ) , during repro ces sing 
and refabri cation at th e FRP-MOX plants , and during disposal at 
the geologic repos itories . 

One aim of the Spent Fuel Storage Policy is to limit U . S .  
licensed and foreign facilities that handle sensi tive materials 
and if reproces s ing facilities for spent fuel do exis t ,  to ensure 
that adequate safeguard controls and designs are built into these 
facilities to ensure protection of nuclear materials . 

B . 2 . l . l  Transpor tation Sabo tage 

The sabo tage of the ships used for transport of foreign fuel 
to the U . S .  for s torage is an additional transpo rtation concern 
no t included in Volume 2 .  Large shipping casks , similar to tho se 
dis cus sed in Volume 2 , will be used for the maritime transport . 
If a ship trans po rting spent fuel were sabo taged and sunk , the 
cask would probably be recoverable . Equipment for deep-sea 
recovery of ships and cask-size obj ects has been developed and 
us ed . 6 Sunken ships have been recovered from dep ths great er than 
5 km ( 3  mi ) and cask-shaped obj ects have been recovered from steep 
and uns table walls of marine canyons . 7 Other items have been 
lo cated and recovered from depths exceeding 6 km (4  mi ) or about 
twice th e mean ocean depth . 8 

lO-c The divers ion or piracy of a ship carrying spent fuel 
pres ents a low risk s ince the felonious act would be detec ted 

- within one day and action would be taken to recover the ship . 2 

Cargo ships of the type assumed in this volume maintain ship-to­
shore radio contact and report their positions at l east daily . 
If communi cations from the ships are not received as p rearranged , 
search and recovery operations would be initiated by th e sh ipper ' s  
agent through national and international agenci es . 2 These pre­
arranged search and recovery operations will be included in 
agreements be tween the involved countries based on lAEA guidelines 
and procedures relative to spent fuel safeguards . 

lO-a In Volume 2 of this final EIS , it is concluded that the 
pos sibility of sabo tage of spent fuel casks that results in large 
releas es of radioactive materials are unlikely during U . S .  land 
transportation . NRC has recently modified regulations p ertaining 
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10-a to phy s ical protection of sp ent fuel during transportation 
( route approved by NRC and required es cort surveillance and 
emergency response training) with the intent of ensuring that 
adequate safety and environmental pro tection are provided to 
p revent or mitiga te sabo tage conditions . Thes e rules , together 
with considerations that normal routing of shipments usually 
avoids areas of high-population density and that the obs tacles 
attackers mus t  overcome to disperse contents from a spent fuel 
or a reproces s ing waste cask are formidable , lead to the 
conclus ion that the risk to the public associated with potential 
s abo tage acts is low . 

B . 2 . 1 . 2 S torage Bas in Sabotage 

As indicated in Volume 2 ,  p enetration of s torage basin 
facilities by a casual or spontaneous attempt is  very unlikely . 
Penetration might be accomplished by a thoroughly planned and 
well-armed attack group . A numb er o f  potential sabo tage acts 
were pos tulated that would meet these conditions . Analys es of 
these s abo tag e scenario s in Volume 2 of this final EIS showea 
that an individual on the plant boundary would receive a dose 
of less than three rem , which would no t endanger his or her 
heal th . 

B . 2 . 1 . 3  Geologic Repos itorv Sabo tage 

At the geologic repos itory , encap sulation and surface 
handling of spent fuel or reproces s ing waste will be carried 
out behind shield ing equivalent to at leas t several f eet of 
concrete to protect operating p ersonnel . The operations will 
be conducted in facilities with ventilat ion contro l ,  and the 
buildings will be cons truc ted to withs tand des ign-basis tornadoes 
and earthquakes as s p ecified in Regulatory Guides 1 . 7 69 and 
3 . 24 . 10 In addition, security p ers onnel and protection systems 
s imilar to tho se des cribed for s torag e basins in Volume 2 will 
be available . Under these condi tions , the fuel elements will be 
inacces s ible to sabo teurs without great effort ; thus , sabo tage 
of the g eologic repo s i tory facility , while surface op erat ions 
are underway , is no t cons idered to repres ent a safeguards-related 
hazard to the public . 

Emp lacement of fuel in the geolo gic repo sitory is exp ected 
to take p lace a thousand feet or more underground in a salt mine . 
Even during the time the spent fuel or repro cess ing waste is 
cons idered re trievable,  access to f uel at this lo cation will 
require sophisticated and remotely controlled equipment .  Af ter 
the reposi tory is s ealed , access will be even more dif ficult . 
The acquisition , emp lacement , and op eration o f  such equipment by 
any threat group is considered to be incredib l e .  
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B . 2 . l . 4  Spent Fuel Reprocessing and Fuel Fabricat ion 
Plant Sabotage 

Regulatory requirements for the des ign and op erat ion of a 
reprocessing fuel fabrication plant provide a very high degree of 
pro tec tion agains t forced entry and sabotage.  However , sabo tage 
attemp ts are cons idered credible . Sabo tage attemp ts include th e 
attemp ted use of chemical exp losives or o ther devices · to cause 
physical damage to key saf ety sys tems or eq uipment ,  either inside 
or outside facility buildings , and the attemp ted use of f lammable 
or pyrophoric mat erials to initiate fires inside the facilit ies . 

A succes sful effort that resulted in a general facility fire 
C in a mixed oxide fabricat ion plant would releas e about 0 . 01 g of 

plutonium oxide to the environment . As the result of this release 
an individual near the plant would receive a dose o f  about 
0 . 2  remll (bone) . This hypo thetical event repres ents th e upper 
range of consequences from sabotage of a reprocess ing fuel fabri­
cation plant . 

C B·. 2 . 2  Thef t from Nuclear Facilities 

As discussed in the sec tion on sabo tage of nuclear facilities , 
one aim o f  the Spent Fuel Storage Policy is to ensure that adeq uat e 
safeguards controls and des ign are built into domes tic and foreign 
facilities to ensure pro tection of nuclear materials . These safe­
guard controls include protect ion against theft of nuclear 
materials . 

This section discusses theft from nuclear facilities by force 
or by divers ion and also thef t during transportat ion op erations . 
Theft from nuclear facilities by force requires that th e group 
overcome and elude law enforcement authorities responding to a 
reques t for as sis tance in addition to ove�coming formidable 
obs tacles discus sed in the preceding section on sabo tage of 
nuclear facilities . Therefore , succes s ful theft and accomplish­
ment of sub sequent malevolent acts appears unlikely . 

B . 2 . 2 . l  Thef t from S torage or Reprocess ing Fac ilities 

Buildings for fuel s torage , geologic s torage , or repro ces s ing 
operations will be cons tructed to meet the safeguards requirements 
outlined in 10 CFR 7 3 . 3 Protection agains t unauthorized intrus ion 
will be provided by armed guards and an intruder detection system .  
Procedures will b e  established t o  augment the onsi te force by 
local law enforcement support upon request . Other protection 
systems include al ternative communication and power systems , high 
intens ity lighting , and roving guard patrols . 
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C Penetration of these systems by a casual or spontaneous 
attempt is very unlikely . The sys tems may , however , be p enetrated 
by a thoroughly planned and well-armed group . At the first signs 
of an at tack , the control room op erator would aler t local law 
enforcement agencies an d help would s tart arriving within 15 
minutes . 

The thef t group mus t  overcome the guard force protecting the 
facility to make ent ry to the location of the materials . In the 
unlikely event that the thef t group success fully s t eals a shipp ing 
cask containing the material from a facility , there is no radio­
logical hazard . To cause any radiolo gical or environmental concerns , 
the theft force mus t  elude law enforcement author ities unti l the 
shipping cask is sabo taged . Alternatively , the thef t group might 
attempt to use the s tolen material to blackmail a local government 
by threatening to sabotage or disperse the radioactive material . 
If the shipping cas k were succes s fully sabo taged , the po tential 
radiological and economic impacts might be on the scale of a 
s evere transportation accident resul ting in the breaching of a 
spent fuel cask . 

The theft o f  materials from a s torage or repro cess ing facility 
( or during transportation) for purpo s es of pro curing fiss ionable 
material for an improvised nuclear device requires eluding of law 
enforcement autho rities for several weeks . Ano ther form o f  theft 
of nucl ear material for the purpose of an improved nucl ear device 
could be the illicit removal of small amounts of intermediate 
p roducts f rom the FRP-MOX facilities . Safeguard controls and 
procedures in FRP-MOX are desi gned to prohib it such thef ts . 
Personnel monitoring , work crew audi ts , s tringent inventory contro l 
and audi ts and o ther measures are required by NRC regulations . 

B . 2 . 2 . 2  Thef t During Transportat ion 

NRC safeguard regulations ( 10 CFR 7 3 3 )  for protec tion o f  spent 
and recycled fuel during transportation requi re shipping route 
approval by NRC , vehicle disabling devi ces , escort surveillance , 
continuous communi cati ons , emergency response training and pre­
arranged liaison with law enforcement authoriti es along the route . 
Thef t o f  nuclear ma terials during transportation would require 
overcoming these protective measures . In the unlikely event of a 
succes s ful thef t ,  there would be no immediate radiolo gical concern .  
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V .  UNAVOIDABLE ADVERSE ENVIRONHENTAL EFFECTS 

A .  Nonproliferation 

As part of the Spent Fuel Policy , the U . S .  would accept 
limited quantities of f oreign spent fuel when this act ion would 
"contribute to meeting nonprolif eration goals . " This policy was 
designed to demonstrate feasibility of alternatives to premature 
repro ces s ing of spent fuel and the recycling of p lutonium . These 
act ions by the U . S .  are intended to encourage other nat ions in 
s imilar international effort s .  This combination of  efforts would 
help nat ions to exercise restraint in moving toward a plutonium 
economy and to provide time to pursue the development of more 
proliferat ion-resistant fuel cycle technologies . 

The U . S .  policy also supports restricting the locat ion of 
s ensitive materials and s ensit ive act ivit ies , such as reprocessing , 
t o  as  few locations as  possible . The policy also encourages any 
such f acilities to use appropriate institutional arrangement s ,  
internat ional safeguards ,  and proliferation-resi stant t echnologies 
that meet the requirements of the U . S .  nonproliferat ion policy . 
Techno logies and inst itutional arrangements that reduce the risk 
of d iversion of  refabricated fuel produced in a s ecured facility 
are also required . Reprocessing and recycling in any form s t ill  
represent more of a proliferation risk than interim st orage and 
disposal of  spent fuel . 

C To the extent that these goal s  are not achieved , either by 
nonimplementation or becau s e  only a fraction o f  the spent fuel 
is covered , there will be an unavoidable proliferation risk . 
Some of those nations lacking suf f icient internal s torage capa­
b il ity may turn to reprocess ing as  an alternativ e .  These nations 
wil l  acquire s ensitive facilities capable of producing material 
usable in nuclear weapons . 

Es timates of the nonproliferation implicat ions of the U . S .  
o f f er to accept foreign fue l ,  however , are j ud gmental and specu­
lat ive at this time . These imp lications will depend upon how 
foreign nat ions cho o s e  to dispos e  o f  their spent fuel . Such d eci­
s ions will be based upon cos ts and availability of  alternatives ,  
inc luding the U . S .  storage offer,  national fuel cycle plans , 
expanded nat ional s torage , and nonpro liferation considerations . 

B .  Radiological 

Radiat ion d o s es to the g eneral populat ion from the trans­
p ortat ion , storage , repro cess ing , or disposal of forei gn fuel 
are very small p ercentages of  the doses from natural background . 
Workers exp o sed to j ob-related radiation receive an average do s e  
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of three to four t imes natural background . Calculat ed health 
effect s from cases consid ered assuming init ial U . S .  geologic 
repo sitory operat ion begins by t he year 1 9 9 5  are dis cus sed in 
Section III . Heal th effects to the U . S .  and global commons are 
summarized in Table V-I and tho se t o  the world are summarized 

C in Table V- 2 for tho s e  cases analyzed in Sect ion III . Ef fects 
from Cases I and J ( see Appendix A) are not included in this 
section . They are howev�r comparable to the heal th effects given 
in Tables V-l and V- 2 .  The heal th effects for cases with repro­
ces sing include only the back-end effects ( storage , reprocess ing , 
and refabrication of  the plutonium and uranium for reuse)  of the 
fuel cycl e .  If fuel is reprocessed and plutonium and uranium 
are recycled , virgin uranium feed requirement s will be decreased 
and will result  in a reduction in mining and milling operat ions . 
This reduct ion of mining and milling at the front end of  the 
fuel cycle will result in a decrease of 120 heal th effects from 
populat ion dose commitment and oc cupational expo sure as discussed 

C in Sect ion III . These reduced mining and milling effect s more 
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than affect the heal th effects arising from transportation storag e ,  
reproces sing or ultimate disposition o f  the foreign spent fuel 
analyzed in this report . However , in this environmental tradeoff 
analysis , mining and milling environmental effects are no t included 
because they are not directly associated with the operations at 
the back end of  the fuel cycle that are directly affe cted by the 
Spent Fuel Policy . 

A comparison of  total radiological health effects for 
different f oreign spent fuel schedules ( f or both a 1 985 and a 
1995  s tartup of the geologic repository) are shown in Table V-3 .  
The number of potential health eff ects for a 1 9 95 repos itory 
s tartup date is higher , in all cases , than f or a 1985 disposition 
dat e ; these increases are due primarily to the longer period o f  
operation of ISF S  facilities and a larger amount of spent fuel 
in s torage . 

C .  Potential Accidents 

The potential adverse effects on the off s ite population from 
radiological releases following possible accidents ( d i s cussed in 
Section III C) are well within the limits g iven in 10 CFR 1001 
and DOE Manual Chapter 6 301? 

A summary of the exp ected accidental deaths caused by non­
radiological occupational accidents for the back-end of the fuel 
cycle is  given in Table V-4 . The number of  o ccupat ional deaths 
ranges from 0 . 56 to 4 . 2 f or those cases not involving spent fuel 
reprocessing ( Cases D, G, and H) and 7 . 9  to 10 . 9  for those including 
reproce s s ing . The decrease in the number o f  deaths from decreased 
mining and milling of uranium because of  recycle of recovered 
uranium and plutonium would be 31 . 
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TABLE V - l  

Rad i o l og i c a l  Hea l th E ffec ts t o  t h e  U . S .  a n d  G l oba l Co","ons - A l l Ca sesll 

Cllse DeseriT' tl:OIl 
Fue I Rema i ns i n Fo rei gn Coun t r i es 

(Opt i on 3 Flle l Schedu l e )  

Fue l Shi pped t o  U . S .  fo r Storage 
La t e r  Di sposed of i n  U . S .  Geo l o g i c  
Repo s i t ory 

(Opt i on 3 Fue l Schedu l e )  

Fuel Sh i pped to U . S .  -
La t e r  Retu rned for Reprocess i n g  

(Op t i on 3 Fue l Schedu l e )  

(. 
A , IlI\C 

IJ 

E 

lIea lth Effects from l'opu.la t 1:011 Dose 
1985 Geologic Startup 
Interim n!'spos i tion 
()perations Activi ties_ To ta l 

o 3 . 2  ."1 . 2  

0 . 74 0 . 28 1 . 02  

0 . 8 3 3 . 5  � .  3 

C I Fue l  Sh i pped to U . S .  - - 1' - 1  0 . 9b 1 0 .  I I I .  I 

C I 

L a t e r  Reprocessed and Recyc l ed i n  U . S .  
(Op t i on 3 Fue l Schedu l e )  

Fue l Shi pped t o  U . S .  
Later Reprocessed i n  U . S .  
Pu and U Returned 

(Op t i on 3 Fuel Schedul e )  

Fuel Shi pped t o  U . S .  for S t o rage . ­
Later D i sposed of i n  U . S .  Geo l o g i c  
Repos i tory 

(Op t i on 2 Fue l Schedu l e )  

Fue l Sh i pped t o  U . S .  for S t o rage 
Later D i sposed of in U . S .  Geo l og i c  
Rep6s i t ory 

(Op t i on I Fue l Sched u l e )  

1'- 2 n . 'lh 

G 0 . 1 9  

I I  0 . 08 

a .  flack- end o f  fue l  cyc l e  docs not I n c l ud e  m i n i ng and mi l l i ng e ffec t s .  

1 0 . 3  I I  . :, 

n . og 0 . 2 A 

n . 04 n . 1 2  

C I b .  Tot a l  cancers and seri ous genet i c  e f fec t s  ca l c u la t ed from rad i a t ion dose s ,  a ssum ing a 1 i ne a r  dose­
hea l t h  e ffect re l a t i o n .  EPA dose- e f fect fact o r s h '  were u sed . lIea l t h  e ffec t s  from organ doses a r e  

Cormm: tmen � and Occu.pa t iongl.£.XJ2IJ...uz..a,fLi> 
1 995 Ceo 12.fLLc Startup 
Inter im Dispnu i t ion 
QperaJ;io!!£. �c t i IlH(es . Total 

d d cl 

2 . 5 ·1 0 . 2 7 2 . R I  

d ,f d 

d , f  d 

,j d d 

n . 93 (l . Og 1 . 02  

O . H, n . os 0 . 5 1  

not shown i ndependen t l y ,  but these organ hea l t h e f fec t s  a re i n c l uded unde r  these c o l umns a l ong w i th those 
c au s ed by the who l e  body dose . (See Append i x  fl of Vo l ume 2 for more d e t a i  I on met hodo l ogy used i n  
d e t e rmi n i ng hea l t h  e f fect s . )  

c .  I n  Cases 1\ and C ,  reproc e s s i ng i s  d e fe rred ; and e f fec t s  are about t he same a s  Ca se A but a r e  de l a yC',1 . 

d. Ca se not anal yzed . 
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TABLE V - 2  

Rad i o l og i ca l  Hea l th E ffec ts to t h e  Worl d - Al l Cases
a 

Hea l t h  Effects from Popu lat ion Dose . Conuni tnlf!.n t andyccupa!Jo!!.a l Dose_�_ 
1 98:3 Geo logic Repos i torl{ Startup_ 1 99:3 Geo logic. Reposi tory Startu.R 

Case Description 
Interim Disposi t ion l ll t p r'im TJi.spo s i t 1:on 
Oper'a tions Act i v i t i es To ta l O, 'p]'n t iol1s A (! t i IJU{.es To ta 7 

rue l Remai n s  i n  rore i g n  Coun t r i e s  
(Opt ion 3 rue l Sched u l e )  

Fue l Sh i pped to U . S .  for Storage - Later 
O i sposed of in U . S .  Geo logic  Repo s i tory 

(Opt ion 3 Fuel Schedu l e )  

Fue l Shi pped to U . S .  - La t e r  Returned 
for Reproc e s s ing 

( Op t i on 3 Fuel Schedu l e ) 

Fue l Sh i pped to U . S .  - Later Reproces sed 
and Recyc l rd in U . S .  

(Opt i on 3 Fue l Sched u l e )  

Fue l Sh ipped t o  U . S .  - Later Reproces sed 
in U . S .  - P l utonium and Uran ium Retu rned 

(Opt ion 3 Fue l Sched u l e )  

Fuel Sh ipped to U . S .  for Storage - Later 
Di sposed o f  in U . S .  Geo l o g i c  Repo s i tory 

(Opt i on 2 Fue l Schedu l e )  

Fue l Sh ipped to U . S .  for Storage - Late r 
Di sposed of in U . S .  Geo l o g i c  Repo s i tory 

(Opt ion 1 Fue l Sched u l e )  

A , B , &  C (!  0 . 0 1 

D 0 . 7 8 

E 0 . 85 

1' - 1  1 . 0 

1'- 2  1 . 0 

G 0 . 2 1 

I I  0 . 0 8 

1 0 . 5  

0 . 2 8 

9 . 8  

1 0 .  I 

1 0 . 4  

0 . 09 

0 . 05 

a. Back -end o f  fue l cyc l e  does not i n c l ude mi n i n g  and m i l l i ng e f fec t s . 

1 0 . 5  d d 

1 . 06 2 . 5 7  0 . 2 7 

1 0 . 6  n d 

I I .  I d d 

1 1 . 4 d d 

0 . 30 0 . 91\ 0 . 09 
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C I b. Tot a l  cancers and ser ious gene t i c  e ffe c t s  c a l cu la ted from rad i a t i on dose , assuming a l i near 
dose - heal th e ffe c t  re l ation . EPA dos e - e ffe c t  factors 3 , � were used . Ilea l th e ffec t s  from organ 
doses  are no t shown i nd ependen t l y , but these organ hea l th e f fec t s  n r e  i nc l uded under these co l umn s 
a l on g  w i t h  those caused by the who l e  body do s e .  ( See Append i x  B o f  Vo l ume 2 for more deta i l  o n  
method o l ogy used in determ i n i ng hea l th e ffec t s . )  

c .  I n  Ca s e s  B and C ,  rep roce s s i n g  i s  de ferred ; and effec t s  a r e  about the same n s  C n s e  A but n r e d e l a yed . 

d. ' Case  not a n a l yzed . 

d 

2 . 8 1  

d 

d 

d 

1 . 0 3  

0 . 5 2 

• 



TABL E V-3  

Effects of Forei g n  Fuel  Sched u l es and Geol og i c  Startup 

Descrip tion 

Fue l  Shipped to u . S .  for Storage -
Later D i sposed of in u . S .  Geo l og i c  
Rep o s i t ory 

Opt i on 1 Fue l Sch edu l e  

Opt i on 2 Fue l Schedu l e  

Opt i on 3 Fue l  Schedu l e  

Wo� ld Radio logical Hea lth 
Effects - Totala 

1 9 8 5  199 5 
Geo logic: 
Repository 
Startup 

0 . 1 3 

0 . 30 

1 . 06 

Geologic: 
Repository 
Startup 

0 . 5 2  

1 . 0 3  

2 . 8 4  

C a. Tot a l  c an c er s  and s erious gen e t i c  e ffect s ca l cu l at ed from 
rad i at ion d o s e ,  as suming a l inear dose-heal th effe ct 
r e l a t i on . EPA dose- effect factors 3 , 4 were u s ed . Heal th effects 
from organ d o s e s  are not shown independent l y ,  but t he s e  organ 
hea l th effect s are inc l uded under the s e  c o l umns a l ong with tho s e  
caused b y  t h e  who l e  body do s e .  ( See Appen d i x  B of Vo l ume 2 for 
more detai l on method o l ogy u s ed in d et ermining hea l t h effect s . )  

v- s 
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TABLE V-4 

Occupa t i ona l Dea ths from Acci den ts -- Back -end of Fuel Cyc l e  

Deaths - World To ta l 
1 985 Geo logic Ilepos i tory Sf;aI'tup 19.9.5 Geo logic 7?eposi toI'Y S�al't.!:!E 

Z Il t pt'im D i_s[)()Sl: don 
Case Description 

In t erim Dispo s i t ion 
operations Activi t ie r,  To tal Op(?l'a ti01w A r> t i v  i Upr, Tota l 

Fue l Rema i n s  i n  Fore i gn Cou n t r i es 
(Opt i on 3 Fue l Sched u l e )  

Fuel Sh i pped t o  U . S .  for St orage - La ter 
D i spos ed o f  in U . S .  Geo l o g i c  Repo s i tory 

(Opt i on 3 Fue l Schedul e )  

Fue l Sh i pped to U . S .  - Lat er Ret urned 
for Reproces s ing 

(Op t ion 3 Fue l Schedu l e ) 

Fue l Sh i pped to U . S .  - Lat e r  Reprocessed 
and Recyc l ed in U . S .  

