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FOREWORD 

Spent fuel removed from a nuclear power reactor contains 
unf issioned nuclear fuel together with radioactive wastes . On 
April 7 ,  19 7 7 ,  President  Carter announced that the u . S .  would 
indefinitely defer reproces sing of  spent fuel to recover the 
unfissioned fuel while the u . S . and o ther countries evaluate 
alternative fuel cycles and processes whi ch may reduce risks of  
nuc lear weapons proliferation . Eventually , the spent fuel will 
either be declared to be entirely was te  and provision made for 
its disposal , or it will be reproces s ed to separate  the wastes 
from the unfissioned nuclear fuel which may then be recycled and 
the was te disposed o f  separately . However ,  pending future deci
sions as to its ultimate disposition , the s pent fuel discharged 
from U . S .  power reactors must  b e  s tored , pro tected and safeguarded . 

C In October 19 7 7 ,  a Presidential announcement on the interim 
management o f  spent  fuel was mad e .  Under this policy , the Federal 
Government would offer to take title  to and provide interim s torage 
for spent fuel from U . S .  power reactors . In August 1 9 7 8 ,  a draft  
generic environmental s tatement (DOE/EIS-0015-D) was issued to  
provide environmental input into decisions on whether ,  and if so , 
how this Spent Fuel S torage Policy should b e  implemented . Notice 
of  availabi li ty of  this document was published in the Federal 
Register on September 6, 1978  and public comment13_wgre.SQlicited . 
As a result of  some of  the comments received , a supplement to the 
environmental s tatement was issued in December 1978  (DOE/EIS-
0015-DS ) . This supplement included an alternat ive of expanded 
s torage of fuel in new basins at reactor sites to minimize fuel 
transshipments . 

The closing date for comments on the EIS , as published in 
the Federal Register , was February 15 , 1979 . A to tal of  78 
comment le�ters ( some with supplements ) were  received on the 
environmental statement and its supplement , on a companion draft 
environmental impact s tatement on storage of  foreign spent reactor 
fuel (DOE/EIS-0040-D) , and on es tablishing the charge for spent 
fuel s torage (DOE/EIS-004l-D ) . Maj or comments from thes e letters 
are categorized and published in Volume 5 of  this f inal EIS 
(DOE/EIS-0015 ) . 

Pertinent maj or comments received on draft s tatements 
DOE/EIS-0015-D , DOE/EIS-0015-DS , DOE/EIS-0040-D , and DOE/EIS-
004l-D are now incorporated into five volumes of  the Final 
Environmental Impact  S tatement (EIS ) , U . S .  Spent Fuel S torage 
Policy , DOE/EIS-0015 . These f ive volumes consist  of  
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C Volume 1 :  Executive Summary 

Volume 2 :  S torage of U . S .  Spent Power Reactor Fuel 

Volume 3: S torage of Foreign Spent Power Reactor Fuel 

Volume 4 :  Charge for Spent Fuel S torage 

Volume 5 :  Comment Letters on Draft Statements and Major Comment s 
With DOE Respons es 

Changes from the draf t s tatement are indicated by vertical lines 
in the left margin of the pages . Where a change was the result 
of  a major comment , each comment is identified with a line 
delineat ing the changed material and a number and a letter corre
sponding to its  des ignation in Volume 5 ,  Final Environmental 
Impact  S tatement, 'Comment Lett ers on Draft Statement and Major 
Comments  With DOE Responses . If  the change is the result of an 
error in the draft statement , it is identified with the letter "E , "  
or if the change is made to clarify or expand on the draf t 
statement , it  is identified with the let ter "C . "  

This f inal environmental impact s tatement evaluates the 
potential environmental impacts as sociated with various options 
for governmental involvement in the interim s tor�ge of domestic  
spent fuel , including the alternative of  no  Federal role other 
than-the regulatory sphere . In as ses s ing these impacts , the 
issues associated with centrali zed versus decentralized storage 
and the issues associated with the degree of Federal management 
control over spent fuel are analyzed . 

I-a The Depar tment of Energy ' s  (DOE) pref err ed alternative f or 
thi s action is  to implement the Spent Fuel Storage Policy and to 
take title to U . S .  spent fuel offered to the U.S . Government . 
In general , utilities can and should provide their own spent 
fuel storage capability but in some isolated cases this may not 
be prac ticable due to technical or regulatory reasons . Further
more , it is desirable for U . S .  utilities to maintain reserve 
capacity for storing the full reac tor cor e ,  if its  discharge 
becomes neces sary . This would avoid potential extended reactor 
outages and the resulting economic penalt ies to the energy user 
from purchasing elec tric power produced from potentially more 
costly f ossil fuels . 

To permit an analysis of  the impacts of  various op tions for 
interim s torage , the assumption is made in this  volume that 
permanent disposition of spent fuel ,  either to wast e  disposal or 
to a reprocessing plant , begins at the earliest in the year 1985 . 
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C The effects  of delayed disposition of  the spent fuel  for various 
p eriods up to the year 2000 are included in this  volume . Delays 
in the opening of the f irst disposition facility beyond the time 
frame originally analyzed in this EIS is a pos s ib ility . Between 
the time the draft EIS documents were written and the final EIS  
was comp leted , DOE recognized that the f irst  dispos ition facility 
might not be  in operation until the mid to late 1990s . As a 
resul t ,  DOE decided to prepare an appendix (Appendix E)  to this 
volume to show the environmental ef fects associated with the 
interim storage of U . S .  power reactor fuel in ISFS fac iliti es 
with the f irst  disposition facility s tartup in the y ear 2010 . 
The appendix compares the effects of the delay in startup of the 
facility if the U . S .  Spent Fuel Storage Policy is imp lemented or 
is no t implemented . The effects on the amount of  I SFS s torage 
requirement s are also given to the year 2040 . Thi s  volume does 

6-a no t address the environmental impacts of  the op tions for the 
ultimate disposition of  sp ent fuel .  The draft environmental 
impac t s tatement , Management of  Commercially Generated Radioactive 
Waste  (DOE/EIS-0046-D) analyzes the op tions for disposal of  spent 
fuel as high-level was te and wast e  from fuel cycles that included 
reprocessing . DOE/ EIS-0046-D inc luded analysis of alternative 
interim storage requirements for the various disposal options . 

C ISFS facilities are assumed to be  availab le in the fiscal 
year 19 83 . It  is no longer p ractical to complete a newly con
structed ISFS by the year 1983 . The earliest a newly constructed 
ISFS could be made available is  in the late 1980s i f  immediate 
funding is available . Therefore , DOE is studying the purchase or 
leas e of  existing p rivately owned facilities , or poss ible  use of 
existing government facilities , as up tions to provide s torage 
capacity in the 1983 time frame . In DOE testimony to the U . S .  
Senate Commit tee on Environment and Public Works , on Septemb er 13 , 
19 79 , it  was s tated that DOE has looked at the spent fuel pools 
at AGNS/Barnwel l ,  GE/Morris , and NFS /Wes t Valley , since these 
pools exis t and could p rovide needed space in the t ime frame 
necessary . 

GE/Morris is currently recelvlng and s toring spent fuel . 
NFS /West Valley is no t receiving spent fuel . AGNS/Barnwell 
facility is  complete but  has no t b een licens ed to receive spent 
fuel .  Capacity increas es over the  current l imit at each of  the 
three facilities are cons idered possib le . Existing U . S .  Government 
facili ties that could be modified and used to s tore spent fuel 
have been id entified in Spent Fuel Program Preliminary Technical 
Assessment of Existing Facilities for AFR Storage Capability,  
DOE/ SR/ l0007-l-Rev 1 ( September 19 79 ) . 

Included in this f inal EIS on the Spent Fuel Storage Policy 
are an EIS on s torage of foreign spent power reactor fuel in the 
U . S . (Volume 3 )  and an EIS on the spent fuel storage/disposal 
charge methodology (Volume 4 ) . The foreign spent fuel EIS is  
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concerned with the environmental impact of  receip t of  foreign 
spent fuel for interim storage and possible ultimate disposal by 
the U . S .  Government . The EIS on spent fuel charge methodology 
is concerned with the environmental impact of  alternative approaches 
for the es tablishment o f  a charge for s torage and disposal of  spent 
fuel . 

l-b If a decision is made to imp lement the Spent Fuel Storage 
l-c Policy , an away- from-reactor spent fuel s torage facilities EIS 

(AFR EIS)  will be prepared to provide the environmental input into 
the selec tion of facili ties to meet the demand for spent fuel 
s to rage. The demand for spent fuel s torage will be developed by 

l-c us ing the lates t  avai lable data as supplied by utilities concerning 
their plans for expans ion , compaction , trans shipments , and the 
expected quantit ies of spent fuel discharges . The environmental 
effects associated with the cons truction and /or operat ion of  the 
facilities and the transportat ion effects as socia ted with the 
available options will be evaluated . 

C 

As proposed in the Spent Nuclear Fuel Ac t of  19 7 9  ( see 
Appendix B of  Volume 1) , ISFS fac i lities for interim s torage of  
spent fuel will be licensed by the Nuclear Regulatory Commiss ion 
(NRC ) . The NRC licens ing process will provide addi tional public 
input . 

Other related environmental revi ews which provided input into 
this volume include: Final Generic Environmental Impact S tatement 
on Handling and Storage of Spent Light Wat er Power Reactor Fuel 
(NUREG 0575 )  and Ligh t Water Reactor Fuel Reprocessing and 
Recycling (ERDA- 7 7-75 ) . 

The support document , Analytical Methodology and Facili ty 
and Environmental Description - Spent Fuel Policy (DOE-ET-0054 ) 
contains additional data that may be  of  interes t to some reviewers 
and it  is referenced in this volume. 

I A Glos sary of Terms and Abbreviations is included as 
Appendix F .  
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I .  SUNMARY 

In October 19 7 7 ,  the Department of  Energy (DOE) announced a 
Spent Fuel S torage Policy for nuclear power reactors . Under this 
policy , as approved by the Pres ident , U . S .  utilities will be given 
the opportunity to del iver spent fuel to U . S .  Government custody 
in exchange for payment of a fee . The U . S .  Government would also 
be prepared to ac cept a limited amount of spent fuel from foreign 
sources when such action would contribute to meeting nonprolifera
tion goals . Under the new policy,  spent fuel trans ferred to the 
U . S .  Government will be delivered - at user expens e - to a U . S .  
Government-approved storage s ite . 

A b il l  was submi tted to Congress in Harch 1 9 7 9 , to implement 
the Spent Fuel Storage Policy . This bill , known as the "Spent  
Nuclear Fuel  Ac t of 19 79"  ( see Volume 1 ,  Appendix B )  would authorize 
the Secretary of  Energy to acquire or  cons truct one or more 
away-from-reactor s torage facilities . These storage facilities 
would be licensed by the Nuclear Regulatory Commiss ion . The 
Secretary would be authorized to take title  to and provide interim 
storage and ult imate disposal for domestic spent fuel and limited 
amounts of  foreign sp ent fuel . Nondiscriminatory , prepaid charges 
for storage would cover all government costs  of storage and ulti
mate d isposal . Provisions are made to refund a por t ion o f  the 
charges in the eventuality that spent fue l  were to be reprocessed . 
A revolving fund wo uld b e  established to finance activities and 
functions associated with away-from-reactor interim storage and 
ultimate disposal facilities . The Secre tary of Energy would have 
the authority to sell up to $300 , 000 , 000 worth o f  bonds to the 
Treas ury to assist  in financing these activitie s .  

In this volume of  the environmental impact s tatement , the 
environmental  impacts of imp lementing or not implementing the 
policy for interim storage of U . S .  spent fuel  are analyzed . 
Because the details of  the implementation o f  the policy have not 
yet been deve loped , the s tatement is p repare d on a generic , 
rather than a facility-specific basis . 

Description of  Alternatives 

C When the draft ve rsion of  this EISI was prepared in the 
latter part of the year 19 7 7  and early 19 78 , the national obj ec
t ive was to open the first geologic repository in the year 1985 . 
Environmental effects o f  interim storage of spent reactor fuels 
were determined for the dispos ition facility'" operat ion beginning 

C * The generic term disposition facility is us ed in this volume of 
the EIS to deno te disposal of  spent fuel  as was te in a geologic 
repository or to denote reproces sing and disposal of the re
processing was te in a geologic repository . (Repro ces s ing for the 
U . S .  has been indefinitely suspended and is not the current U . S .  
policy . )  Disposition activities are not analyzed in this volume . 
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C in the year 1985 or  1995 , and ISFS facility e ffects were 
determined through the year 2000 to ensure that the range o f  
actions was covered by the EIS . The alternatives analyzed were 
Alternative 1 - Policy Implemented and Alternative 2 - Policy 

6-b Not Implemente d .  Between the time the draf t document was 
published and this final EIS was complete , DOE recognized that 
the first reposi tory might not be in operation until  the years 
from 1997  to 2006 . To demonstrate the effects of a delayed 
repository opening beyond the year 1995 , an appendix was p repared 
for this EIS  (Appendix E) to show the environmental effe cts with 
the first repos itory startup in the year 2010 . 

The analyses used to show the environmental effec t comparison 
of  disposi tion facility s tartup in the ye ar 2010 were selected 
to paralle l Alternatives 1 and 2 in the draf t EIS .  Although no t 
true decision alternatives , these analyses have been labeled 
Alternative 3 - Policy Implemented and Alternative 4 - Policy Not 
Implemented . These alternative numbers were selected to dif fer
entiate be tween the alternatives which consider earlier s tartup 
dates for the disposition facility (Al ternatives 1 and 2 ) . 
Al ternatives 3 and 4 (disposition facility startup in the year 
2010) use an updated forecas t of fue l f low and interim s torage 
requirements than Alternat ives 1 and 2 ,  so Alternat ive s  1 and 2 
canno t be directly compared to Al ternatives 3 and 4 .  The comparison 
of environmental effects to be  used in the decis ion to implement 
or no t to implement the policy should be based on comparison of  
alternatives for the same disposition facility startup date . 

Two basic alternatives are cons idered in this s tatement . 
In the first alternat ive (Al ternative 1 for 1985  or  1995  dispo
sition facility s tartup , and Alternative 3 for a year 2010 s tartup ) , 
the Spent Fuel Storage Policy , in which the U . S .  Government accep ts 
title to the spent fue l ,  is  assumed to be implemented . In the 
second alternative (Alternative 2 for 1 985 or 1995  disposition 
facility startup , and Alternative 4 for a year 2010 s tartup ) , the 
Spent  Fuel S torage Policy is assumed no t to be implemented .  

Two options associa ted wi th Alternatives 1 and 3 are examined 
in this volume : A) centralized storage in large independent spent 
fuel storage ( ISFS) facilities owned or  operated by the U . S .  
Government and B)  decentralized s torage in reactor basins and 
small government or privately owned ISFS fac ili ties . In these 
options it  is assumed that indus try utilizes compaction ( dens i-

C f ication) and in Alternative 1 transshipments are used to limit 
the number of  I SFS facilities that wil l  be required . These options 
span the possible range of fue l management under the new policy . 
In both op tions , the spent fue l  is expected to be s to red for five 
years or longer in the reactor basins o r  in exis ting away-from
reactor bas ins unless  emergency shipments are required for 
continued reactor operation . These op tions are summarized in 
Table I-I .  
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T ABLE I-I 

Summary of Parameters I nvolved in Alte r n a tives/Option s  Analyzed 

Alternative/Option 
- -

U. S. Spent Fuel Policy 
and U. S. Government 
Spent Fuel 

-

is Implemented 
Takes Title to 

c. S. Spent Fuel Policy is Not Implemented 

Year of Disposition Facility Startup 

Full-Core Reserve Status 

• FCR Regained, year (1985 Disposition 
Facility Startup) 

• FCR Regained, year (1995 Disposition 
Facility Startup) 

• FCR Regained, year (2010 Disposition 
Facility Startup) 

Basin Compaction Utilized 

Transshipments Between Reactors, MTU 

• 1985 Disposition Facility Startup 
---------------------

1995 Disposition Facility Startup 
b • 

----

• 2010 Disposition Facility Startup 

Centralized Storage Utilized 

Decentralized Storage Utilized 

ISFS Facilities Utilized 

ARB Facilities Utilized 

U. S. Government Builds ISFS Facilities 

Private Industry Builds ISFS Facilities 

Private Industry Builds Stand-Alone ARBs 

Interim Storage Capacity Required in ISFSs 
and ARBs, MTU 

• 1985 Disposition Facility Startup 

b • 1995 Disposition Facility Startup 
--

• 2010 Disposition Facility Startup 

Number of Interim Storage Facilities Needed 

• 1985 Disposition Facility Startup 

1995 Disposition Facility Startup 
b • 

• 2010 Disposition Facility Startup 

1A 1B-1 1B-2 2A 

a 
• • • 

• 

1985 1985 1985 1985 
1995 1995 1995 1995 

1986 1986 1991 1991 

Afte After 
1986 1986 2000 2000 

--f----

• • • • 

7100 7100 7100 7100 
-----

7100 7100 7200 7200 

I--

• 

• • • 

• • • • 

• • • 

• • • 

5400 5400 500 500 
---

51500 51500 24000 24000 
----------

1 1 1 1 

1 9 4 4 

2B 

• 

1985 
1995 

1986 

1986 
�---

• 

650 

650 

• 

• 

• 

5400 

52500 

45 

93 

a. Same parameters whether U. S. Government owned or private utility owned 

3A 3B 4A 4B 

• • 

• • 

2010 2010 2010 2010 

c-----
1983 1983 1983 1983 

• • • • 

---

none none none none 

• 

• • • 

• • • 

• 

• • 

• 

• 

91200 91200 91200 91200 

6 16 16 269 

b. Delay of disposition facility startup beyond the year 2000 is possible and is discussed in Section III and 
Appendix E. 
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C In Alternatives lA and 3A ( centrali zed s torage ) , irradiated 
reactor fue l is  assumed to be shipped to an ISFS facility starting 
in the year 1983 . In Al ternative lA , a dispo sition facility is 
assumed to become available in the year 1985 ( in the year 2010 

6-b in Alternative 3A) . This  facility may be for dispo sal of spent 
C fuel as waste o r ,  if recycling is approved , wastes from a reproces

sing p lant . The ISFS facility is assumed to be located separately 
from the disposition facility so that the analysis will conserva
tively estimate environmental effects . This is no t meant to 
p reclude pos s ible co llocation of the fac ilities , which would cause 
less environmental impact because less transportation is required . 
The report to the P resident by the Interagency Review Group on 
Nuclear Waste }1anagement2 indicates that initial operation of  the 
first geologic repository for high-level was te ( spent fuel  or 
repro cess ing waste ) is expected between the years 1988 and 1995 . 
The IRG Report3 was reissued in March 1 9 7 9 , af ter extensive pub lic 
review . The conclusion on the earliest date for operation of  a 
geologic repository for high-level was te had not ,  however ,  changed . 
The March IRG Report did indicate , however , that the range of 

C I 

C 

C 

dates did not reflect  the IRG ' s  estimate o f  "polit ical or unforeseen 
techni cal difficulties , "  but "some members of the IRG believe that 
these additional uncertainties actually cause the range of  esti
mated dates of  opening the first repository . "  (DOE now recognizes 
that the first repository might not start up until the years from 
1997  to 2006 and this f inal EIS has been amended to include 
analyses o f  a s tartup date of the year 2010 to cover the range of 
environmental e ffects . )  

During the f irst four years of operation , the disposition 
facility operates at  partial capacity , and spent fuel is shipped 
to both the ISFS facility and to the disposition facility . By 
the year 1986 (Alternative lA) or  the year 1983 (Alternative 3A) , 
spen t  fuel  shipments from the reactors to the I SFS facility and 
the disposition fac ility would have reduced inventor ies  at 
individual reac tor discharge basins suf ficiently to permit full
core discharge from the reacto r .  DOE considers operation of 
reac tor discharge basins with full-core reserve highly desirable 
from an operational f lexibility and power supply reliability 
standpoint . 