(Op t i on 3 Fue l Sched u l e )  

Fue l Sh i pped t o  U . S .  - La t e r  Reproc e s s ed 
in U . S .  - P l uton i um and Ura n i um Returned 

(Op t i on 3 Fue l  Schedu l e )  

Fue l Shipped t o  U . S .  for Storage -
Later D i sposed o f  in U . S .  Geo l ogj c 
Repo s i tory 

(Opt ion 2 Fuel Schedu l e )  

fue l Sh i pped to U . S .  for St orage - Later 
D i s posed o f  i n  U . S .  Geo l o g i c  Repo s i tory 

(Opt ion I Fue l Sched u l e )  

I\ , B&Ca 0 . 11 

IJ 1 . (> 

E 1 . 2  

F - I  1 . 8 

F - 2  1 . 8 

G 0 . 4 7 

II  0 . 2 2  

7 . 5  7 . 9 h /J 

1 . 8  3 . 11 2 .  -1 l . S  

7 .  I 8 . 3  h b 

7 . 6  9 . -1  ,) h 

9 .  I 1 0 . 9  b b 

0 . 66 1 . 1  0 . 8 2 0 . 66 

0 . 3-1 0 . 56 0 . 31\ 0 . 3,1 

a .  I n  C a s e  1\ ,  no operat i on s  occur i.n the U . S .  or the g l obal common s .  For C a s e s  B and C ,  there n re no ope r a t ions w it h  
fore i gn spent fue l  i n  the U . S . , but some fue l may b e  s h i pped by s ea between coun tri e s  other than the " . S .  

h. Case not ann l y zed . 

" 

'1 . 2 

b 

h 

h 

I . S 

0 . 7 2 
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TABL E V - 5  

Pennanent L and Commi tments f o r  Fore i g n F u e l  I nc rements 

land Conmi tment sJ acresa 

Case Description 

Fue l Remains in Foreign Coun tries 
(Opt ion 3 Fue l Schedu l e )  

Fuel Sh ipped to U . S .  for Storage - Later 
D i sposed of i n  U . S .  Geo logic Repo s i tory 

(Opt ion 3 Fue l Schedu l e )  

Fue l Shi pped to U . S .  - Lat er Returned 
for Reproc e s s ing 

(Option 3 Fuel Schedu l e )  

Fuel Sh i pped t o  U . S .  - Later Reproces sed 
and Recyc l ed in U . S .  

(Opt ion 3 Fuel  Schedu l e )  

Fue l Shi pped t o  U . S .  - Later Reproces sed 
in U . S .  - P l utonium ' and Uran ium Re turned 

(Opt ion 3 Fue l Schedu l e )  

Fue l Sh ipped t o  U . S .  for Storage -
Later Di sposed of i n  U . S .  Geo logic  
Repo s itory 

(Opt ion 2 Fue l  Schedu l e )  

Fue l Sh ipped t o  U . S .  for Storage -
Later D i sposed of in U . S .  Geo logic  
Repo s i tory 

(Option I Fue l Schedu l e )  

A , BIlC 

D 

E 

F- I 

F - 2  

G 

I I  

1 9 85 Geologic 
Reposi tory Startup 
U. S. and Globa l 
Conmon8 

o 

2 7  

o 

2 8  

28 

9 . 1  

4 . 4  

a .  Surface l and used for s a l t  tai l ings from geo l og i c  repo s i t or ie s . 

b. Case not ana l y z ed .  

World 

2 8  

2 7  

2 8  

28 

2 8  

9 . 1  

4 . 4  

1 99 5  Geo log i c  
Repos i to!'Y Stal'tup 
U. S .  and Globa l 
Commons rvorld 

b b 

2 7  2 7  

h b 

b h 

h b 

9 . 1  9 . 1  

4 . 4  4 . 4  



D .  Other 

Permanent land commitment resulting from the foreign s pent 
fuel for all facilit ies is listed for individual cases in 
Section VI and is summarized in Tab le V- 5 . The only p ermanent 
commitment of surface land resources will be 1 . B  to 11 hectares 
( 4 . 4  to 28 acres ) used for disposal of salt tailings f rom 
g eo logic repos itor i es . Approximately lB to 110 hectares ( 44 
to 2BO acres)  of  subsurface land will be permanently c ommitted 
by geologic repo sitories f or storage of f oreign spent fuel . 

C I Land us ed by all other facilities will be returned to other 
unrestric ted or productive uses af ter decontamination and 
decommissioning.  

Other unavoidable adverse environmental effects are water 
and energy requirements and chemical discharges . Water and energy 
requirement s are discussed in Section VI and are not large in 
t erms o f  available resources or environmental impact . Chemical 
discharges are discus s ed in Ref erences 5 and Volume 2 and are 
also small . 

V- 8 
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VI . IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

Resour ces that are committed in an irrevers ible and irre­
trievable manner by the cases cons idered in this volume consist  of 

• Land areas permanently affe cted 

• }�npower f or cons truction , op eration, and decommissioning of 
s torage fac ilities , repro ces s ing plants , and trans portation 
equipment 

• Materials such as fuels and chemicals consumed and cons truc­
tion mat erials that are no t recyclable . 

The resourc e commitment s presented in this section are the incre­
ments as sociated with s torage of foreign spent fuel for cases 

C d iscussed in S ection III of this volume . Resource commitments 
were not analyzed for Cases I and J (Appendix A) but tho se 
commitments are comparable to tho se presented in this s ect ion . 

For the various cases , principal resource commitments � in the 
U . S .  and global commons are shown in Tables VI-l and VI-2 and 
for the world ,  in Tables VI-3 and VI-4 . The t ransportat ion sys tems 
are presumed to exis t ,  except for truck casks and rail casks which 
have been included in the estimates . 

C Land commit ted permanently at geologic repositories by the 
foreign fuel increment in the U . S .  and global commons and in the 
world is shown in Tables VI-l and VI- 3 . In the context of this 
volume , such commi t ted land will have res tricted use eith er perma­
nently or for at least several hundred y ears . 

In the dismantlement mode of decommissioning selected for 
ISFS ins tallations (Appendix B of Volume 2)  and fuel reprocessing­
fabrication plant s ,  there is no permanent commitment of land . 
Land occupied by the burial ground s - the disposal areas for low­
level radioactive waste - will b e  restricted for several hundred 
years ; however , when the fi ssion and act ivation products  in the 
burial ground trenche s decay to innocuous level s ,  the land may 
be returned to product ive use . 

As can be s een from Tables VI-l and VI- 3 , there is permanent 
commitment of both near- surf ace and underground land at geologic 
reposi torie s . l The land area above a g eologic reposi tory will 
require permanent res trict ions to ensure a three-dimensional 

C saf ety zone around the repos itory . All subsurface ac t iviti es 
will be prohibited , but surface land ac tivities that do not imperil 
the integrity of the repository will be unres tricted . In this 
EIS , mined salt is as sumed to be permanently s tored at the sitel 

to conservatively estimate the adverse environmental eff ects 
proj ected in the analysis . However , as explained in Ref erence 1 ,  
the sal t  tailings may be removed for commercial use o r  dispo sal 
elsewhere . The permanent land commitment shown in Tables VI-l 

VI - l  
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TABLE V I - l  

Permanent Land Commi tment i n  U . S .  and Gl oba l Commons from the Fore i gn Fue l  Incremen t ,  Acresa 

At Geo l o g i c  Repos i t o r i e s : 

Surface
b 

Sub s u r face
a 

At Geo l o g i c  Repo s i t o r i e s : 

Surface
b 

Subsurface
a 

At Geo l og i c  Repos i t o r i e s :  

Sur face
b 

Subsur face
a 

Case A. B 01' C 

Fue l Remains i n  
Foreign Countries 
(Option J Fue l Sahedu le) 
1 985 GeoZogta 
Reposi tory Startup 

None 

None 

Case F- l 

Fue l Shipped to U. S. -
Reproaessed and Reayaled 
in' U. S. 
(Option J Fue l Sahedule) 

1 .985 Geo logia 
Reposi tory Startup 

28 
280 

Case H 

Case D Case E' ------------------
Fuel Shipped to U. S. - Later D1:aposed of 
in a Geologia Reposi tory 

Fue l Shipped to U. S. and 
Reproaessed - Later Returned 
(Option_ J Fue l Sahedu le ) __ _ (Option J Fue l Sahedu le) 

1985 Geologia 1995 Geologia 1.98S Geo logic 
Reposi tor!, Startup Repository Startup Repository Startup 

2 7  
270 

Case F-2 

2 7  
270 

Fue l Shipped to U . S. ­
Rept'Oaesaed in U . S. -
Pu and U Returned 
(Option J Fue l Sahedule) 

1 985 Geologia 
Reposi tory Startup 

28 
280 

None 

None 

Case G 

Fue l Shipped to u . s. - Later Disposed of 
in a Geo logia Repos i to�J 
(Option 2 Fue l Sahedu le) 

1.985 Geo logic 1.9.95 Geo logia 
Reposi tory Startup Repoai tory startup 

9 . 1 
9 1 . 0  

9 . 1 
9 1 . 0  

Fue l Shipped to U. S. - Later 
of in a Geologic Reposi to�J 
(Option 1 Fue l Sahedule) 

Disposed 

T585Geo logia 
Reposi tory Startup 

4 . 4  
44 . 0  

1 99 5  Geo logic 
Reposi tory Startup 

4 . �  
H . O  

a .  Fol l ow i n g  decomm i s s i on i n g  o f  fac i l i t i es and bur i a l  ground s ,  the on l y  l and permanen t l y  comm i t t ed i s  that u t i l i z .. d 
at geo l o g i c  repos i t o r i e s  for en tombment of fore i gn spent fue I under con s i d e r a t i on , and/or a s soc iated w a s t e s . 

b. Sa l t  t a i l i ngs from the geo l og i c  repos i t ory , i f  not removed from s i t e s  ( Re ference 1 1 . 
c. Act i v i t i e s  on l and ahove t h i s  sub surface area have res t r i c t i ons to ensure i n t eg r i t y  of the geo l o g i c  repos i to r i  .. s 

( Re ference I I .  
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T/IBLE V I - 2 

Resource Commi tment s . l n  U . S . and G l oba l Commons from the Fore I gn ruel I nc remen t ,  Other than Land 

Re8ourc� 

Wa t e r ,  m 1  

�'a t c r i a 1 5 :  

Con c rc t C' , m 3  

Stee I ,  tonne 

Coppe r ,  a tonne 

Z i nc ,a tonne 

A l um i num ,a tonne 

Lumhe r ,  m ) 

l.ead ,a tonne 

Dep J e t('d uranium,a tonne 

Chromjuma i n  s . s . ,h t onne 

N h : k e l <l  in S . S . ,l' tonne 

Ura n i um , c tonne 

P t uton i um , e  tonne 

Z i rcoll ium, c tonne 

Energy : 

Propane , m 1  

D i e s e l  fue l , m l  

Gaso l i ne ,  ," 3  

E l e c t r i c i t y ,  kWh 
Coa 1 .  d tonne 

�fanpowe r ,  man-hour 

CaGe A, lJ or C .  . 
Fu.p. l Remain8 iH F'Ol'pign 
Countr{p[J 
(Option J Fue l Schedule) 
1.185 Geologic 
�6itoru Sta� 
Intp-;;:;;n- Disl}06 i  tiol1- Tot.al 

o 

o 
o 
o 
() 
o 

o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
() 
o 

o 

o 
o 
() 
o 
() 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

() 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
() 
o 

o 
o 
o 
o 
o 
o 

Case D 
Fuel shippea to u.s. 
- Later DisrOBCd of in a (;eo to(lir! Rrposi tor!1 
(Option J Fue l Schedule)  

1 9 8 5  Geologic Rel'oeil;orlt Startu� 19.95 Geo1ogi" h<:1:'.OHUOr,, - S tar'tup- -
Interim rHS1)osi tion To� . Tn terl:m Dlnr;(lATI7"0,i-" r;:;((17" - -

1 . 8  x 10· 1 . 0 x 1 0' 

8 . 0  x 1 0' 1 . 0 x 1 0' 

5 . 0  x 1 0 '  2 . 0  x 1 0" 

1 . 1  x 1 0 '  2 . 1  x 1 0' 

1 . 9 X 1 0 '  5 . 1  x IO' 
o 3 .  R x [ (I' 

4 . 7  x 10' 3 . 0  x 1 0' 

o 0 
o 0 

3 .  I x 10' 0 

I .  4 x 1 0' 0 

o 1 . 3 x 1 0 '  

o 8 . 3  x 1 0 '  

o 2 . 6  x 1 0 '  

2 .  I x 1 0' I .  3 x 1 0' 

2 . S  x [ (I' 1 . 7  x 1 0' 

3 , 7  x 1 0 '  9 . 3  x 1 0' 

2 . 6  x 1 0" 5 . 2  x 1 0 "  

1 . 6 x 1 0 ' 1 . 7 x \ 0' 

5 . 6  x I n" 5 . 4 x 1 0" 

1 . 9 x 1 0' 

1 . 8 x 1 0' 

2 . 5  x I fl' 
3 . 2  x 1 0 '  

2 . 4  x 1 0' 

3 . R  x 1 0° 

7 . 7  x 1 0' 

o 
o 
3 . 1  x 1 0' 

I .  4 X ( ()'  

1 . 3 x 1 0 "  

8 . 3  x 1 0 '  

2 , 6  x 1 0 '  

3 . 3  x 1 0' 

2 . 7  x J (l' 

4 . 6  x 1 0' 

7 . 8  x 1 0" 

3 . 4  x 1 0' 

1 . 1  x 10 ' 

I .  2 X J (l' I .  5 x 1 0' 

2 . 3 x 10' I . 3 x 10' 

I . 5  x 1 0' 2 . 9 x 1 0" 

3 .  I x 1 0' 2 .  I x 1 0 '  

5 . 2  x [ (I' 5 . 1  x 1 0' 

o 3 . 8  x 1 0° 

1 . . 3 x 10' .3 . 0  x 10' 

o 0 

o 0 

1 . 2 x 10' 0 

5 . 2 x 1 0 '  n 

o 1 . 3 x 1 0 '  

o 8 . 3 x 1 0 '  

o 2 . f, x 1 0 '  

5 . 7 x 1 0' I . 3 x 1 0' 

2 . 2  x 1 0' 1 . 6 x 1 0' 

9 . 9  x 1 0' 9 . 3  X 1 0' 

1 . 7 x 1 0' 5 . 2 x 1 0" 

1 . 2 x 1 0" 1 . 7 x l n' 

1 . .  3 x 1 0' 5 . 5 x I O' 

I .  2 X 10' 

. 6  X 1 0fo 

4 . ·1 x 1 0' 

5 .  I X 10' 
5 . 7  X 1 0 '  

o 
o 

. R  x 1 0' 

. h x I O �  

1 . 2  x 1 0' 

5 . 2  x 1 0 '  

1 . . 3 x 1 0 '  

R . 3  x 1 0 '  

2 . 6  x 1 0 '  

7 . 0  x 1 0' 

2 . .  ' x 1 0' 

I .  I x 1 0" 

2 . 2  x I (l' 

I .  .3 x ) (I' 

1 . 8 X 1 0' 

a .  A l a rge port i o n  o f  these cons t ruc t i o n  m a t e r i a l s  mny h e  recyr l a il l e ,  i f  des j r�d . 

b. In s t a i n l ess s t ee l . 

<- .  I n  buri ed spent fue l or r�rroccss i ng wa s t e .  

(1.  Tot a l  coa l for gelle ra t i on o f  proc e s s  steam and htJ i l d i ng hca � and genera t i on o f  e l ec t r i c a l  cllpr�y a t  coa t - f i r�d tlt i l i t i r s .  

Casc E 
Fu.l-.? r Sh ippui t(;,:,�--- -----'-
- IJl tr;r' RptUr'1Wd and Rcrt·o(·,'r:r,('rI 
!_i!l'�i"-"-llue I...§E!!"1!'.!:El. _ _  _ 
1.1!il.!i€El:'!fJic ReP'l.,!i tory Sta;:.t"r_ 
11lt "-'}'7�m l-'ir-ros i t {(.'1l Tr r(]l 

3 . 1  x 10' 3 . 1 x 1 0 ' 

� . 7  x [ (I '  ·1 . 7  x \ II ' 

1 . 2 x l (l '  8 . . ' x [ (I ' 

1 . 5  x I tl '  8 . 2  x I n o 

5 . 4  x 1 0 ' 2 . 0  x 1 (" 

2 . 6  X 1 0 1  I . S  x 1 0 °  

2 . 5  x 1 0 '  1 . 2 x 10 ' 

o 0 
o n 

3 .  x 1 0 ' 0 
. "  x 1 0 '  0 

() 0 

Il n 

o o 

2 . 9  x 1 0 '  5 . 0  X 1 0 ' 

2 . 0  x 10 ' h . 1 x I n '  

9 . 4  x I n '  3 . R  x I ll '  

6 . 7  x 1 0 '  4 . 2  x 1 0 '  

I .  3 x 1 0' 1 . ·1 x 1 0 '  

3 . 9  X I ll '  2 . 0  x I n '  

3 . 1  x ) (l "  

9 . 2  x 1 0 "  

1 . 3  x 10 '  
1 . 6 X 1 0 2  

5 .  (, x 1 0 J 
2 . 7  x 1 0 '  

2 . 6  X l o l  

o 
o 

3 .  I x 1 0  

I . " x 1 0 '  

o 
o 
n 

.3 . 0 x I ll '  

2 .  I x 10 ' 

9 . 8  x 10 '  
7 . 1  x 10 '  
1 . 5  x I n '  

4 .  I x 1 0 '  
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TABLE V I - 2 ( Conti nued) 

Resource Commi tments In U . S .  and Global Commons from the Fore i gn Fuel I ncremen t ,  Other than Land 

Renource 

Wa t e r ,  m 1 

�In t e r i "  I s :  

Cone re t e , m )  

S t e e l , tonne 

Copper ,a tonne 

Z i nc ,(] tonne 

A t um i num ,a 
tonne 

Lumbe r ,  m l 

tcad ,a tonne 

flc p l e t e d  uranium , a  tonne 

Ch romi umt'l in S . S .  , v tonne 

N i c k e la in s . s . , b  tonne 
Ura n i um , co  tonne 

r l ut on i um ,
C' 

tonne 

Z j rcon i um , � tonne 

Ene rgy : 

Propane , m J  

II1 e 5 c l  fue l , m ' 

Ga so t  ine , m J  

E l ec t r i c i t y , kWh 
Con I ,

d 
tonne 

Manpowe r . man-hour 

Case F- l 

Fuel Shipped 1-0 V.S.  -
Reproc"06ed and Recycled in U. S .  
(Option J Fu� t Sche<!� __ �. 
198 5.J2f!2logic Re[2Q§ilslry Star.fMlL 
Interim N8poei tion Total. 

] . 0  x 10' 5 . ]  x 1 0 '  

8 . 2  x 1 0 '  ) . 2  x 1 0 '  

1 . 2  x 1 0 '  7 . 6  x tU' 

1 . 4 x 1 0 '  

5 . 0  X ! (I '  
2 . ]  X 10 ' 

2 . ]  x 1 0 '  

o 
o 
] .  I X 1 0 '  

1 . 4 x 1 0 '  

o 
o 
U 

9 . 7 x l O '  

3 . 0  x 1 0 '  

9 . 1  x 10 ' 

b . 6  x 1 0 '  

1 . 4 x I U' 

3 . 7  X 1 0 '  

1 . 2  x I I I '  

1 . 9 X 1 0 '  

5 . 4  x 1 0 '  

2 . 5  x 1 0 '  

1 . 7  x 1 0 '  

o 
1 . 0 X )0 ' 

4 . 6  X l IJ ' 

2 . 6  x 1 0 '  

1 . 7  x 10 - '  
2 . 6  x 1 0 '  

5 . I X ) (l '  

5 . 2  x 1 0 '  

6 . U  x I U '  

5 . 7  x 1 0 '  

3 . 6  x 1 0 '  

6 . 9  X 1 0 '  

8 . 3  x 10 ' 

2 . 0  X 1 0 '  

1 . 9 X 1 0 '  

2 . b  X )0 '  
6 . 9  X 1 0 '  

7 . 8  X 1 0 '  

4 . 8  x 1 0 '  

1 . 7 x 1 U '  

U 

4 .  I X 1 0 '  

1 . 8  X I U '  

2 . 6  x 1 0 '  

1 . 7  X 1 0 - ' 

2 . 6 x 1 0 '  

6 . 1  x 1 0 '  

8 . 2  X 1 0 '  

1 . 5 x 1 0 '  

1 . 2  X 1 0 "  

5 . 0  x 1 0 '  

1 . 1  x 1 0 '  

Case F- 2 
Fuel Shipped to V. S. -
Rf.?processed 1:11 U. S. -
Pu arul U Re tW'ned 
{Option J Fue l Scl,edule.L) ___ _ 
1985 Geologic Rerosi to�...§ls¥:.8!IL 
In terim Viopo� i tio" To tal 

] . 0  x 1 0 '  5 . 3  x 1 0 '  

8 . 2  x 1 0 '  1 . 2  X )0 ' 

1 . 2 X 10 ' 7 . 6  x 1 0 '  

1 . 4 x 1 0 '  

5 . 0  X 1 0 '  

2 . 3  X 1 0 '  

2 . :1 X I U '  

o 
I) 
] . 1  x 1 0 '  

1 . 4 x 1 0 '  

o 
o 
o 

9 . 7  X 10 '  
4 . 9  x 1 0 '  

9 . 1  x W ' 

6 . 6  x 1 0 '  

1 . 4  x 1 0 '  

3 . 9  X 1 0 '  

1 . 2  x 1 0 '  

1 . 9 X 1 0 '  

5 . 4  X 10 ' 

2 . 5  x 10 ' 

l . 7 x I 0 '  

o 
1 . 0 x 1 0 '  

4 . 6  X 1 0 '  

2 . 6  X 1 0 '  

1 . 7  X 1 0 - ' 

2 . 6  x 1 0 '  

5 . 1  x I II '  
5 . 2  x 1 0 '  

6 . 0  x 1 0 '  

5 . 7  x 1 0 '  

3 . 6  x I ff  

6 . 9  x 1 0 '  

8 . :1  x 10 ' 

2 . 0  X 1 0 '  

1 . 9 x J O '  

2 . 6  X 1 0 2  

6 . 9  X 1 0 '  

7 . 8  x 1 0 '  

4 . 8  x 1 0 '  

1 . 7 x l ll '  

o 
4 . 1  x 1 0 '  

1 . 8  X 1 0 '  

2 . 6  X 1 0 '  

1 . 7  X 1 0 - '  

2 . 6  x 1 0 '  

6 . 1  x 1 0 '  

1 . 0 x 1 0 '  

1 . 5  x 1 0 '  

1 . 2  x 1 0  , .  

5 . 0  x 1 0 '  

1 . 1  x 10 ' 

fl.  A l a rge po r t i on o f  these coJt3t rtlc t i on nli1te r i a l � mn)' be n'c ),c l ah l e , i f  dcs i rC'd . 

b. I n  s t a i n l e s s  s t ('c l .  

c! .  I n hu r i C'd spent f u e l  or reproc e s s i ng w3 3 t e . 

('·we G 
Fue l · ')ll l:pl"'eJt�·--'I.:;.- -:-w,�rii nfY)r;-;:;'7' i��' �'0,()1  (}(fir H(?rf�r,if;�p! 
!'QrE2!.�!'J....§.2..hed"I".L ___ __ ._. ___ ._. _ _  �.�� �_� ___ � _. ��_. _ .1985 (;e� .. togi(� !!i':ElJsi l-£r1L.§l£!l.:.f:.I�r_. 12!l.f2..-!ifPJ9gia�qJiiJ:..Ql'Y-EtsJ .. rt!lr ln t('rim riFr,}r. l: f i." Jl TO t'(17 r 'l t r>rim {,l1:nro.q i r. 7' ('fi 7't' 1 0 (  

6 . 7  x 1 (1 5  � . h  � I {)l' 

2 . 8  x 10 ' 3 . 7  X 1 0 '  

1 . 8  x 1 0 '  6 . 5  X 1 0 ' 

:1 . 9  x 1 0 ' 

b . 7  x 1 0 '  
o 

o 
o 

. 7  x 1 0 '  

1 . 1  x 1 0 '  

4 . 8  X 1 0 '  

o 
o 
o 

7 .  -1 )( J O o  
1 . 8 x 1 0 "  

1 . ·1 x 1 0 "  

1 . 1  x 10 ' 

() 
o 
o 
o 
4 . 2  x 1 0 '  

2 . 7  X 1 0 '  

8 . 4  x 1 0 '  

7 . 4  X 1 0 '  4 . b  X 10 ' 

8 . 1 x 1 0 '  5 . 7  X 1 (1 ' 

1 . 3  x 10 ' ., . 4  x 10 ' 

8 . 6 X 1 0 '  1 . 9 x 1 0 '  

b . 1 x 1 0' 6 . 3  x 1 0 "  

1 . 8  x HI' 1 . 9 x 1 0 '  

7 .  I )( 1 0 0;  

b . S  )( 1 0 1  

R . �  x 1 0 '  

I . l x l O '  

. 6  x 1 0 " 

. 4  • 1 0 '  

2 . 7  � I I) ' 
o 
o 
I .  I x 1 0 '  

4 . 8  X J (l ' 

4 . 2  x 1 0 '  

2 . 7 x l O '  

P . 4  x 1 0 '  

. 2  • 1 0 '  

. 7  x 1 0 '  

1 . 6 x 10 ' 

2 . 7 x lfl'  

. 2  x I f l '  

� .  7 x 1 0' 

� , 9  X 1 1)6 5 . 5  x 1 0 � 

8 . 8  X 1 0 '  1 . 6 X 1 0 '  

" . 0  X 1 0 '  9 . 7  X 1 0 ' 

1 . 2 X 1 0 '  

. 0  X 1 0 '  

o 
·1 . 8  x 10 ' 

o 
o 
4 . 5 x I n ' 
2 . 0  x 1 0 '  

o 
o 
() 

7 . ·1 x 1 0 '  

I .  8 x I ll "  

1 . 4 x l O ·  

1 .  I x 1 0 '  

o 
o 
o 
o 
4 . 2  x 1 0 '  

2 . 7 x l O '  

8 . ·1 x J ()' 

2 . 2  x 1 0 '  4 . 6 X 1 0 '  

7 . 3 )( l o t, S . 7 )( 1 0 '  

., . 7  X 1 0 '  3 . ·1 x 10 ' 

6 . 9  )( l O R  I . �l X 1 0 "  

·1 . 7  x 1 0 '  (' . .  ' x lO '  

5 . 0  x I ll' 1 . 9 x 10 ' 

, . �I x 1 (1 "" 

. .  � )( 1 0 " 

. f) )( 1 0 "  

. 9  )( 1 0 1 

X \ (1 '  
I .  I x 1 0 " 

5 . 9  )( t o ' 

o 
o 

. 5  x 1 0 '  
2 . 0  x l tI '  
4 . 2  x 1 0 '  

2 . 7  • 1 0 '  

8 . 4  x 1 0 '  

2 . 7  x I n '  
7 . 9  )( 1 0 "  

.1 . I x 1 0 ' 

R . 8  x 1 0 '  

5 . 3  x 1 (1 

6 . 9  )( 1 () � 

d. Tot a l coal for genera t i on of proc e s s  s t eam and hu i l d i ng hE"ot and ge ne ra t i on of e l ec t r i c a l energy at c oa l - fi rC'd I It i l i t i t' s .  
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TABLE V 1 - 2  ( Co n t i  nued ) 

Resource Com"i tn�nts i n  U . S .  and G l obal  Comnons from the Fore i g n  Fuel I ncremen t ,  Other than Land 

Resource 

Wa t e r ,  m ' 

�tn t e r i a l  s :  

Concre t e , m ' 

S t ee l ,  tonne 

Copper ,
a 

tonne 

Z i nc ,
a 

tonne 

I\ l um i num ,
a 

tonne 

Lumb e r ,  m ' 

Le ad ,
a 

tonne 

Dep l e ted u ra n l um ,
a 

t o nne 

Chrom l u m
a 

I n  S . S .  , b tonne 

N l c k e l
a 

I n  S . S . ,
b 

tonne 

lJran ium ,
c 

tonne 

P l utonium ,
c 

tonne 

Z i rcon i um ,
c 

tonne 

Energy : 

P ropane , m ' 

lJ i e se l fue l , m ' 

Gaso l ine , m 3 

E l ec t r i c i t y ,  kWh 
d 

Coa I ,  tonne 

�'a npowe r ,  man - hour 

Case H 
Fue l Sliipped to u . s .  
- hater Disposed o f  in a Geo logic 
(Option 1 Fue l Schedule) 
1985 Geo logic Repository Startup 
Interim Disposi tion Total 

1 . 8  X 1 0 5 1 . 8 x I O �  

8 . 1  X 1 0
2 1 . 9 X 1 0

' 

5 . 2  X 1 0 2 3 . 3  X 1 0 ' 

1 . 1  x 1 0
0 3 . 8  x 1 0

0 

2 . 0  x 1 0
0 9 . 3  X 1 0- 1 

o 7 . 0  X 1 0- 1 

4 . 8 X 1 0
1 5 . 5  x 1 0

1 

o 0 

o 0 

3 . 1 X 1 0
1 

0 

1 .  4 x 1 0
1 

0 

o 2 . l x I 0 ' 

o 1 . 3 x 1 0 1 

o 4 . 1  X 1 0 2  

2 . 1  X 1 0 1 2 . 3  X 1 0 1 

3 . 1  x 1 0� 2 . 9  X 1 0 3 

3 . 7  y. 1 0 2 1 . 7  X 1 0 2 

2 . 4  X 1 0 7 9 . 6 X 1 0 7 

1 . 7  x 1 0 ' 3 . 2 X I O "  

6 . 1  x 1 0 5 9 . 6  X 1 0 5 

2 . 0  X 1 0 5 

2 . 7  X 1 0 '  

3 . 8  X 1 0
' 

4 . 9  x 1 0
0 

2 . 9  x 1 0
0 

7 . 0 X 1 0- 1 

1 . 0 X 1 0
2 

o 
o 
3 . 1 X 1 0

1 

1 . 4 X 1 0
' 

2 . 1  X 1 0 3  
1 . 3  X 1 0 1 

4 . 1  X 1 0 2  

4 . 5  X 1 0 1 

3 . 4  x I O �  

S . 4  X 1 0 2 

1 . 2 x l O " 
4 . 9  x 1 0 �  

1 . 6 X 1 0 6 

Reposi tory 

1995 Geologic Repository Startu� 
Interim Dispos i tion To ta l 

2 . 5  X 1 0 6 2 . 8  x 1 0 ' 

4 . 1  X 1 0 ' 2 . 4  X 1 0 ' 

3 . 0  X 1 0
' 4 . 9 X 1 0 3  

5 . 8  x 1 0
0 3 . 8  x 1 0

0 

9 . 9  x 1 0
0 9 . 3  x 1 0- 1 

o 7 . 0  x 1 0- 1 

2 . 3  X 1 0
2 S . S  X 1 0

1 

o 0 

o 0 

2 . 4  x 1 0 2 0 

1 . 1  X 1 0
2 

0 

o 2 . l x I 0 ' 

o 1 . 3 x 1 0 1 

o 4 . 1  X 1 0 2  

1 . 1  X 1 0 2 2 . 3  X 1 0 1 

3 . 7  x 1 0 ' 2 . 9  X 1 0 ' 

1 . 8  X 1 0 ' 1 . 7  X 1 0 2 

3 . 7  X 1 0 " 9 . 6  X 1 0 7 

2 . 4  X 1 0 5 3 . 2  x 1 0 ' 

2 . 3  X 1 0 6 9 . 6  X 1 0 5 

2 . 5  X 1 0 6 

(, . 4  x 1 0 '  
7 . 9  x 1 0 '  

9 . S  x 1 0
0 

1 . 1  X 1 0
' 

7 . 0  X 1 0- 1 

2 . 9 X 10 2  
o 
o 
2 . 4  X 1 0 2  

1 . 1  X 1 0 2  

2 . 1 X 1 0 ' 

1 . 3  X 1 0 1 

4 . 1  X 1 0 2  

1 . 3 x l O '  

3 . 9  x 1 0 '  

2 . 0  X 1 0 '  

4 . 7 x I 0 "  

2 . 7 x l O s  

3 . 2 x 1 0 6  

a .  1\ l a rge po r t i o n  o f  t h e s e  con s t ru c t i on ma t e ri a l s  may be recyc l a b l e ,  i f  d e s i red . 

b . I n  sta i n l e s s  s t ee l . 

c .  I n  hur i ed spent fue l or reproc es s i n g wa s t e . 

d. To t a l  coa l for genera t i on of proc e s s  s t eam a nd hu i l d in g  heat and gene ra t i on o f  e l ec t r i c a l  ene rgy a t  c oa l - f i red u t i l i t i e s .  
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TABLE V I - 3  

Permanent Land Conm i tment i n  the Worl d  from the Fore i gn Fuel I nc rement ,  Acresa 

At Geo l og i c  Repos i t or i e s :  

Sur face
b 

(' 
Suhsurface ' 

At Geo l og i c  Repos i t or i e s : 

Sur face
b 

Subsurface
c 

At Geo l o g i c  Repos i t or i e s  

Surface
h 

Subsurface
c 

Case AJ B O!" C Case D Cas!3_E _______________ _ 

Fue l Remains in 
FOl'eign Coun t!"ies 
(Option 3 Fue l Schedule) 
1 985 Geologic 
Reposito!"y Sta!"tup 

Fue l Shipped to U. S. - Later Disposed 
of in a Geo logic Reposi toMj 

Fue l Slli,'ped to Tf. S. - Lrzter' 
Re tw'!ed ond Repr'ocessed 
(Option J Fue l Schedu le) 

28 
2 81) 

Case F- l 

Fue l Shipped to U . S. -
Rep!"ocessed and Recyc led 
in U. S. 
(Option 3 Fue l Schedu le) 
1 98.5 Geo l-ogio 
Reposi tory Sta!"t�J 

2 8  
281) 

Case H 

(Option J Fuel Schedu le) 
1985 r;eo logi(� 
Repos i to!"y Sta!"tup 

27 
2 7U 

Case F'- 2 
Fue l Shipped to U. S. ­
Reprocessed i n  U. S. -
Pu and U Retul"lted 
(Option J Fue l Schedu le) 
W85 Geo logic 
RepositoPy Sta!"tup 

2 8  
2RU 

Fuel Shipped to U. S. - Late!" 
of i n  a Geo logic Reposi tory 
(Option 1 Fuel Schedu le) 

Disposed 

1 .985 Geologic 
Reposi tol'Y Sta!"tup 

4 . 4  

44 . 0  

1 99 5  Geologic 
lIeposi to!"!! Sta!"tl�p 

4 . 4  

4 4 . 0  

1 9.95 r;eo logic 
Reposi t01'!I Star'i 1tr 

1 98.5 Geo loaic 
IIAI'()f) i to!"y

' 
Strzptu[, 

27 
270  

Case G 

28 
2 RI) 

f'l,p l Shipped to lI. S. - [,aier' Disposed 
of ill a Geo logic RqJofd tol'Y 
(Option 2 Fue l SphedJ!..l.:£L _________ _ 
1985 Geo louir> I .Q,q5 Gr:o logic 
Repos i tol'y Sta!"tul' ReposUo!"y Stal'tup 

9 . 1 

9 1 . 0  

9 . 1 

9 1 . 0  

a .  fo l l ow i n g decomm i s s i on i ng o f  faci l i t i es and bur i a l  ground s ,  t h e  on l y  l and permanent l y  comm i t t ed i s  that u t i l i zed 
:I t  geo l o g i c  repos i t o r i e s  for ent omhment o f  fore i gn spent fue l under c on s i der:lt l on ,  and/or :l s soc i a t ed wast e s . 

h . Sa l t  t a i l i n gs from t h e  geo l o g i c  repos i t ory , i f  not removed from s i t e s  ( Reference I ) .  
c.  Act i v i t i es on l and :lhove t h i s  sub s u r face aren have r e s t r i c t i on s  t o  en sure i n t e g r i ty o f  t he repos i t or i e s 

( Re ference 1 ) .  
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TABLE V 1 -4 

Resource Conrni tments i n  the Wor l d  from the Fore i gn Fuel I ncreme n t ,  Other than Land 

CaM A. B or C,_�
_�_ 

E��p.l Rem�n Foreign ­
Countries 
(Option J Fue l Schedu le )  

(aDe D 
fue l  Shipped to 11. 5. -
Later Disposed in a Geolo!Ti� Ref'08i tor!! 
(Ovtion J Fuel Sclwdu le) 

Resoul'ce 
1985 Geo logia Repositol'Y Startup 
in tel'im DispositiO>t To tal 

1985 GeoJogia Rel'osi tol'Y Stcirtup_ 
lnte rim D-tr:posi tion Tota l 

1995 Gec(ogte Re[xiG'to"i� ::t a!'/,uF ' 
Tntprhn ·-----;y7Srl,r.-rtrmz-- Tntll r - -

Wat e r ,  m J  

Ma t e ri a l s :  

Conc re t e ,  m J  

StCE' l J t onne' 

Coppe r ,  a t onne 

Z i n c , a tonne 

" l uminum , a  tonne 

tumb e r ,  m] 

l.ead ,rZ t onne 

Dep l e t ed u ran ium ,rl t onne­

Ch romi uma in S. S. ,b t onne 

N i c k c ) a i n  5 . S . , h tonne 

Ura n i u m , (! tonne' 

r l ilton i um , c t onne 

Zi rcon i um , (! tonne 

Energy : 

Propa ne,  m ]  
(H e5e l fue l ,  m 1  

Gaso l i ne ,  m ]  

E l ec t r i c i ty ,  k Wh  

Coa I .  
d 

tonne 

M�npowe r ,  man-hours 

o 5 . 8  x 1 0 '  

o 7 . 7  x 1 0 "  

1 . 2 X (()'  1 . 8 x I 0' 

o 8 . 0  x l O t  

o 8 . 7  x 1 0 ·  

o 4 . 8  x 1 0 '  

o 1 . 9 x 1 0 '  

J . :I  x 1 0 '  1 . 7 x 1 0 '  

1 . 5 x 1 0 '  0 

2 . 2  x ) O '  ) , 1  x 1 0 '  

9 . 6  x 1 0 '  4 . 8  x lO t  
o 

o 
o 

o 
8 . 5  x 1 0 '  

o 

o 

o 

2 . 6  x 1 0 '  

I .  7 x 1 0 - ' 

2 . 6  x 1 0 '  

5 . 0  x 1 0 '  

5 . 1  x 1 0 '  

4 . 1 x 1 0 '  

3 . 1  x 1 0 '  

2 . 9  x 1 0 '  

7 . n  x 1 0 '  8 . 6  X 1 0 '  

5 . H  x 1 0 "  

7 . 7  x 1 0 '  

2 . 0  x 1 0 '  

8 . 0  x 1 0 '  

8 . 7  x 1 0 ·  

4 . 8  x 1 0 '  

) . !l x 10 ' 

5 . 0 x 1 0 '  

) , 5 x ) 0 '  

3 . 3  x 1 0 '  

1 . 4 x 1 0 '  

2 . 6 x 1 0 '  

I .  7 x 10- ' 

2 . 6  x 1 0 '  

5 . 0  x 1 0 '  

5 . 2  x 1 0 '  

4 .  I x 1 0 '  

3 ,  I x 1 0' 

2 . 9  x 10' 

8 . 6  x 1 0 ' 

) , 8 x 1 0' 1 . 0 x 1 0 '  

8 . 0  x 1 0 '  I . 0  x 1 0 '  

6 . 7  x 10 ' 2 . 0  x 1 0 '  

1 . 1  x 1 0 '  2 . l x l O '  

1 . 9 x 1 0 ' 5 . l x l O ·  

o 3 . 8  x 1 0 ·  

4 . 7  x 1 0' 3 . 0  x 10' 

5 . 0 x 10 '  0 

2 . 8  x 1 0 '  0 

6 . l x l O '  0 

2 . 7  x 1 0 '  0 

o 

o 

o 

2 . 1  x 1 0 '  

2 . 5  x 1 0 '  

3 . 7  x 1 0 '  

2 . 6  x 1 0 ·  

1 . 6 x 1 0 '  

1 . 3 x 1 0 '  

8 . 3  x 1 0 '  

2 . 6  x 1 0 '  

1 . 3  x 1 0 '  

1 .  7 X 1 0 "  

9 . 3  x 1 0' 

5 . 2  x 1 0 "  

1 . 7  x 1 0 '  

5 . 6 x 1 0 '  5 . 4  x 10' 

a .  A l a rge port i o n  o f  the�p cons t rtlc t i on ma t e r i a l s  m a y  he recyc l ah l c ,  i f  d c s i rpd . 

h .  I n  s ta i n l c . "  s t  • •  I .  

e. I n hur l ed spent fll� 1 or r�rroccss j nR wa s t e . 

1 . 9 x 1 0 '  

I .  R x 1 0 '  

2 . 0  x 1 0 '  

:1 . 2  x 1 0 '  

2 . "  x 1 0 '  

:I .  R x ( () '  

7 . 7  x 1 0 ' 

5 . 0  x 1 0 '  

2 . 8  x 1 0 '  

6 . 1  x 1 0 '  

2 . 7  x 1 0 '  

1 . :1  x 1 0 '  

8 . 3  x 1 0 '  

2 . 6 x 1 0 '  

:1 . :1 x 1 0 ' 

2 . 7  x 1 0 '  

4 . 0 x 10 ' 

7 . 8  x 10" 

:1 . 4  x 1 0 '  

1 . 1  X ) 0 ' 

1 . 2  x 1 0 '  1 . 5 x W '  

2 . :1 x 1 0 "  I . J  x I fl " 

1 . 7 x I O '· 2 . 9 x l o "  

3 .  I x I I" 2 . ,  x 1 0 '  

5 . 2  y 1 0 '  

I) 
1 . :1 x 1 0 '  

5 . 0  x 1 0 '  

2 . R  x 1 0 '  

1 . 5  x 1 0 ' 
0 . 6 x 10 ' 

o 

o 

o 

5 .  I x W O  

:I .  R x tn '  
J . O  x 1 0 '  

o 

n 
o 

o 

1 . :1 x 1 11 '  

8 . :1 x I I) '  

2 . 6 x 1 0 '  

5 . 7  x 1 0 '  1 . :1 x I ll ' 

2 . 2  x 1 0 '  1 . 6 x 10"  

9 . 9  x 10' 9 . �  x 1 0 '  

1 . 7 x 1 0 '  5 . 2  x 1 0 "  

1 . 2 x 1 0 '  1 . 7 x 1 11 ' 

1 . 3  )l 1 0 7  5 . 5  x 1 0 "  

d .  l� t a l  coa l for Rcnera t i oll of Ilroce�s s team a n d  hu i l di ng h e a t  a n d  genera t i on of e l ec t r i c a l  cllergy a t  c oa l - fi red tlt i  t i t i � � .  