If  a disposition facility is  started up in the year 198 5 ,  
it should reach full capacity operation i n  the year 1988 , and 
spent fuel will then be shipped directly from the reac tor d ischarge 
basins to the disposition facility and no longer to ISFS facilities . 
Approximately 5 400 MTU of spent fuel will be shipped to the I SFS 
facilities between the years 1983 and 1988 . Spent fue l  movement 
and t iming under Alte rnative lA , which assumes this scenario , is 
given in Table 1-2 for s tartup of the disposition fac ility in the 
year 1985 . 
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TABLE 1-2 
Spent Fuel S h i pments - Centra l i zed Storage -
Pol i cy Impl emented (Al ternat i ve l A) 
D i s pos i t i o n  Fac i l  ity Sta rtup, 1985 

ISFS Basins 
Fuel Shi2ments, MTU 

ISFS Basin to 
Reactor to Disposition Inventory, 

Year ISFS Basin Paci lity MTU 

1 9 7 8 0 

1 9 79 0 

1 9 80 0 

1 9 8 1  0 

1 9 8 2  0 

1 9 8 3  9 7 0  9 7 0  

1 9 8 4  1 5 80 2550 

1 9 8 5  1 6 0 2  4 1 5 2 

1 9 8 6  4 6 8  4 6 2 0  

1 9 8 7  7 3 6  5 3 5 6  

1988 5 3 5 6  

1 9 8 9  5 356 

1 9 9 0  5 3 5 6  

1 9 9 1  530 4 8 26 

1 9 9 2  1 4 1 0  3 4 1 6  

1 9 9 3  1 3 0 0  2 1 16 

1 9 94 1 3 0 0  8 1 6  

1 9 9 5  8 1 6  0 

1 9 96 0 

1 99 7  0 

1998 0 

1 9 9 9  0 

2000 0 

1-5 

Dis2osition Facilit� 
Fuel Shi2ments, MTU 
Reactor to ISFS Basin to 
Disposition Disposition Inventory, 
Facility Pacility MTU 

0 

0 

0 

0 

0 

0 

0 

1 0 0  1 0 0  

1 6 00 1 7 00 

1 6 0 0  3 3 0 0  

3 155 6 4 5 5  

3 3 6 8  9 8 2 3  

3 760 1 35 8 3  

4 1 6 8  530 1 8 2 8 1  

4 4 5 3  1 4 1 0  2 4 1 44 

4 7 76 1 3 00 3 0 2 2 0  

5026 1 30 0  36546 

5481 816 4 2 8 4 3  

5 4 7 8  4 8 3 2 1  

5505 53826 

5965 5 9 7 9 1  

6 0 1 8  65809 

6 406 7 2 2 15 
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Potential environmental impacts under Alternative 1A are 
also assessed for delayed startup of the disposition facility . 
ISFS facility storage capacity requirements increase sharply 
from about 5 400 MTU if  the disposition facility is delayed ( ISFS 
facility requirements  increase to about 24 , 000 , 5 2 , 000 , or  85 , 000 
MTU of  spent fuel if the facility is delayed 5 ,  10 , or 15 years , 
respective10 . The required capacity is assumed to be added to 
the ISFS fac ilities as needed . Even with a delayed dispos ition 
fac ility , spent fuel shipments f rom the reactors to ISFS facilities 
will  have reduced invento ries at  individual reac tor basins suffi
ciently to permit  full-core discharge by the year 1986 . De tailed 
calculations of environmental e ffects of  delayed startup of  the 
disposition facility are performed for Alternative lA, assuming 
a ten-year delay (1995  s tartup ) . 

Alternative 3A assumes a s imilar scenario of  s torage of  
spent fue l  in centralized ISFS  fac ilities until disposition 
fac ilities s tart up .  This alternative assumes that the dispo
s ition fac ility startup is delayed unti l  the year 2010 . I t  is 
also based on DOE ' s  current estimates of  fuel flows expected to 
require away-from-reac tor storage . In this alternative , full 
capac ity operation of  the disposition facility is expected to 
occur in the year 2014 . This  results in approximate ly 9 1 , 200 MTU 
of  s torage at  ISFS facilities . Table 1-3 shows the spent fuel 
movement and timing under Alternative 3A for s tartup of  the 
dispo s ition facility in the year 2010 . 

In Op tion B (decentral ized storage ) , s torage requirements are 
met by cons truction of small government o r  private ISFS facilities . 
For Alternative 1B , two suboptions were examined . The subop tions 
inc lude the assump tion that 1 )  ISFS facility capac ity be provided 
in the year 1983 , that disposition facility capacity be provided 
by the year 1985 , and that inventories at individual reac tor dis
charge basins be reduced suffic iently to permi t full-core discharge 
from reactor ;  and 2) ISFS facility capac ity be provided in the 
year 1983 , that disposi tion facility capacity be provided by the 
year 1985 , and that the inventories at individual reactor discharge 
basins be limited to the reserve capacity necessary for one yearly 
reactor discharge until the disposition facility capaci ty is large 
enough to allow these basins to regain full-core reserve . The 
f irs t o f  these two subop tions is identified as Alternative 1B- 1 ,  
and the environmental effects are essentially the same as 
Alternative 1A. The second subop tion is identified as Alternative 
1B-2 and is described in the next several paragraphs . 

In Alternative 1B-2 (decentralized s torage ) , mos t  irradiated 
reac tor fue l is retained in the reactor s to rage facility , and 
reserve basin capacity equivalent to one s cheduled annual discharge 
is maintained .  Additional s torage  requirements are met by con
struction o f  small government or  private ISFS facilities . In the 
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TABLE 1-3 

Domest i c  Spent Fuel S h i pments - Centra l i zed Storage (Al terna t i ve 3A) or 
Decentra l i zed Stora ge (Al terna t i ve 3R) - Pol i cy Impl emented and 
Decentra l i zed S torage in P r i vate I S FS Faci l i t i e s  (Al ternat i ve 4A) _ 

Po l i cy Not Impl emented 

ISFS Basins Fue l 
Shi2ments, MTU 
Reactor to 

Year ISFS Basin 

1983 400 
1984 200 
1985 200 
1986 300 
1987 400 
1988 500 
198J 600 
1990 700 
1991 900 
1992 1300 
1993 1600 
1994 1700 
1995 2100 
1996 2400 
1997 2800 
1998 3100 
1999 3500 
2000 3600 
2001 4000 
2002 4200 
2003 4000 
2004 6300 
2005 4700 
2006 5600 
2007 5400 
2008 7300 
2009 4700 
2010 6400 
2011 5100 
2012 5400 
2013 1800 
2014 0 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 

ISFS Basi n  
Inven tor!:', MTU 

400 
600 
800 

1100 
1500 
2000 
2600 
3300 
4200 
5500 
7100 
8800 

10900 
13300 
16100 
19200 
22700 
26300 
30300 
34500 
38500 
44800 
49500 
55100 
60500 
67800 
72500 
78900 
84000 
89400 
91200 
90200 
89400 
87600 
86300 
80200 
71576 
63011 
54746 
47081 
39816 
32951 
26586 
20621 
15156 
10091 

5626 
1500 

0 
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Disposi tion Faci lity Fuel 
Shi pmen ts, MTU 
Reactor to ISFS Basin to 
Disposition Disposition 
Faci lity Fac i l i ty 

100 
1600 
1600 
5200 
7500 1000 
7800 800 
8300 1800 
8900 1300 
9200 6100 
9700 8624 

10200 8565 
10500 8265 
11100 7665 
11500 7265 
11900 6865 
12400 6365 
12800 5965 
13300 5465 
13700 5065 
14200 4465 
14600 4126 
15100 1500 

Disposition 
Faci l i ty 
Inventory, MTU 

100 
1700 
3300 
8500 

17000 
25600 
35700 
45900 
61200 
79524 
98289 

117054 
135819 
154584 
173349 
192114 
210879 
229644 
248409 
267074 
285800 
302400 



year 1985 , a disposition facility becomes available on the same 
basis  as in Al ternative lAo By the year 1991 , five years later 
than in Alternative lA or lB-l , spent fuel  shipments from the 
reactors to the I SFS facility and the dispos ition facility will 
reduce inventories at individual reactor discharge basins suffi
ciently to p ermit full-core dis charge. App roximately 500 MTU of  
spent fuel is shipped to government or private I SFS facilities 
between the years 1983  and 1986 . 

Potential environmental impacts from Alternative lB-2 are 
also assessed for delayed startup of the disposition facility. 
Again , the I SFS facility requirements increase sharply from about 
500 MTU if the dispos ition facility is delayed ( ISFS facility 
requirements are about 8 , 000 , 24 , 000 , or 5 2 , 000 MTU o f  spent fuel 
if the facility is delayed 5 ,  10 , and 15 years , respectively ) . 
These increased requirements are no t as great as Alternatives lA 
or lB-l  because larger inventories are maintained in reactor 
discharge basins in Alternative lB-2 . 

In Al ternat ive lB , the government or  private I SFS facilities 
are assumed to  begin operation in the year 1983 with capacity 
added later , as needed . Spent fuel shipments are accelerated after 
the disposition facility becomes available , but , for delayed 
s tartup of  ten years or greater , inventorie s at  individual reac tors 
will no t be reduced sufficiently to permit full-core discharge 
until after the year 2000 . Detailed calculations of environmental 
effects of  delayed s tartup of  the disposition facil ity are 
performed , assuming a ten-year delay (1995  s tartup ) . Delay of 
dispo sition fac ility beyond the year 2000 is possible and is 
treated qualitatively . I t  should be  emphasized that the assump tion 
in Alterna tive lB-2 regarding reactor discharge basin spare capacity 
equivalent to one scheduled annual discharge was made for illus
trative purposes only , in order to maximize the differences  in 
environmen tal e ffe cts between Alternatives lA and lB-l and 
Alternative lB-2 . Operation of reac tor discharge basins at less 
than full-core reserve capacity is undesirable ,  as it  will reduce 
operational flexibility and may lead to prolonged shutdowns due to 
lack of readily available s torage sp ace . The differences in 
environmental effects be tween Al ternatives lA and lB-l and 
Al ternative lB-2 are very slight , as discus sed later in this 
section . 

In Alternative 3B (decentralized s torage , with the disposition 
facility delayed until the year 2010 ) , s torage requirements are met 
by construc tion of small government ISFS facilities . I t  is assumed 
that ISFS facility capacity will be provided s tarting in the year 
198 3 ,  that inventories at individual reactor discharge basins will 
be reduced suff iciently to permit full-core discharge from reac tors , 
and that disposition facility capacity will be provided in the 
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year 2010 . Approximately 91 , 200 MTU of  spent fuel will be 
shipped to  these ISFS facilities until the disposition faci lity 
reaches full-scale operation in the year 2014 . This is the 
same spent fuel movement schedule as used in Alternative 3A . 

The alternative of  no t implementing the s torage policy is 
also examined .  In Alterna tives 2 and 4 ,  the "Policy Not 
Imp lemented"* cases , the U . S .  Government is assumed to take no 
action to assist private  indus try in resolving the uncertainties 
assoc iated with interim s torage of  spent nuclear fuel . These 
alternatives have two op tions that are analyzed in this volume . 
In bo th of these op tions , private indus try is assumed to use 
compaction to limit the number of private ly owned basins that 
will be requ ired . 

In Alternative 2A , the accumulation of  spent fuel in reactor 
bas ins is assumed to be limited to maintain cap ability for one 
annual discharge until full-scale operation of a disposition 
facility allows full-core reserve to be regained in reactor 
discharge basins . This op tion utilizes transshipping of spent 
fue l  between reactors to  limit the amount of new basin capacity 
needed . The disposi tion faci lity is assumed to be availab le on 
the same schedule as in Alternative 1 ( "Policy Imp lemented Case" ) .  
New ISFS fac ilities are built as required by private industry . 
Spent fue l  movement and inventories under Alternative 2A are 
identical to those in Alternative lB-2 . Facility requirements 
and potential environmental e ffects  are determined for the same 
activit ies as in Alterna tive lB-2 and are identical to those 
de termined for that op tion . 

In Alternative 4A , the accumulat ion of  spent fue l  in reactor 
basins will  be limited to maintain full-core reserve capacity in 
reac tor discharge bas ins . The disposition facility is  assumed to 
be available on the same schedule (beginning in the year 2010) 
as Alternative 3 (Policy Imp lemented) . New I SFS facilities are 
built as required by private indust ry . Spent fuel movements and 
inventories under Alternative 4A are the same as in Alterna tive 3A . 

In Alternatives 2B and 4B , small ,  s tand-alone basins are 
privately constructed at  exis ting reactor s ites for storage of  
spent fuel from the reac tor discharge basins of nearby reactors 
until  final disposition . These fac ilities are called at-reac tor 
bas in (ARB) facilities . The maj or  differences between these two 
alternatives are the fuel flows as sumed and the s tartup dates of  
the initial disposition facility . Fuel f low and disposition 
facility differences are those identif ied earlier in this section 
for Alterna tive 3A . In Alternative 2B (but not in Alternative 4B) , 

* "Policy No t Implemented" as used in this volume is synonymous 
with the government no t taking title to the spent nuclear fue l .  
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transshipments of spent fuel between reac tor basins are permit ted ,  
but are limited to shipments needed to  prevent reactor shutdown 
be fore the availab ility of at-reactor basins (ARBs ) and are not 

C allowed after ARBs become available in the year 1983 . Full-core 
reserve is regained in Alternatives 2B and 4B as soon as ARBs and 
the disposition fac ility become available . 

Description of Generic Facilities 

The gene ric ISFS or ARB facilities in this volume are assumed 
to consis t of a set  of modular water-filled basins . The maximum 
capacity of  a s ingle centralized ISFS facility is  assumed to be 
18 , 000 MTU o f  spent fue l .  For the decentralized facilitie s ,  the 
maximum capacity is assumed to be 6000 tfTU . ARB facilit ies are 

C much smaller , normally 500 to 2000 MTU . The s torage basins are 
stainless s teel-lined concrete s truc tures . The fac ility is 
designed to receive , handle , decontaminate , and reship spent fuel 
casks ; to remove irradiated fuel from casks ; to p lace the fuel in 
the bas ins ; and to coo l and control the quality of  the wate r .  The 
facility is also designed to remove spent fuel  from the s torage 
bas ins , load the spent fuel  into shipping casks , decontaminate 
loade d  casks , and ship spent fue l .  Modular cons truction allows 
facility expansion with a minimum of additional support facilities 
and s ervices . 

Because many areas of  the country are suitable for the 
cons truc tion o f  ISFS fac ilities , a gene ric s ite environment was 
selec ted in this volume for quantitatively assessing the environ
mental effects of  construct ing and operating these facilities . 

l-b If the decision is made to implement the Spent Fuel S to rage Policy , 
an away-from-reactor spent fuel s torage facilities EIS (AFR EIS ) 
will be prepared to provide environmental input into selection 
of  the facilities for use in storing spent fuel accep ted by DOE . 
Further site-specific environmental review will be required by 
NRC in connection wi th the licensing process . 

Transportation 

Transportation of  spent fuel and was te involves use o f  
massive , heavily shielded shipping casks transpor ted both by 
truck and rai l .  About ten times more fuel can be shipped in a 
rail cask than in a truck . However ,  truck shipments normally 
require less turnaround time than rail shipments .  

9-b In this EIS , the U . S .  indus try is assumed to fabricate 
sufficient casks and o ther transportation equipment after a f irm 
implementation plan is es tablished for storage and disposal o f  
spent fuel . 
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For the transportation portions o f  this volume , 70% by 
weight of the U . S .  spent fuel  shipped from reactors is assumed 

C to be shipped by rail and the remainder by truck up to  the year 
2000 . Afte r the year 2000 , it is assumed that 9 0% of the spent 
fue l  is shipped by rail and the remainder by truck . In this 
volume , it is assumed that only truck casks are used to transfer 

8-e spent fuel f rom reactor discharge basins to nearby at-reac tor 
basins . Some future shipments in casks designed fo r rail trans
port may be made by barge , but the environmental effects of barge 
shipments  will be about the same as rail transport . 

Environmental Effec ts  

C For each alternative considered in thi s EIS ,  some resources 
will be consumed ; and small amounts of radioactivity will  be 
released to the environment . The work force will be exposed to 

C limi ted amounts of  radiation and will experience occupational 
accidents  at rates  comparable to those in s imilar industries . 

C The environmental e ffects of  the alternatives will be limited 
by engineered systems , adminis trative controls , and monitoring 
programs . The environmental effects believed to be of  greatest  
signif icance are  given in  Table 1-4 for  Alternatives 1 and 2 ,  and 
in Table 1-5 for Alterna tive s 3 and 4 .  Use of natural resources , 
release of  thermal and nonradioactive effluents , and secondary 
effects  on biota , are j udged to have very minor impact and are 

C no t included in Tables 1-4 and 1-5 . Scenarios which assume that 
the disposition facili ty is delayed require increased energy and 
materials because of  increased construc tion and operation of ISFS 
and ARB facilities . 

The population dose commitments from environmental release 
of radioac tivity determined for local [within 80 km (50 mi) of 
the facility] , U . S . , and the world populations are given in this 
report . The radiation dose commitments determined for the world 

C populat ion are shown in Tables 1-4 and 1-5 . Effect s  of  long-lived 
nuclides in the 100-year period af ter the end of the s tudy are 
included to provide an assessment of ef fec t s  o f  persistent nuclide s .  

C For the alternatives which consider 1985 and 1995  disposition 
fac ility s tartups (Alternatives 1 and 2 ) , world population dose  
commi tments range from 1000 man-rem in Alternative lA with dispo
si tion beginning in 1985 to 3 0 , 000 man-rem if fuel disposition is 

7-a delayed until  the year 1995 and ARBs are used . About hal f  of  these 
doses are received by the population within 80 km (50  mi ) of 
facilities . To place these dose  commitments in perspec tive , they 
are a very small frac tion of the exposure from natural radiation 
sources in the same perio d [about 200 , 000 , 000 , 00 0  man-rem to the 
world population and 30 , 000 , 000  man-rem to the 8o-km (5 O-mi )  
radius population] . 
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TABLE [ - 4  
Summary o f  Environmental Effects -- A l t e r n a tives 1 a n d  2 

Cen tr>a l ized Storage 
(/, l terna tive IA ) or 
Decen tra lized Storage 
wi th Fu U-Core .'Ieserve 
(A l terna tive lH_ l )

a 
_ 

Po licy Implemented 

Decentra lized Storage 
wi th Discharge Capabi l i ties -
Po licy Imp lemented 
(A l terna tive lB-2) Dr 
Po licy Not Implemented 
(A l terna tive 2A) 

Decentra lized Storage in At-Reactor 
Basins - Po licy Not Imp lemented 
(A l terna tive 2B) 

Effects 
Disposition Fac{l�ty Startup 
l as s  19950 

,?ispoii1:C{on 7'aci li ty Startup 
1 985 799Sb 

Disposition FacilIty Startup 
1 985 1 99 5b 

Energy Resources 

Propan e ,  m 3 5 . 9  X 1 02 2 . 7  x 1 0 3 1 .  7 X 1 02 1 . 8  x 10 3 7 . 7  X 1 0 ' 1 . 6  X 1 0' 

D i e s e l  fue l ,  m 3 1 . 7 X I O s 2 . 2  x l O s 1 . 7  x l O s 2 . 0  x 10 5 3 . 1  X 1 0 5 4 . 8  x 1 0 5 

Gasol ine , m 3 1 . 0  X 1 0' 4 . 7 X l O ' 3 . 0  x ] 0 ' 3 . 0  X 1 0 ' 1 . 4  x 1 0 5 2 . 8  x 1 0 5 

E l ectri city,  MW-yr 6 . 5  x 1 0 1 1 . 0  x 1 0 3 8 . 2  x 1 0 ° 5 . 0  x 1 02 1 . 8  x 1 02 1 . 4  x 1 0 3 

Coal , tonne 4 . 0  x l O s 6 . 2  x 1 0 ' 5 . 4  x 1 0' 3 . 0  x JO ' 1 . 2  x 1 0' 7 . 6  x 1 0' 

E I Manpower ,  man -hour 4 . 5  X 1 0 7 8 . 5  X 1 0 7 3 . 9  x 1 0 7 7 . 6  x 1 0 7 1 . 1  x 1 0 · 1 . 9  x 1 0 · 

Radiat ion Dose Commitmen t ,  man-Tern 

Worldwide popu l at ion 

Workforce 

1 X 1 0 ' 

X 1 0 ' 

X 10 ' 

x 1 0 30' 

3 x 1 02 9 x 1 0 ' 4 x 1 0 3 3 x 10 ' 

8 x 1 02 4 x 1 0 3 6 x 1 0 3 3 X 1 0 ' 

Health Effects" 

Worldwide population 

Workforce 

1 0  

f" 
4-

6 1 3  

3 1 9  

7-j loccupation Acci dents 
(nonrad i o l og i cal fat a l i t i e s )g 

1 1  1 4h 1 1  1 4  23 42 

a .  

b. 

7-a I c.  

d. 
e .  

f· 7-j I g .  

h .  

The resource commitments for A l t ernat ive 1 8- 1  are s imilar to those shown for A l t ernative l A  but not exac t l y  the same . 

The d i fferences are sma l l .  Impacts are s ame whether provided by U . S .  or ut i l it i e s  i f po l icy is not impl emented . 

Delay of d i sposit ion fac i l ity startup beyond the year 2 000 is pos s i b l e  and is d i scussed in Sect ion I I I  and Append i x  E of t h i s  vo lume . 