I . 2  x 1 0 '  

3 . 6  x 1 0 " 

� . h x 1 0 "  

5 .  I x 1 0 '  

5 . 7  x ' 0 '  

:I .  R x 10' 

1 . 6 )I 1 0 '  

5 . 0 X 1 0 '  

2 . R  x 1 0 '  

1 . 5 x 1 0 '  

(, . 6  x 1 0 7  

1 . 3 x 1 0 '  

R . :I x I ll '  

2 . 6 y 1 0  l 

. 0  y. t o " 

2 .  /1 x 1 0 5  

. 1  x 1 0 "  

2 . 2  y 1 0 '  

1 . :1 x 1 0 '  

I . R x \ (l '  

Case E 
Fucr ,r::1z irT·I:dfJ' -u. :;. ----
- L<'1 ter h'r tu)",zpt/ end H('Fr( )('(�[;nr i 
!.!!r.t:i!l!]_ J rue l S,'he, iu J£L __ ,_ 
1985 r;C(::}Q!!.�3('Pn.s1:torll . .  Sta!:�.I�r 
Tntrrlm fJl AT'OG ' t inn Torr17. 

:I .  I x ' 0' f, .  1 <  1 0' 

R . 7  X 1 0" � . 2  '>( 1 0 "  

1 . 2 )( 1 0 '5 2 . 7 '< 1 0" 

1 . 5  x ) (l '  R . R  x 1 0 '  

5 . "  x 1 0 '  

2 . 6  )( 1 0 1  

2 . 5  x 1 0 '  

,l o R  x 1 0 '  

1 . 9 x 1 0 '  

5 .  R x \I)' 

2 . 6  x 10 ' 

n 
o 

o 

2 . 9  x 1 0 '  

2 .  I x 1 0 '  

9 . . 1 x 1 0 '  

6 . 7  x 1 0 "  

I . J x 1 0 '  

I .  I x III ' 

5 . 0  x ) {J I  
2 . 0  x 1 0 ' 

I .  7 x I II '  

o 

1 . 1  x 1 0 '  

,1 . R  x 1 0 '  

2 . 6  x 1 0 1  

1 . 7 x 1 0 - 1 

2 . 6  x 1 0 '  

5 . 2  X 1 0 '  

5 . S  )( t o "  

� . 5  X ) 0 '  

:1 . 5  x 1 0 '  

3 .  I x ) {Jr. 
� . O  X 1 0 '  R . n Y I fl '  

9 . 2  x l O r. 

1 . 7  y I n ' 

I .  S Y 1 0 " 

2 . ·1 y 1 (1 ' 

(-, . ,t y 1 0 1  

7 . 6  y 1 ( ' 1  

,1 . S ;( 1 0  � 

6 .  S v 1 0 '  

I .  � y 1 1) ' 

6 . 9  Y 1 0 7  

0 . 0  x 1 0 ' 

2 . 6 'c' I f) I 
1 . 7 v 1 0 - 1 

2 . 6 y 1 0 ' 

� . 2  y I O �  

7 .  h x l O S  

I .  ,1 y 1 0 "  

1 . 0 y l o i n  

1 . ·1 x 1 0 "  

1 . 2  )/ l O P; 
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TABLE V I -4 ( Con t i nued) 

Resource Contni tments 1'n the World for the rore i gn Fuel I ncrement, Other than Land 

Rp80urC!e 

Wat e r ,  m1  

�tater l a  I s :  

Conc ret e ,  m 3  

Steel , tonne 

Coppe r , a  t onne 

Z i nc ,a tonne 

A. l umi num ,a tonne 

Lumbe r ,  m 3  

Lcad , a tonfles 

()e p l e ted u r a n i um ,  tonne 

Chromiuma i n  S. s .  , b  tonne 

N i cke 1 a in S . S . ,b tonne 

Uranlum,� t onne 

r l u ton i um� tonne 

Zi rcon i um� t onne 

Energy: 

Propane , m] 

D i e s e l  fue l ,  m ]  

Gas o l i ne ,  m '  

E l e c t r i c i t y ,  kWh 

Coa 1 ,  d tonne 

Manpower ,  man-hours 

CaDe F-1 
FueCshirped to u. s. -
Reprocl'lIDed and 
Recycled 1:" {I . S. 
(Option J Fue L S(Jhedu �e) 1985 Geo �ogi(J Repository .startup 
Interim lliapoRition Total 

3 . 0  " 10' 5 . 3 " 10' 

R . 2  " 1 0' 

1 . 2 " 1 0 '  

1 . 4  " 1 0 '  

5 . 0  " 1 0 '  

2 . 3  x 1 0 '  

2 . 3  " 1 0 '  

I .  2 " 1 0 '  

7 . 6  " 10' 

1 . 2  x 1 0 '  

1 . 9 " 1 0 '  

5 . 4  x 1 0 '  

2 . 5  " 1 0 '  

6 . S ' 1 0 '  1 . 7  x 1 0 '  

4 . 0  • 1 0 '  U 

7 . 2 " 1 0 '  1 . 0 " 10' 

3 . 2  x 10' 4 . 6 ' 1 0 '  

o 2 . 6 " 1 0 '  

o 1 . 7 " 1 0 - '  

o 2 . 6  x 1 0 '  

9 . 7 " 10' 5 . 1  x 1 0 '  

3 . 0  " 1 0 '  5 . 2 " 1 0 '  

9 . 1  x 1 0 '  6 . U ' 1 0 '  

6 . 6 " 1 0 '  5 . 7 " I U '  

I . 4  x 1 0 '  3 . 6 " 1 0' 

3 . 7  x 1 0 7  6 . 9  x 107 

8 . 3  " 1 0' 

2 . 0 x 1 0 '  

1 . 9 " 1 0 '  

2 . 6 x 1 0 '  

6 . 9  " 1 0 '  

7 . R  x 1 0 '  

4 . 8  x 1 0 '  

8 . 2 " 1 0 '  

4 . 0 x 1 0' 

R . 2  " 10' 

3 . 7 " 1 0 '  

2 . 6  " 1 0 '  

1 . 7 " 1 0- ' 

2 . 6 " 1 0 '  

6 . 1  x 1 0 '  

8 . 2  " 1 0 '  

I .  5 " 1 0 '  

1 . 2 " 1 0 "  

5 . 0  " 10' 

I .  1 x 10' 

Case F-2 
Fuel SllirJped to u . s .  -
Rel'ro(JP-ssed in 11. S. -
1'1< alld 11 Returned 
(Option 3 Fue L S(Jhedu �e) 1985 Geo�oqi(J R�..rJI.-lit!i.ctup Interim ni$pos� t ion Total 

3 . 0 " 1 0' 5 . 3 " 1 0' 

R . 2  " 1 0 "  

1 . 2  " 1 0 '  

I . �  x 1 0 '  

5 . 0 " 1 0 '  

2 . 3  x l a ' 

2 . 3  " 1 0 '  

1 . 2  " 1 0 '  

7 . 6 " 1 0' 

1 . 2  " l a '  
1 . 9 " 1 0 '  

5 . 4  " 1 0 '  

2 . 5  " 1 0 '  

6 . 5 " 1 0 '  1 . 7 " 1 0 '  

4 . 0 " 1 0' 0 

7 . 2  " 10' 1 . 0 " 1 0 '  

3 . 2  " 1 0 '  4 . 6 " l a ' 

o 2 . 6 " 1 0 '  

o I .  7 " 10- ' 

o 2 . 6 " 1 0 '  

9 . 7  " 1 0 '  5 . 1 " 1 0 '  

5 . 0  " 1 0 '  5 . 2 " 1 0 '  

9 . 1  " 1 0 '  6 . 0  x 1 0 '  

6 . 6 " 1 0' 

1 . 4 " 1 0 '  

4 . 0  " 1 0 7  

5 . 7  " 1 0 '  

3 . 6  " 1 0' 

6 . 9  " 1 0 7  

R . . ' " 1 0' 

2 . 0 " 1 0 '  

1 . 9 " 1 0 '  

2 . 6  " 1 0' 

6 . 9  " l a '  
7 . R " 1 0 '  

4 . R " 1 0 '  

R . 2 " 1 0 '  

� . o " 1 0 '  

8 . 2  " la' 

3 . 7  " 107 

2 . 6 " 10'  

I .  7 " 10- ' 

2 . 6 " 1 0 '  

6 . 1  x 1 0 '  

1 . 0 " 10' 

1 . 5  " 1 0 '  

1 . 2  " 1 0 "  

5 . 0  " 1 0' 

I .  I " 1 0 '  

a . A. l a rge pOTt i on of these con s t ruc t i on mater ia l s  may be recyc l ab l e ,  i f  de� i ret1 . 

b. In s t a i n l e ss s t ee l .  
c .  I n  bur i ed spent fuel o r  reprocc5s i ng was t e .  

Case r; _ _ ___ _  . .  _ __ ___ ______ ______________ __ __ _ 
F'1((d Sh1'PT'ed tr' l.:. ,r; • .. [,.,I f (, '!'  l)i:'I'rl�nJ o�r irl r1 r;(" l l ('ai(� Ii'! f'o.n' ,n /'II 
(Option 2 Fuel Schedule ! 

1J!.�5 Geo !.9gir!-l?e£Q!}.7t�l.l( $tartur -��.==·17i95 (if..nk!gi� f,'q)(}�;rt���j;tar.t..l� . 
I n tp.f'l:m D£erOH1: r 1'(1H To ta l. Tntcri.'''' TJi.sl'nr1 i t i(m 7(1 f.(1 / 

6 . 7 ' 1 0 '  

2 . R  " 10 ' 

2 . 3  x 1 0 '  

3 . 9  • 10 '  
6 . 7 x 1 0 '  

o 
1 . 7  • 1 0 '  

1 . 3 x 1 0 ' 

R . 6 " 1 0 '  

2 . 0  • 1 0 ' 

9 . 0  • 1 0 '  

o 

o 
o 

7 . 4  • 1 0 '  

R .  I • 1 0 "  

t . 3 x 1 0 '  

R . 6  x 1 0 '  

6 . 1  )( 1 0 11 

1 . 8 • 1 0 '  

3 . 6  X 1 0" 

3 . 7  x I ll '  
6 . 5  x 1 0 '  

7 .  � " 1 0 '  

1 . 8 x 1 0 '  

1 . 4 x 1\1' 

I .  I x 1 \1 '  

o 
o 
o 
o 
� . 2  " 1 0 '  

2 . 7  x 1 0 '  

R . �  " 1 0 '  

� . 6 x 10 ' 

S . 7  x 1 0 '  

3 . 4  x 1 0 '  

1 . 9 x 1 0 '  

6 . 3  x 1 0" 

1 . 9 • 1 0 '  

7 .  I '( 1 0 <;  

(1 . 5  ¥ 1 0 '  

R .  R , I n '  

I .  I x 1 0 '  

8 . 6  • l a '  
I . � • 1 0 '  

2 . 7  x 1 02 

I . .  ' x 1 0 '  

R - Cl x 1 0 1  

2 . 0 x 1 0 7  

9 . 0  • 1 0 '  

1 . 2  x 1 0 ' 

2 . 7  x I f) '  

8 .  � x I ll '  

1 . 2  • 1 0 '  

H . 7  x 1 0 "  

t . (, " 1 0 '  

2 . 7 " I !l '  

1 . 2  • 1 0 '  

., . 7  x 1 0 '  

.1 . 9  • 1 0 '  

R . R x 1 0 '  

6 . S  x 1 0 '  

1 . 2 x 1 0 '  

2 . 0  x 1 0 ' 
o 
4 .  R , 1 0 '  

1 . 3 Y 1 0 '  

8 . 6  Y 1 0 '  

S . 5  • 1 0 '  

o 
o 
o 

• � y 1 0 '  

2 . 2  x 1 0 7  

7 . 3  y 1 0 "  

3 . 7 x ) O J 

h . 9  x 1 0'" 

� .  7 • 1 0 '  

S . O x 1 0 "  

5 .  S x 1 0" 

� . � x 1 0 '  

9 . 7  y 1 0 '  

7 . if  )( 1 0 °  

I . R y I n "  

1 . 4  y 1 0 ' 

o 
o 
o 
o 

. 1  x 1 0 '  

. 2  x I n '  

2 .  i y 1 0  I 
R . ,1 y 1 0 '  

4 . 6 • 1 0 '  

S . 7  '( t o ' 

o .  � Y 1 0 ' 

1 . 9 • t o " 

6 . 3  Y 1 0" 

1 . 9 y 1 0· 

1 . 9 Y l O F,  

. .  ' � I n '· 

. (, x t o "  
I "  � y I P 1  

2 . 2  y 1 0 '  

I .  " y 1 0 '  

S . 9  Y I n '  

I , ;'  X I P l  

R . 6  y J (" 
S .  S y 1 0 '  

2 . '"  x 1 0 /  

,., , 2  y 1 0  l 

2 . 7  y 1 0 1  

R • •  ' y 1 0 '  

2 . 7  y t o ' 

7 . 9  '( 1 0 "  

,1 . I v 1 0 '  

R . R  Y 1 0 '  

S . 3  y W '  

6 . 9 y 1 0 '  

d. Tot a l  coal  for gpne r a t i on of process st eam and bu i l di ng heat and gene rat i on of e l e c t r ica l energy at coa l - f i red u t i  t i t i e s .  
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TABLE V I -4 ( Conti nued ) 

Resource Commi tments i n  the Worl d  from the Fore i gn Fuel I ncrement , Other than L a nd 

Case II 
Puel  Shipped to u. S. - Later DiepolJed 01 in a Geoloaic Tlep081� tory 
(Option 1 Fue l Schedule) 

Tlesouree 

Wa t e r ,  m ) 

�Ia t e r i a  I s :  

Con c re t e , m) 

Stee l ,  tonne 

Copp e r , a tonne 

Z i n c ,
a 

tonne 

A l um i num ,
a 

tonne 

Lumber , m ) 

Lead ,
a 

tonne 

Dep l e ted uranium ,
a 

tonne 

Chromiuma in s . s . , b tonne 

N i c k e la in s . s . , l  tonne 

IJranium ,
(! 

tonne 

P l utonium , (! tonne 

Z i rcon ium , (! tonne 

Energy : 

Propan e ,  m ) 

lJ i e s e l  fue l , m ) 

Gaso l i ne ,  m ) 

E l ec t r i c i ty , kWh 
d 

Coa l ,  tonne 

�Ianpowe r ,  man -hours 

1985 Geolo 
Intenm 

1 . 8  x 1 0 5  1 . 8  x 1 0 �  

8 . 1 x 1 0 2  1 . 9 x 1 0 )  

7 . 8  x 1 0 2  3 . 3  x 1 0 )  

1 . 1  x 1 0 °  3 . 8 x 1 0° 

� . O  x 1 0 °  9 . 3  x 1 0 - 1 

o 7 . 0 x 1 0 - 1 

4 . 8  x 1 0 1  5 . 5  x 1 0 1  

6 . 5  x 1 0 2  0 

4 . 3  x 1 0 1  0 

7 . 8  x 1 0 1  0 

3 . 5  x 1 0 1 0 

o 
o 
o 

2 . 1  x 1 0 '  

3 . 1 x 1 0 �  

3 . 7 x 1 0 2  

2 . 4  x 1 0 7  

1 .  7 x I O �  

6 . 1  x l O S  

2 . 1  x 10) 
1 . 3  x 1 0 1  

4 . 1  x 1 0 2  

2 . 3  x 1 0 1  

2 . 9  x 1 0 3 

I .  7 x 1 0 2  

9 . 6  x 1 0 7  

3 . 2  x 1 0 �  

9 . 6  x 1 0 5  

2 . 0  x l O S  

2 . 7 x l O )  

4 . 1  x 1 0 3  

4 . 9  x 1 0 °  

2 . 9  x 1 0 °  

7 . 0  x 1 0 - 1 

1 . 0 x 1 0 2  

6 . 5  x 1 0 2  

4 . 3  x 1 0 1  

7 . 8  x 1 0 1  

3 . 5  x 1 0 1  

2 . 1 x 1 0 3  

1 . 3  x 1 0 1  

4 .  I x 1 0 2  

4 . 5  x 1 0 1  

3 . 4  x 1 0 4  

5 . 4  x 1 0 2  

1 . 2 x 1 0 9  

4 . 9 x 1 0 �  

1 . 6 x 1 0 6  

2 . 5  x 1 0 6  2 . 8  x 1 0 4  

4 . 1  x 1 0 3  2 . 4  x 1 0 3  

3 . 3  x 1 0 )  4 . 9 x 1 0 3  

5 . 8  x 1 0 °  3 . 8  x 1 0 °  

9 . 9  x 1 0 °  9 . 3  x 1 0 - 1  

o 7 . 0 x I 0 - 1 

2 . 3  x 1 0 2  5 . 5  x 1 0 1  

6 . 5  x 1 0 2  0 

4 . 8 x 1 0 1  0 

2 . 8  x 1 0 2  0 

I .  3 x 1 0 '  0 

o 
o 
o 

1 . 1  x 1 0 2  

3 . 7 x l O �  

1 . 8  x 1 0 3  

3 . 7  x 1 0 8  

2 . 4  x 1 0 5  

2 . 3 x 1 0 6  

2 . 1  x 1 0 )  

1 . 3  x 1 0 1  

4 . 1  x 1 0 2  

2 . 8  x 1 0 1  

2 . 9  x 1 0 3  

1 . 7  x 1 0 2  

9 . 6  x 1 0 7  

3 . 2  x 1 O �  

9 . 6  x l O S 

il .  A l a rge port i o n  o f  these cons t ruc t i on materi a l s  may be recyc l ab l e ,  i f  d e s i red . 

b. In s t a i n l e s s  s t ee l . 

c .  I n  buried spent fue l or reproce s s i n g  was t e . 

2 . 5  x 1 06 

6 . 4  x 1 0 J  

8 . 2  x 1 0 3  

9 . 5  x 1 0 °  

1 . 1  x 1 0 1  

7 . 0  x 1 0 1  

2 . 9  x 1 0 �  

6 . 5  x 1 0 '  

4 . 8  x 1 0 1  

2 . 8  x 1 0 2  

1 . 3 x 1 0 2  

2 . 1  x 1 0 )  

1 . 3  x 1 0 \  

4 . 1  x 1 0 2  

1 . 3 x 1 0 2  

3 . 9  x 1 0 �  

2 . 0 x 1 0 3  

4 . 7  x 1 0 9  

2 . 7  x 1 0 5  

3 . 2  x 1 0 6  

d. Tot a l  coa l for gene r a t ion of proc e s s  s t eam and bui l d i ng heat and g en e ra t i on of e l e c t r i ca l  energ y  a t  c oa l - f i red ut i l i t i e s .  
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and VI-3 is that portion of the to tal land which is consumed by 
implementation of the part icular cas e .  For example, in Cas e  D ,  
the 1 3 , 600 MTU o f  foreign s pent fuel occupies about 14% o f  the 
810-hectare ( 2000-acre) geologic repository ;  theref ore , the sub­
surface land commitment is 108 hectares ( 2 70 acres ) . 

Some construct ion materials ( ident if ied in Tables VI- 2 and 
VI-4 ) are expected to be recyc led . Af ter d econtaminat ion of ISFS 
facilit ies and transportation casks , large portions of certain 
mat erials could be recycled if des ired . For example,  almo st all 
the stainless s teel in ISFS facilit ies (up to 6 , 700 tonnes for 
pool liners and storage basket s )  may be recycled . 

REFERENCE FOR SECTION VI 

1 .  Analytical Methodology and Facility Description - Spent Fuel 
Policy .  USDOE Report DOE-ET-0054 , U . S .  Depar tment of Energy , 
Washington , DC (August 1 9 7 8 ) . 
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VII .  LOCAL SHORT-TERM USES OF ENVIRONMENT AS 
RELATED TO LONG-TERM PRODUCTIVITY 

In this s ection ,  the short-term and long-term effects on the 
environment are compared if the foreign fuel offer of the U . S .  
Spent Fuel S torage Policy is implemented or is no t implemented . 
Short- term ef fects are cons idered to be those that occur during 
the period of the construction and operational phases of the 
facilities . Long-term ef fects are those that extend past this 
period into the indefinite future . The short-term eff ects are the 
trade-offs in land use and t he radiological and nonprolif eration 
impacts on the environment . Long- term ef fects are associated with 
conservation of res ources and allowable land use . 

The purpose of providing s torage for foreign spent fuels in 
the U . S .  is to reduce the pot ential for nuclear weapon pro lifera­
t ion . The s hort-term and long-term ef fect on the environment 
result ing from implementation of the policy must be balanced against 
the maj or obj ective of reducing the potent ial for nuclear weapon 
prolif erat ion . Although not readily quantifiable , any reduction 
in proliferat ion potential is a maj or environmental and societal 
benef it . In this s tatement , if the policy is not implemented , 
nuclear fuel repro cess ing is assumed to be introduced into a number 
of foreign countries , and this may result in a s i gnif icant increase 
in nuclear weapon proliferation by making plutonium easier to 
obta in . 

The d ifferences in resource use between all cases considered 
in this volume are small and will not foreclose future options ex­
cept to the extent that the resources are consumed . The consump­
tion as sociated with the foreign fuel increment is a very small 
fract ion of available resources . 