Who l e  body dose during the operating period plus the next 1 0 0  years . (For compari son, the equivalent dose to the 
wor l d  populat i on from natural radiation sources over the same period is about 2 x l O l l  man-rem. Th i s  natural rad iat ion 
dose w i l l  result in 1 2 0  mi l l ion hea l th effec t s . )  

For Al t ernative 1 8- 1  the work force dose commitment i s  8 x 1 0 ' man-rem . 

Serious genet ic and somat i c  health effects were c a l cu l ated from radiat i on doses , assuming a l inear dose-health effect 
relat ion . EPA dose -effect factors were u s ed . 

For Al t ernative 1 8- 1 ,  the work force heal th effect s  are 6 .  

Inc ludes construction deaths . 

For Al ternat ive 1 8- 1 ,  the fata l i t i es from occupat iona l accidents are 1 7 .  
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C I TABL E I - 5  

Summary o f  E n v i ronmental E ffects - Al terna t i ves 3 and 4 
for 201 0 Startup o f  D i s pos i t i o n  Fac i l i ty 

Wor l d  Popu l at i on , 
Who l e  Body D o s e  
Commitmen t ,  man-rem 

Occupati on a l  
Expo sure , man- rem 

Wor l d  Hea l th Effectsa 

Wor l d  Acc i d en t a l  Deaths 

Po l icy Implemented 
Centra l ized Storage 
(A l terna tive 3A ) 

46 , 2 0 0  

9 , 600 

34 

2 0  

Decentral ized Storage 
(A l ternative 3B) 

46 , 200 

1 5 , 30 0  

3 8  

26 

Po l icy No t Implemented 
Decentralized Storage 
( A l ternative 4A ) 

46 , 200 

1 5 , 300 

38 

26 

Storage in ARBs 
(A l ternative 4B) 

8 5 , 1 0 0  

9 2 , 400 

1 1 3  

1 1 2  

a .  Ser i ous g ene t i c  and somat i c  hea l th e ffec t s  were c a l c u l at e d  from radiation dos e s ,  as suming a l i near 
d o s e- h e a l th e ffec t  r e l at i o n .  E P A  d o s e - e ffect factors were u s ed . Heal th e ffects from organ dos es 
are not shown i nd ependent l y ,  but t h e s e  organ h e a l th e ffect s  are i n c l uded i n  thes e l in e s  a l ong w i th 
tho s e  caus ed by the who l e  body d o s e .  ( S e e  Appen d i x  B o f  thi s v o l ume for more d et a i l  o n  meth o do l ogy 
u s ed i n  det ermining h e a l th e ffects . )  
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To tal health e ffec ts  (wo rld population and wo rk fo rce ) 
calculated from the radiat ion exposures range from 2 to 32  for 
Alternatives 1 and 2 as  shown in Table 1-4 . Worldwide natural 
radiation dose  during this same period will result  in 1 20 , 000 , 000 
health effects . As seen in Table 1-4 , total health effects  are 
larges t  for Alternative 2B . Use o f  many ARB facili ties , as 
assumed in this  alterna tive , results in higher radiation exposure 
and larger to tal health effects . The health effects  were calcu
lated with EPA dose-ef fect fac tors , assuming no thresho ld dose . 
Thes e  dos e-effec t estimates are quite uncertain and may ei ther 
underestimate or overestimate the actual e ffec ts .  

Occupat ional radiation exposures are also summarized in 
Table 1-4 . Again , do ses are large if the disposition facility 
is delayed and are largest for Alternative 2B . 

The number o f  fatalities exp ected in the work forc e ,  
including transportation and construction workers  as  well as 
those required to operate the ISFS or ARB facilities range from 
11 to 42 for Alterna tives 1 and 2 .  For perspect ive , the number 
of  acci dental deaths estimated over the entire p eriod for these  
alternatives can be comp ared with 1 2 , 500 deaths in the year 1 9 7 6  
from occupational accidents in the U . s .  

As indicated earlier , for Alternative 2B , transshipment o f  
spent fuel be tween reac tor discharge basins is  minimized b y  use 
of  the ARB facilities . The principal advantage of  no t allowing 
transshipment o f  spent fuel is to reduce transportation activities . 
This results in a decreased exposure o f  about four man-rem to 
the public and about 50  man-rem to transportation workers .  The 
principal disadvantage is  that additional storage basins are 
needed and this results in an expected increased exposure to the 
public of up to 5000 man-rem.  

C For alternatives which consider a year 2010 s tartup o f  
disposit ion fac ilitie s  (Alternatives 3 and 4 ) , world population 
dose commitments range f rom 46 , 000 man-rem for Alternatives 3A , 
3B , and 4A using ISFS facilities to 85 , 000 man-rem for 
Alternative 4B using ARB facilities . About half o f  these  doses 
are received by the population within 80 km (50  mi ) of  facilitie s . 
To p lace these dose  commitment s in perspective , they are a very 
small fraction of the exposure from natural radiation sources 
in the same period [about 400 , 000 , 000 , 000 man-rem to the world 
population and 35 , 000 , 000 man-rem to the 80 km (50 mi) radius 
population} . These comparative values are different from those  
used in  comparing the environmental effects o f  Alternatives 1 
and 2 earl ier due to different lengths of  the s tudies between 
Alternatives 1 and 2 ,  and Alterna tives 3 and 4 .  
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C Total health effects (world populat ion and work force) 

C 

�I  

calculated f rom radiation exposures range from 34 to 38 for 
Alternatives 3A , 3B , and 4A , to 113  for Alternative 4B as shown 
in Table 1-5 . To tal health effects are highest for Alternative 
4B because use of many ARB facilities to p rovide s torage in that 
alternative results in higher radiation exposure and larger total 
health effects . The health effects  were calculated with EPA 
do se-effect factors , assuming no threshold dose . These dose
effect estimates are qui te uncertain and may either underestimate 
or  overes timate the actual effects . 

Occupational radiation exposures are also summarized in 
Table 1-5 . Again, doses are larges t for Alternative 4B which 
uses many ARB facilit ies . 

Risks from Accidents 

The analysis concludes that the environmental risks from 
maj o r  abnormal events and accidents in Alte rnatives 1 and 2 are 
very small and essentially the same for these alternative s . 
The environmental risks were no t determined for Alte rnaties 3 
and 4 ,  but the risks for these alternatives would be proportional 
to those  of Alternatives 1 and 2 ,  corrected for the changes in 
program s ize  and duration. The maximum individual doses following 
abnormal natural events (e . g . , tornadoes)  and severe accidents 
(e . g . , criticality) that might occur during operation of  the 
facilities are all below one rem , and the probab ility of these  
events occurring is very low. Somewhat greater consequences are 
es t imated for  transportation activities in which the shipping 
cask is accidentally breached in an extreme accident . Howeve r ,  
the risk i s  small becaus e  o f  the low p robability of  cask failure . 
No near-term biological effec ts  of  any significance are expected 
from the accidents analy zed . 

Safeguards 

Transportation and s to rage activities with spent  fuel involve 
radioactive and f issionable material which can , under specific 
circumstances ,  be misused to create an unacceptable public conse
quence . The spent fuel will , therefore , be safeguarded ; and the 
efficiency of the safeguards is considered in the environmental 
analysis . However ,  compared with other fissionable material in 
the LWR fue l  cycle , spent  fuel  is relatively easy to safeguard 

C becaus e  of  i ts  intense radiation . In addition ,  the radiological 
consequences that could occur from the most  credible sabotage 
scenarios involving spent fuel are comparable to those  consequences 
that could be encountered for comparable sabo tage s cenarios not 
involving nuclear material . Property damage resulting from 
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sabotage inc idents would consist  mostly of  localized  contamination , 
which would neces sitate limiting access to the area until c leanup 
operations could be comp leted . It  is concluded that the alterna
tives described in this volume do not impo se an unaccep table 
safeguards risk or  hazard to the publi c .  

s ur·1MARY 

The a c ti v i t i es a s s o c i a ted wi th i mp l emen ti ng or not i mp l emen t i n g  
c the p roposed pol i cy a re s i m i l a r fo r a g i v en d i s p o s i t i on fac i l i ty 

s ta rtup date , a n d  e n v i ro nmen ta l i mpacts vary w i t h  the amo u n t  
o f  f u e l  rece i ved , t h e  n umbe r o f  I S FS fa c i l i t i es re q u i red , the 
stora g e  t i me , a n d  to a l e s s e r  degree to the amo u n t  of  spent 
fuel  t ra n s po rted . One maj o r  d i fference betwe en a l tern a t i ves 
i s  the extent of  U . S .  Go vernme nt i n vol veme nt in  p rov i d i n g 
fa c i l i ti es a n d  ma nagemen t fo r the stored fuel . U . S .  Government 
i n vol vement i s  a s sumed to be greatest i n  the centra l i zed s to rage 
opti on , l e s s  i n  the dec e n tra l i z ed  s tora ge opti on , and none i n  
the " pol i cy Not Impl emen ted " c a s e . 

The env i ronmen ta l i mpa c ts from a l l a l tern a t i ves  c o n s i dered , 
e i th e r  from i m p l emen t i ng or  not i mpl emen t i ng the spent fuel  
storage pol i cy ,  are sma l l .  The decre a s ed res o urce con s u mp 
t i o n s  and env i ronmen t a l  i mpacts o f  a l ternati v es that a s s ume 
reac tor d i s c h a rge b a s i n  o p era ti o n  at l e s s  than fu l l - core 
res e rve m u s t  be b a l a n c ed aga i n s t  the red u c ed fl ex i b i l i ty i n  
rea cto r opera t i o n  a n d  the po s s i b i l i ty of  fo rced s h u tdown s 
wh i c h  c ou l d  l ead  to the use o f  h i g he r- c o s t  s u b s t i t u te power 

2-a or red uc t i on of  el ectri c a l  power generati o n . Pro v i d i ng 
2-d f u l l - c ore reserve c a pa c i ty i s  prudent a n d  econom i c a l  to a vo i d 
4-a reac to r o u tages d u e  to i n s p ec t i o n s  or  emergency s i tua t i on s . 

Fu l l - c o re reserve ca pac i ty s ho u l d  be pro v i ded by e i ther the 
gove rnment or  ut i l i t i es .  The i m pacts fo r decen tra l i zed I S FSs  
prov i d i n g  f u l l - c o re reserve are c on s i dered the  s ame fo r e i ther 
gov ernment o r  pri vate fa c i l i t i es .  Neverth e l ess , u t i l i t i es 
have opera ted wi tho u t  fu l l - core res e rve ra th er than  s h u t  down . 
Uti l i t i es may c hoose to o perate wi t h o u t  ful l - c o re reserve to 
defer c omm i tments to n ew s torage fac i l i ti es .  Ut i l i ti es may 
a l s o  operate at l es s  than f u l l - c o re reserve i f  preven ted from 
pro v i d i n g the s to ra ge c a pac i ty due  to i n s t i tu t i ona l or reg u 
l a to ry con s tra i nts . At- rea ctor s torage i nc reases en v i ro nmental  
effec ts c ompa red wi th I S FS ba s i n  s to ra ge beca u s e  a dd i t i o na l  
s to rage ba s i n s  a re con s truc ted a n d  o p erated . Howev er , the 
i mpacts are rel a t i v e l y  sma l l c ompared wi th  ava i l ab l e res o u rc es 
and r i s ks from natural  rad i a ti on sou rces . 

1-16 



I-a In v i ew of the a n a l ys i s  c o n ta i n ed i n  th i s  vo l ume , DOE prefers 
the fo l l owi n g  pro po sed acti o n . The Spent Fuel Storage Pol i cy 
s hou l d  be i mpl emen ted by t h e  U . S .  Government ta k i n g t i tl e to 
spent fuel wh i c h i s  offered by domes t i c  u t i l i t i es a nd s tor i ng 
i t  a t  I S FS  fa c i l i t i es . The U . S .  Go vernment s ho u l d pro v i d e 
s u ff i c i en t  s to rage capac i ty to a l l ow U . S .  ut i l i ty reacto rs 
to ma i n ta i n  fu l l - core reserve s torage c a pa c i ty .  Th i s  
s to rage c a pac i ty s hou l d  be pro v i ded by e i ther centra l i z ed 
I S FS  fa c i l i t i e s ( Al ternat i v es l A  and 3A ) or sma l l er 
decentra l i z ed I S FS  fa c i l i t i e s ( Al tern a t i ves  1 8 - 1  and 38 ) . 
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II . BACKGROUND 

A .  Introduction 

A national policy for interim s torage o f  spent nuclear reactor 
fuels

l
was announced by  the United S tates Government on October 18 ,  

19 7 7 .  This policy is reproduced as  Appendix A of  Volume 1 of  this 
EIS . The policy covers domestic and some foreign fuels . Volume 2 
of this environmental impact statement analyzes  the environmental 
effect of storing domestic fuel under the new policy;  the environ
mental effect o f  storing foreign fuel i s  analyzed in Volume 3 .  
This volume (Volume 2 )  analyzes the environmental effects of  interim 
storage and of  transportation of  the U . S .  spent fuels that may be  
affect ed b y  t h e  po licy _  I t  also evaluates the impacts of  not 
implementing the policy . The details of  the implementation of  this 
policy have not been formulated ; therefore , this statement is  
generic in nature , rather than site specific . 

2-b Mos t  nuclear power plants  in operation today and mo st under 
construction were designed and licensed under the premise that 
their spent fuel would be reprocessed after a short period of  cool
ing . The president ' s  April 19 7 7  announcement suspending repro
cessing introduced uncertainty into utility p lanning . S ince 
ut ilities had planned to have their fuel reprocessed , most had 
provided space in their reactor discharge basins for storage of  
about one and one-third reactor core discharges . 

The U . S .  Government proposed the Spent Fuel Policy to help 
alleviate utility uncertainty . Under this pol icy the government 
would supply l imited inter im storage space until a repos itory 
could be provided for nuclear wastes (either as wastes from re
processing or in the form of unreproces sed spent fuel ) . Under 
this policy the government would encourage industry to  provide 
as much of their own storage capacity as pos s ible .  Analyses 
on provid ing this additional s torage capac ity show that the most  
economical and environmentally beneficial means o f  providing 
such capacity is by better utilization of  existing reactor d is
charge bas ins . The utilit ies have responded well as indicated 
by a recent NRC statement2 that 65  of  the 69 reactors operating 
on December 3 1 ,  1978 , have plans to expand their reactor discharge 
basin storage capacity by increasing storage density . However , 
this increased storage capacity is inadequat e ;  and some addi
tional capacity will be needed . The amount of  additional capacity 
required will depend upon the options sel ected and implemented 
by each utility . 
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2-b The cost of  interim storage (which may be provided either by 
the U . S .  Government or utilities)  is  a small fract ion of the cost 
of providing electric power ( see Volume 4 ) . As long as this is  
true , the cost of interim storage should not  inf luence any ut ility 
decisions for construction of future nuclear power plants .  

The remainder of this section describes the policy and the 
types and quant it ies of domestic spent fuels that could be affected 
by the new policy . Interim storage options are included to give 
an overall perspective of types of facilit ies that could be used 
to implement the policy . This section concludes with a review 
of the environmental controls and safeguard considerat ions of  
this action. 

C ! B .  U . S . Spent Fuel Storage Policy 

The U . S .  Government is proposing to  accept and take title to 
sp ent nuclear fuel from utilit ies on payment of a s torage fee to 
the government .  The new policy is  an extension of  the President ' s  
decision to defer indefinitely all civilian reproces sing o f  spent 
fuel in the U . S .  President Carter also asked o ther countries to 
j oin the U . S .  in deferring use of  reproces sing technology in order 
to evaluate alternat ive fuel cycles and processes which may reduce 
the risk of nuclear prol iferation . Pending this evaluat ion , 
utilit ies are faced with the prospect o f  storing fuel discharged 
from reactors for an indefinite period with no approved plan for 
ult imately dispos ing of it . This produces an increas ing uncer
tainty in economic calculations of the utilities , making advance 
p lanning difficult . 

C In conj unction with the prop osed implementation of the U . S ,  
Spent Fuel S t or age Policy , DOE proposes to  encourage utilities 
to  store their own fuel . DOE could encourage utilities to 
store their own fuel in a variety of ways ,  from making policy 
statements t o  provid ing d irec t financial incentives .  
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The maj or barrier to any new spent-fuel storage construction 
at exist ing reactor sites is the percep tion that such ac tion would 
result in de facto permanent storage .  S tate and local governments  
and interested citizens also perceive that increased ons ite stor
age may serve to diminish the sense o f  urgency in dealing with 
waste disposal . Several states have already opposed reracking 
and new pool construction on this basis . Public policy statements 
by the U . S .  Government should quell some of  the state and local 
apprehension.  

l-b Public participat ion on issues related to this po licy are 
l-c essential . To stimulate this publ ic part ic ipat ion , DOE prepared 

three draft environmental impact statements and a supplement : 
S torage of U . S . Spent Power Reac tor Fuel (DOE /EIS-001S-D and 
DOE/EIS-001S-DS ) ,  S torage of Foreign Spent Power Reactor Fuel 
(DOE /EIS-0040-D) , and Charge for Spent Fuel Storage (DOE/EIS-
004l-D) . These draft EIS s have been incorporated into a five
volume set of the Final Environmental Impact Statement , U . S . 
Spent Fuel Policy (DOE /EIS-001S ) . As required by the Nat ional 
Environmental Policy Act (NEPA) , public comments  were solic ited 
on the three draft EIS s .  

l-b If the decision is made to implement the Spent Fuel Storage 
l-c Policy , an away-from-reactor spent fuel storage fac ilities EIS 

(AFR EIS)  will be prepared to provide the environmental input 
into the select ion of facilities to meet the demand for spent 
fuel storage . The demand for spent fuel s torage will be developed 
by using the la test available data as supplied by utilities con
cerning their plans for expansion , compaction , trans shipments ,  
and the expec ted quant ities of spent fuel discharges . The environ
mental ef fects  associated with the construc tion and/or operation of 
the facilities and the transportation effects  associated with 
the available opt ions will be evaluated . 

C As proposed in the Spent Nuclear Fuel Ac t of 1 9 7 9  ( see 
Appendix B of Volume 1 ) , ISFS facilities for interim storage of 
spent fuel will  be licensed by the Nuclear Regulatory Commis sion 
(NRC ) . The NRC licensing process will provide additional public 
input . 
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C .  Characteristics of  Spent Fuel 

Although the policy does not exclude any typ e  of  nuclear 
fuel , the predominant power reactors in the U . S .  are light water 
reactors (LWRs) .  This fuel is metal-clad uranium dioxide (U02 ) 
in which the readily fissionable uranium-235  has been enriched 
f rom 0 . 7% to 3 or 4% . The balance of the uranium consists  pri
marily of relat ively nonfissionable uranium-238 . 

Two types of LWR fuel are in use in the United States . Al
though similar , the fuel assemblies for pressurized water reactors 
(PWRs) and boiling water reactors (BWRs )  differ somewhat in design 
as  shown in Figure 11-1 . They also differ in size and in the 
quantity of fuel contained . 

The LWR fuel is in the form of  UO pellets encased in 
either stainless  s teel or  zirconium altoy ( Zircaloy) tubes . The 
pellets are formed f rom U02 powder in a hydraulic press . They 
are heated in a sintering oven to achieve the required high 
density and then ground to close dimensional tolerances . The 
cladding materials used to encase the pellets (to  form fuel rods )  
are normally Z ircaloy alloys which have been welded and drawn or 
formed into seamless tubing . 

The fuel rods are assembled into bundles ( fuel assemblies)  in 
a square array , each rod spaced and supported by  grid s tructures 
and end pieces . The assembly is  highly resistant to corrosion . 

The storage of  other types  of  power reactor fuel should not 
result in environmental impacts  that differ significantly f rom 
the impacts  of  s torage of LWR and HWR fuel considered in the 
draft EIS s .  DOE has in its  planning stages consideration of fuels 
other than standard LWR and HWR fuel s .  

When fuel can no longer sustain a nuclear chain reaction at 
economic power levels ,  it is  considered to be  spent and is  removed 
from the reacto r .  About one-third to one-fourth of the LWR fuel 
is removed each year and replaced by fresh fuel . At discharge , 
each spent fuel assembly contains fissile isotopes ( about 4 grams 
of f issile plutonium and about eight grams of uranium-235/kg o f  
uranium) and about 9 8 %  of  the uranium-238 originally charged . In 
addition to the plutonium , the spent fuel contains fission 
products  and other waste  radionuclides formed during irradiation . 
The waste  nuclides occur both in the uranium oxide fuel matrix 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 . 
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The radionuclide concentrations and the heat generation from 
typical PWR fuel were calculated with the ORIGEN3 computer code . 
They are shown in Tab le 11-1 for fuel at discharge and at two and 

C five years following discharge . Only those radionucl ides that 
contribute significantly to off site do se are included in the 
table .  Activities are shown for activation products  (primarily in 
the hardware components) , fission products ( in the fuel matrix) , 
and transuranics ( also in the fuel matrix) . Tab le 11-1 shows that 
fission produc ts  and thermal power of spent fuel cooled for two 
years is less than 1% of that for fresh spent fuel . Cooling for 
an additional three years results  in further reduction of less 
than a factor of  three . Activation and transuranium products 
decrease more slowly . Additional informat ion on the effects of  
cooling time on the radioactivity and heat generation in spent 

l-d fuel is given in Section I of Reference 4 .  For the purpose of 
thi s  generic EIS , a spent fuel cooling time of f ive years was 
used to establish spent fuel storage capacity r equirements and 
four-year cooled fuel was used to allow calculation of environ
mental impac t .  DOE is  current ly performing s tud ies on technical 
criteria for spent fuel accep tance . If  the decision is made to 
implement the Spent Fuel Storage  Policy , these technical 
criteria will be identif ied in the AFR EIS that  DOE wi ll prep are 
to provid e  the environmental inp ut into the selec tion of 
facilities to meet the demand for spent fuel s torage (see  
"Foreword" ) . 

On the average , the fission product radioactivity decays to 
about 0 . 1% of  the original level in 300 years . In contrast , 
plutonium-239  in spent fuel requires about 250 , 000 years to 
decay to 0 . 1% of its original activity . Because of these differ
ences in decay rates , the need for shielding and cooling decreases  
more rap idly than the need for  isolat ion of  the was te . 

D .  Proj ections of Quantity of Spent Fuel 

The amount of irradiated nuclear fuel to be transferred to 
the U . S .  Government for storage under the Spent Fuel Storage 
Policy will depend upon : 

• The quantity of spent fuel discharged from the reactors 

• The storage capacity available to the utilities in existing 
basins , expansions , or new basins 

• The requirements  for reserve capacity in reactor basins beyond 
the capacity to accommodate normal fuel discharges . 

Each of these parameters is discussed below .  
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TAB L E  I I - l  

Ra d i oa c t i v i ty a n d  Therma l Powe r i n  Spent LWR Fuel a 

per MT Uran i um C h a rged to Rea ctor 

Radionuc 1 i de C ont ent , cur i e s  

I mportant Act ivat ion Produc t s  

1 4 C b 

5 5 F e  
6 0 C o 
6 3 N i 
9 5 Zr 

Tot a l  Act ivat ion Produc t s  

I mport an t  F i s s i on Products 

3 H 
8 5 Kr 
9 0 Sr 

1 0 6 Ru 
1 2 9  I 
1 3 7 C S 

Tot a l  F i s s i on Produc t s  

I mportant Tran s uran i um P roduct s 

2 3 8 pU 
2 3 9 pu 
2 4 0 pU 
2 4 1 pu 
2 4 1  Am 
2 4 4 Cm 

Total Transuranium Product s 

Therma l Power , Wat t s  

Years A fter Discharge 
o 2 5 

6 . 6  x 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 4 

1 . 4  X 1 0 5  

5 . 1  X 1 0 2 

1 . 1  X 1 0 4 

7 . 8  X 1 0 4 

5 . 3  X 1 0 5  

3 . 7 x 1 0
-2  

1 . 1  X 1 0 5  

1 . 4  X 1 0 8 

2 . 7  X 1 0 3 

3 . 2  X 1 0 2 

4 . 7  X 1 0 2 

1 . 0  X 1 0 5  

8 . 4  X 1 0 1 

2 . 2  X 1 0 3 

3 . 8 X 1 0 7 

6 . 6  X 1 0 - 1 

1 . 2  x 1 0 3 

4 . 8  x 1 0 3 

5 . 5 X 1 0 2 

1 . 2  X 1 0 1 

6 . 7  X 1 0 3 

4 . 6  X 1 0 2 

1 . 0  X 1 0 4 

7 . 5  X 1 0 4 

1 . 3  X 1 0 5 
- 2  

3 . 7  x 1 0  

1 . 0  X 1 0 5 

1 . 2  X 1 0 6 

2 . 8  X 1 0 3 

3 . 2  X 1 0 2 

4 . 7  X 1 0 2 

9 . 4  X 1 0 4 

4 . 0  X 1 0 2 

2 . 1  X 1 0 3 

1 . 0  X 1 0 5 

5 . 9  X 1 0 3 

- 1 6 . 6  x 1 0  

5 . 2  X 1 0 2 

3 . 3 x 1 0 3  
5 . 3  x 1 0 2 

- 4  
1 . 0  x 1 0  

4 . 3  X 1 0 3 

3 . 9  X 1 0 2 

8 . 3 X 1 0
3 

6 . 9  X 1 0 4 

1 . 7  x 1 0 4 

- 2 
3 . 7  x 1 0  

4 
9 . 6  x 1 0  

4 . 8  X 1 0 5 

3 
2 . 8  x 1 0  

2 
3 . 2  x 1 0  

4 . 7  X 1 0 2 

8 . 1  X 1 0 4 

8 . 0  X 1 0 2 

1 . 8  X 1 0 3 

8 . 7  X 1 0 4 

2 . 1  X 1 0 3 

a .  C a l cu l at ed w i t h  t h e  OR I G EN code fo r PWR fue l  irradi at e d  to 3 3 , 000 
MWD/MTU a t  a spe c i fi c  power o f  30 MW/MTU . 

c i  b .  Bas ed upon 2 . 5  ppm n i t ro g en (by w e i ght ) in U0 2 • 
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Fuel Discharge Forecasts 

The forecasts  used in this report for the quantities  of and 
schedule for nuclear fuel discharged from power reactors in the 
U . S .  are based upon an assumed nuclear generating capacity of 
380 GWe by the end of CY-2000 . Besides the possible uncertainties 
in generating capacity , the actual amount of  spent fuel discharged 
from each reactor also will vary , depending upon plant capacity 
fac to r ,  fuel burnup , etc . The nominal exposure for PWR fuel is 
33 , 000 MWD/MT . For BWR fuel , it is 2 7 , 000 MWD/MT . Some fuel  may 
be replaced at lower exposures , based upon utility p lans which 
consider peak electrical demands and maintenance requirements .  
Several forecasts of  fuel discharge are shown in Table 1 1-2  and 
Figure 11- 2 .  As can be seen, these forecas ts  cover a range of  

C about 25% with the excep tion of the more recent NRC forecasts 2 

which are based on 230  GWe by the end of  CY-2000 . 

C In this volume , the Nuclear Assurance Corporat ion (NAC) 
forecast5 , 6  was used as the basis  for the spent fuel discharge 
schedules . This forecast was based upon a 1 9 7 7  survey of utili
ties to determine their best es timate of  near-term reactor 
discharge schedules and plant operating ef ficiencies .  These 
near-term utility forecast s  were then combined with the expected 
plant efficiency factors to estimate reactor capacities that are 
required to reach the 380 GWe generating capac ity by CY-2000 . 
These schedules of generating capacity were then used to estimate 
spent fuel discharges . This  approach provides an upper limit 
forecast of spent fuel inventory which will  maximize the environ
mental effects calculated for the Spent Fuel Storage Policy . 

The next several paragraphs describe the relative benefits 
that can be achieved by more-efficient use of existing at-reactor 
bas in space . 

S torage Capacity 

Mos t  nuclear power plants were designed to accommodate the 
equivalent of one and one-third reactor loadings of irradiated 
fuel in their onsite storage pools in anticipation of  p romp t 
reprocessing . The s torage racks originally supplied with the 
reactors differ from BWRs and PWRs . 2 

• The BWR has a rack design which is  supplied by the reactor 
manufacturer . Individual rack positions have a 15-centimeter
square ( 6-inch-square) opening to receive the 14-centimeter-

C square ( 5 . 5-inch-square) fuel assembly . The two rows of  fuel 
as semblies are separated by a distance of 14 centimeters (5 . 5  
inches . This is the equivalent of 29  cent imeter (7 . 5  inches )  
center-to-center separat ion . Racks are support ed a t  the base 
and provided with cross-pool support s to provide seismic p ro
tection if required . 
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TA BLE 1 1 - 2  

Foreca s t s  of Dome s t i c Fuel  D i s c ha rged , MTUa 

DOE 1 9 7 7  
(NEP of NA C 

C Year Source : NRC 2 ( 1 9 79 )  NuFue l )  7 Blomeke 8 Apri l 1 9 7 7 5 

1 9 7 6  2000 2 200  1 9 2 5  

1 9 7 7  1 000  1 1 1 3  1 0 3 4  

1 9 7 8  1 000  1 2 25  1 35 7  

1 9 79 1 4 2 0  1 300  1 38 3  1 5 2 5  

1 9 8 0  1 5 20 1 300 1 5 1 1  1 8 6 3  

1 9 8 1  1640  1 4 00 165 8 1 896 

1 9 8 2  2 1 00 1600 1 7 86 24 7 3  

1 9 8 3  2 1 00 1 9 00 1 9 9 3  2 8 7 6  

1 9 8 4  2 300 2200  2 2 79 3240  

1985  2440  2 700 2620  39 8 1  

1 9 8 6  2 6 5 0  2 9 0 0  3 0 4 3  4 3 1 6  

1 9 8 7  2840  3400  3445  4 7 3 1  

1 9 8 8  3050  3600 379 1 5 0 38 

1 9 8 9  3 3 0 0  3900 4 1 1 5 5 2 2 9  

1990  3600 4 2 00 4 4 4 4  5 1 9 0  

199 1 3 7 2 0  4600 4796 5 2 5 1  

1 9 9 2  3 9 5 0  4900 5 1 7 1  5660  

1993  4200  5 2 00 5664 6 1 1 5  

1994  4 380  5 700 5965  6550  

1995  4620  6000 6 39 2  7007  

1996 4 8 40 6500  6 8 5 2  7 5 06 

1 9 9 7  5 1 00 6900 7 3 24  8009 

1998  5460 7 300 7 7 8 7  8 5 1 0  

1999  5 7 30 7800 8249  9 0 1 0  

2000 5 800 8 1 00 8699 9 5 1 0  

Tot a l  8 1 , 700
b 

9 7 , 400  1 0 3 , 505  1 1 9 , 80 2  

a .  A l l  fore c as t s  are b a s ed upon an a s s umed nuc l e ar generat i n g  
cap a c i ty o f  380  G W e  by the end o f  CY- 2000 wi th the excep t i on 
of the 1 9 79 N RC fore c a s t  wh i ch i s  b as e d  on 2 3 0  GWe . 

b . To t a l  i n c l udes about 4 700 MTU d i s ch arged p r i or to 1 9 79 and 
s t ored i n  reactor b a s ins or AFR ' s  at the end o f  1 9 78 . 
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• The PWR racks may be provided by the architect-engineer (AE) 
or purchased by the utility to specifications of the reactor 
manufacturer . This arrangement results in a number of rack 
design variations . However , mos t  racks are made of s tainless 
steel with preformed angles to form corners for support of  the 
fuel . Mo st  of the racks have a 5 1- to 53-centimeter (20- to 
2l-inch) center-to-center spacing for the fuel assemblies in a 
square array . The individual spaces in each rack are 20 to 23  
centimeters square (8  to 9 inches )  to receive fuel assemblies 
19 to 22  centimeters square ( 7 . 5  to 8 . 5  inches square) . 

4-a A fundamental assumption of  the E1S  is that, in the absence of 
implementation of  the Spent Fuel S torage Policy , appropriate actions 
would be taken by the ut ilities to avoid forced shutdowns . This 
assumpt ion is supported by the fact that , as of December 31 , 19 7 8 ,  
65  of  the 69  then-operat ing reactors had either been licensed to 
expand their capacity to store spent fuel in reactor discharge 
basins or were seeking such licensing . If utilit ies provide 
their own storage , options to them include a) reducing the space 
between stored assemblies with neutron absorbers in the storage 
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4-a array (compact storage) , b )  using stacked storage ( i . e . , double 
tiering the s torage racks ) ,  and c )  disassembling the fuel bundle 
and placing the individual fuel elements in a more-compact arrange
ment ( L e .  "pin s torage" ) .  Some utilities will not or cannot 

3.,...b expand reactor discharge capacity ; therefore , transportation of  
spent fuel to other reactor discharge basins or to ISFS  facilities 
will be required to provide the needed storage capacity at the 
affected reactor . S torage needs of utilities will be periodically 
updated and will be used to revise the forecast of  capacity of  
ISFS  facilities that the U . S .  Government should provide under 
this policy . 

• Compact Storage . Storage capacity can be increased by more 
than 200% over the init ial capacity by closer spacing combined 
with the use of neutron-absorbing materials in storage racks . 

C A maj ority o f  utilities have either increased s torage basin 
density or have plans to increase storage dens ity by this method . 

• Materials which are available for use as neutron ab sorbers to 
increase the storage capacity of existing reactor pools above 
the initial design capacity are s tainless steel , Boral (a mix
ture of B4C in aluminum , encased with aluminum) , or stainless 

E steel alloyed with boron or other neutron poisons (e . g .  cadmium) 
placed in the storage array . 

3-d • S tacked S torage . S torage capacity in spent fuel pools can be 
increased by stacking sp ent fuel storage racks on top of  other 
racks ( i . e . , stacked storage) . This concept requires deep 
pools to ensure that the water depth over the s tacks is suffi
cient to provide radiat ion shielding during both spent fuel 
handling and s torage . Two reactors have p lans to increase 
storage density by this method . 

S torage capacity can almost  be doubled over the initial capa
city of the pool without the use of  neutron-absorbing materials 
in the storage racks by utilizing stacked storage . 

S tacked storage at more than a few facilities is  a complicated 
engineering problem ,  and widespread use is not ant icipated 
because pool dep th is not sufficient to provide adequate 
shielding during handling operation . Most  s torage pools are 
about 12 meters (40 feet deep) . Fuel assemblies are stored 
vert ically in racks at the bottom of  the pool . The fuel 
assemblies must  remain submerged during removal and insertion 
into the racks to provide shielding ; therefore , a deep pool 
is required . In those reactors where stacked storage is 
propo sed , fuel is less than three meters ( ten feet) in length , 
and stacked storage can be accommodated without pool modifica
tions or special shielding . 
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C • "Pin Storage . "  Disassembly of  the fuel bundle and placement 
of the individual fuel elements  in a canister is a method wi th 
the potential to provide the largest  gain in s torage capacity 
of  exis ting reactor storage pools . This concept is called "pin 

3-c s torage . "  Although not presently approved ,  this method can in
crease the s torage density by at  least a factor of  two over 
compact storage methods in which the assembly is left intac t . 2 

NAC has performed an assessment9 of several alternatives for 
increasing s torage capacity at existing reactor pools . That 
assessment has identified no safety or environmental issues 
that would preclude licensing of the "pin s torage" concept .  
Special administrative and operating controls may be required 
to meet increased safeguards concerns if this method were 
selected . 

Fuel assemblies were designed for diassembly and have been 
3-g disassembled . At this time , one utility has plans to increase 

s torage density of  its spent fuel pool by the "pin storage" 
concept .  

NACS , 6  storage basin capacities are used in this Environ
mental Impac t Statement . These are based upon current reactor 
basin s torage capacities and 1 9 7 7  plans by utilities to increase 
capacity by s torage compaction or basin expansion . This forecast  
is j udged to be a conservative indication of the actual basin 
capacity for at  least the first ten years of  the forecas t . 

Reserve Capac ity 

2-a Providing full-core reserve capacity is p rudent and 
2-c economical to avoid reac tor outages due to inspections or 
2-d emergency si tuations . Capabili ty f or achieving ful l-core reserve 
4-a should be provided by either the government or utilit ies and the 

impact s  for decentr alized ISFS s providing full-core reserve are 
considered the same f or either government or private facilities . 
Never theles s ,  utili ties have operated wi thout full-core r eserve 
rather than shut down .  Utilities  may choose to operate without 
full-core reserve to defer commitments to new stor age  f acilities . 
Utilities may also operate at less than ful l-core r eserve if 
prevented from providing the storage capaci ty due to insti tutional 
or regulatory cons traints . 

The amount of reserve space that should be maintained in a 
reactor basin i s  a mat ter of j udgment f or each utility . DOE 
does not consider it to be a safety consideration , but it i s  
an economic consideration . Full-c ore reserve i s  not required by 
the NRC . The effects of a likely range of op tions  open to the 
utilities  are analyzed in this EIS . A fundamental premise has 
been that appropria te ac tions will  be taken to avoid forced shut
downs ( see discus sion in C . 2 . l ) . Full-core reserve capacity is  
one such measur e .  
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C F igure 11-3 provides several scenario s or the total amount 
of domest ic fuel that could be delivered to the U . S .  Government 
under this policy either to interim s torage basins or to a disposi
t ion facility . In these scenarios the NAC5 , 6  forecast of  fuel 
discharged and bas in capacity forecasts are assumed . It is also 
assumed that the utilities either 1) maintain discharge capa
b ility , *  2) maintain a full-core reserve** or 3) transfer to the 
government all spent fuel when it has cooled f ive year s .  Lower 
estimates , (not  shown in Figure 11-3)  based upon a lower fuel 
charge schedule (given on Table 11-2)  would result if a utility 
elects to maintain minimum free space in the reactor discharge 
bas in .  Lower estimates would also result if a utility increases 
storage capacity significantly above that considered in the NAC 
forecast or if  the U . S .  requires less electrical power generation 
from nuclear reactors . I f  a lower discharge schedule is assumed , 
less spent fuel would be transferred to the United Stated Govern
ment under the policy . 

C The timing of  the disposition action for spent fuel is impor-
tant in determining the amount of interim storage that must  be 
provided . The disposition mode may be disposal in a U . S .  reposi
tory or reprocessing of  spent fuel . In an effort to determine the 
effects of the disposition timing on sto rage requirements , a dis
position facility is assumed to be available no earlier than the 
year 1985 . It is assumed that the first four years of operation 
of the disposition facility would be at a reduced rat ell to provide 
for startup uncertainties . After that perio d ,  the capacity of  the 
disposition facility would be adequate to receive the forecast 
discharge of the spent fuel from power reactors , and no additional 
interim storage capacity would be required . 

C Figure 11-4 shows the interim storage requirements if the 
interim s torage facility is available in the year 1983 , and the 
disposition facility starts up in the year 1985 . These require
ments are estimated on the same three bases used in Figure 11-3 , 
that utilities desire to 1 )  maintain only discharge capability , 
2 )  maintain full-core reserve , or  3 )  transfer to the government 
all spent fuel when it has cooled five years . The results  given 
in Figure 11-4 assume that a certain amount of spent fuel is 
transshipped between reactor basins at the planned rate shown in 
Table 111-2  to lessen the need to ship spent fuel to centralized 
facilities . 

*Discharge capability requires capacity for normal discharge 
(about 1 / 3  of the reactor core) at its  scheduled discharge 
time . 

**Full core reserve assumes required capability to discharge all 
of  the fuel contained in the reactor (equivalent to the normal 
dis charge o f  about three years ) at  any time . 
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Figure 11-5 shows the influence of  disposition facility 
startup date on interim s torage capacity . The increasing slope 
of  the fuel inventory results  f rom the increasing rate of spent 
fuel discharges . 

3-a A recent DOE reportlO analyzes the sensitivity of many 
variations that the utilities control in ISFS storage capacity . 
The information developed in this analysis is summarized in 
F igure 11-5 . This  analysis identifies a planning case for DOE 
evaluations for needed storage capacity that has lower storage 
requirements  for domestic fuel than tho se used for environmental 
evaluation in this EIS . This case is denoted as  "Base Planning 
Case" and is shown in Figures 11-5 and 11-6 . In DOE ' s  j udgment , 
this Base Planning Case represents the probable act ion o f  the 
utilities and , thus , best  reflects  the s torage capacity that needs 
to be provided . DOE intends to update these surveys of capacity 
needed from time to time as new information becomes available . 

The "Base Planning Case" represent s an updating o f  earl ier 
DOE estimates of  required interim s torage capacity , a revision of 
the type that will be made periodically throughout the program . 
It  is  not intended to represent the most  likely case but rather a 
"best estimate for purposes o f  planning . "  As has been discussed 
previously in this section , many factors could affec t the amount 
of fuel transferred to the government under the p roposed Spent 
Fuel Policy including : 

1 )  Amount of  spent fuel pool expansion actually accomplished 

2 )  Amount of transshipment allowed 

3 )  Reactor capacity factors achieved 

4 )  Amount o f  discharge capability maintained , e . g . , full-core 
reserve or  discharge capability 

5 )  Fuel changes to achieve higher burnup s ( thus less fuel dis
charged) 

6) Time at which a disposition facility becomes operable 

7 )  Total nuclear generating capacity between now and the year 
2000) . 
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3-a The environmental effects of this "Base Planning Case" were 
determined for a delayed s tartup of the disposition facility until 
the year 2010 and are given in Appendix E of  this volume . The 
analyses in other sections of this volume do no t use this "Base 
Planning Case . "  However ,  if the "Base Planning Case" had been 
selec ted the environmental effects would be less than those  identi
fied in the draft  EIS because the interim storage requirements 
would have been less . If the policy is implemented , addi tional 
environmental impact statements prepared for specific ISFS s ite 
or facilities will use up-to-date surveys of  utility plans for 
utilizat ion of  ISFS facilities . 