A. Short-Term Effects 

Cons truction of facilities ,  supporting services such as road s ,  
railroads , and transmis s ion lines , and op eration o f  these facilit ies 
will cause short-term effects on the environment . Thes e  are 
regarded as s light changes having essentially no long- term impa ct . 
Cons truction and operation of the U . S .  facilit ies will be under 
NRC licens ing and will conf orm to EPA standards to minimize the 
impact on the environment . Controls equival ent to those of the 
U . S .  are assumed to apply for foreign facilities . These controls 
will be administered by some international agency such as the lAEA. 
Less extensive control may be enf orced if t he policy is no t imple­
mented or if int ernational controls are not enforced . These les s 
ef fective controls would result in larger environmental effects 
than indicat ed in this volume . Land used for ISFS basin facilities 
will be available for o ther unrestricted uses when restored after 
decommissioning . 

VI I - l  



Some land asso ciated with reprocessing plants may be commit­
ted inde finitely . However � the decommiss ioning mode assumed in 
this EIS is dismantlement of f acilities and complete restoration 
of used lands .  Even if complete restorat ion of these lands is 
not possible , the permanent commitment of these lands would be 
smaller than the lands committed for the geologic repos itory . 
The lands used for receiving the foreign sp ent fuel would 
be a small port ion of those committ ed from receiving domes t ic 
spent fuel . 

B .  Long-Term Effects 

The maj or long-term ef f ect on the environment is the commit­
ment of land at the geologic repositori es to dispose p ermanently 
of the long-lived radionuclides in the spent f uel . Careful 
con siderat ion of this act ion is appropriate ; however , long-t erm 
isolation is required if spent fuel is ult imately dispo sed of 
as wast e  or if waste from reproces s ing is dispo sed of . The s it e  
used f or the repositories will be s elected to minimize los ses in 
long-term productive use of the land . The land selected will 
cons titute a very small frac tion of available u . S .  and foreign 
land surface area . The land area above the 8la-hectare ( 2000-acre) 
repositories will require permanent restrictions to ensure the 
int egrity of the reposit ories . All subsurface activities ( such 
as m�n�ng or drilling ) will be prohibited . S urf ace land activities 
that do not imp eril the integrity of the repos itory will be un­
restricted . In this volume , it is assumed that the repo sitory is in 
a salt formation and that the mined s alt will be permanently s tored 
on the s ite . However , the s alt tailings may b e  removed for commer­
cial use or d isposal els ewhere .  The land occupied by the burial 
ground s may be restricted f or several hundred y ears unt il the 
radioactivity in trenches decay to innocuous levels . 

If the foreign fuel o f fer is accep ted , the resource commit­
ment will be small as can be s een from S ection VI . No strategic 
resources will be committed as a r esult of this act ion . I f  the 
offer is no t made to accept the foreign fuels , the tota l  world 
resources committed will be equivalent to tho se committed if the 
policy is implemen ted ; but the U . S .  commitmen t would be r educed . 

VI I - 2  
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VIII . ENVIRONMENTAL TRADEOFF ANALYSIS 

A. Introduction 

The elements to be weighed in the environmental tradeof f  
analys is in this volume include the environmental benefits and 
costs asso ciated with the U . S .  Spent Fuel Storage Policy . 

\�en the draf t vers ion of this EIS I was prepared in the 
latt er par t of the year 19 7 7  and early 1 9 7 8  a nat ional obj ective 
was to open the f irst geologic repos itory in 1985 . Environment al 
eff ects of int erim storage of spent r eactor fuels were determined 
f or d isposition f acility operation beginning in 1985  or 19 9 5 ,  and 
ISFS facility effects were d etermined through the year 2000 to 
ensur e that the range of ac tions were covered by the draf t EIS . 
Nine cases were analyz ed for U . S .  policy implemented and U . S .  policy 
not implement ed f or f oreign spent fuel . Between the time the 
draf t document and this f inal EIS was complet e ,  DOE recogniz ed that 
the f irst repo sitory might not be in operation unt il the time 
p eriod 19 9 7  to 2 006 . To d emonstrat e  the effects of delayed re­
pository opening beyond the year 19 9 5 ,  an appendix was prepared 
for this volume (Append ix A) to show the environmental effects 
with the f irst repository startup in the year 2 010 . 

The t�o cases used to show the environmental eff ect comparison 
of initial geologic repo sit ory startup in the year 2010 were 
selected to parallel Cases A and G in the body of this volume . 
These two cases (called Case I and J )  were selected to differentiate 
b etween the cases which cons ider earlier st artup dates for the 
geologic repository . 

Based upon the President \ s  statement of April 7 ,  1 9 7 7 , the 
national int er est will be s erved by encouraging delay by o ther 
nat ions in conventional repro cessing until more proliferation­
res i stant technologies and /or ins titutional arrangements can be 
developed . The U . S .  of fer to accep t  l imited quantities of foreign 
spent power reactor fuel for s torage in this country in conj unc­
t ion wi th the proposed program for storing spent fuel from domes­
tic utilities can contribute to this and other nonproliferation 
obj ectives . For nations that have no option other than repro cess­
ing , storage in the U . S .  off ers an alternative (acceptable from a 
nonp roliferat ion point of view) for disposing of their spent fuel . 
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If foreign spent fuel is s tored in the U. S . , time would then be 
available for interested and eligible countries to build local 
storage capability or to investigate development of reg ional , 
multinational , or international storage facilities , as well as 
time to evaluate and develop more proliferation-resistant tech­
nologies and / or institutional arrangement for their fuel cycles . 
If eligible countries take advantage of the u. s .  offer , then such 
actions may as sist in promoting an international consensus favor­
ing a delay in moving to the plutonium economy and limitations on 
the spread of reprocessing plants .  

Removal o f  spent fuel from sensitive regions may contribute 
to  a reduction of tensions and improve confidence in the obser­
vance of nonprolif eration obligations and intentions . Pairs of 
countries may find such spent fuel removal benef icial in building 
mutual confidence. Finally , nonproliferation treaty adherence and 
other safeguards and nonproliferation-related developments may be 
encouraged. 

Co st s  are involved in implementing the u. s .  offer. The 
opportunity to store spent fuel in the u. s .  could reduce the 
incentive f or some nations to arrive at their own solut ions to 
spent fuel and was te disposition. There would likely be increased 
shipment of  spent fuel on the high seas . However , it is not clear 
that this would involve an increased environmental risk to the 
global commons s ince it is likely that shipment s of spent fuel 
would take place among countries even in the absence of a u. s .  
spent fuel s t orage offer. Moreover , an indeterminate number of 
these shipments are likely to be for reproce s sing and may involve 
return shipments of was te ,  separated plutonium and/ or mixed oxide 
fuels which also pose environmental risks . 

Some incremental cost to the U. S .  is involved in the addi­
tional land , water , and other resources required for implementing 
s torage f or f oreign fuel in addition to domestic fuel.  However , 
the quantity of the res ources involved is small.  The U . S .  will 
obtain export earnings from the s torage fee and from the trans­
portation charges paid to u. s.  carriers transporting spent fuel 
from u. s .  ports to the storage facility. The storage fee will be 
set so that the U. S .  Government recovers all cos t s . 

Some incremental environmental hazard is also involved because 
foreign spent fuel will introduce additional sources of radiation 
into thi s  country . However , in comp arison to the risks involved 
in shipping and s toring domes tic spent fuel , the additional risk 
introduced from foreign fuel is small . Under Option 3 ,  the maximum 
quantity of  spent fuel that would be introduced into the U . S .  between 

C I the years 1983 and 2000 is 13 , 6000 }1TU , repr es enting 19 % of  the 
domestic spent fuel s tored . Nevertheles s ,  the s hipment of foreign 
fuel through U . S .  ports of  entry would expose new areas and travel 
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routes to po tential radiat ion hazards and the risks associated with 
accidents in handling and transportation of spent fuel casks . 

In summary , implementation of the U. S .  offer to store foreign 
spent fuel would involve a tradeoff between the potent ial gains 
for nonproliferation pol icy and the additional ri sks to the en­
vironment posed by the transportat ion and storage of foreign fuel 
within the Unit ed States . With respect to the global commons , the 
tradeoff of environmental impacts is unclear and depends upon 
1 )  the risks of additional spent fuel shipments as weighed agains t 
the ri sks of shipments which would take place anyway,  and 2 )  the 
potent ial ri sks associated with any reprocessing and subsequent 
disposition of plutonium and wastes that may take place in the 
ab sence of a U. S. offer. World environmental effects are al so 
g iven for completeness.  

The environmental tradeoff analysis presented in the remainder 
of this sect ion s ummari zes and compares the environmental effects , 
nonproliferation e ffect s , use of resources , and other pert inent 
f act ors associated with the cases considered in this environmental 
s tatement . 

B .  Summary o f  Environmental Effects 

The environmental effects , other than nonproliferation , be­
lieved to be significant in .the cases considered in this volume are 
the radiation exposure of the publi c ,  o ccupational radiation 
exposure , radiolog ical health effects , and nonradiological deaths 
resul ting f rom accidents .  Some of the cas es in this analysis 
include reprocessing o f  foreign fuel.  When uranium and plutonium 
are recovered and recycled,  the need for virg in uranium decreases , 
thereby decreas ing mining and milling at the front end o f  the fuel 
cycl e.  Decreases in mining and milling re sul ts in a significant 
decrease in occupat ional and population radiolog ical health ef­
fects and deaths from occupational acci dents and is discussed in 
Se ct ion III. However , in this environmental tradeoff analysis , 
mining and milling envir onmental effects are not included because 
they are no t directly associated with the operat ions at the back­
end of the fuel cycle that are directly affected by the Spent Fuel 
Policy . Environmental effects of each case considered are shown 
in two ways , i . e. , 1 )  U. S .  and global commons and 2 )  world. In 
this EIS , environmental effects in the U . S .  and global commons are 
equal to the world environmental effects less those associated 
with regional effects resulting from operations in foreign 
nations . 

The environmental effects are summarized in Tables VIII-I and 
VIII- 2 for Cases A through H and Table VIII-3 for Cas es I and J .  
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C TABLE V I I I - l  

7- j I 

Summary of Envi ronmenta l Effects From I nterima 
Storage of Forei gn Spent Fuel 

Year U. S. Geologic Repository 
Begin� Initia: Operation 1 9 85 
Popu �ation wilOle Bodu Dose 
Commi�ent3 man-rem � 

�'. s. and Global Commons 

World 

Occupational �-posUI'e, man-rem 

u. s. and Global Commons 

World 

HeaUh Effects e 

u. s. and Global Commons 

World 

. Accidental Deaths 

u. s. and GZobal Commons 

WorZd 

2 . 5  

1 6  

0 . 0 1 

0 . 4  

[> D _E_ F-l 

1 9 8 5  1 99 5  

730 2840 
730 2840 

440 1 2 20 
5 1 0  1 2 70 

0 . 74 2 . 5  
0 . 78 2 . 6  

1 . 6  2 . 4  
1 . 6  2 . 4  

1 9 8 5  1985 

980 1000 
980 1 00 0  

345 5 1 0  
370 570 

0 . 8 3 0 . 96 
0 . 8 5 1 . 0  

0 . 8 7 1 . 8  
1 . 2  1 . 8  

F-2 

1 9 8 5  1 985 1 995 1 9 8 5  1995 

1 00 0  1 7 0  1 040 4 7  550 
1 0 00 1 7 4  1 04 0  4 7  5 5 0  

5 1 0  1 38 4 5 0  7 3  190 
580 1 5 7  4 70 8 2  200 

0 . 96 0 . 1 9  0 . 93 0 . 0 8 0 . 46 
1 . 0  0 . 2 1  0 . 94 0 . 08 0 . 4 7 

1 . 8  0�.
47 0 . 82 0 . :2'2  0 . 38 

1 . 8  0 . 47 0 . 8.2 0 . 2 2 0 . 38 
C a. ' Does not inc lude incremental environmental effects of mining and mi l l ing . 

b. Case A effects are shown . The effects for Cases B and C are essentially the same . 

c. Case G includes env ironmental impacts for receipt of Option 2 spent fuel in the U . S . , and 
Case H includes env ironmental impacts for receipt of Option spent fue l  in the U . S .  

d. In Cas e A no operations occur in the U . S .  or the g lobal commons . For Cases B and C ,  there are 
no operations with foreign spent fuel in the U . S .  but some fuel may be shipped by sea between 
countries other than the U . S .  

e.  Seri ous genetic and s omat i c  health effects were calcu l ated from radi ation doses , assuming a 
linear dose-health effect re l ation . EPA dose -effect factors were used . Health effects from 
organ doses are not sho�� independen t ly , but these organ hea l th effects are included i n  these 
l ines a l ong with those caused by the whole body dos e .  (See Appendix B of V o lume 2 for more 
detai l on methodology used i n  determining heal th effec t s . )  
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C I TABLE V I I J -2 

7-j 

Summary of Maj or Envi ronmental Effects from I nterim 
Storage and Di spos i t i on of Forei gn Spent Fuel 

Yea!' u . s .  ':;eoiogic Heposi wr)f 
Begins Ini�ia Z Operatio� 

Popuoati017 wno Ze Bod)' Dose 
Corrrnitment" man-1"err: 

u. s. & GZoba7, Commons 

Occupational Exposure. 
Man-rem 

u . s .  & Global Corrmons 

World 

Health EffectsC 

u. s. & GlobaZ Commons 

A ccidental Deaths 

u. s. & Global COrm/ons 

World 

1985 

5500 
7200 

o 

8700 

3 . 2  
1 0 . 5  

o 

7 . 9  

1 9 8 5  

8 5 0  
8 5 0  

700 
770 

1 . 02 
1 . 06  

3 . 4 
3 . 4  

1 99 5  1985 

2950 6930 
2950 8260 

1 4 8 0  440 
1 5 30 7 9 1 0  

2 . 8  4 . 3 
2 . 8  1 0 . 6  

4 . 2 1 . 6 
4 . 2  8 . 3  

1 985 

1 1 , 5 00 
1 1 , 5 00 

5 8 1 0  
5870 

1 1 . 1  
1 1 . 1  

9 . 4 
9 . 4  

1 9 8 5  

1 1 , 5 00 
, 1 1 , 5 00 

6 060 
6 2 1 0  

1 1 . 3  
1 1 . 4  

1 0 . 6  
1 0 . 9  

,.l ;c -"--

1 9 85 1 9 95 

1 9 8  1 0 80 
202 1 0 8 0  

2 2 8  540 
24 7 560 

0 . 28 1 . 02 
0 . 30 1 . 03 

1 . 1 1 . 5 
1 . 1 1 . 5 

1 9 8 5  1 995 

67 570 
6 7  570 

1 1 8  2 35 
1 27 245 

0 . 1 2 0 . 5 1  
0 . 1 3  0 . 5 2  

0 . 56 0 . 72 
0 . 56 0 . 7 2  

C a. Does not include incremen tal environmental effects of mining and mi l l ing . In Cases A , D , C , E ,  F - l  and 
F - 2 , it is assumed the foreign spent fue l i s  reprocessed and the recovered plutonium and uranium i s  
recyc l ed ;  reduced mi.ning and mil l ing requirements woul d result in a decrease of "01 20 health effects 
(because of reduced lung exposure to the population and work force) and a decrease of "031 in o ccupa­
t i onal deaths . 

b .  Case G includes environmental impact s for receipt of Option 2 spent fuel i n  the U . S .  an d  Case H 
inc ludes environmental impacts for receipt of Opt i on 1 spent fuel in the U . S .  

c. Serious gene t i c  and somat ic health effects were cal cul ated from radiat i on doses , assuming a 
l inear dose-health effect re lation . EPA dose -effect factors were used . Health effect s fro� 
organ doses are not shown independen t l y ,  but these organ health effects are included in these 
l ines along with those caused by the who l e  body dose . (See Appendix B of Vo lume 2 for more 
detai l on methodol ogy used in determining health effects . )  
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C TAB L E  V I I I - 3  

Summary o f  Ma j o r  E n v i ronmen ta l Effects for I n ter i m  S to ra ge 
of Fore i gn F u el , 2 0 1 0 u . S .  Geol o g i c Repo s i tory S ta rt u pa 

Year u. s. Geo logic Repository 
Begins Initia l Opera tion 

Popu l at i on Who l e  Body Do s e  
Commitment , man- rem 

u . s .  and G l obal Commons 

Worl d  

Occupational Expo sure , 
man- rem 

u . s .  and G l obal Commons 

Worl d  

Hea l th Effectsb 

U . S .  and G l obal Commons 

Worl d  

Accidental Deaths 

U . S .  and G l obal Commons 

Worl d  

Case I 
201 0 

1 40 0  

1 4 0 0  

3 3 0  

360 

1 . 0  

1 . 1 

0 . 5  

0 . 5  

Case J 
2 0 2 0  

o 
8 . 5  

o 
4 3  

o 
0 . 04 

o 
0 . 1 

a .  Opt i on 2 Fue l Schedu l e used for the s e  c a s e s . 

b. Serious s omat i c  and g enet i c  heal th effects w ere cal cul ated 
from radiat i on do se s , assuming a l inear dos e-heal th effect 
r e l a t i on . E PA do s e-effect factors were u s e d .  Heal th effects 
from organ doses are not s hown independent ly , but thes e organ 
he a l th effe c t s  are included under thi s  c o l umn a l ong with tho s e  
caus ed b y  the who l e  body dos e .  ( S e e  App endix B of Volume 2 
for more detai l on methodo l ogy used in determining health 
effe cts . )  
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C 

7-a 
C 

These ef f ects are the increments associated with foreign fuel and 
do not include the larger ef fects associated with interim s torage . 
and disposition of u . s .  spent fuel . Tabl es VIII-l and VIII-3 
summarize the effects of interim operation ( i . e . , that of spent 
fuel transport f rom reactor s to the ISFS f acilities and d isposition 
f ac ility , and receipt and int erim s torage in the I SFS facilities ) .  
Table VIII-2 gives the environmental eff ects of interim operations 
and also the effects of dispo sition . Interim effects are directly 
comparab le with the eff ects given in Volume 2 for u . s .  spent fuel . 
In some instanc es , all of the operat ions occur in the foreign 
countr ies ( in Cases A, B ,  C ,  and J) ; and , in those ins tances , 
only the effects of worldwid e recycling of radionuclides r eleased 
from these f acilities are included in the U . S .  and global commons . 

The analyses show that there are no sub s tant ial radiological 
health impacts  whether the policy is implemented or not for 
f oreign spent fuel . This s tatement is correct for both int erim 
and interim plus dispos ition operation . The rad iological exposure 
expressed as whole body dose commitment for U . S .  and global commons 
and for the world is smalles t ( 6 7  to 1400 man-rem) for the cases 
involving s torage of foreign spent fuel in the U . S .  with disposition 
in a U . S .  geologic repository ( Cases D ,  G ,  H and I ) . It is greatest 
(about 11 , 500 man-rem) when f oreign spent fuel is reprocessed in 
the U . S .  ( Cases F-l and F- 2 ) .  Populat ion doses shown in Tables VIII-l 
and VIII- 2  are a very small fract ion of the whole body exposure of 
about 2 x lOll man-rem from natural rad iat ion sources in the same 
period . The world populat ion dose commitment in Table VIII-3 should 
be compared to 3 . 7  x lOll man-rem .  This compar ison value is higher 
than that us ed for Tables VIII-l and VIII- 2  due to different lengths 
of the op erating period . 

Occupat ional radiat ion exposures range up t o  6060 man- rem 
( Case F- 2 )  in the U . S .  and global commons . World occupat ional 
exposures range from a minimum of 130 man-rem (Case H) to a 
maximum of 8700 man-rems ( Cases A ,  B ,  and D) . 

The number of rad iological health effects associated with 
population and occupat ional dose commitment over the operat ing 
period and the next 100 years ranges from about 0 . 1  to about 
12 in the U . S .  and global commons and the world . For perspective,  
120 , 000 , 00 0  health effects are expected t o  occur within the 
world population from natural radiat ion during this same p er iod 
considered in Tab les VIII-l and VIII- 2 .  If the p eriod is extended 
to . include that used in Table VIII- 3 the expected health effects 
will be 200 , 00 0 , 000 from natural radiat ion . The largest number 
o f  health ef f ects (about 12 ) is associated with cases involving 
reproces s ing in the U . S .  ( Cases F-l and F- 2 )  because they involve 
the largest number of workers and the longest period of operations . 
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The cas e with the lowest numb er of rad iological health effects 
( in both the U . S .  and global commons and in th� world ) is Cas e H,  
the one associated with r eceipt of the smallest amount of foreign 
spent fuel . The r elat ionship between health ef fects and the annual 

C I spent fuel received is shown in Table VIII-4 . 

c I 

C 

8-b 

The estimated numb er of deaths in the work force from non­
radiolo gical accident s during the operation p er iods ranges from 
o to 11 f or the U . S .  and global commons for the world . These numbers 
are small fractions of the 1 2 , 500  deaths from occupational accident s 
in the U . S .  alone during the year 19 7 6 . 

The environmental risks (where r isk is the product of the 
probab ility and consequences of an event ) from maj or abnormal 
events and accident s in the facilities involved 

·
with f oreign spent 

fuel are very small ( 0 . 06 to 0 . 6  mrem) and essentially the same 
for Cas es A through H .  These r isks were not determined for Cases I 
and J ,  but the risks would be proportional to Cas es G and A re­
spectively corrected for the changes in program s ize and program 
duration . The maximum dose commitment to an o f f  site individual 
follmving abnormal natural events ( e . g . , tornadoes ) and severe 
acc idents ( e . g . , criticality ) at the facilities is well below 
one r em ,  and the probab ility of these events occurring is low.  
Transportat ion accidents involving foreign fuel that result in 
the los s o f  containment could lead to greater consequences . The 
maximum consequences would b e  expected from ·an accid ent involving 
breaching of a low-level TRU waste container . In this accident , 
the maximum whole body dose to an individual would be about 
four rem ,  and the associated dose r isk is estimated to be about 
0 . 01 mr em (whole body) over the ent ire campaign . The dose risk 
to the maximum individual from accid ents involving spent f uel 
shipments is estimat ed to be 0 . 06 mrem over the entire campaign . 
No near- t erm b iolog ical effects from exposure to radiation are 
expected for any of the accidents analyzed . 