E .  Description o f  Interim Storage Facilities 

E . 1  Existing ISFS Facilities 

Spent fuel is now stored primarily in reactor discharge 
basins . In some cases the limited s torage capacity initially pro
vided at the LWR sites is being increased by densif icat ion of 
s torage. 2 A limited amount of fuel  has been shipped to privat ely 
owned independent spent fuel storage ( ISFS ) facilities . Private 
ISFS facilities with some remaining storage capacity include those 
at the General Electric (GE )  Morris Plant and the Nuclear Fuel 
Service (NFS ) West  Valley Plant . A third site ,  the Allied General 
Barnwell Plant , is completed but not licensed to receive and store 
spent fuel.  

• GE Morris Plant . The storage basin at  the General Electric 
reprocess ing plant at Morris , Illinois , has been licensed as an 
ISFS facility. The initial storage capacity of about 90 MTU 
has been increased to about 75 0 MTU .  Presently , this facility 
contains about 300 MTU of  spent fuel and has contracts for 
additional fuel . 

• NFS West  Valley Plant . The storage basins at the Nuclear Fuel 
Service plant have a capacity for storing 260  MTU spent fuel . 2 
This former reprocessing plant is now licensed and operat ing as 
an I SFS facility for spent fuel storage. The facility is cur
rent ly storing 1 70  �TU spent fuel.  NFS announced that it was 
withdrawing from the reprocessing bus iness , and this plant is 
no longer receiving spent fuel from ut ilities for storage. 2 

• Allied General Barnwe ll Plant . A storage basin, similar to 
those at the GE and NFS plant s , exis ts at the Allied General 
Barnwell Plant . The basin has approximately 400 MTU capacity. 2 

Allied General has applied for a license to operate its basin 
for interim storage prior to startup of the reprocessing facil
ity. The licens ing effort proceeded to the hearing s tage and 
was then suspended. 

The 5 00- 1 000 MTU of unfilled ISFS facility space will become 
inadequate within a few years . As discussed in this report , a 
capacity of several thousand MTUs will be needed by the year 1 985 .  
The rest o f  this sect ion des cribes options that could be developed 
to meet the needs.  
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E . 2  Interim Storage Facility Alt ernatives 

The need for additional interim storage space has prompted 
several investigat ions o f  fuel storage technologies . 2 , 12 , 13 

The alternat ives that have been considered include storage of  
unpackaged fuel in water-cooled basins or air-cooled vaul ts  and 
storage o f  packaged fuel in water-cooled basins , air-cooled 
vault s ,  concrete surface silos ( surface storage cask) , geologic 
formations , or near- surface caissons . In Table 11-3 , these 
storage alternatives are compared . 

One alternative for interim storage would be to use 
water-filled modular basins . Each of the basins would be a 
stainless-steel-lined concrete structure . The overall facility 
would be designed to 1 )  receive , handle , decontaminate , and reship 
spent fuel casks ;  2 )  remove irradiated fuel from casks ; 3) place 
the fuel in a storage basin ;  and 4) cool and control the quality 
of the water . The facility would also be  designed for removing 
the spent fuel from the s torage basins , loading it into shipping 
cask s ,  decontaminat ing the loaded casks , and shipping the casks . 
The modular construction allows facility expansion with a minimum 
o f  additional support facilities  and services . 

All the storage facilities must be  designed to protect the 
fuel cladding against mechanical , chemical , or thermal damage . 
The fuel cladding is  the primary barrier for confining fuel-core 
material for all modes of spent  fuel s torage . The storage facili
ties must also provide a safe , subcritical arrangement of  fuel 
as semblies and adequate shielding under normal operating condi
tions or during extreme natural phenomena . 14 Addit ional details 
are presented in References 2 ,  1 3 ,  and 15 . 

Near-surface s torage with forced-draft air cooling is feasible 
for unpackaged LWR fuel that has been out o f  the reactor for at 
least three to four years . This  type facility would consist  of  
reinforced concrete storage vault s  with auxiliary equipment to 
circulate and filter the cooling air . The fuel would probably be 
stored vertically in sleeves supported by  top and bot tom tube 
sheets .  The sleeves would form inlet and discharge plenums to 
divert cooling air to the fuel . Cool ing air would normally enter 
the bottom plenum of  the vaul t ,  and heated air would exit the top 
p lenum. 

Facilities which have natural draft cooling of  spent fuel 
have also been proposed . These facilities are designed to use 
the decay heat from the residual fission p roducts  in the fuel to 
create a natural draft sufficient to cool the fuel . However , the 
pres sure different ial ob tained in a natural draft  sys tem is inade
quate to force the ventilating air through a filtration system .  
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TABLE 1 1 - 3  

S umma ry Comp a r i s on o f  Spent F u e l  I n te r i m  Storage A l terna t i ve s  

StoY'age A l teY'J1ative 

Unpackaged St orage 

Water- coo l ed bas in 

A i r- coo l e d  vau l t  

P ackaged St orage 

Water basin 

A i r- coo l e d  vau l t  

C oncrete surface 
s i l o  ( s urface 
s t orage cask ) 

Geo l og i c  
forma t i ons 

Ncar- surface 
c a i s son 

Confinement 
BaY'Y'ieY's in 
Addition to 
Cladding 

a Water 

F i l t ers 

Water and 
p ackagea 

Package 

Package 

Package 
h o l e  l inera 

Packa ge , 
h o l e  l iner 

Means of Heat Remova l 

Forced c i rcu l at i on o f  
b a s in water 

Forced c i rc u l at i on of 
a i r  

Forced c i rcu l at i on of 
bas in water 

Natura l c i rcu l a t i on 
of a i r  

Natura l c i rcu l a t i on 
of or conduct i on to 
a i r  

Conduct i on t o  e arth 

Conduct i on to earth 

Me thod of ContY'o l ling 
Fue l  Cladding 
COY'Y'osion 

Low - t emperature and 
water qua l i ty contro l 

Low t emperature 

Packaged in inert or 
noncorro s i ve med i um 

Packaged in inert or 
noncorro s ive med ium 

P ackaged in inert o f  
noncorro s ive medium 

Packaged in inert o f  
noncorro s i ve medium 

Packaged in i nert or 
noncorro s i ve medium 

Maintenance 
RequiY'ements 

H i gh 

Moderate 

H i gh 

Low 

Low 

Moderate 

Low 

a .  Fi l t rat i on o f  e f f l uent vent i l a t i n g  a i r  may b e  used t o  provide an addi t i ona l  confinement barri er . 

Sur-face 
Land Use 

Low 

Moderate 

Low 

Moderate 

H i gh 

Low 

Hi gh 



To reduce the probability of  radionuclide release , packaging of 
the fuel would probably be  required . Such packaging may in fact 
be desirable in any o f  the sys tems in which fuel disposition is 
delayed for a long time , since it  would reinforce cladding 
integrity during the long-term storage . 

One natural-draf t cooling alternat ive calls for a large con
crete structure similar to the storage vaul t for forced-draft air 
cooling . Packaged fuel is suspended in metal sleeve s .  Cooling 
air enters the s ides of the vault and passes up through and out 
the top of the sleeves to the exhaust stack . A second natural
draf t cooling alternative consists of large cylindrical concrete 
housing ( silo s) . The packaged fuel is cooled either by convec tion 
of air between the steel container and the concrete silo or by 
conduct ion through the concrete to the atmo sphere . The cooling is 
completely pas sive in both of these alternatives ; it requires 
lit tle maintenance and only minimal surveillance . Container 
failure is detected by an area monitoring system ,  and the failed 
containers are removed from storage for repair and are returned to 
storage . 

Two passive cooling alternat ives in which the earth is used 
as a heat sink have al so been tested.  In one alternative , fuel 
packages are stored in holes near the earth ' s  surface . In the 
othe r ,  encapsulated fuel is stored in holes in a mined geologic 
deposit ( such as a bedded salt format ion) . In bo th of these al
ternatives , hole liners are used to protect the spent fuel pack
ages against corro sion. 

Beyond the limited ISFS facility capacity described in Sec
tion E . l none of the options described above exist today as avail
able options for this interim spent fuel storage.  The interim 
storage in geologic deposits , as described in the previous para
graph , may become a viable option if a geologic repository for 
nuc lear was te disposal becomes available , but will not af fect the 
near-term need for addit ional interim storage capacity. Use of 
this same facility for interim s torage and later for terminal 
storage would reduce the number of future interim storage facili
ties . 

F .  Benef its of  Implementation 

C The Spent Fuel Storage Policy was developed by the U . S .  
Government to help reduce some of  the uncertaint ies crea ted when 
spent fuel  reprocessing was indefinitely deferred by Pres idential 
Policy in April 19 7 7 .  As concluded in a Senate Commit tee on 
Energy and Natural Resources report , 16 utility expansion of their 
own storage capacities have been hampered by changing regulations 
and intervenor actions . This Senate report points out the benefits 
the Spent Fuel S torage Policy wil l have in resolving these insti-
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C tutional and regulatory considerations . The report also points  
out that imp lementation of  the policy will  allow the U . S .  Government 
to p rovide the necessary s torage capacity to ensure that no reac tors 
are forced to shut down or  curtail their delivery of power for 
reasons of  inadequate spent fuel s torage . 

G.  Relationship to  Other Federal Programs 

A number of other Federal programs may modify the implementa
tion of  the policy on spent fuel storage .  The programs include : 

Nonproliferation Alternative Systems Assessment Program 
(NASAP ) - This program is being developed by DOE to implement the 
President ' s  Nuclear Policy Statement of April 7 ,  1 9 7 7 .  NASAP will 
identify and evaluate alternative nuclear fuel cycles . The ob
jective of the program is to define fuel cycles that have poten
tial for reducing the risks of  nuclear weapon proliferat ion while 
still providing for the continued wor ldwide use of nuclear power . 
The sp ent fuel storage being evaluated in this volume is  a key 
step 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 Statement of  April 7 ,  19 77 , and is similar to NASAP but 
with international participation . U . S .  participation in the pro
gram is coordinated by the S tate Department . The spent fuel 
policy may provide spent fuel storage capacity and , thus , increase 
the time available for development of fuel cycles that reduce the 
risks of nuclear weapon proliferation under the INFCE and NASAP 
programs . Conversely the spent fuel policy may be influenced by 
the INFCE program because it  may inf luence the method of dispo si
tion in the spent fuel policy . 

Department of Energy Alternate Fuel Cycle Technology Programs -
These ongoing programs will provide technical information to NASAP 
and INFCE on advanced fuel cycles with proliferation-resistant  and 
safeguards features .  Development of systems is  included in these 
programs . 

National Waste Terminal Storage (NWTS ) - This  program was 
establ ished in February 19 7 6 ,  and represent s the principal pro
grammatic effort of DOE for disposal of commercial nuclear waste 
or spent fuel in a geologic formation ( s ) . I t  interfaces with the 
disposition of spent fuel in this spent fuel policy . The original 
emphasis of the NWTS program was disposal of was tes from commer
cial reprocessing facilities . After the President ' s  announcement 
of a plan to defer commercial reprocessing , the emphasis was 
shifted to disposal o f  spent fuel that might be classif ied as  
waste and to retrievable storage of spent fuel that might later be 
reprocessed . 
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C Waste Isolation Pilot Plant (WIPP) - The princ ipal mis sion 
of WIPP was ultimate disposal of transuranic (TRU) waste  from the 
nat ional defens e p rogram. l ?  The President recently statedl8  that 
"the Waste I solation Pilot Plant (WIPP) Proj ect  should be  canceled , 
since it  is unlicensed and cannot accep t commercial waste . The 
site o f  the p roposed p roj ect in Carlsbad , NM ,  wil l be inves tigated 
further and if  found qualified will be rese rved for cons ideration 
along with o ther candidate s ites in different geologic environments 
as a licensed repository for  high level waste . "  

E EPA and NRC Pro grams - The EPA is developing criteria for 
disposal of  all forms of radioactive waste . NRC is licens ing 
expansions of spent fuel basins at reactors . NRC has prepared a 
generic environmental statement that evalua tes "at-reactor" and 
"independent spent fuel" storage and supporting operations . A 
finding of  the NRC environmental s tatement2 is  that s to rage of  
LWR fuels in water pools  has an insignificant impact on the 
environment ,  whether at reactor sites or at independent spent  
fuel storage s ites . The NRC GElS indicates that , technically , 

C reac tor discharge basin s to rage capacity can be greatly expanded . 

C 

With the assumed substantial expansion o f  reactor discharge basin 
storage capability , AFR storage requirement would no t be e liminated . 

H . Environmental Controls and Monitoring 

I 
Environmental control s provided in the generic facili ti es 

considered in this EIS consist  of the design f eature s to reduce 
releases of radioac tive and noxious materials to the environment . 
The se controls are described in various sections of this volume . 
This section discusses the eff luent and environmental monitoring 
programs associated with implementation of the policy . 

The purpose of  the effluent and environmental monitoring 
program for the spent fuel storage facilities is to : 

• Determine if concentrations of radioactive materials in liquid 
and gaseous effluents are as low as practicable and meet all 
applicable regulations 

• Evaluate adequacy of performance of the containment , the was te 
treatment methods , and the effluent controls 

• As sess radiation dose to the public and publ ic exposure to non
radioactive pollutants resulting from operation of the facili
ties 

• Maintain surveillance for long-term buildup of radioactivity in 
the environment. 
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Be cause the radioactivity releases are predicted to be very 
low ( see Section III ) ,  the limits of detection may preclude direct 
observation of  these released radionucl ides in the environment . 
Est imates of human exposure may ,  therefore , depend primarily upon 
detailed analysis of radionuclides at the points of release and 
suitable models for dispersion and movement of radionuclides 
through the environment . Parameters in the model s will be deter
mined from site-specific data with regard to meteorology , hydro
logy , demography , land and water use , water chemistry ,  and local 
food chains . Environmental monitoring will also serve to check on 
accumulation of radionuclides in the environment . 

The monitoring program is conducted in two phases : 1 )  a pre
operational phase before facility startup and 2 )  an operational 
phase beginning with facil ity startup and continuing throughout 
the life of the facility . The objectives of the preoperat ional 
phase are 

• Evaluating environmental radiation levels and fluctuations 
attributable to natural background, fallout , and other sources . 

C Media to be analyzed include air , water , soil , milk,  other food
stuf f s ,  sed iment , and aquatic biota . Measurements emphasize 
analyses of specific radionuclides ,  whose origins may later b e  
subj ect to  doubt . S tatist ic al evaluations o f  sources o f  measure
ment variability are also requ ired . 

• Ident ifying signif icant population groups , pathways , and radio
nuclides . This effort depends greatly upon parallel programs 
for the accumulation of meteorological , hydrological , and demo
graphic data for the site , together with information on local 
food sources ,  land use , and trace element analysis of potential 
receiving waters. 

• Developing and evaluating sampling and analysis techniques and 
procedures.  

• Training appropriate personnel in the use of these techniques 
and procedures .  

The early stage of the operational monitoring phase is  a con
tinuation of the preoperational phase.  This operational monitor
ing phase will be particularly intensive during the first two or 
three years of facility operation with special programs and with 
frequent evaluat ion of data to develop bet ter understanding of 
important pathways and behavior of radionuclides in the local 
environment . 
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Sampl ing focuses chiefly upon media impinging directly on 
man,  such as air and water ; upon foods consumed directly by man , 
such as milk , fish , and leafy vegetables ; and upon media such as 
aquatic plants and sediments that may be sensitive indicators of 
the presence of  radioactivity in the environment .  Whenever prac
ticable , samples are analyzed for specific radionuclides to permit 
dose estimates to be made for man and important biota.  In addi
tion,  all potentially radioactive effluents are monitored at their 
point of release and analyzed in accordance with Nuclear Regula
tory Commis sion guides . Provision is made for monitoring effluent 
discharge paths for radioactivity from normal operation ,  from 
operat ional incidents ,  and from accidents .  

The radiological environmental monitoring program is  supple
mente d ,  when warranted , by programs designed to assess the impact 
of nonradiological pollutants ( including effects of  plume drift  
from cooling towers ) on the nearby environs . Although details 
cannot be specified for the generic facilit ies described in this 
environmental statement , the facilities would be designed and 
operated in compliance with the Fe deral Water Pollut ion Control 
Act of 1 9 72  ( PL 92-500 ) and Amendments for control of water pollu
tion , the Fe deral Re source Conservation and Recovery Ac t of 1 976  
( PL 94-580 )  for  solid waste di sposal , and the Federal Clean Air 
Ac t and Amendments ( PL 93-3 1 9 )  for control of  air pollution. 
Appropriate monitoring of nonradioactive effluents will be pro
vided to ensure compliance with these Federal laws and any other 
applicable Federal , s tate , and local laws . 

I .  Safeguards 

C All facilities discussed in this volume are assumed to meet 
licensing requirements .  Among other things , these requirements 
include 1 )  meeting general and specific safeguards criteria for 
facility protect ion ,  materials control , and personnel training ; 
2 )  developing approved procedures for f acility operation that 
include safeguards requirement s ;  and 3 )  monitoring these ac tivitie s  
period ically to ensure the continuance and adequacy of safeguards 
protect ion . 

Current requirements for safeguards protection of fixed site 
facilities and transportation of  spent fuel and material s are 
l is ted , primarily , in applicable portions of 1 0  CFR 73 . 14 Part 7 3  
was added to the Fe deral Regulations in the year 1969  and has been 
modified several times . The most  recent revision ( July 30 , 1 97 9 )  
adds t o  or revises 1 0  CFR 7 314 rather than replacing it . The 
requirements specify that vital equipment or special nuclear 
materials be located within areas protected by barriers , which , in 
turn , are within a fenced or walled protection area . The space 
between the protected area fence and the inner barrier must  be 
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illuminated and monitored to detect abnormal presence or activi
ties . Guards and watchmen must be suitably trained and equipped 
and must  have communications with law enforcement authorities ; 
access to protected and vital areas must  be restricted ; indi
viduals authorized to enter such area without escort must wear 
coded picture badges ; and vehicles inside the protected area must  
be  escorted .  All persons and packages entering protected areas 
are searched ( employees who have specified security clearance and 
packages other than hand-carried ones may be searched at random) . 
All packages that enter a material access area are searched ,  and 
all pe rsons , packages , and vehicles researched upon leaving. 
Regulatory guides identifying methods of fulfilling these re quire-

I ments that are acceptable to NRC have been issued. 19  

Controls have also been designed to provide as surance that the 
nuclear materials are always present at their designated locations 
as required in 10 CFR 7 0 . 20 These controls include preparation 
of detailed and current records on the form ,  quantity,  and loca
tion of special nuclear materials (SNM) and the completion of 
material balances based upon physical inventories . The controls 
also include different adminis trative and operational procedures 
directed at maintaining current knowledge of nuclear material 
quantity and location and detecting any removal of  such material 
from authorized locations . Methods include documented transfer 
of  custodial responsibility and , at some facilities , regular and 
frequent piece count by operating personnel . 

10-a Parts  of 10 CFR 73 provide controls to ensure that spent 
reactor fuel in transport is also safeguarded . 2l 10 CFR 73 
specifies that the licensee must  make arrangements  to ensure that 
1 )  NRC has approved the transport route , 2 )  all vehicles are 
under constant surveillance during all stop s ,  3) transportation 
personnel have successfully comp leted the NRC training program, 
4 )  emergency procedures  have been deve loped , and 5 )  vehicles have 
been equipped with communication equipment and fea tures to immo
bilize the shipment if s topped by a threatening group . 

In addition to incorporating these requirements and controls , 
procedures will  be instituted for response to threats  of  theft or 
sabotage . These procedures will provide for response to : 

• Suspected or actual theft of  SNM or other material which could 
present a radiological hazard 

• Threat of sabotage to a facility containing such materials 

• Threat involving the destructive use of such materials . 
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The primary response to any actual incident at an ISFS  or  ARB 
would be made by onsite guard forces . The primary response for 
incidents during transport  would be  to disable the vehicle or  cask 
and then to notify nearby police . After the primary response , the 
Federal Bureau of Invest igation , which has s tatutory responsibility 
for inves tigating such incidents ,  is no tified . DOE and NRC would 
support  the FBI with specialized technical assistance , especially 
in connection with the recovery of s tolen material , and would 

C undertake to determine if a potential hazard of disp er sal by ex
plosives or o ther illicit uses of the material existed . If a 
hazard were determined to exis t , the different DOE offices respon
sible for implementing the established Radiological Assistance 

C Plan 22  would be alerted or activated . This plan provides for 
advice and assistance in the areas of emergency evacuation and 
rescue , radiation monitoring , decontamination , and specialized 
emergency medical services where personnel are exposed to radia
tion . 