C .  Summary of Proliferation Effects 

The purpose of providing U . S .  spent fuel s torage for foreign 
fuels is to reduce the potential for proli feration of s ensitive 
nuclear materials . Although no t read ily quantifiable , any 
reduction in proliferation po tential is an environmental and 
socie tal benefi t .  For purposes of comparing the proliferation 
effects of the various cases analyzed in this volume , the 
following assump tions are made : 

• Disposal of fuel in a geologic repos itory greatly reduces the 
risk of divers ion and furthers U . S .  proliferation po tential . 

• If fuel is repro ces sed in the U . S .  or abroad under inter­
national safeguards and proliferation-resis tant te chnologies , 
the risks of diversion and proliferation are reduced . 
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TABL E V I I I -4 

Rad i o l og i ca l  Hea l th Effects for Fue l Sched u l e s  Con s i de red 

a b Hea lth Effects � 
Amount of Fue l  Reposi tory Faci lity 
Through the Year staT'tup startup 

Fue l  Schedu les 2000� MTU 1 985 1 995 

Opt i on 1 - Count r i e s  in Sens i t ive 2 , 1 60 0 . 1 0 . 5  
Regions 

I Opt i on 2 - Nonpro l i ferat ion Benefi ts - 4 , 350 0 . 3 1 . 0  
Low Opt i on 

I Opt i on 3 - Nonpro l i ferat i on Ben e fi t s  - 13 , 600 1 . 1 2 . 8  

a .  

b. 

lIigh Opt i on 

Hea l t h  e ffec t s  resu l t in g  from rad i a t i on exposure ( inc luding occupa t i on a l  exposures 
and do s e  commi tment t o  wor l d  popu l at i on ) . I le a l  t h  e ffec t s  from organ doses are not 
shown independent l y ,  but these organ h e a l t h  e ffec t s  are i n c l uded un der these co l umns 
a l ong w i t h  t h o s e  c au s ed by the who l e  body dose . (See Append i x  B of Vo l ume 2 for 
more d e t a i l on m e t hodo l ogy u sed in det ermin ing h e a l t h  e ffect s . ) 

lIea l t h  e ffect s  shown for Case II (Op t i on I fue l schedul e) , Case G (Opt ion 2 ) , 
and Case D (Opt i on 3 ) . Operat i on s  are t he same in t h e s e  three c a s e s . 



C I In the context of the U . S .  nonprolif eration goals , Cases A 
and J are least acceptab l e .  In Cases A and J ,  the U . S .  takes no 
action in regard to storage of spent fuel from foreign power 
r eactors . Some nations lacking sufficient storage capab ility 
may turn to reprocessing as an alternative . Thus , additional 
countries may acquire facilities capable of producing material 
usable in nuclear explosive devices ; and these s ensitive materials 
may be stored inside many countries , some located ins ide  s ensitive 
regions . If this case wer e adopted , the U . S .  would limit its 
opportunity to promote its nonproliferation goals to forestall 
the introduction of reprocessing plant s and to d ecrease the 
widespread national s torage of spent fuel containing plutonium . 

Sp ent fuel remains in foreign countries in Cases B and C .  In 
these cases , the U. S .  would support either multinational storage 
( Case B) or national storage ( Case C ) . The nonproliferation bene­
fits of multinational s torage are more benef icial than national 
storage because the countries eligible for bilateral support of 
multinational s torage would have to be outside sensitive regions . 
The countries would also have to show financial capability to sup­
port an expanded spent fuel storage program once U. s.  assistance 
stops . Multinational storage provides for removal of fuel from 
sensitive countries.  Multinational ownership and/ or operation of 
spent fuel storage facilities would al so provide an addit ional 
barrier to diversion of material for reprocessing to obtain mate­
rials that could be used in nuclear weapons . National storage 
( Case C )  would provide no fuel storage for countries in sensitive 
regions , and by itself , would not achieve the nonproliferation 
goals of the U. S .  This option could be used along with other 
options ( i . e . , Case H )  f or fuel from sensitive countries to imple­
ment the U. S .  nonproliferation goals.  

In Cases D,  E,  F-l , and F-2 , spent fuel is stored in the U . S . ;  
and the Option 3 fuel schedule , the highes t  level of foreign country 
participati on, is assumed . These cases include : 

1 )  Disposition of foreign fuel in a U. S .  geologic repository 
( Case D ) .  

2 )  Return o f  foreign fuel for reprocessing under conditions that 
meet nonproliferation objectives ( Case E ) .  

3 )  Reprocessing o f  foreign fuel and recycling o f  uranium and 
plutonium in the U. S .  ( Case F- 1 ) .  

4 )  Reprocessing o f  foreign fuel in the U. S . , and return of fabri­
cated mixed oxide fuel to foreign countries not in sensitive 
regions ( Case F-2 ) . 

VII I-10 



c l  

c l  
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In Cases E ,  F-l ,  and F- 2 ,  the foreign spent fuel is as sumed 
to be  reproces sed ,  and as s tated previously , if the U . S .  agrees 
to reproces sing of the fuel , reproces sing must be carried out under 
international safeguard s by using proliferation-resistant technol­
ogies which meet the nonproliferation obj ectives of the United 
S tates . 

Cases G ,  H, and I are similar to Case D in that foreign fuel 
is s tored in the U . S .  and later dispo s ed of in a U . S .  geolo gic 
repos itory . The differences in these cases are the types of 
countries included in the policy and the amount of foreign fuel 
received by the United States . Case H (Option 1 - the least 
amount of foreign fuel ) involves only countries inside sensitive 
regions . Cases G and I ( Option 2 )  involve countries inside 
sensitive regions plus other countries with clearly identified 
spent fuel storage problems (from a nonprolif eration s tandpoint ) .  
Case D (Option 3 - larges t  amount o f  f oreign fuel ) includes 
countries in Cases G and I ,  plus a larger number of non-nuclear­
weapons states . ' In Case H, the spent fuel is removed from countries 
in sensitive regions . Removal of this fuel is a maj or obj ective 
of the U . S .  nonproliferation policy . However , o ther foreign 

. nations would have to choose a course of action for storage of 
their spent fuel . Spent fuel would be  s tored in a number of 
locations , and some countries might select reprocessing as an 
alternative even though adequate saf eguards to achieve an 
adequate level of nonprolif eration are not available . Larger , 
industrialized nations are b etter able to finance spent fuel 
s torage f acilities . However , they are more likely to construct 
a reprocessing plant , either j ointly or on an individual b asis . 
Therefore ,  in Case D ,  which includes larger , industrialized non­
nuclear weapon nations , the highest benefits to the nonproliferation 
policy are o f f ered . 

D .  Summary of Commitment of Resources ' 

c i Resources considered for Cas es A through H in this volume 
that are committed in an irreversible and irretrievable manner 
are 1 )  land areas permanently af fected , 2 )  manpower , and 
3 )  materials consumed , such as fuels , chemicals , and con struction 

C materials . Resources committed f or Cases I and J were not analyzed 
in Appendix A but would be proportional to Cases G and A respectively 
corrected for the changes in program size and duration . 

Permanent land commitment is associated with geologic 
repositories and is shown in Tables VI-l and VI-3 of Section VI . 
Surface land commitment in the U . S .  and global commons ranges from 
none ( Cases A ,  B ,  C ,  and E )  to 11 hectares (28  acres ) (Cases F-l 
and F-2 )  and subsurface land from none (Cases A ,  B ,  C ,  and E )  to 
113 hectares ( 2 8 0  acres ) ( Cases F-l and F-2 ) and is associated 
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with was te disposal in geologic repositories .  Land commitment 
is least when no foreign fuel is retained in the U . S . and is 
greatest when foreign fuel is reprocessed and the reprocessing 
waste stored in U . S .  geologic repositorie s .  Permanent surface 
land commitment in the world ranges from 2 hectares (5 acres )  
( Cas e H) to 11 hectares ( 2 8  acres)  ( Cas es A ,  E ,  C ,  E ,  F-l , and F-2 )  
and subsurface land from 18 hectares (44 acres)  (Case H) 
to 113 hectares (280  acres ) (Cases A, E ,  C ,  E ,  F-l .  and F-2 ) . 
The amount of land committed in the world is approximately the 
same for cases assuming the same amount of fuel stored . The 
smaller land commitments are associated with those cases involving 
a smaller amount of foreign fuel (Cases G and H) . 

Manpower requirements (Table VI-2 of Section VI ) in the 
U . S .  and global commons range from none (Case A) to about 1 x 108 

man-hours (Cases F-l and F-2 ) . The least requirement is when 
no foreign fuel is shipped to the U . S . ; the greatest .requirement 
is when foreign fuel is reprocessed , and the reproce s sing was te 
is stored in U . S .  geologic repositories . World manpower require­
ments (Table VI-4 of Section VI) range from 1 . 6  x 106 man-hours 
( Case H) to 1 x 108 man-hours (Cases E ,  F-l , and F-2 ) . The least 
requirement i s  associated with Case H,  the low fuel schedule 
(Option 1 ) . The greatest requirement is when f oreign fuel is 
shipped to the U . S . and is later reprocessed , either in the U . S .  
or f oreign nations (Cases E ,  F-l ,  and F-2 ) . 

The use of natural resources (materials and energy) is 
C I nominal , and in Cases A through H,  is a small fraction of 1% of 

the annual production and /or consumption in the United States . 
Construction materials ,  fuel and electricity use (Table VI- 2 of 
Section VI ) in the U . S .  and global commons are least for cases 
where no for eign fuel is shipped to the U . S .  (Cases A, E ,  C) and 
greatest when foreign fuel is reprocessed and the r eprocessing 
waste s tored in a U . S .  geologic repository (Case F-l ) . Resource 
uses in the world (Table VI-4 of Section VI ) are least for the 

C low fuel schedule (Option 1 - Case H) . Resource use i s  greatest 
for the cases when foreign fuel is shipped to the U . S .  for interim 
s torage and is later reprocessed in the U . S . or in foreign nations 
( Cases E, F-l ,  and F-2 ) . 
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E .  Additional Considerations 

E . l Cask Availability 

Foreign spent fuel will likely be shipped by foreign countries 
in casks of foreign origin . The numbers of foreign casks needed 
for shipments of the foreign spent fuel to the U . S .  and any re-

C turns are shown in Table VIII-S for Cases A through I .  Cask 
need s for Case J would be roughly 1 / 3  of those shown for Cas e A 
in Table VIII-S s ince Option 2 fuel schedule was assumed for that 
case . Some foreign countries currently have a viable cask 
f abrication industry and foreign industrial capabilities are 
expected to expand to provide the casks as the numb er required 
gradually increases through the year 2000 . 

C I 

For dispo sition activities within the U . S . , it is assumed 
that foreign spent fuel and radioactive wastes ( from reprocessing) 
will be transported in casks of U . S .  origin . 

For Cases D ,  G ,  H,  or I involving intra-U . S .  shipments of 
foreign fuel from an I SFS facility to a geologic repos itory , 
add itional casks will be required five years earlier than would 
be the case if only U . S .  fuel wer e being shipped to the repository . 
This earlier need of casks for shipment of foreign fuels results 
in an earlier expenditure of money f or cask fabrication than would 
be the case if no foreign fuel were b eing shipped within the 
United States . The additional d omestic casks req uired to  trans­
p ort f oreign fuel from I SFS or g eologic f acilities to  a U . S .  
reprocessing plant (Cases F-l and F-2 )  and the r eprocessing wastes 
to a geologic repository are needed when r eprocess ing b egins . 
Cask requirement for intra-U . S .  shipments of foreign fuel and 
of waste from reprocess ing are shown in Table VIII-6 . 

E . 2  Siting/Ownership Questions 

In the cases in which foreign fuel is not shipped to the U . S .  
but is stored in foreign mult inational or national ISFS facilities , 
as would b e  agreed upon in bilateral or multinational treaties 
( Cases B and C ) , timely implementation of these actions could b e  
affected b y  special siting and/or ownership considerations .  A 
delay in policy implementation could result from lack of accept­
ance by one or more countries of the t erms of U . S .  support o f  
spent fuel storage arrangements abroad , including : 

• Ownership arrangements ( i . e . , financing/ cost p rograms) 

• Operational control arrangements 

• Transportation policy 
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TABLE V I I l - 5  

Foreign  Casks Needed for Shi pment o f  Fore ign Fuel 

Geologic Reposi tory 8rrm t Fue l  H igh- LeV p l  In termcdia te 
Case Description Startup Casks r>'aA te Ca87( s  Le l)pl  rvas i;e Casks 

Fue l Remains in Foreign Coun t r ie s  A ,  S ,  & C 1985 2 3a 2 1 0  
(Op t ion 3 Fuel Schedu l e )  

Fue l Sh ipped to U . S .  for Storage - D { 1 985 1 46 0 0 
Later Di sposed of in U . S .  
Geo l o g i c  Repo s i t ory 

(Option 3 Fue l Schedu l e )  1 995 1 4 6  0 0 

Fue l  Sh ipped to U . S .  - Later E 1985 1 5 0  2 10  
Returned for Reproc e s s ing 

(Op t i on 3 Fue l Schedu l e )  

Fue l Shi pped t o  U . S .  - Later F - l  1 9 8 5  1 4 6 2 10  
Reproces s ed and Recyc l e d  in U . S .  

(Opt ion 3 Fue l Schedu l e )  

Fue l Sh ipped t o  U . S .  - Later F - 2 1985 1 4 6  2 1 0  
Reproces sed i n  U . S .  - Pu and U 
Returned 

(Op t i on 3 Fue l  Sch ed u l e )  

Fue l Sh ipped to U . S .  for Storage - G & I { 1985 44 0 0 
La ter D i sposed of in U . S .  1 995 4 4  0 0 
Geo l og i c  Repo s i tory 

(Op t i on 2 Fue l Schedu l e ) 2 0 1 0  4 4  0 0 

Fue l Sh ipped to U . S .  for Storage - I I  { 1 9 8 5  2 1  0 0 
Later D i sposed of in U . S .  Geo l og i c  
Repo s i t ory 

(Opt i on 1 Fue l Schedu l e )  1 995 2 1  0 0 

a .  Th i s  requ i rement does n o t  inc l ude casks for any sh ipment b y  s e a  that may b e  arranged fo r Cases B o r  C .  
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TAB L E  V I I I -6 

Sc hedu l e  of Add i t i onal  Domes t i c  Cas ks Needed for Fore i gn Fuel 

Gec Zogic Number of' Casks 
Repcsiro]?z) Year Cas ks Spent Hian-Leve Z- Intermediate-Leve Z 

Case S-raY'-rup are Needed F"ue l Casks Wa�te Casks Waste CaskB 

D 1985 1993 1 00 

D 1 99 5  2 0 0 :;  1 8a 

ED 

F - l , F - 2  1 9 85 1998 1 4c 2c 1 0c 

G 1 985 1 9 9 1  3a 

G 1 995 2004 8a 

H 1 985 1 9 9 1  2a 

H 1 9 95 2 0 0 3  4a 

2 0 1 0  2 0 1 9  8a 

a .  Casks for shipment o f  forei gn  fuel from I SF S  to geo l og i c  repo s i tory are required 
5 years earl i e r  than wou l d  be needed for shipments o f  U . S .  fuel from U . S .  
reactors to g e o l o g i c  s torage . 

h . No dome s t i c  casks used for foreign fue l . 

c .  Add i t i on a l  casks requi red for reproce s s in g  operati ons . 

• Long-term disposition policy (i . e . , attitude of interested 
nations toward reprocessing) 

• Safeguards policy 

• Other considerations . 

E . 3  Role o f  International Organizations in 
Implementation of Policy 

Implementation o f  most  o f  the cases considered in this volume 
( Case B - Case I )  would require coordinated actions with national 
and international organizations , such as lAEA, to cooperatively 
implement the safeguards policies of these organizations . The 
safety of moving spent fuel acros s  national borders and/ or on 
internat ional waterways , the siting criteria for ISFS facilities 
in countries that s tore fuel from other participating countrie s ,  
and above all , the perceived national and international benefits 
or storage of this fuel will probably be  important factors that 
organizations will consider in their j udgment of the acceptability 
of the U . S .  Spent Fuel Policy . 
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G APPENDIX A 

ENVIRONMENTAL EFFECTS OF DELAYED GEOLOGIC REP OS ITORY ( STARTUP 
IN THE YEAR 2 010)  

A . l Purpose of  Appendix 

Due to the uncertainty in the government ' s  program dealing 
with " nuclear waste disposal problems , delays in the opening of 
the first geologic repository beyond the time frame originally 
analyzed in this EIS is a possibility . This appendix provides the 
environmental analysis of interim sto rage of foreign fuel in the 
U . S .  assuming the initial U . S .  geologic repository is s tarted up 
in the year 2010 . Appendix E of Volume 2 shows the environmental 
effects of a delayed geologic repository for interim U . S .  spent 
fuel storage . When preparation of the draft EISsl , 2  were initiated 
in the latter part of the year 1 9 7 7  and e arly 1978 , the national 
obj ective was to open the first geologic repository in the year 
1985 . Environmental effects of interim s to rage of spent power 
reactor fuels in an ISFS facility we re calculated for geologic 
repository operation beginning in the year 1985 or 1995 . The 
ISFS facility effects were determined through the year 2000 to 
ensure that the range of actions were covered by the draft EIS s . 
Between the time the draft documents were written and this final 
EIS was complete d ,  DOE recognized that the f irs t repository might 
no t be in operation until the mid to late 1990s . 

President Carter re cently announced (February 12 , 1980) 3 the 
adminis tration ' s  position on nuclear waste management and estimated 
that a de cision on the location of the first reposi tory Y�ll be  
made around the year 1985  and initial operation of the firs t  
repository would begin in the mid 1990 ' s .  DOE ' s  input4 to the 
NRC rulemaking on nu clear was te storage and disposal estimates 
that the firs t repository may be available between the years 
1 997-2006 . To show the environmental effects of delayed repository 
opening beyond the year 1995 , as analyzed in the body o f  this EIS 
on the U . S . Spent Fuel S torage P olicy , DOE" decided to p repare 
this appendix to show the environmental effects associated with 
interim storage of f oreign spent p ower reactor fuel in ISFS 
facilities with the first geologic repository s t artup in the 
year 2 010.  S tartup of the geologic repository in the year 2 010 , 
assumed in this appendix , was arbitrarily selected to  establi sh 
an upper limit for the environmental e ffects associated with 
storing spent fuel . 

. For purposes of the analysis in this app endix , the assumption 
is made that the U . S .  Government would provide suffi cient storage 
capacity to allow receip t  of spent fuel from Op tion 2 (mid-range) 
countries into the U . S .  f or storage in ISFS facilities . The spent 
fuel s elected for receipt under this U . S .  policy implementation 
would provide a nonproliferation benef it to the U . S .  Thi s  appendix 
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C comp ares the environmental e f fe cts of the delay in s t artup of the 
geolog ic rep ository if the U . S . Spent Fuel S torage Policy is 
imp lemented or not implemented f or foreign fuel . Three foreign 
fuel schedules are discus sed in Section II of this volume to show 
the range of f oreign fuel that may be accepted by the U . S .  
Government under this policy . Tne analysis in this appendix selects  
the "Nonproliferation Benef its Low Op tion (Op tion 2 ) " fue l  schedule 
given in Table 11-1 of Section I L D  of this volume . DOE fs p ro­
posed action is to imp lement the policy and the U . S .  Government 
should offer to take title to foreign fuel from Op tion 2 countries 
on a case-by-case basis . 

The alternatives , called cases in this appendix , used to show 
the environmental ef fect comp ari son of delayed s tartup of the 
d i sp osition f acility (until the year 2 010) were selected to 
parallel the cases  considered in the remainder of this volume 
of the EIS . Two cases  were selected , i . e . , that of imp lement ing 
the Spent Fuel S torage Policy including U . S .  accep tance of mid­
range amounts  of f oreign fuel and that of not imp lementing the 
p olicy , thereby caus ing the foreign fuel to remain abroad 
and probably be rep roce ssed . These cases are called Case I and J 
respectively to help differentiate between cases discussed in 
the remainder of this volume . 

Case I is s imilar to Case G but fuel in Case I is s tored in the 
U . S .  ISFS fac ilities approximately twice as long . Receipt  of foreign 
fuel in the U . S .  will be completed by the year 2000 . This case 
assumes disposal of the foreign fuel  in a U . S .  geologic repository . 

Operation s  for Case J are the same as for Case A ,  but in Case 
J the Op tion-2 fuel s cheduled is assumed , whereas for Case A the 
Op tion-3 fuel s chedule is as sumed . This case assumes that no U . S .  
action is taken and each foreign country arranges for its  own 
spent fuel to be reprocess ed and the recovered uranium and 
plutonium to be reused . 

The case descrip tions and their environmental effects are 
evaluated for implement ing or not imp lement ing the policy for 
the f oreign fuels . To show the environmental imp act of the 
foreign spent fuel that may be involved under the U . S .  Spent 
Fuel Storage P olicy , this appendix determined the incremental 
environmental e f fects associated with only the f oreign fuel as sumed 
to be accep ted by the U . S .  Government . This is the equivalent of 
the . environmental imp acts of implementing the f oreign p ortion of 
the policy .  The impact of the policy f or the domestic fuels is 
determined in Appendix E of Volume 2 of this EIS . The environ­
mental effects of implementing both the dome stic and f oreign 
p ortions of the policy can be obtained by adding the appropriate 
values from Volume 2 and values from this appendix . 
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C A. 2 Case Descrip tion 

The case des crip tion given in this section of the appendix 
provides inf ormation on process  action s involving f oreign fuel . 
These actions were developed from the expected actions that may be 
encountered under the U . S .  Spent Fuel St orag e  Policy for the 
combined U . S .  and f oreign fuels . Only the f oreign action s  are 
listed in this app endix . 