This system of safeguards  requirements ,  controls , procedures , 
and planned responses form a hierarchy that has been tes ted both 
in operation and in l icensing procedures and found to be 
demonstrably adequate . No known incidents involving the theft  or 
misuse of spent fuel have occurred to date . 

The reduced safeguard risks from reduced transportation of 
spent fuel when using ARBs for s torage are offset  by the increased 
risks associated with the accumulation of larger quantities of 
spent fuel in a large number of new , ARB facilities . 

S ection IV of this volume includes a further discussion of 
safeguards considerations in the context of risk to the public 
during transportation and storage of spent fuel . 
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III . ALTERNATIVES AND TIIE IR ENVIRONMENTAL EFFECTS 

A .  Introduction 

This  section desc ribes the al ternatives for p roviding interim 
storage for spent nuclear fuel before f inal dispos iticn and the 
environmental effects of each alterna tive . Generic faci lities and 
the environmental effects  associated with each alternative are 
desc ribed brief ly in this sect ion and more fully in Appendices B ,  
C ,  and D .  

One alternative is to implement the Spent  Fuel Policy announced 
by the u . S .  Government in October 19 7 7 .  In thi s alternative 
(Alternative 1) , the u . S .  Government would accep t t itle to and 
provide management of spent nuclear fuel . Interim s torage would 
be provided in either government-owned or private facilities . In 

C Op t ion A of this alternative (Alternative lA) , centralized storage 
is p rovided in a few large government-owned independent spent fuel 
storage ( ISFS)  fac ilities . In Opt ion B of this alternative 
(Alternative lB) , decentralized s torage is provided by retaining 
the spent fuel in reactor discharge basins to the extent cons ist
ent with continued reactor operation and by providing additional 

C disp ersed s torage basins (under private or government ownership ) 
as required . In Option B ,  two modes of operation are considered : 
in Alternative lB-l , full-core reserve is as sumed to be  maintained 
in reactor discharge basin s ;  and in Alternative lB- 2 ,  annual dis
charge capabi lity is assumed to  be maintained . In Alternatives lA 
and lB , the u . S .  Government will transfer the fue l  to a disposition 
fac ility (either fuel reprocessing or a repository) when that 
facility becomes available . 

The second alternative is the "Policy Not Implemented" cas e ;  
that is , interim s torage of  spent nuclear fuel continues t o  be 
provided by private indus try rather than the U . S .  Government .  
In this  a lternative , the government has no responsibility over the 
spent fuel until it is delivered to the disposition f acility . 

C In Option A of this alternative (Alternative 2A) , decentralized 
storage is provided by retaining the spent fuel in reactor discharge 
bas ins to the extent consistent with continued reactor operation 
and by p roviding additional dispersed s torage basins (privately 

C owned and away from reactors) as required . In Option B of this 
alternative (Alternative 2B ) , new privately owned s to rage basins 
(stand-alone facili ties ) are built  on existing reactor sites for 
storage of spent fuel from the discharge basins of adj oining 
reactors until  final d isposition .  Environmental effects of  
Alternat ive 2A and Alternative lB-2 are essentially the same , 
since i t  is assumed that private industry would provide sufficient 
storage capabi lity to prevent shutdown of existing nuclear plants .  

C The difference in the two cases is that in Alternative 2A the 
utilities retain t it le to the spent fuel . 
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The options of  not building future nuclear plants or 
shutting down exis ting plants to prevent gene ration of  additional 
spent fuel are no t examined in this volume since issues associated 
with thes e options are examined in impact s tatements for the con
struction of  individual nuclear power p lants .  This issue is 
examined in the NRC GElS  on s torage of spent fuel  (NUREG-0575 ) . 1 

In this sec tion , only the p otential environmental effects 
j udged to be mos t  s ignificant are discussed . These includ e  the 
us e of natural resources and the radiological exposur e  from normal 
operations and accidents . Other effects  (e . g . , construction 
effects , thermal and nonrad iological releases , effects  on biota  

C I and secondary effec ts )  are of  les ser impac t and are about 
equivalent in magnitude f or the alternatives . Thes e other 

C I eff ects  are analyzed in later s ec tions and in the appendic es . 
Almos t  all effects are expec ted to be e liminated af ter the sites 
are restored following decommissioning (e . g . ,  land commi tments  
are  expected to be small and temporary for the ac tions covered 
in this volume ) . 

In each of  the alternatives , the impacts of  transport ing 
about 7 2 , 200 MTU spent fuel and s toring the amount o f  spent fuel 
specified is assessed . Potent ial  impacts  expected for 1 985 startup 
of a d ispos ition facility are compared with impacts expect ed i f  
availability of the disposition f acility is delayed beyond !985 . 

C The alternatives analyzed in this section are those which 
appeared in the draft version of this EIS and are based on spent 
fuel flows forecas ted in the latter par t  of 1 9 7 7  and early 1978 . 
Environmental analyses of  alternatives based on a more recent 
forecas t  of fuel flows and also based on a delayed startup of the 
first dispos ition facility to the year 2010 are p resented in 
App endix E .  The mo s t  recent DOE es timate of s torage requirements 
was used for the analyses in Appendix E .  Since the analyses for 
these newer alternatives are based on different fuel schedules , 
environmental effects are not d irectly comp arable with the alterna
tives in this section .  The new analysis from Appendix E was 
included to show the comparison of effects of  implementing the 
U . S .  Spent Fuel Storage Policy with no t implement ing the policy if 
the disposition facility is delayed beyond the year 2000 . 

B .  Description of  Generic Facilities 

B . l  Water Basin 

Modular water-cooled basin s torage of unpackaged spent fuel 
is selected as the generic method for interim s torage in this volume 
because it is a proven concep t that is acceptable to the NRC . 
The technology of water-cooled basin storage is well developed , 
and water basins have been successfully used for receiving and 
s toring spent nuc lear fuel since the beginning o f  the nuclear age , 
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3-e more than 30 years ago . Fuel cladding is expec ted to remain Intact  
during the period of the proposed interim storage in water 
basins . 2 This is based upon experience with water basin s torage 
of both Zircaloy and stainless s teel clad fuel extend ing over 20 
years and 16 years , respectively , for the two types of cladding . 
No obvious mechanism of  cladding failure under conditions of  water 
basin s torage have been identif ied . Use of water as the s torage 
medium offers the following benefits : 

• I t  is an excellent heat transfer medium for removing decay 
heat from the fuel , and it  provides a substantial heat sink . 

• I t  is a transparent radiation shield that allows visual 
inspection and direct manipulat ion of the fuel . 

• It  provides partial containment of some fiss ion product gases 
and essentially full containment of any particulate radioactive 
material that may escape from a fuel assembly . 

B . l . l  Facil ity Descript ion 

The water basins are designed to retain their wa tertight 
integrity for all credible accidents , inc luding design-basis 
tornadoes and earthquakes . They are des ignated as Category I 
seismic s truc tures ,  and as such , are des igned to 1) res ist rupture 
and excessive loss of water and 2) prevent all massive equipment , 
such as cranes , etc . , from falling into the basins , thus causing 
damage to the spent fuel during the design-basis earthquake . The 
water shielding of the fuel also mit igates the effect of tornadic 
driven missiles . 3 

A schemat ic representation of the maj or process s teps in a 
water basin facility is shown in Figure III- I .  Figure 111- 2  is 
a plot  plan for a generic basin storage installat ion . The maj or 
facilities , located within a security fence , include a cask 
unloading and fuel handling building , an emergency cooling water 
pond , and the fuel storage basin . Environmental release point s 
are the 4S-m (ISO-ft )  high s tack , where the airborne effluents are 
discharged ; the cooling tower , where water is evaporated to dissi
pate heat from the spent fuel and the facil ity air condit ioning 
system ;  and the radwaste treatment area , where nonsolid facility 
wastes are converted to solid wastes for shipment to off site 
disposition . At-reac tor basin facilit ies , located within the 
security fence of  the reactor site , would have similar charac
teristics to those of the ISFS with perhaps some shared auxiliary 
facilities . The maj or  process areas are described briefly in the 
following paragraphs . More details about the generic facility and 
its  operat ions are included in Appendix B .  
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Cask-Carrier Handling - Spent fuel is received in the cask
carrier hand ling area in licensed casks shipped either by rail 
or truck . Mo st  of thes e fuel shipment s originate from the reactor 
basins ,  where the fuel has been coo led for about f ive years . 
Descript ions of the casks and carriers can be found in Reference 4 .  

C When received , each shipment is ident if ied . The cask is then 
thoroughly inspected for shipping damage and monitored for radia
t ion . If the inspect ion ind icates that the casks are undamaged , 
they are unloaded . If damaged , they are repaired in the cask 
maint enance area . After the casks are emptied and decontaminated , 
as described below , they are reloaded on the carrier , and inspected 
to ensure that the return shipment meets DOT regulations . 

Cask Processing - After the casks have been removed from the 
carrier , they are prepared for insertion into the fuel unloading 
pool . This preparation includes washing the casks to remove road 
dirt , vent ing the casks to the off-gas sys tem, and cooling and 
flushing the casks as required . The wat er from ca sk rinsing , 
flushing , and cooling is collected for t reatment . 

Underwater Handling and Storage - Cleaned casks are inserted 
into a deep unloading pool in a vertical position . The water 
depth in the pool is suf ficient to allow vert ical unloading o f  
the spent fuel from the casks while still shielding the spent fuel . 
Af ter the cask is lowered into the pool ,  the cask lid is removed , 
and the individual fuel assemb lies are transferred to  multiple
assembly storage basket s in the pool . All spent fuel in storage 
basket s is handled by remote control under a minimum of 12  feet 
of water to shield the operating personnel from the int ense radia
tion emitted from the irradiated fuel . If a fuel assembly leaks 
significantly , it is placed in a special container to control 
release of radioact ivity during handling and storage . 

Af ter a ll fuel assemb lies have been removed and transf erred 
to the s torage baskets ,  the empty cask is inspected to ensure that 
all fuel and nonfuel items have been removed . The lid is then 
replaced on the cask . As the cask is removed from the poo l ,  sprays 
of high velocity demineralized water remove pool water and contami
nat ion from the exterior of the cask . When the cask reaches the 
parapet level , the head bolts are replaced in the lid , and the 
cask is transferred to the decontaminat ion area . 

The storage baskets containing the spent fuel are transferred 
from the fuel unloading pool to the s torage basins and stored 
underwater in racks fastened to the basin f loor . The racks are 
designed to maintain the spacing of the baskets even during extreme 
natural phenomena . 

Support Operations - The storage basins have support facilit ies 
which dissipate the heat , control the quality of water in the pools , 
ventilate the building , treat the rad ioact ive waste generated , and 
provide services such as electricity and water . 
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B . l . 2  Waste Management for the Generic Basin Facilities 

Releases of radionuclides to  the environment f rom the generic 
facility are assumed to be through the off-gas system and venti
lating air . These release point s will be sampled and monitored to 
measure the amount o f  releases to the environment . The of f-gas 
sys tem collect s  gases from cask venting and coo l- down and from the 
radwas te treatment system,  and routes it through an off-gas 
scrubber , an iodine absorber , and high ef f iciency p art iculat e air 
(HEPA) filters . The off-gas system is designed to remove mos t  of  
the iodine and particulates . The ventilating air from the remainder 
of the bas in system is no t treated . However ,  both the treated 
off-gases and air from the normal building ventilation are released 
to the environment through the 45-m ( 150-f t )  high s tack . 

No aqueous releases containing radionuclides are expec ted 
from either the ISFS or ARB facilities . The primary cooling 
system is separated from the secondary cooling sys tem with heat  
exchangers . This arrangement provides an effective barrier 
between the environment and potential leaks in the process equip
ment . The basin water cleanup system incorporates deioni zation 
facilities to maintain water radioactivity concentrations at 
<2 x 10-4 Ci /m3 . 

The maj or volumes of liquid and semiliquid basin wastes 
requlrlng treatment are fil ter sludges , ion-exchange regeneration 
solutions from the water treatment system ,  and water-detergent  
solutions used to  decontaminate casks and equipment . Thes e liquids 
or semiliquids are sent to the evaporator where they are concen
trated into a slurry . The water removed during evaporation is 
released to the atmosphere through the fac ility stack . The slurry 
is sent to the was te solidification sys tem for solidification with 
an agent such as cement or bitumen . The solidified was te  will b e  
packaged i n  210-1 ( 55-gal) drums and monitored . Waste  containing 
less than 10 nCi transuranic iso top es per gram of wastes will be  
shipped to  a commercial burial ground . The amount of  this low
level waste  varies with the number of facilities and their storage 
capacity but is small compared with the amount of  low-level wastes 
generated by reactor operations . Waste  containing greater quantities 
of transuranic isotopes will be s tored onsite and shipped to a 
disposition facility when available . Transuranic contaminated was te 
is expected to be generated only during facility decommiss ioning . 
The amount of  transuranic waste  will be small comp ared with the 
amount of o ther wastes generated in the fuel cycle  and wil l  not 
increase significantly the amount of s torage space required for 
spent fuel or  fuel reprocessing was te . 

The solid radioac tive wastes include venti lation filters , 
rags , clothing , plastic , paper , woo d ,  rubber , failed small equip
ment and similar items . The volume of this material is reduced 
by incinerat ion and /or comp action . This was te is then packaged 
in 210-1 ( 5 5-gal)  drums and immobili zed before being shipped 
offsite for disposal . 
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B . 2  Transportation Systems 

B . 2 . l  Exis ting Cask Sys tems 

NRC licensed shipping casks are available for bo th truck 
and rail transport of irradiated spent fuel f rom current genera
t ion of  LWRs . Existing casks could be used for barge transport .  
Mos t  of the spent fuel casks can be used to transport ei ther PWR 
or BWR spent fuel by using d ifferent fuel baskets . Tab le 111-1 
gives information about casks that are currently available or 
licensed for spent fuel shipments in the United S tates . These 
casks are described more fully in Appendix C and Reference 4 .  

The choice between rail or truck casks for shipping spent 
fuel is largely determined by availability , cos ts , convenience ,  
and handling requirements at reac tor and storage bas ins . Rail 
casks have a significantly larger payload and payload to weight 
ratio than truck casks . However ,  truck shipments normally require 
less turnaround time than rail shipments . Although the newer 
reac tors are providing rail capabilities , about 50% o f  the reactors 
now operating in the U . S .  or scheduled for completion by the year 
1980 do not have rail spurs at the site . By the year 1987 , about 
30% of the reac tors s till will not have rail spurs . Many of these 
reactors without rai l  spurs can be s erviced by intermodal casks , *  
which require overweight permits for shipping by truck to the 
nearest rail siding . The assump tion is made in this volume that 
70% (by weight)  of the spent  fuel shipped from reac tor discharge 
basins to ISFS facilities is shipped by rail and the rest by truck . 
Spent fuel transferred from reactor discharge basins to s torage 
basins on the reactor site is assumed to be moved by truck . Barge 
service could replace some rail s ervice in the future . Environ
mental effec ts  would be about the same o r  slightly less for barge 
shipments than for rail shipments . 5 

B . 2 . 2  Cask Availability 

Casks for spent fuel transport  are fabricated by manufac turers 
who have the capabilities to handle and machine large parts and 
who have established quali ty assurance controls required for certi-

9-b fi cation of  casks . Fabrication of  spent fuel casks has been 
curtailed due to lack of firm implementation plans for s torage 
and disposal of spent fuel . In thi s  s tudy , i t  is as sumed that the 
private or commercial sector will provide the casks as required . 

* Casks that are licensed to be moved by truck or  rai l .  
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TAB L E  I I I - 1 

L i c e n s ed a n d  Ava i l a b l e U n i ted States S h i pp i ng Cas ks 
for Cu rrent Genera t i on LWR S p e n t  F u e l a  

Nwnber of Approximate Usua l 
Cas k  Assemb lies Loaded Cask 

b 
Transport M=imwn Heat 

Desi(Jnation PWR BWR Weight, tonne Mode Remova l, kW 

NFS- 4 e 2 2 3  Truck 1 1 .  5 

r;LI 1 / 2  2 2 2  Truck 1 0 . 6  

E TN- 8 3 .) 5 Tru ck
d 

35 . 5  

T�- 9  7 3 5  Truck(: 2 4 . 5  

fF- 300 7 1 8  7 9  R a i  1(0 76f 
�L I 1 0 / 2 4  1 0  2 4  8 8  Rai l 9 7:1 

Q .  See Reference 7 .  

C b. S k t d s  and oth er appurt enanc e s  are incl uded . 

C c .  The Cert t f t c a t e  o f  Comp l i ance for the NF S - 4  c a s k  i nc l ud e s  
author i z a t ion for Nuc l ear As surance Corpor a t i o n  to fab r i c a t e  
c a s k s  o f  th i s  d e s i g n  in accordance with the Nuc l ear A s suranc e 
Corporat t o n  Qua l i t y  A s s urance Program . Such c a s k s  fabr i c ated 
by NAC wi l l  b ear a s er i a l  number prec eded by the prefix NAC . 

d. Overwei ght perm i t  i s  requ ired by s ta t e  and l o c a l  a g enc i e s . 

e .  Truck sh i pment i s  authori zed for sho r t  d i s t ances with a n  overwe i ght perm i t . 

C f. Spent fue l  loads are l im i t ed to a min imum coo l i ng t ime o f  1 2 0 days and 
maximum therma l  content o f  6 1 . 5  kW if sh ipped with water coo l ant , or 
1 1 . 7  kW if sh ipped with a i r  coo l ant . 

g . Spent fue l  l o a d s  a r e  l im i t ed to a m tni mum coo l tng t i me o f  1 5 0  days and 
a max imum therma l  cont ent of 70 kW th erma l l o ad . 
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B . 2 . 3  Future Casks 

C Existing casks have cooling fins and other heat dis s ipation 
devices , and in some cases , auxiliary cooling systems . These 
complex devices have features that are not necessary for transport 
of spent fuel cooled four years or longer . The average heat load 
and radiation levels of spent fuel cooled four to five years are 
subs tantially lower than that used in existing cask designs which 
were intended for shipment of fuel to reprocess ing facilities 
immediately af ter a 0 . 5-year cooling p eriod . Casks specifically 
des igned for four-year cooled and older spent fuel probably would 
have increased capaci ty ,  lowered cos t ,  increased op erating effi
ciency , and decreased turnaround times . Radiation dose rates 
exterior to new casks would be wi thin DOT radiation limi ts .  A 
decision on whether to use new or previously des igned casks must  
involve long-range planning by indus try , including any possible 
plans for spent fuel reproces sing . 

B . 2 . 4  Transportation of Wastes 

Most  solid wastes generated in ISFS or ARB facil i ties will 
be shipped to a commercial burial ground site . These wastes 
normally contain small quantities of fission and activation 

C products and less than 10 nCi of transuranic iso topes per gram 
of was tes . *  These wastes will be reduced in vo lume by compaction 
or incinerat ion , packaged , and shipped in containers that meet 

C DOT specifications . The small volume , if  any , of  ISFS or ARB 
wastes containing greater concentrations of transuranic elements 
will  be sent to a Federal site for either retrievable interim 
s torage or permanent isolation when available . 

B . 3  Disposit ion Facility 

In this volume , the environmental effects a ttributed to spent 
fuel s torage at the dispos ition facility are limited to the 
releas e of radionuclides to the atmosphere after shipp ing casks 
carrying the spent nuclear fuel to the disposition facility are 
vented . Since the nature of the disposition facility is yet to 
be determined , environmental effects of these releas es at th e 
facility were assessed by us ing reasonable assump tions regarding 
eff luent control , facility siting , and population distribut ion . 
These assumpt ions are discussed in App end ix D .  

* The 10 nCi/g  transuranic limit is currently under s tudy and 
may be revised . 
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5-a A decision on whether to reprocess spent fuel or to treat 
5-b it as waste  for f inal disposal has not been made pending studies 
5-c of alternate fuel cycles (see Section I I . G) aimed at reducing the 

r isk of nuclear weapons proliferation . Is sues associated with 
such a determination are outside the scope of this EIS s ince 
inter im storage will not effect either the quantity of spent fuel 
or opt ions for spent fuel d isposal . In Volume 3 ,  the environmental 
effects of reprocess ing and f inal disposition of foreign fuel in 
the U . S . were covered to provide an understanding of the possible 
long-term implications of the U . S .  policy for accepting foreign 
fuel . 

C .  Des cription and Evaluation of Alternatives 

C . l  Policy Implemented (Alternative 1) 

C . l . l  Description 

Under the policy implementat ion alternative (Al ternat ive 1 ) , 
the U . S .  Government would accept title to the irradiated reactor 
fuel elements considered in this volume . Two options associated 
with this alternative are depicted schematically in Figure 1 11-3 . 
One op tion p rovides centrali zed interim s torage of  spent fuel in 
sep arate , large , independent spent fuel storage ( ISFS)  facilities 
(Option A) , and the second one provides decentralized interim 
storage in smaller ISFS facilities , as required (Option B) . In 
Op tion A, the U . S .  Government would provide the I SFS facilities ; 
in Option B ,  the U . S .  Government may either provide the I SFS 
facilities or may s tore its fuel in private bas ins on a contractual 
basis . 

C I C . l . l . l  Centralized S torage (Alternative 1 ,  Option A) (One of DOE ' s  
two pref erred alternatives) 

In Option A (des ignated Alternative lA) , irradia ted reactor 
fuel is shipped to the U . S .  Government I SFS facility starting in 
the year 1983 . Under an early disposition scenario , a disposition 

6-b facility becomes available in the year 1985 . ( It is recognized 
that the dispos ition facility wil l  not be available as early 
as the year 1985 . )  During the first four years of its opera-
tion , the disposition facility operates at only partial capacity , 
and spent fuel is shipped to both an I SFS facility and to the 
disposition facility . By the y ear 1986 , spent fuel  shipments from 
the reactors to the ISFS facility and the disposition facility 
will have reduced inventories at individual reactor discharge 
bas ins suf f iciently to permit full-core discharge from the reactors . 
In the year 1988 ,  the d isposition facility will begin receiving at 
full capacity operat ion , and spent fuel is then shipped d irect ly 
from the reactors to the f acility .  App roximately 5400 MTU o f  spent 
fuel is shipped to an ISFS facility between the years 1983  and 1988 . 
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Environmental effects under Alternative lA with a 19 85 
startup of  the disposition facility are determined for the 
following activities : 

• Transshipment of  about 7100 MTU of spent fuel between reactor 
basins (19 78-2000) 

• Cons truc tion of a government I SFS facility ( 1980-19 83)  

• Shipment of  about 5400 MTU of spent fuel from reactor basins 
to an ISFS facility (1983-1988)  and s torage in th e I SFS 
facility through the year 1995 . 

E • Shipment to the disposition facility of  about 6 6 , 800 MTU 
of  spent fuel from reactor bas ins (1985-2000) and about 
5400 MTU of  spent fuel from ISFS facilities ( 19 91-19 9 5) 

• Decommiss ioning of  ISFS facility (1996-19 9 7 ) . 

Sp ent fuel movements  and inventori es are given in Table 1 11-2 . 
l-e One government I SFS facility is needed under this scenario . This 

ISFS facility has been assumed to be sep arate from the disposition 
facility so that the analysis wi ll cons ervatively es timate the 
environmental effects . Collocation would require l ess  transporta
tion and possibly less complicated spent  fuel handl ing facilities . 

Po tent ial environmental effec ts under Alternat ive lA are also 
assessed in the event of a delay in startup of  the dispos ition 
facility . As shown in Figure 111-4 , I SFS facility requirements 
increase sharply from about 5 400 MTU as the disposition facility 

C is delayed ( ISFS facility requirements are about 24 , 000 MTU , 
5 2 , 000 MTU , 85 , 000 HTU , 19 3 , 000 MTU , and 543 , 000 HTU o f  spent fuel 
as the facility is delayed 5 ,  10 , 15 , 25 , and 55  years , respect ively) . 
The government-op erated ISFS facilities are st ill assumed to begin 
operation in the year 1983 with capacity added later as needed , 
for spent fuel trans ferred to the government before the disposition 
facility b ecomes avai lable . By the year 1986 , sp ent fuel shipments  
from the reactors to  ISFS facilities will have reduced inventories 
at individual reactor bas ins suffic iently to es tablish full-core 
res erve . Detailed calculations of  environmental eff ec ts of  delayed 
s tartup of  the disposi tion facility wer e performed , assuming a 

C ten-year delay ( 1 9 9 5  s tar tup ) . App endix E of  this volume provides 
the environmental effect comparison of a delay in s tartup of the 
disposi tion facility until the year 2010 . The environmental effects 
in App endix E were determined on different fuel f lows ; therefo re , 
they were not included in this sec tion . 
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TAB L E  I I  I - 2  

Spent Fuel  S h i pme n t s  - Cen t ra l i ze d  Storage ( A l tern a t i ve l A )  o r  
Decentra l i ze d  Storage wi t h  F u l l- Core Re se rve ( Al tern a t i v e  l B - l ) 
Pol i cy Impl emented - 1 985 Startup of D i spos i t i on Faci l i ty 

Year 

1 9 78 
1 9 79 
1 9 80 
1 9 8 1  
1 9 8 2  
1 9 8 3  
1 9 8 4  
1 9 85 
1 9 86 
1 9 8 7  
1 9 88 
1 9 8 9  
1 9 9 0  
1 9 9 1  
1 9 9 2  
1 9 9 3  
1 9 9 4  
1 995  
1 996 
1 9 9 7  
1 9 9 8  
1 9 9 9  
2000  

ISFS Basins 
Fue l  Shi.r!!7ents, MTU 

ISFS Basin to 
Reactor to Disposi t1:on Inven tory, 
ISFS Basin Faci l i ty MTU 

9 70 
1 , 5 8 0  
1 , 6 0 2  
468  
736  

530  
1 , 4 1 0  
1 , 300  
1 , 300 
8 1 6  

o 
o 
o 
o 
o 
9 7 0  
2 , 5 50  
4 , 1 5 2  
4 , 62 0  
5 , 356 
5 , 356 
5 , 356 
5 , 356  
4 , 8 2 6  
3 , 4 1 6  
2 , 1 1 6 
8 1 6  
o 
o 
o 
o 
o 
o 

Disposi tion Faci l i ty 
Fue l Shipmen ts, MTU 
Reactor to ISFS Basin to 
Disposi tion Dispo si t1:on Inventory, 
Faci l ity Faci lity MTU 

1 00 
1 , 6 0 0  
1 , 600  
3 , 1 5 5  
3 , 36 8  
3 , 76 0  
4 , 1 6 R  
4 , 4 5 3  

4 , 776  
5 , 026 
5 , 4 8 1  
5 , 4 7 8  
5 , 5 05 
5 , 96 5  
6 , 0 1 8  
6 , 4 06 

5 3 0  
1 , 4 1 0  
1 , 3 00  
1 , 30 0  
8 1 6  

o 
o 
o 
o 
o 
o 
o 
1 00 
1 , 700  
3 , 300  
6 , 45 5  
9 , 8 2 3  
1 3 , 5 8 3  
1 8 , 2 8 1  
2 4 , 1 44 
30 , 2 2 0  
36 , 546  
4 2 , 8 4 3  
4 8 , 3 2 1  
5 3 , 826  
59 , 7 9 1  
6 5 , 809  
7 2 , 2 1 5  

Transshipment 
Be tween Reactor 
Basins, MTU 

1 8 7  
2 4 4  
1 6 0  
1 6 9  
3 0 5  
2 8 7  
3 4 9  
3 8 0  
3 79 
400  
400  
400  
4 0 0  
300  
300 
300  
300 
300 
300  
300 
300 
300 
300  
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Environmental effects of Alternative lA , with a 1995  s tartup 
of the disposition facility , are determined for the following 
activities : 

• Transshipment of  about 7100 MTU spent fuel between reac tor 
basins (1978-2000) 

• Cons truction of government I SFS facilities (1980-1998)  

• Shipment o f  about 5 1 , 500 MTU spent fuel from reactor basins 
(1983-19 98)  and s torage through the year 2010 

• Shipment to the disposition facility of  about 2 0 , 700 MTU 
spent fuel from reac tor bas ins ( 1995-2000) and about 
51 , 500 MTU spent fuel from ISFS fac ilities ( 2004-2 010) 

• Decommissioning of  ISFS facilities (2011-2012 ) . 

Spent fuel movement s and inventories are given in Table 111-3 
for s tartup of  the dispos ition facility in the y ear 1995 . Three 
ISFS fac ili ties (with 1 8 , 000 MTU of spent fuel capaci ty each) will 
be required . If  the disposition facili ty begins operation in the 

C year 1990 , two ISFS facilities will be required , bu t ,  if s tartup 
is delayed to the years 2000 , 2010 , and 2040 , then five , 11 , and 
31 ISFS faci lities will be  needed . Thes e estimates of  storage 
requirements b eyond the year 2000 were developed by assuming that 
power reactors built af ter the year 2000 will provide lifetime 
s torage capab ilities and therefore will no t increase fuel storage 
requirements . I t  was also assumed that spent fuel generation rate 
( that requires storage in ISFS or  ARB facilities )  will continue 
at the rate pos tulated for the latter years of the forecast ( 19 9 7-
2000) . The environmental effects for the additional ISFS facilities 
will be similar to those evaluated for startup of the disposition 
facility in the y ears 1985 and 199 5 .  

Appendix E o f  this volume presents an environmental effects 
comparison of  a delay in s tartup of the disposition facility until 
the year 2010 . The environmental ef fec ts in Appendix E were 
determined on different fuel flows and different assumptions on 
new reactors spent fuel storage capability and therefore were not 
included in this section . The fuel flows in Appendix E are more 
current and use less ISFS s torage capaci ty than those used in 
this section . 

A delay in the dispos ition facility s tartup increases the time 
spent fuel will need to be stored . Pres ent fuel technology indi
cates that spent fuel may be safely s tored in water basins for at 
least 30 yea rs wi thout significant cladding deteriorat ion . 6 Studies 
to determine the safe s torage life of spent fuel in water basins 
are underway at various laboratories and basin facili ties . If new 
information developed by these s tudies or experience in actual 
s torage indicates a lifetime of  the spent fuel less than the 
intended sto rage time , sufficient lead time will be available to 
encapsulate the fuel being stored before significant fuel failure 
caus es increased environmental effec t s .  
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TAB L E  I I I - 3  

Spe n t  F u e l  S h i pme n t s  - C e n t ra l i ze d  S t o rage ( Al te�nat i ve l A ) o r  
Dece n t ra l i ze d  S t o rage w i t h  Fu l l - C o re Re s e rve ( Al tern a t i ve l B- l ) 
P o l i cy Imp l eme n t e d  - 1 9 9 5  S t a r t u p  of D i s p o s i t i on Fa c i l i ty 

Year 

1 9 7 8  

1 9 79 

1 9 80 

1 9 8 1  

1 9 8 2  

1 9 8 3  

1 9 84 

1 9 8 5  

1 9 86 

1 9 8 7  

1 9 8 8  

1 9 8 9 

1 9 9 0  

1 9 9 1 

1 9 9 2  

1 9 9 3  

1 9 9 4  

1 9 9 5  

1 9 9 6  

1 9 9 7  

1 9 9 8  

1 9 9 9  

2 0 0 0  

Government ISFS Basin 
Fuel Shipments, 
MTU 
Reactor to 
ISFS Basins Inventory 

9 7 0  

1 , 5 8 0  

1 , 7 0 2  

2 , 06 8  

2 , 3 36 

3 , 1 5 5  

3 , 368 

3 , 76 0  

4 , 16 8  

4 , 4 5 3  

4 , 7 7 6  

5 , 0 2 6  

5 , 38 1  

3 , 8 7 8  

3 , 9 0 5  

965 

9 7 0  

2 , 5 5 0  

4 , 2 5 2  

6 , 3 2 0  

8 , 6 5 6  

l l , 8 l l  

1 5 , 1 79 

1 8 , 9 39 

2 3 , 1 0 7  

2 7 , 5 6 0  

32 , 3 36 

3 7 , 362 

4 2 , 74 3  

4 6 , 6 2 1  

5 0 , 5 2 6  

5 1 , 4 9 1  

5 1 , 4 9 1  

5 1 , 4 9 1a 

Disposi tion Faci lity 
Fuel Shipments, 
MTU 
Reactor to 
Disposi tion 
Fac i l i ty Inventory 

1 0 0  

1 , 6 0 0  

1 , 6 0 0  

5 , 0 0 0  

6 , 0 1 8  

6 , 4 0 6  

1 00 

1 , 7 0 0  

3 , 3 0 0  

8 , 300 

1 4 , 3 1 8  

2 0 , 7 2 4  

Transshipment 
Be tween Reactor 
Basins, MTU 

1 8 7  

2 4 4  

1 6 0  

1 6 9  

3 0 5  

2 8 7  

3 4 9  

3 8 0  

3 7 9  

4 0 0  

4 0 0  

4 0 0  

4 0 0  

3 0 0  

3 0 0  

3 0 0  

3 0 0  

3 0 0  

3 0 0  

300 

3 0 0  

3 0 0  

3 0 0  

a .  S hipped t o  d i sp o s i t i on fac i l i t y  duri n g  t h e  years 2 0 0 4  t o  2 0 1 0 . 
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C . l . l . 2  Decentrali zed Storage (Alterna tive 1 ,  Opt ion B )  

I n  Op tion B (designated Alterna tive lB ) ,  irradiated reac tor 
fuel is retained in reac tor storage basins consistent with main
taining reserve basin capacities equivalent to one scheduled annual 

C discharge or full-core discharge from the reactors . Addit ional storage 
requirement s are met by construct ion of small decentralized private  
(or  government ) ISFS facilities and operated under one of  two suboptions . 

In the f irst  suboption (des igned Al ternative lB-l and one 
of DOE ' s  two preferred alternatives ) ,  spent fuel shipments from 
the reactor to the ISFS facilities and the d ispos ition facilities 
are assumed to be suff ic ient to reduce inventories at individual 
reactor discharge basins to permit full-core d ischarge by the 
year 198 5 .  Alternative lB-l is similar to Alternat ive lA de
scribed in Section III . C . l . l . l  excep t that smaller ISFS facili
ties are assumed in that alternative ; thus , more ISFS facilit ies 
will be required . 

In the second subop tion ( designated Alternative lB-2 ) , ship
ments f rom individual reactor discharge basins to disposition 
facilities are assumed to be sufficient to maintain capacity for 
one annual discharge until full-core reserve is established in the 
year 1991 . 

Environmental effects under Al terna tive lB-2 ( 1985  startup 
of the disposition facility) are determined for the following 
activi ties : 

• Transshipment o f  about 7100 MTU spent f uel between reactor 
basins (19 78-2000) 

• Construct ion of ISFS faciliti es (19 80-1983 )  

• Shipment of  about 500 MTU spent fuel from reactor basins to 
one ISFS facility (1983- 198 6 )  and s torage through the year 
1992  

• Shipment to  the disposition facility of about 7 1 , 7 00 MTU spent 
fuel from reactor basins ( 19 85- 2000) and about 500 MTU spent 
fuel from ISFS facility (1991-1992 )  

• Decommissioning of  ISFS facility ( 19 9 3-1994 ) . 
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Spent fuel movements and inventories under Alternative lB-2 
with a 1985 s tartup of the dispos ition facility are given in 
Table 111-4 . One ISFS facility with a capaci ty of about 500  MTU 

I wil l  be  required to maintain discharge capabili ty . ( I t  is recog
nized that s tartup of the disposi tion facility probab ly wi ll not 
be achieved as early as the year 19 85 . )  

Potential environmental effects under Alternative lB-2 were 
also assessed for delayed startup of the dispos ition facility . 
As shown in Figure 111-5 , ISFS facility requirements increase from 
about 500  MTU for 1 9 85 disposi tion fac ility s tartup to about 
8000 MTU , 2 4 , 000 MTU , and 52 , 000 MTU of spent fuel as the facility 
is delayed 5 ,  10 , and 15  years , respectively . If  th e dispos ition 
facility is delayed 25 and 55 years ,  the I SFS facility requirements 
would be 1 58 , 000 and 508 , 000 MTU , respectively . Thes e increases 
are not as great as in Alternative lB-l becaus e larger inventories 
are maintained in the reactor discharge storage basins in 
Alternative lB- 2 .  As indicated in the discussion in Section C . l . l . l ,  
Appendix E of this volume provides an environmental e ffects compari
son for delay in s tartup of the disposition faci lity until the 
year 2010 . 

ISFS faci lities for Alternative lB-2 are assumed to begin 
operation in the year 1983  with capacity added later , as needed , 
for spent fuel trans ferred to the government before f inal dispo
sition can be  implemented . The size  of these basin facilities 

I is limi ted to 6000 MTU spent fuel . Spent fuel shipments are 
accelerated from reactor discharge basins after the dispos ition 
facility becomes available ; but , for delayed disposit ion facility 
s tartup of ten years or greater,  inventories at  individua l  reactor 
bas ins will not be  reduced sufficiently to permit full-core 
discharge until after  the y ear 2000 . Detailed calculat ions of  
environmental effects of delayed startup of the disposition facili ty 
are made , as suming a ten-year delay (1995  s tartup) . 

Environmental effects of Alternative lB-2 (annual discharge 
capability) with a 1995  s tartup of the disposit ion facility , are 
determined for the following ac tivit ies : 

• Transshipment of about 7200 MTU spent fuel between reac tor 
basins ( 19 78-2000) 

• Cons truc tion of I SFS fac ilit ies ( 1980-19 9 7 )  

• Shipment o f  about 24 , 000 MTU spent fuel  from reactor basins 
to I SFS facilities ( 19 83-19 9 7 )  and storage until after the 
y ear 2000 

• Shipment to the disposition facility of about 4 8 , 200 MTU 
spent fuel from reactor basins (about 2 1 , 000 MTU spent fuel 
through the year 2000 ) , and about 24 , 000 MTU spent fuel  from 
I SFS facilities (after the y ear 2000)  

• Decommissioning of ISFS facilities ( 2012-2013) . 
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TABL E  I I I - 4  

S pe n t  F u e l  S h i pmen t s  - Dece n t ra l i ze d  S t o rage w i t h  D i s c h arge Capa b i l i t i e s  -
Pol i cy Impl emen ted ( A l tern a t i v e  l B- 2 )  o r  Pol i cy Not Imp l emented ( Al t e rn a t i ve 2 A )  -

1 985 S t a r t u p  of D i s pos i t i on F a c i l i ty 

Year 

1 9 7 8  
1 9 79 
1 9 80 

1 9 8 1  
1 9 8 2  
1 9 8 3  
1984 
1 9 85 

1 9 86 
1 9 8 7  
1988 
1 9 89 
1990 

1 9 9 1  
1 992 
1 993 
1 994 
1 995 

1996 
1 9 9 7  
1 998 
1999 
2000 

Private 01' Government ISFS Basins 
Fue l Shipments� MTU 

ISFS Basin to 
Reactor to Disposition Inventory� 
ISFS Basin Faci l i ty MTU 

56 56 
1 46 202 
2 6 1  4 6 3  

463 
463 
463 
4 6 3  
463 

2 6 3  2 0 0  
200 

Disposi tion Faci li til 
Fue l Shipments� MTU 
Reactor to ISFS Basin 
Disposition to Disposition Inventory� 
Faci lity Faci lity MTU 

1 00 100 

1 , 600 1 , 700 
1 , 600 3 , 300 
4 , 2 00 7 , 500 
5 , 000 1 2 , 500 
5 , 9 76 1 8 , 4 76 

4 , 1 6 8  2 6 3  2 2 , 90 7  
4 , 4 5 3  200 2 7 , 560 
4 , 7 76 32 , 336 
5 , 0 26 3 7 , 36 2  
5 , 4 8 1  4 2 , 84 3  

5 , 478 4 8 , 3 2 1  
5 , 5 05 5 3 , 826 
5 , 965 59 , 79 1  
6 , 0 1 8  65 , 809 
6 , 406 7 2 , 2 1 5  

Transshipments 
Between Reactor 
Basins, MTU 

1 8 7  
2 4 4  
1 60 

1 69 
305 
2 8 7  
349 
380 

379 
400 
400 
400 
400 

300 
300 
300 
300 
300 

300 
300 
300 
300 
300 
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Detailed spent fuel movements and inventories under 
Alternative IB-2 are given in Table 111-5 for a 1995  s tartup 
of the dispos ition facility . Four I SFS facilities (with 
6000 MTU of spent fuel capacity each) will be required . Two 
ISFS facilities will be required for 1990 s tar tup , nine for 

C 2000 startup , 2 7  for 2010 startup , and 85 for 2025 s tartup (see  
discussion on delayed s tartup beyond 2000 in Section C . l . l . l  and 
Appendix E) . 