A . 2 . l  P olicy Imp lemented 

Under the "Policy Imp lemented "  alternative with delay of 
star tup of the first U . S .  geolog ic repository until the year 
2 010 , the U . S .  offer to accep t f oreign spent fuel f or storag e  
is assumed t o  be  implemented f or the Option 2 fuel schedule .  This 
case ( called Case I) is the option preferred by DOE for the 
delayed startup of U . S . g eologic f acilities and is  the same as 
Case G described in S ection III . B . 8  of this volume excep t that 
f oreign spent fuel is stored in a U . S .  ISFS  facility for a longer 
period (until the g eologic rep o sitory is  available ) .  A decision 
i s  also assumed to be made af ter the year 2 010 to disp ose of the 
f oreign fuel stored in the U . S . , along with U . S .  spent fuel , in 
a U . S .  g eolog ic repository . 

The foreign spent reactor fuel ( ab out 4 350  MTU) is assumed 
to be shipped to a U . S .  ISFS facility s tarting in the year 1 9 8 3 .  
This foreign fuel is  stored i n  the U . S .  ISFS until the year 2019 . 
Starting in the year 2019 , f oreign spent fuel is  shipped to the 
U . S .  g eologic  repository f or d i sposal .  

Nonp rolifer ation benefits  f or Case I are the same a s  f or 
Case G .  The environmental effects from C ase I are determined 
f or the following activities : 

• Shipment of about 4350  HTU spent fuel from f oreign ports 
( f or the y ears 1983 to 2 000)  and storag e  in the U . S .  ISF S  
f acility through the year 2 03 0 .  

• Shipment to a U . S .  g eologic rep ository of about 4350  HTU 
f oreign spent fuel from U . S .  ISFS facilities f or the years 
2 019 to 2 03 0 .  

• Decommis sioning o f  ISFS f acilities i n  the years 2021 to 
2 032 . 

A . 2 . 2  P olicy Not Implemented 

Under the "P olicy Not Imp lemented " alternative with s t ar tup 
of the first U . S . g eologic rep ository in the year 2 010 ,  it i s  
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C assumed that the U . S .  G overnment decides not to implement the 
U . S .  Spent Fuel Storage P olicy f or f oreign fuel and theref ore 
would not accept spent fuel from f oreign c ountries f or interim 
storag e .  F oreign spent fuel is  assumed to be r eproces sed in 
f oreign countries , the generated reprocessing waste disp osed of 
in a foreign geologic repository and the recovered uranium and 
plutonium recy cled as ref abricated reactor fuel.  The case (called 
Case J)  is  similar to Case A described in Section III . B . l of  this 
volume , but amounts of spent fuel for Case J are about one-third of 
that f or Case A. Under this scenario reprocessing of sp ent fuel 
equivalent to the Option 2 f oreign spent fuel schedule ( 4 3 5 0  
MTU) is  considered . 

Because f oreign spent fuel does not enter the U . S .  under Case 
J ,  there is no environmental eff ect t o  t he U . S .  and g l obal commons 
f rom f oreign spent fue l .  However , if the U . S .  d oes not accep t 
f oreign spent fuel for storag e ,  the proliferation risks would be 
greater than with U . S .  accep tance of f oreign fuel . 

The environmental effects from Case J were determined f or 
the following activitie s :  

• Transportation of 4 3 5 0  UTU of f oreign spent fuel from f oreign 
r eact or basin s  ( f or the years 198 3 to 2001) , and 

• Cask rece�v�ng and venting at the FP� storag e  basin of the 
4350  MTU of f oreign fuel  transp orted . 

A. 3 Summary of Environmental Impacts 

,The nonprolif erat ion benef its f or Case I (Policy Implemented )  
are the same as f or Case G and are describ ed in Section s  III . B . 8 . 1 
and II . D . 2  of this volume . This case assumes that the U . S .  would 
decid e ,  on a case-by-case b asis , to r eceive f oreign fuel from 
c ountries located in a sensitive r egion of the wor ld where p ro­
tracted storage of thi s sp ent fuel might be j udged troublesome 
in terms of nonp roliferation c oncerns and f r om  a limited number 
of o ther c ountrie s  where there is a nonproliferation benef it and 
the c ountries have no ready alternative solutions f or spent fuel 
disp osi tion from a nonproliferation standp oint . In Case J ,  these 
same countries are assumed to have the spent fuel reprocessed in 
nati onal or multinational reproce ssing f acilities . Theref ore , 
the p rolif eration risks from a U . S .  p erspective would be  greater 
f or Case J than f or Case I ,  and Case I is the preferred op tion . 

The environmental ef f ects f or Cases I and J on the U . S .  
and g lobal commons and the wor ld with s tartup of the f irst U . S .  
g eologic rep o sitory in the y ear 2010 are summarized in Table A-I 
f or interim op erations only . For Case I ,  all operations involving 
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C TABLE A - l  

Summary of M a j o r  E n v i ronme n ta l  Effects ( I n terim Onerati on s ) a  

Population wno le Body Dose 
Commi�ent, man-rem 

u .  S .  and G l o.bal Commons 

Wor l d  

Oc:c:upationa l Who le Body 
Exposure, man-rem 

U . S .  and G l obal Commons 

World 

Hea l th Effec:ts from 
Population Dose Commitment 
and Oc:c:upational Exposureh 

U . S .  and G l ob a l  Commons 

Wor l d  

Ac:c:identaZ Deaths 

u . s .  and G l obal Commons 

Worl d  

a .  Opt i on 2 F u e l  Schedu l e . 

Po lic:); Imolemented 
Foreign Pue l 
to U. S. 
Case I 

1 4 00 

1 4 00 

330 

360 

1 . 0  

1 . 1  

0 . 5  

0 . 5  

Po Zic:v Not Imo lemented 
FOY'eicrn Fue Z 
Repro;essed Abroad 
Case <� 

o 

8 . 5  

o 

4 3  

o 

0 . 04 

o 

0 . 1  

b .  Serious somat i c  and genetic h ea l th effects were c a l cu l ated from radiat ion 
doses , as suming a l in ear dose-hea l th effect re l at ion . EPA dose- e ffect 
factors were used . Heal th effects from organ doses are not shown inde­
pendent l y ,  but these organ h e a l th effects are inc l uded under this c o l umn 
a l ong with those c aused by the who l e  body dos e .  ( See Appendix B o f  
Vo l ume 2 for more detai l o n  methodo l ogy used in determining h ea l th effect s . )  
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C the f oreign sp ent  fuel , excep t f or maritime tran sp ortation and 
cask loading onto ship s in the f oreign countries are carried out 
in the U . S .  Thus , the effects on the U . S . and global commons and 
on the world are the same excep t  f or those associated with loading 
spent fuel casks containing f oreign spent fuel onto the ship , 
and this makes a slight c ontr ibution to the total ( le s s  than 1 0% ) . 
All of the effects from interim op erations in Case J occur in 
f oreign countries because this case as sumes no f or eign fuel is 
accepted in the U . S .  S ince the only interim action in Case J 
is the shipment from f oreign reactors to f or eign r eproce s s ing 
plants , the envir onmental effects of these interim oper ations are 
quite small as can be seen from Table A-l .  The environmental 
effects  f or C ase I are als o  small when compared to the eff ects  
on the same p opulation group s  from natural b ackgr ound radiation 
sources and accidental deaths due to nonradiological accidents 
from o ther industrial activi t ies . 

A . 4  Environmental Analyses 

The maj or environmental impacts  asse ssed in this app endix 
f or Cases I and J are nonprolif eration b enefits , p opulation d ose 
commitments , occupational expo sures , radiological health ef f ec t s , 
and acciden tal deaths . Res ources committed for Cases I and J 
were not calculated in thi s app endix . Res ources for Case I are 
essentially the same as those g iven on Tables VI-2 and VI-4 
f or Case G .  Case J res ources committed should b e  about one-third 
of those given in Tables VI-2 and VI-4 f or Case A .  

The environmental impacts o f  nonradiological releases ( e . g . , 
thermal eff luents ,  liquid and chemical ef fluents ,  etc . )  are not 
included in this app endix . These effect s  were assessed in Volume 
2 where they were noted to be well within accepted limi t s  f or 
handling , tran sp ort , and storage of 7 2 , 2 00 MTU of dome s tic spent 
fuel to ISF S  f ac ilitie s .  The nonr adiolog i cal effec t s  o f  handling 
and s toring 4 350  MTU of f oreign fuel are much les s .  

A . 4 . l  Methodology 

The methodology u sed in calculating the environmental effec t s  
f or the cases analyzed in thi s  appendix i s  the s am e  as  that u sed 
in Volume 2 and is descr ib ed in more detail in DOE-ET-0054 . 5 

Ass ump ti ons f or r elease rate s , transportation activitie s , injury 
rate s , demography , e t c .  are the same as those in sections of the 
main body of this volume . 

A. 4 . 2  Environmental Impacts 

This  section discusses the nonproliferation and maj or 
envir onmental ef fects of implementing or not implementing the 
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C u . s .  Spent Fuel P olicy f or f oreign spent f uel with startup of 
the first U . S .  g eologic rep ository delayed until the year 2 010 . 

A. 4 . 2 . l  Case I - Fuel  Shipped to U . S .  f or Storag e .  Later 
D i sp osed of in U . S .  Geologic Rep ository ( Option 2 Fuel 
Schedule) 

A . 4 . 2 . l . l  Effects of U . S .  N onproliferation Policy ( Case I )  

The nonproliferation ef fects f or the Option 2 fuel schedule 
assumed f or Case I are discus sed in detail in Section I I . D . 2  of 
this volume . Under this op tion . the U . S .  would accep t spent fuel 
on a case-by-case basis from a limited number of c ountries where 
there is a nonproliferation benefit to the U . S .  and those countries 
do not have ready alternative solutions for fuel disposition that 
are accep table from a nonp roliferation standp oint . These f oreign 
countries would have assumed that reprocessing would take place and 
therefore would not have planned for interim or  terminal geologic 
storage for their exp ected spent fuel . If some of their spent fuel 
is stored in the U . S . , these foreign countries could forego premature 
reprocessing , may be able to obtain the time to explore regional 
or international cooperation for spent fuel storage . and could be 
encouraged to accept more extens ive nonproliferation assurances 
and adherence to international nonproliferation treaties . 

A. 4 . 2 . l . 2  Other Maj or Environmental Ef fects ( Case I )  

The maj or environmental effects o f  Case I ( o ther than effects 
on U . S . nonproliferation policy) are g iven in Tables A-2 and A-3 , 
assuming startup of the first U . S .  g eolog ic rep ository in the year 
2010 . Table A-2 gives the effects on the U . S . and g lobal commons , 
and Table A-3 g ives the effects on the world . F or Case I ,  where 
Op tion 2 f oreign fuel is received in the U . S . , the d ose commitment 
t o  the U . S .  and global commons p opulation and the world total is 
14 00 man-rem . The occupational d ose of 3 30 man-rem occurs in the 
U . S .  and g lobal commons and the world total occup ational d ose is 
3 6 0  man-rem f or the interim op erations considered in Case I .  The 
combined p opulat ion and occupational d oses result in about one 
heal th ef f ect f or this case . Less than one accidental death i s  
predicted . 

A. 4 . 2 . 2  C ase J - Fuel Reproces sed Abro ad (Option 2 Fuel S chedule )  

A. 4 . 2 . 2 . 1  N onproliferation Effects ( Case J)  

The nonproliferation ef fects for nonimplementat ion o f  the 
U . S .  policy in regard to the foreign spent fue l ,  i . e . , no interim 
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c TABLE A- 2 

Major Envi ronmenta1 Effects to the U . S .  and Gl oba1 Commons 
( for I nteri m  Operati ons )a 

Interim Operations 

WhoLe Body Commi�ent, 
man-rem 
popuLation OccupationaZ 

Hea Uh Effects 
from population 
and Occuvational 
E:r:poslCf'e"eb 

Pol i cy Impl emented - Spent Fuel to the U . S .  for Storage and Disposal 

Transportation 10 

ISFS and Cask Venting 
at Geologic Repo s itory 1 400 

Total 1400 

Po l i c), Not Impl emented - Spent Fuel 

Transportation 

Cask Receiving and 
Venting at FRP 

Total 

a. Option 2 Fuel Schedu l e .  

54 0 . 04 

2 8 0  1 . 0  

3 3,0 1 . 0  
... 

to be Reproces sed Abroad 

AccidentaZ 
Deaths 

0 . 2  

0 . 3  

0 . 5  

b. Serious somatic and genetic health effects were calcul ated from radiation doses , 
assuming a l inear dos e-health effect relat ion. EPA dose- effect factors were 
used . Hea lth effects from organ doses are not shown independent l y ,  but thes e 
organ hea lth effects are included under this column a l ong with thos e caused by 
the who le body dos e .  (See Appendix B of Volume 2 for more detail o n  methodo logy 
used in determining heal th effect s . )  

c. The dashes in the tab le indicate that the fac i l ity or operation indicated in 
the first co lumn is not invo lved in the type of activ ity l i sted above the dash . 
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c TAB LE A-3 

Maj or Envi ronmental Effects for the Wor l d  ( for I nterim Operati on s ) a  

Interim Operations 

Who Ze Body COl7J7!itmentJ 
man-rem 
PopuZation OaaupationaZ 

BeaZth Effeats 
from Por;u1.ation 
and OaaupgtionaZ 
E:r:pOSU1'eS 

Pol icy Implemented - Spent Fuel to the U . S .  for Storage and Disposal 

Transportation 1 0  78 0 . 06 

ISFS and Cask Venting 
at Geol ogic Repository 1400 280 1 . 0  

Total 1 4 0 0  3 6 0  1 . 1  

Po l i cy Not Implemented - Spent Fuel to be Reproces s ed Abroad 

Transportation 6 . 5  1 8  0 . 02 

Cask Receiving and 
Venting at FRP 2 25 0 . 0 2 

Total 8 . 5  43 0 . 04 

a. Option 2 Fuel S chedul e .  

... 

AaaidentaZ 
Deaths 

0 . 2  

0 . 3  

0 . 5  

0 . 1  

0 . 00 1  

0 . 1  

b. Serious somatic and genetic health effects were cal culated from radiation dos es , 
assuming a l inear dos e-hea l th effect re l ation . EPA dose- effect factors were 
used . Health effects from organ dos es are not shown independent l y ,  but these 
organ health effects are included under thi s  column a l ong with thos e caus ed by 
the whole body dos e .  (See Appendix B of Volume 2 for more det ail on methodology 
used in determining health effect s . )  
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C storage  of f oreign spent fuel in the U . S . , is  discussed in 
Section III . B . l . l  of this volume f or the Option 3 fuel schedule 
(Case A) . The nonproliferation effects f or Case J (no f oreign 
fuel accep t ed in the U . S .  - Option 2 fuel schedule) would be the 
same since in both of these cases all f oreign fuel i s  reprocessed . 

In the ab sence of  a U . S .  spent fuel storag e  o f f er , there will 
be s ome tran sp or tation of spen t  fue l  among c ountrie s , either f or 
s torag e  or reproces sing of spent fue l .  Transfer s  f or r eproces sing 
would also involve return shipments of waste and separated 
plutonium or mixed oxide fuel . It is believed that shipment of 
plutonium or unirradiated MaX fuel is easier to divert f or use 
in c onstruction of illicit nuclear d evices than irradiated spent 
fuel and this case would , theref ore , create a greater prolif eration 
risk than f or Case I .  Accumulation of spent fuel at storag e  
f acilities also presents stocks o f  spent fuel that could be 
reproces sed to recover it s contained p lutonium . 

If the U . S .  d oes not ac cep t f oreign sp en t  fuel f or storag e ,  
the p rolifer ation risks \-]Quld b e  greater than the risks as sociated 
with the U . S .  accep tance of f oreign spent fuel . It  i s  believed that 
if the U . S .  o f f er is mad e ,  f oreign spent fue l storag e  would be 
minimized , and some f or eign reprocessing would be f orestsalled . 
Thus , nuclear prolifer ation potential would be reduced . I t  i s  
pos sible that other f actor s , including discu ssions in the 
International Nuclear Fuel Cycle Evaluation ( INFCE ) , c o s t s , 
physical secur ity problems , nation al nonproliferation interes t s ,  
or fuel cyc le p o licies will induce nations currently int erested 
in reproces s ing to alternately choose to store their spent fuel . 
If this occurs  and the U . S .  has not made the o f f er f or s torage 
of f oreign spent fuel , o ther n ation s  may still be  encourag ed to 
build int erim storage f acilities or t o  neg otiate bilater ial , 
multinational ,  or international storag e  arrangements . However , such 
an outcome could also mean that sp ent fuel would remain in s ensitive 
r eg ions . In the ab sence of reprocessing , spen t  fuel it self is not 
a weapons-usable material ; however , its continued presence d oes 
mean that a r eprocessing option remains available . 

A . 4 . 2 . 2 . 2  Other Haj or Envir onmental Eff ects  ( Case J )  

The maj or environment al eff ec t s  o f  Case J ( o ther than eff ec t s  
on the U . S .  nonproliferation p olicy ) are given in Tables A-2 and 
A-3 , assuming star tup of the f ir st U . S .  g eologic rep o s it ory in 
the year 2010 . Only the interim effects ( tran sp ortation to the FRP 
and . cask receipt and venting) are assessed f or Option 2 fuel schedule 
in Case J .  Table A-2 shows that there are no e f f e cts on the U . S . 
and global commons f r om interim operations of  Case J .  Table A-3 
gives the eff ects on the world from these interim operation s .  
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C F or Case J ,  the interim op er ations c onsidered in thi s assess-
ment result in a population d ose commitment of about 9 man-rem 
and an occupational dose of 4 3  man-rem which , when c ombined , result 
in much less than one radiological health effect . Less than one 
ac cidental d eath i s  proj ec ted f or these interim oper ations . 
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APPENDIX B - GLOSSARY OF TERMS AND ABBREVIATIONS 

actinide 

The series o f  elements beginning with actinium ,  atomic number 89 , 
and c ontinuing through lawrencium , atomic number 103 . 

activation 

The process of  making a material radioactive by absorp t ion o f  
neutrons , protons , o r  other nuclear particles . 

ac tivation product  

A nuclide formed by  activation . 

activity 

Radioactivity or radioactive materials . A measure of the rate at 
which a material is emitting radiations ; usually given in terms o f  
the number o f  nuclear disintegrat ions occurring in a given quantity 
of material over a unit of time . The standard unit o f  activity is 
the curie ( Ci ) . 

�C 

Atomic Ener gy Commission (4isc ont inued with formation o f  ERDA ·and 
NRC on January 1 9 ,  1 9J5 } .  

MR 

An acronym for away-from�reactor . Sometimes used as MR basins . 

aging 

Holding radioactive fuel and wastes while short-lived radio­
nuclides decay . 

alpha emitter 

A nuclide which undergoes radioactive decay by emitting an alpha 
particle . a positively charged particle . 

aquifer 

A water-bearing layer of permeable rock or soil . 

. C ARB 

At-reactor basin . A facility constructed adj acent to reactors to 
provide interim storage o f  spent fuel while minimizing risks to 
the · public as sociated with transporation . 
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background dose 

The levels of ionizing rad iation received in man ' s  natural 
environment , including cosmic rays and radiation from naturally 
occurring radioact ive elements . 

biosphere 

The part of the world in which life can exist ( including the 
lithosphere ,  hydrosphere , and atmosphere) ; living beings together 
with their environment . 

biota 

The animal and plant life of a region . 

burial ground 

A land area specif ically des ignated for storage or disposal of 
containers of low-level radioactive solid wastes and obsolete or 
worn out equipment in shallow land burial . 

BWR 

Boiling water reactor is a nuclear reactor in which boiling light 
wat er (H2 0 ) is used as the coolant . 

CANDU 

CANada Deuterium Uranium reactor is a nuclear reactor in which 
natural

-
uranium i� used as fuel.  It is heavy-water (D20) 

moderated,  reflected,  and cooled . 

canister 

A metal container for radioactive solid was te . 

cask 

A container that provides shielding and containment for the 
shipment or storage of radioactive material . 

cc 

Cubic centimeters 

cfm 

Cubic feet per minute 

CFR 

Code of Federal Regulat ions , subdivided by Titles and Parts , 
available from U . S .  Government Printing Off ice , Washington , DC . 
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C 10 CFR 100 (also ,  1 0  CFR Part 100) 

U . S .  Code of  Federal Regulations Title 1 0 .  Part 100 , Reactor 
S ite Criteria . 

C Category 1 Structure 

A structure des igned to withstand maximum credible natural 
disast ers , such as earthquakes or tornadoes . 

Ci 

_ u ... ... C I C r'; e (s ) ( see " cur'; e " ) 

cladding 

The outer j acket of a nuclear fuel or target element . 

claddin g  waste 

Cladd ing waste consists  of  hulls , o ther hardware components ,  
and residual f ines which remain after spent fuel is d is solved 
in a reproces s ing plant . Cladd ing waste is mostly Zircaloy , 
Inconel; and stainless s teel . The components contain activation 
products and some residual radionuclides . Sometimes referred to 
as fuel res idue wastes . 

compaction 

Reduction in the spacing of racks that hold spent fuel in a water 
storage basin so that the basin can hold more fuel and s till remain 
subcritical . 

C Concentration Guide (CG) 

The average concentration of  a radionuclide in air or water to 
which a worker or member of the general population may be contin­
uously exp osed without exceeding radiation dose standards as 
specified in 10 CFR 2 0 ,  "Standards for Protection Against- Radiation" . 

contamination 

The deposition of radioactive mater ial on a surface or the 
presence o f  fission products in a process s tream. 

criticality 

State o f  being critical : a self-sustaining neutron chain reaction 
in which there is an exact balance between the production and loss 
o f  neutrons . 

curie 

The bas ic unit of radioactivity in a sample of material . One curie 
(Ci)  equals 37 billion disintegrations per second . 

* Trademark of  Huntington Alloys ,  Inc . 
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DBE 

Design-Bas is Earthquake . 
the mo st severe near any 
records and is used as a 

decay (radioactive) 

An earthquake that is pos tulated to be 
s ite . The DBE is based upon historical 
bas is for facility and system design .  

The spontaneous transformat ion of one nuclide into a different 
nuclide or into a different energy state of the same nuclide . 

decommissioning 

The management or dispos ition o f  worn out or obsolete nuclear 
f acilit ies or contaminated s ites . Decommissioning operations 
remove facilities such as repro cessing plants and ISFS fac ilities 
from service and reduce or stabilize radioactive contamination . 

decontamination 

The selective removal o f  radioactive material from a surface or 
from within another material . 

densificat ion 

See "compaction . " 

depleted uranium 

Uranium having a percentage o f  uranium-235 smaller than the 0 . 7% 
found in natural uranium. 

discharge capab ility 

C Res erve storage capacity maintained in a reactor basin to accommo­
date the scheduled annual discharge of fuel ( from 1/ 4 to 1/ 3  o f  
the core load) . 

disintegration 

(Radioactive decay )  - the spontaneous transformation of one 
nuclide into a different nuclide or into a different energy s tate 
of the same nuclide . The process results in emiss ion of energy 
and/ or mass  from the nucleus . 

disposal 

The planned release of radioactive and o ther was te in a manner 
that precludes recovery , or its placement in a manner which is  
cons id ered permanent b ecause no  provision is made for  recovery . 

dispos ition f acility 

An undefined generic facility as sumed , in this volume , to receive 
spent fuel f rom reactor and ISFS f acilities , or reprocessing 
was te f rom an FRP at some point in the s chedule .  
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DOE 

Department of Energy ( created October 1 ,  197 7 ) . Includes f ormer 
Energy Research and Development Administrat ion which was created 
January 19 ,  1975 , when the Atomic Energy Commission was abolished . 

dose 

The amount of  abs orbed energy imparted t o  matter , when ioniz ing 
radiation passes through that matter , per unit mas s  o f  the irradiated 
material . 

dose commitment 

The amount o f  radiation dose to an individual or population over a 
stipulated period of t ime resulting from expo sure to a given source . 

DOT 
/ Department of Transportation 

enriched uranium 

Uranium in which the percentage of the fissionable isotop e  
uranium-235 has been increased above the 0 . 7 % normally found in 
natural uranium . 

EPA 

Environmental Protection Agency 

ERDA 

Energy Research and Development Administration ( includes part o f  
the former AEC) . Discontinued with formation of the Department of 
Energy (DOE) in 19 7 7 . 

ERDAM 

ERDA Manual (for ERDA operations and ERDA contractors ) .  

Federal repo s itory 

A U . S .  Government facility to be used for the s torage and disposal 
o f  nuclear waste . 

f i s s ion (nuclear ) 

The spontaneous or neutron-induced splitting of a heavy nucleus 
into two nuclei or more of different mass , with the emission o f  
2 or more neutrons and substant ial energy . 

fiss ion product 

A nuclide produced by f i s s ion or from radioact ive decay of the 
nuclide thus forme d .  
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fis s ionable material 

Any material that fiss ions from neutron absorption . 

frequency 

The number of times an event can be po stulated to occur , or 
actually occurs per unit of time . 

Abbreviat ion for fuel reprocess ing plant . 

fuel (nuclear reactor) 

Fiss ionable material used as the source of  energy when placed in 
a nuclear reactor . 

fuel assembly 

A group ing of  fuel elements which is not taken apart during the 
charging and discharging of  a reactor core . 

fuel cycle (nuclear ) 

The complete series of steps involved in supplying fuel for 
nuclear reactors . The cycle includes uranium mining and 
refinin g ,  uranium enrichmen t , fuel element fabrication , 
irradiat ion , chemical reproces s ing (�o recover the fissionable 
material remainin g  in the spent fuel} , and disp o sal of radio­
active was te . Later s teps in the fuel cycle are re-enrichment 
of the irradiated uranium and refabrication into new fuel 
elements .  

fuel element 

The smallest s tructurally discrete part of a reactor assembly 
which has nuclear fuel as its principal cons tituent . 

full-core reserve 

C Reserve s torage capacity maintained in a reactor discharge basin 
to accommodate all the spent fuel contained in the reactor . 

full- cost recovery 

Includes charges to the user that compensate the g overnment for 
budgetary sp ending f or capital and operating c os ts , return on 
invest ed cap ital , and costs to c over unusual hazards , e . g . , 
insurance premiums , premium pay for hazardous work , workmen ' s  
compensat ion ,  e tc . 

grams 
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gal 

gallons 

gamma rays (y) 
Short-wave length electromagnetic radiation emitted by a 
nucleus . Gamma radiation accompanies radioactive decay , 
neutron capture , and fission . 

GAO 

General Accounting Off ice (under the Comp troller General of  the 
United States ) .  

geologic storage 

S torage in a repository cons tructed in a geologic formation . 

global commons effects 

See U . S .  and global commons effects . 

GWe 

Gigawatts electric , i . e . , one billion (10 9 ) watts or one­
thousand megawatts . 

half-life 

The time in which half the atoms in a radioactive substance 
sp ontaneously disintegrate to another nuclear form. 

7-f health e ffect 

As used in this environmental statemen t , a health effect from 
exposure to ionizing radiation may be a s omatic effect (malignancy )  
and / or a genetic effect . Somatic and genetic effects are summed 
to show to tal health e ffects . 

heavy water 

Deuterium oxide , D2 0 .  Water in which hydrogen atoms have been 
replaced with deuterium atoms . 

heavy water reactor 

Uses heavy water (D2 0 )  as moderator for s lowing fast neutrons . 
May use l ight or heavy water for coolant . 

high-ef ficiency particulate air (HEPA} f ilter 

An air filter designed to achieve 9 9 . 97  percent mJ.nJ.mum efficiency 
in the containment o f  airborne radioactive particulates of greater 
than 0 . 3 micron size . 
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high-level liquid was te 

The aqueous was te resulting from the operation of head-end and 
f irst-cycle extraction (or equivalent waste from a process  not 
using solvent extraction) in a facility for processing irradiated 
reactor fuels . 

high-level waste (HLW) 

High-level liquid waste , or products from solidification o f  
high-level liquid waste obtained from chemical proce s s ing o f  
irradiated fuel , and /or irradiated fuel elements if disposed o f  
without proce s s ing . 

IAEA 

International Atomic Energy Agency . 

ICRP 

International Commission on Radiological Protection . 

interim s tor�ge 

S torage operations for which (a)  surveillance and human control 
are provided and ( b )  subsequent action invo lving treatment , 
transportation , or fuel disposition is expected . 

intermediate-level liquid waste ( ILLW) 

The aqueous wast e , other than high-level liquid and cladding 
waste , from reprocessing plants  that require shielding or o ther 
protective actions during handling . This includes aqueous 
wastes from extraction cycle evaporator overhead and mis cella­
neous was te s o lutions . 

intermediate-level waste ( ILW) 

Intermediate-level liquid waste or products from s olidif ication 
o f  int ermediate-level liquid waste obtained from chemical 
process ing of irradiated fuel . 

ion 

An atom with an electrical charge from either the lo ss or gain o f  
an electron . 

ion exchange 

A reversible trans fer between ions in solution and diff erent ions 
contained in or on a crystal or resin without destruction of the 
crys tal . 
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ISFS 

Independent Spent Fuel Storage (away-from-react or) 

isotope 

Any of the two or more forms of the same element containing the 
same number of protons but different number of neutrons . The 
isotopes are chemically similar but have different atomic weights . 

kilo 

A pref ix ind icat ing one thousand ( 103 ) times the affixed unit � 
abbreviat ed "k . " 

krn 
Kilometers ( 1  kilometer = 1000 meters or 0 . 621 mile) . 

kw-hr 

Kilowatt-hour . A unit of  energy generat ion or comsumption in 
a given hour . 

A contracted form of  kW-hr . 

kW-yr 

Kilowatt-year . A unit of  energy generat ion or consumption in 
a given year . 

kWvr --"--

A contracted form of kW-yr . 

lattice 

The geometric arrangement of fuel ass emblies . 

l ight water 

Normal wat er (H20 ) , as d istinguished from heavy water (D20) . 

l ight water reactor ( LWR) 

Uses l ight water (H20)  as coolant and as the moderator for slowing 
fast neutrons . Most  common types are pressurized water reactors 
(PWR) or boiling water reactors (BWR) . 

long-term storage 

The status o f  rad ioact ive waste under control and surveillance ,  
and readily retrievable ,  but in such a form and locat ion that 
no further processing or manipulation is considered necessary 
for a period of t ime in the nuclear fuel cycle ; an example 
would be storage in a high-quality near-surface storage vault 
with an expected durability of many decades . 
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low-level liquid was te (LLLW) 

The aqueous waste generated at plants  handling radionuc1ides 
that are low in radionuc1ide content and do not require 
s ignif icant shielding . The concentrated low-level was te is 
recycled into int ermediate-level waste . 

low-l evel waste (LLW) 

Low-level solid waste is miscellaneous solid was te materials 
that contain b eta-gamma emitters and traces of TRU alpha 
emitt ers in concentrations <10 nCi / g .  This waste is normally 
made up of ash from incinerated combus tible wastes , decon­
taminated equipment , etc . This waste is normally s ent to a 
burial ground for dispo sal . 

low-level transuranic wast e  (LLW-TRU) 

LLW-TRU is miscellaneous solid waste  materials that contain 
beta-gamma emitters and transuranic radionuc1 ides vnth TRU 
alpha emitters in concentrations > 1 0  nCi / g .  This waste requires 
long-term s torage or dispo sal in a geologic repos itory . 

LWT 

Abbreviation for legal-weight truck . 

m 

( 1 )  meter ; ( 2 )  as pref ix , milli . See "milli .  TI 

man-rem 

The to tal radiation ao s e  commitment to a given p opulation 

group ; the sum of the individual doses received by a popula-

tion segment . 

maritime 

On or by s ea . 

meteorology 

The s c ience concerned with the atmosphere and its phenomena , 
especially as related to the weather . 

metric ton (MT) 

Unit of weight ; 1 MT = 1000 kilo grams (1 Tonne) . 

!!!£ 
milligrams . 

micro ('\.I ) 
6 . bb . t d ", I " 

Prefix indicating 1 0- times the affixed un�t , a rev�a e � 
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milli 

Prefix ind icating one-thousand th (1  millirem = . 1 / 1 000 of a rem or 
10-3 rem) . 

millirem 

One-thousand th of a rem .  

mixed oxid e fuel 

Nuclear fuel containing oxides of uranium and plutonium . 

mT, 

milliliter ( s )  

MM 
Modified Mercalli ( s cale of  earthquake intensity) .  

MW 

Megawatt 1 MW = 1 million watts ) ,  a unit of  the rate of  energy 
production or consumption . 

MW-yr 

Megawatt-year . A unit of energy generation or consumption in 
a given year . 

moderator 

A material , such as water or graphite , used in a reactor to 
slow down high-velocity f is s ion neutrons . 

mrem 

millirem 

MTU 
Metric tons of uranium ( 2200 pounds or 1000 kilograms) . 

nano 

A prefix ind icating 10- 9 
times the af fixed unit , abbreviated 

"n . "  

natural uranium 

Uranium as found in nature .  It is a mixture of the fertile 
uranium-238 iso tope ( 9 9 . 3 % ) , the fissionable uranium-235 
isotope ( 0 . 7 % ) , and a minute percentage of uranium-234 . 

nCi 

nanocurie ( s) . 
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NCRP 

National Council on Radiation Protection and Measurements 

neutron 

An uncharged elementary particle with a mass  nearly equal to 
that of the proton . Neutrons sustain the fission chain reac­
tion in a nuclear reactor . 

noble gas 

A chemically inert gas , e . g . , xenon , argon , and krypton . 

nonprolif eration 

Limit s the number of  nations capable of  producing nuc lear 
weapons . 

NRC 

Nuclear Regulatory Commis s ion ( includes the regulatory branch 
of the former AEC) . 

nuclear reaction 

Neutron reactions with materials that cause f is s ion or trans­
mutation with the s imultaneous release of energy . 

nuclear saf ety 

The application of technical knowledge and administrative control 
to prevent an unplanned , uncontrolled nuclear chain reaction . 

nucleus 

The positively charged c enter of an atom . 

nuclide 

A species of atom characterized by its mas s  number , atomic number , 
and nuclear energy s tate , provided that the mean life in that 
state is long enough to be obs ervable . 

NWTS 

National Waste Terminal Storage . 

off-gas 

Gas released by any process in the fuel cycle . 

order of  magnitude 

A factor of 10 . 

OSHA 

Occupat ional Safety and Health Act of  197 0 .  
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overpack 

Secondary (or add itional ) external protective packaging for 
packaged nuclear waste . 

Abbreviat ion for overweight truck . 

pCi 

pico-curie ( s )  • 

pico 

Prefix indicating one-millionth of a micro unit (1 picocurie = 

1/ 1 , 000 , 000 of a microcurie or 10-1 2  curie ) . 

plutonium 

A radioactive element with an atomic number of 94 . Its  mo st 
important isotope is fissionable plutonium-239 , produced by 
neutron irrad iation of uranium-238 . 

pool or pool cell 

A concrete chamber filled with water to provide shielding for 
irrad iated fuel element s .  

population dose 

The summation o f  radiation exposures received by the members of 
a populat ion group over a given time period . 

probability 

The chance of an event occurring in a unit time , usually expressed 
as events per year . 

rad 

Radiation absorbed dose .  The bas ic unit o f  absorbed dose o f  
ion�z�ng radiation . One rad i s  equal to the absorpt ion o f  
100 ergs o f  radiat ion energy per gram o f  matter . 

radioactive 

Unstable in a manner shown by spontaneous nuclear disintegration 
with accompanying emmis s ion of rad iat ion and particles . 

radioactive decay 

The spontaneous d ecrease of a radioactive subs tance due to 
disintegration by the emis s ion o f  particles and radiation . 
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radioactivity 

The spontaneous decay or disintegration of unstable nuclei 
accompanied by the emis sion of radiation and particles . 

radio isotope 

An iso tope of  an element which decays radioactively . 

radionuclide 

An unstable nuclide that decay s  radioactively . 

RBOF 
----_ ._- .•.• __ . 

Receiving Bas in for Off s ite  Fuel s ,  a facility at the DOE ' s 
Savannah River Plant . 

reactor (nuclear ) 

A device in which a fission chain reaction can be initiated , 
maintained , and controlled . 

regional effects 

The effects on nine million km2 that result from foreign opera­
tions at the center o f  that land area (assumed for this volume ) . 

rem 

A unit used in rad iation protection to express  the effective 
dose equivalent for all forms of ion�z�ng radiat ion . It is 
the product of the absorbed dose in rads , quality factors , 
and mod ifying factors . 

repo sitory 

A facility or designated s ite for storage or disposal of high­
level and TRU radioactive wastes . 

reprocess ing 

Dissolving spent reactor fuel and recovery of useful materials 
such as thorium, uranium, and plutonium . Other radioactive 
materials are usually s eparated and treated as was te . 

retrievability 

Capability to recover was te from interim s torag e .  

risk 

The product of an event ' s frequency and its consequence yielding 
an es timate of the expected damage rate ( e . g . , population dose 
per y ear ) from a specified event . 
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roentgen 

A unit of expo sure of ionizing radiation . It  is a measure o f  
gamma o r  x-rays required t o  produce ions carrying one electro­
stat ic unit of electrical charge in one cubic centimeter of dry 
air und er standard condit ions . 

s ensitive facilities 

Facilities capable of  producing material usable in nuclear 
explosive devices . 

sensitive material s 

1)  Fissionable materials that can be used to construct nuclear 
weapons or 2 )  rad ioactive material s that might be dispersed by 
saboteurs or malevolent groups . 

sensitive regions 

Areas in the world in which international tensions are high and 
a risk of  violent conflict may occur . 

shielding 

The material interposed between a source o f  radiation and the 
environment for protection against  the danger of radiation . 
Common shielding materials are concret e ,  water , and lead . 

shipping cask 

A specially designed cont ainer used for shipping radioactive 
materials ( see cask) . 

spent fuel 

Irradiated nuclear reactor fuel at the end of its useful l ife . 

storage 

Retention of waste in some type of man-made device . 

storage bas in 

A water-filled , stainles s steel-l ined pool for the interim 
storage of spent fuel . 

ton 

C I Unit of weight , 1 ton = 2000 pounds (1  short ton) . 

tonne 

C I Unit of weight , 1 tonne = 1000 kg ( 1  metric ton) . 
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transuranium elements 

Elements above uranium in the periodic table , that is , with 
an atomic number greater than 92 . All 13 known transuranium 
elements are radioac t ive . Examples : neptunium , plutonium, 
cur ium , cal ifornium . 

transuranic waste 

Any waste mat erial measured or assumed to contain transuranic 
elements in excess  of 10 nCi/ g .  

trit ium 

A radioactive isotope of hydrogen containing two neutrons and 
one proton in the nucleus , with an atomic weight of 3 .  It is 
heavier than deuter ium (heavy hydrogen)  with an atomic weight 
of 2 .  

TRU 

Transuranic 

uns table 

Chemical : compounds which readily decompose or change into other 
compounds . 

Radioactive : nuclides which decay to form other nuclides and 
emit radiation in the process .  

uranium 

A natural radioactive element with the atomic number 92 and an 
atomic weight of approximately 238 . The two principal naturally 
occurring isotopes are the f issionable uranium-235  ( 0 . 7 % of  
natural uranium) and the fertile uranium-238  ( 99 . 3% of  natural 
uranium) . 

USAEC 

United S tates Atomic Energy Commission ( see AEC) . 

USDOE 

United S tates Department of Energy ( see DOE) . 

USGS 

United S tates Geological Survey . 

C USNRC 

United S tates Nuclear Regulatory Commission ( see NRC ) . 
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U . S .  and global commons effects 

In this EIS , total world effect s less tho s e  associated with re­
gional .ef f ects  that result from operations in foreign countries . 

. waste  immobilization 

Process of converting waste  to a stable ,  solid form which ties 
up the radionuclides , thereby prevent ing (or slowing ) their 
migrat ion to the biosphere . 

waste  management 
• 

The planning , execution , and surveillance o f  es s ential functions 
related to the control of radioactive ( and nonradioactive) was te , 
including treatment , solid if ication , initial or  long-term storage , 
surveillance ,  and d is po sal . 

was t e ,  radioactive 

Equipment and materials ( from nuclear o perat ions ) that are 
radioactive or have radioactive contamination and for which there 
is no recognized use or for which recovery is impractical . 

1!. 
Prefix indicat ing one millionth . Same as "micro . "  
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SUllllllry of Operat1ons Invol ved 1n Cases 
Ca •• 

F01'flilJ" Sp""t FUMl 
FuMl S"IuIdul. Optionb 

Retained in Foreign Countries 

Interim Storage in Fore i gn Count r i es Wi thout u . s .  Support 

u. S. Supports Interim Storage in Countries of Oriain 
Except Those Located in Sens itive Regions 

U . S .  St.lpports Interim Storage in Mul t inat iona1 
Stora.e Fac i l it ies Located in Countries Outs ide Sens it i ve 
Regions 

Spent Ft.lel Disposed of as Waste in Foreign Geologic 
Reposi tories 

Reprocessed in Foreign Countrie�C!' 
Separated Phltonium and Uranium Recyc led in 
Foreign Countries 

Shipped to U . S .  for Storage 

Returned to Foreign Countries 

Reprocessed in U .  5 � d 
Returned to Foreign Countries and Reproce,secf 
Separated Plutonium and Uranium Rec),c l ed  in U . S  . 

Separated PlutoniUJI and Uranium Recy c l ed.  in 
Foreign Countries 

Disposed of as Waste \ 
in U . S .  Geoloi i c  
Repo s i tory 

RepOSi tory} 1 985 
S r arrup 199� 
Date 201U 

Aa 

3 
. 1 • I 
. 1 .  

; 
\ I 
I 
: -

- I 
I 

- I 
i 
i 
I 

1 
I 
I ! 
I 
I 

" ;'l : E F-1 :-2 ; 

3 3 3 3 3 3 2 

• 1 .  . 1  • 

I 1 
I .  . : . 
I I · 1 · 

I I 
I - I 

I -
I 

. 1  - I  
_ I  I 

I - I  
I I • • • • • 

i • 
I i • • 
I I • 

I ] • 

I I • • 

i I • • 
• • 

"I 
.:1. In Cases A, 8 ,  and C, disposItion of the spent fuel by reprocess ing and by d i sposal in a geo logi c  repo s i t ory i s  

considered. In the first column, the fuel i s  as sumed t o  b e  reprocessed. I n  the second co lumn , the spent fue l i s  
a s sumed t'O be d isposed of as .... s t .  i n  a geologie :repo s i tor,..-. 

' 

b. As detai l"ed in Section I 1 . 0 ,  three d i f ferent l eve l s  of foreign spent fue l  ( Op t i ons 1 .  � ,  and 3) are ident i f ied in 
th i s  stwiy of the U . S .  offer to store forugn spent fue l .  

The Opt ion 1 foreign spent fuel schedule i nc l udes fue l from count ries ins i de sens i t ive region s .  Acceptance o f  fue l 
from t hese countries .... i l l  be con� i dered from the standpoint of U . S .  nonpro l i fera t i on object lves on a case·by�ca5e 
basi s.  

H 

1 

• 

• 
• 

The Opt ion � foreign spent fue l schedule includes the Opt ion 1 fue l level and in add i t i o n ,  acceptance of spent fue l 
fro. a l imited number of other count ries ... i th spent fuel storage problems ( from a nonprol i ferat ion st andpo i nt ) .  
Acceptance o f  fue I by the U . S  . ... i 1 1  be cons idered on a case-by· case bas i s .  

The Opt ion 3 foreign spent fuel schedule inc ludes the Option : fue l level and i n  add i t ion , acceptance of some o f  the 
spent fuel from a l arger number of non�nuc lear· .. eapons states . Aga i n ,  acceptance of fue l from these Lount r ies w 1 l l  
b e  considered from the standpoint o f  U . S .  nonpro l i ferat ion obj ec t i v e s  on a case·by M c a s e  bas i s .  

e .  Reproce • •  ins va.ce i .  di.poeed o f  in foreign geologic rep08itori •• • 
d. Reproc essin& waste is di sposed of in U . S .  geologie repository . 

I J 
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