TABL E  I I I - 5  

Spent F u e l  Shi pme n t s  - Decentral i zed Storage wi t h  D i s c harge Capabi l i t i e s  -
Pol i cy Impl emen te d ( A l t ern a t i ve l B- 2 )  or Pol i cy Not Impl emented ( Al tern a t i ve 2A)  -
1 99 5  Start u p  of D i s po s i t i on Faci l i ty 

Year 

Private 01' 
Government ISFS Basins 
FUe l  Shipments, MTU 
Reactor to 
ISFS Basin Inventory 

Facili ty Disposition 
FUe l  Shipments, MTU 
Reactor to 
Faci lity 
Disposition Inventory 

Transshipments 
Between Reactor 
Basins, MTU 

1978 1 8 7  
1979 244 
1980 '160 

56  56  
146  202 
361 563 

5 3 1  1 , 094 
1 , 002 2 , 096  
1 , 362  3 , 4 5 8  
1 , 5 8 5  5 , 043 
1 , 7 1 7  6 , 760  

2 , 006 8 , 766 
2 , 345 1 1 , 1 1 1  
2 , 5 2 3  1 3 , 6 3 4  
2 , 95 3  16 , 58 7  
3 , 08 8  19 , 6 75 1 0 0  100  

1 , 883  2 1 , 5 58 1 , 600 1 , 700 
2 , 4 1 3  2 3 , 9 7 1  1 , 600 3 , 300 

2 3 , 9 7 1  5 , 000 8 , 300 
2 3 , 9 7 1  6 , 0 1 8  1 4 , 31 8

b 2 3 , 9 7 1a 6 , 406 2 0 , 724 

a.  Shipped t o  the d i sp o s i t ion faci l i t y  after year 2000 . 

b .  A n  add i t i onal 2 7 , 500 MTU spent fue l  i n  reactor d i s charge basins sh ipped 
to the d i spos it i on fac i l it y  aft er the year 2 000 . 
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C . 1 . 2  Evaluation of Environmental Ef fects - Al ternative 1A 
(Centralized Storage) and Al ternative 1B-1 
(Decentralized Storage with Full-Core Reserve) 

C . 1 . 2 . 1  Use of Natural Resources 

Resource commitments for materials and energy under 
Alt ernatives 1A and 1B-1 are given in Table VI- 1 .  The mo st 
significant increases in consumption if the disposition facility 
is delayed until the year 1995 are given below . 

In comparison to the 1985 startup of the disposit ion 
fac ility ,  

• Coal consumption increases about ls-fo1d to  
6 million tonnes . 

• Electricity consumpt ion increases about ls-fo1d to 
1 x 103 MW-yr . 

• Manpower use increases 45  million man-hours to 
85 million man-hours . 

• Chromium and nickel consumption increases because use 
of  stainless steel increases about 2 x 104 tonnes to 
3 x 104 tonnes ;  however , mos t  of the s tainles s steel can 
be recycled , if required . 

• S teel consumpt ion inc reases about s-fo1d to 1 x 105 tonnes , 
primarily because of construc tion of additional ISFS facilit ies . 

C . 1 . 2 . 2  Radiolog ical Effects of Normal Operations 

Sources of Radiolog ical Effects During Normal Operat ions -
Transpor t of spent reactor fuel results in some direct external 
radiation dose to the public along the route of transport ,  as 
well as to transport workers . During transport of spent fuel , 
a small p ercentage of the fuel element s may suffer cladding 
failure ,  resulting in release of radioactive material to the cask 
cavity . In this volume , it  is as sumed that none of this radio
act ive material is released to the environment during normal 
transportation op erat ions . However , a small frac t ion would be 
released through the f acil ity ventilat ion systems during cask 
unloading at the ISFS facilities and at the disposition facility . 
This environmental release of  radioactivity results in a small 
population radiation dose commitment . 
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Handling , s torage , and retrieval of  spent fuel at 1SFS facili
ties are assumed to  result in an add itional small number of fuel 
cladding failures . These failures also result in the release  of 
a small amount of radioactive material through the vent ilation 
system at the 1SFS f acility . 

The radionuclides that are as sumed to be  released to the 
atmosphere under Alternative lA ( policy impl emented with 
centralized storage) and Alternative lB-l ( policy implemented 
with decentralized s torage with full-core reserve) are shown in 
Tab le 111- 6 .  Releases are shown for a 1985  startup of the dispo
sition facility and for facility star tup in the year 1995  ( ten
year delay) . The list is restricted to radionucl ides expected to 
contribute signif icantly to the populat ion do se . Rel eases from 
cask ventings and normal operat ions at 1SFS facilit ies are discuss ed 
more fully in Appendices B ,  C ,  and D .  

Populat ion Doses - Populat ion do ses from environmental release 
of rad ioac tivity under Alternatives lA and lB-l are calculated for 
the local ( 80-krn radius , see Appendix A for additional d escription 
of local environment) , Uni ted S tates , and world populations . 
Effects from long-lived nuclides for a 100-year p eriod after the 
end of the study (until the year 2100) are included to provide an 
assessment of the impac t of  persistent nuclides . The populat ion 
doses from transport of fuel , from normal releas es of radioact ivity 
during 1SFS facility operat ions and f rom cask ventings ( released 
through the receiving facility vent ilation system) are summariz ed 
in Table 111-7 . The whole body dose to  the world population is 
1300 man-rem if the disposition faci lity starts up in the year 
1985 ; and the dose increases to  16 , 600 man-rem if the d isposition 
facility is delayed ten years . To place this populat ion dose in 
perspective , it is a very small  frac t ion of  the exposure to the 
world populat ion from natural radiation sources in the same period 
(about 2 x lOll  man-rem) . 

The maximum whole body dose commitment to an individual in 
the off  site population in any year is expected to be about three 
mrem if the disposition facility begins operation in the year 
1985 ; it is expected to increase to  about f ive mrem if the facility 
is delayed ten years . This "maximum" individual is assumed to 
res ide continuously at the site boundary of the 1SFS f acility at the 
point of highes t atmospher ic concentrat ion . For perspective , the 
maximum dose commitment to  an individual from basin operat ions is 
small  compared with the exposure from natural rad iat ion sources 
that averages 100 mrem/yr in the entire world . 
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TAB L E  1 1 1 - 6  

Ra d i o n u c l i de s  Re l eased t o  t h e  Atmos ph e re f rom S t o ra g e  Ba s i n  Opera t i on s  
Cen t ra l i ze d  S t o ra g e  ( A l tern a t i ve l A )  a n d  Decen t ra l i zed Storage w i t h  
Fu l l - Co re Res e rve ( A l tern a t i ve l B - l ) - Po l i cy Impl eme n te d  

Cumu la tive Re l ea s e� CUY" i e s  
D isposi tion Faci U tii StartU'2� 7 .9 8 5  Dis()osi t1:on F'aci li tlL Sta r- t lAp J 1 .9 .9 5  
Cas k  ISFS Cas k  [SFS 

Nuc lide
a 

Ven ting Operations To ta l Ven ting Operations To ta l 

3 1 1  2 . 2  x 1 0 ° 9 . 7  x 1 0 1 9 . 9  x 1 0 1 
2 . 1  x 1 0 1  8 . 1  x 1 0 2 8 . 3  X 1 0 2 

1 4C 1 . 1  x 1 0 - 2 5 . 3  x 1 0 - 1 5 . 4  x 1 0 - 1 1 . 0 x 1 0 - 1 
6 . 1  x 1 0 ° 6 . 2  x 1 0 ° 

8 5 Kr 1 . 4 x 1 0 3  6 . 2  x 1 0 4 6 . 3  X 1 0 " 1 . 4  X 1 0 "  5 . 1  x 1 0 5 5 . 2  x 1 0 5 

1 2 9 r  2 . 6  x 1 0 - 6  1 . 0 x l O - 3  1 . 0  x 1 0 - 3  1 . 9  x 1 0 - 5 9 . 6  x 1 0 - 3  9 . 6  x 1 0 - 3 

5 5 Fe 6 . 9  x lO - 2 6 . 9  X 1 0 - 2 1 . 1  x 1 0 ° 1 . 1  x 1 0 ° 

6 O Co 9 . 0  x 10 - 2 9 . 0  x 1 0 - 2 1 . 3  x 1 0 °  1 . 3  x 1 0 °  

g O S r  3 . 8  x 1 0 - 5 1 . 8  X 1 0 - 2 1 . 8 x 1 0 -
2 3 . 7 x 1 0 - 4  2 . 7  x 1 0 - 1 2 . 7  x 1 0 - 1  

1 3 4c: S  3 . 4  x 10- 5 2 .  1 x 10 - 1  2 .  1 x l O - 1 3 . 2  x 1 0 - 4 3 . 2  x 1 0 ° 3 . 2  x 1 0 °  

1 3 7C S  5 . 0  X 1 0- 5  1 . 4  x 1 0 ° 1 . 4 x 1 0 ° 5 . 1  x 1 0 - 4 2 . 1  X 1 0 1 2 . 1  X l O l  

a .  Nuc l i de s  e xp e c t e d  t o  c on t r i but e s i gn i fi c ant l y  t o  t h e  d o s e  from I SF S  Bas i n  ope rat i on s . 
Rad i onu c l i d e s  re l e a s e d  d ur i n g  c a s k  vent i n g  a c count for a s ma l l  part o f  t h e  t o t a l  
d o s e  and arc d i s c u s s ed more fu l l y  i n  Appen d i c e s  B ,  C ,  and D .  
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TABLE 1 1 1 - 7  
Popu l at ion Dose Comm i tment for Storage Bas i n  Operat i o n s  -
Central i zed Storage (Al tern at i ve l A) or Decent ra l i z ed Storage 
w i t h  F u l l- Core Reserve (Al ternati ve l B- l ) - Po l i cy Impl emented 

Organ 

b 
Who l e  Body 

Transportation 

Population Dose, man-rema 

Disposition Facility Startup, 1 985 
Local, U. S. , World, Total 
80-km Less Less for Entire 
radius Local U. S. Period 

- external gamma 1 7  200 2 2 0  

Rel eases during 
cask venting 

ISFS - Normal 
operations 

Total 

Thyroid
C 

Rel eases during 

3 

550 

5 70 

cask venting 5 8  

ISFS - Normal 
operations 4 

Total 62 

Re l eases during 
cask venting < 1  

ISFS  - Normal 
operations 

To tal 

Lun{ 
Releases during 

6 8  

6 8  

cask venting < 1  

I SFS - Normal 
operations < 1  

Total < 1  

Red Marrow
c 

Releases during 
cask venting < 1  

ISFS - Normal 
operations <1 

Total < 1  

4 

440 

640 

54 

4 

5 8  

<1 

54 

54 

< 1  

< 1  

2 

1 7 ( 1 0 )  24 ( 1 7 )  

5 5  ( 3 1 )  1 0 5 0  

7 2  (4 1 )  l 300 

19 

1 9  

38 

1 8  

52 

70 

1 1 0 

8 

1 2 0  

< 1  

1 2 0  

1 2 0  

1 9  

2 0  

39 

1 8  

5 4  

72 

Dispos"t"on Fac"Z"ty Startup, 1995 
Local, U. S. , World, Total 
80-km Less Less for Entire 
radius Local U . S .  Period 

2 4  

2 

8600 

8600 

62 

44 

1 1 0  

<1 

1000 

1000 

<1 

6 

6 

< 1  

5 

5 

1 9 0  

4 

7 1 0 0  

7300 

57 

3 7  

94 

< 1  

830 

830 

< 1  

1 2  

1 2  

< 1  

1 7  

1 7  

2 1 0  

2 9  ( 1 4 )  35 ( 2 0 )  

720 (380) 1 6 , 400 ( 1 6 , 1 0 0 ) 

740 (390)  1 6 , 60 0 ( 1 6 , 1 0 0 )  

2 4  

370 

390 

2 9  

7 6 0  

790 

120 

81  

200 

< 1  

1 , 80 0  

1 , 80 0  

2 4  

3 9 0  

4 1 0  

2 9  

780 

8 1 0  

a .  Continued effects o f  releases incl uded for a 1 0 0 -year period after end o f  operations . 

b. Gonad d o s e s  shown in parentheses when gonad d o s e s  di ffer from who l e  b o d y  doses . 

c .  Doses i n  add i t i on to organ dose from who l e  body irradiation . 
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Population Health Effects - Health effects calculated f rom 
the world population dose for the period of  op eration and the 
next 100 years are shown in Table 111-8 . The health effects were 
calculated with the linear dose-effect relationship s derived from 
the BEIR7 report by the EPA. 8 , 9  No threshold dose is assumed for 
health effects . The to tal number of health effects in the world 
population under these as sump tions is about one if the disposition 
facility begins op eration in the year 1985 and increases to about 
ten if the facility is delayed ten years . An expanded discus sion 
of the health effects is included in App endix B of  this volume . 

Occupational Exposure - Federal regulations lO require that 
the occupational external dos e to an individual not exceed 
five rem/yr or a cumulative value of 5 (N-18)  rem , where N is 
the present age of the worker . Estimates of personnel exposure 
ant icipated in nuclear facilities often assume an average personnel 
dose (not including administrat ive and other personnel who are not 
exposed to occupational radiation) of 40% of the maximum, or two 
rem/yr average for a f ive rem/yr limi t . ll It  is ant icipated that 
allowable personnel exposure will be reduced through regulatory 
incorporation of "as low as reasonably achievable" limits . Although 
such limits have not been determined f or spent fuel s to rage facili
ties , the criterion of one rem/yr maximum expo sure required of  new 
DOE plutonium facilities 12 is assumed to apply . The average 
exposure of radiat ion workers is then conservatively* assumed to 
be 40% of the one rem limit , or 400 mrem/ (year-person) . Personnel 
exposure is assumed to be limited by the use of shielding and 
procedural controls , no t by supplementing the work forc e .  

The occupational dose to the work force under Alternative lA 
is expected to be about 1200 man-rem and about 1100 man-rem under 
Alternative lB-l if the d isposit ion facility begins operation in 
the year 1985 , as shown in Table 111-9 . If the d isposition facility 
is delayed t en years (1995  startup) , the occupat ional dose is ex
pected to  increase to 5000 man-rem for Alt ernative lA and to 
8900 man-rem for Alternative lB-l . 

7-b * The assumpt ions used for estimating occupational exposure 
overest imate  dos e ,  based upon limited experience at the 
GE/Morris , IL , fuel storage facility and are used to  ensure 
that occupational health effects are not underest imated . 
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TAB L E  I I I - 8  

Ca l c u l ated Popu l a t i o n  Hea l th Effects for Centra l i zed 
Sto ra g e  ( Al terna t i ve l A )  or Decentra l i zed Sto rage wi th 
Ful l - C o re Reserve ( Al terna ti ve l B - l ) - Po l i cy Impl emen ted 

Faci lity or 
Process 

Population Hea lth Effectsa 

Disposition Faci lity Startup 
1 98 5  1 99 5  

E Transportat ion 1 . 3  x 1 0- 1 1 .  3 X 1 0 - 1 

C I 

Cask Vent ing 

I S FS Operat ions
b 

Total 

2 . 1  X 1 0 - 2  

6 . 3  X 1 0- 1 

7 . 8  X 1 0 - 1  

2 . 4  X 1 0 - 2  

9 . 9  x 1 0 ° 

L O x 1 0 1 

a .  Hea l th effects c a l cu l at ed with EPA do s e - e ffec t 
factors for expo sures during the p eriod o f  
operat i on and for the next 1 0 0 years . 

b . Inc l udes somatic  effec t s  from Tab l e  8- 1 4 and 
genet ic effec ts  from Tab l e  8 - 1 6 . 

TAB L E  I I I - 9  

Occupa t i ona l Doses fo r Fa c i l i ty Opera t i on 

Who le Body Dose, man-rem
a 

Fac ility or Frocess 

Centra lized Storage -
Po licy Implemented 
(A l terna tive 1A) 
Disposition Facility Startup 
1985 1995 

Decentralized Storage with 
Ful l-Core Reserve - Po licy 
Implemented (Alternative 1B- 1 )  
Disposition Facility Startup 
1985 1 995 

Transportat i on 6 2 0  

I S FS 5 7 0  

Tot a l  1 2 00 

a .  For period o f  operat ion . 

6 2 0  6 2 0  6 2 0  

4400 430 8 2 9 0  

5 0 0 0  1 0 5 0  8 9 00 
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C . l . 2 . 3  Occupational Accidents 

Occupat ional accidents under Al ternatives lA and lB-l are 
7-j expected to result in ab out 11 deaths in the work force f or 1985 

star tup of  the disposit ion facility . The comparab le number of  
occupational deaths for  1995  startup of the disposit ion facility 

7-j are 14 deaths for Alternative lA and 17 deaths for Al ternative 
lB-l . Details on development of these values can be found in 
Appendix B .  A large number of the accidental deaths ( about 10) 
occur during truck transport of  the spent fuel . For perspective , 
the expected 11 to 17 deaths from occupational accidents over the 
entire period of this alternative can be compared with the 1 2 , 500 
deaths in the year 19 76  from oc cupational ac cidents in the U . S .  

C . l . 3  Evaluat ion of Environmental Effects of Alternat ive lB-2 
(Decentralized S torage with Di scharge Capab il ity) 

C . l . 3 . l  Use of Natural Resources 

Resource commitments for materials and energy under 
Alternative lB-2 (policy implemented with decentralized s torag e 
wh ile maintaining discharge capab ility)  are given in Table VI-l . 
The mos t  significant increas es in consump t ion if the disposition 
fac il ity is delayed from the year 1985 until the year 1995  are 
given below . 

In comparison to the 1985 star tup of the disposit ion 
fac il ity , 

• Coal consumption increases about 50-fold to 
3 mill ion tonnes . 

• Electric ity consumption increases about 60-fold to 
5 x 102 MW-yr . 

• Manpower use increases 3 9  million man-hours to 
76 million man-hours . 

• Chromium and nickel consumpt ion increase because use 
of s tainless steel  increases about 6-fold to 2 x 104 

tonnes ;  however , mo st  of  the s tainl ess steel can be 
recycled . 

• Steel consumption increases ab out 10-fold to 6 x 104 

tonnes , primarily because of construct ion of addit ional 
ISFS facilities . 
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C . l . 3 . 2  Radiological Effects of Normal Operat ions 

Sources of Radio logical Effects During Normal Op erat ions -
The radionuc lides that are as sumed to be released to the atmo sphere 
under Alt ernative lB- 2 (decentral ized s torage while maintaining 
discharge capab ility) are shown in Table 111-10 . Releases are 
shown for 1985 s tartup of the disposition facility and for a 1995  
s tartup ( ten-year delay) . Releas es from cask vent ings and normal 
operations at ISFS  facilities are discussed more fully in 
Append ices B ,  C ,  and D .  

Population Doses - The doses calculated for loca l ,  U . S . ,  and 
world populations during the period of op erat ion and the next 100 
years are given in Table 111-11 . The doses result from transport 
of fuel , cask ventings , and no rmal operat ions at I SFS facilities . 
The whole body dose to the world population increases from 320 
man-rem to 9200 man-rem if the disposition fac il ity is delayed 
ten years . In either case , this dose is a very small fract ion of 
the exposure to the world population from natural radiation sources 
in the same period ( about 2 x lOll  man-rem) . 

The maximum whole b ody dose commitment to an ind ividual in 
the off site population in any year is exp ected to be 0 . 3  mrem if 
the disposit ion facility begins op erat ion in the year 1985 and is 
expected to increase to about two mrem if the facility is delayed 
ten years . For perspective , the maximum dose commitment to an 
individual f rom basin operations is small  compared with the expo
sure from natura l rad iation sources that averages 100 mrem/yr in 
the ent ire world . 

Popula tion Health Effects - Health ef fects  calculated from 
the world populat ion dose for the period of operation and the next 
100 years are shown in Table 111-12 . They were calculated as 
descr ibed in Section III  C . l . 2 . 2 .  The to tal number of health 
effects in the world population under these assump t ions is less 
than one if the disposition fac i li ty begins op eration in the y ear 

I 1985 and increases to about six if the facility is delayed ten 
years . 

Oc cupa tional Radiation Exposure - The occupat ional radiation 
dose to the work force under Alternative lB-2 was also calculated 
as described in Section III  C . l . 2 . 2 .  I t  is expec ted to b e  about 
800 man-rem if the disposition facility begins op erat ion in the 
year 1985 , as shown in Table 111-13 . If  the d ispo sition facility 
is delayed ten years (1995  startup) , the occupational dose is 
expected to increase to 4300 man-rem . 
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TAB L E  I I I - 1 0  

Radi onuc l i des Re l eased to the Atmo s phere from Storage Bas i n  Operati ons - Decentral i zed 
Storage wi th D i s charge Capabi l i ti e s  - Pol i cy Impl emented (Al ternati ve l B-2 ) o r  Pol i cy 
Not Impl emented (Al ternati ve 2A ) 

Re lease Durina Entire Period. Curies 
Disrzo s i  tion Faci li t'd. StartUI2. 1985 Disl2osition FacildJi. Startul2. 1995 
Cask ISFS Cask ISFS 

Nuclide
a 

Venting Operations Total Venting Operations Total 

3H 1 .  9 x 1 0 - 1 8 . 8  x 1 0 ° 9 . 0  x 1 0 ° 9 . 8  x 1 0 ° 3 . 7 x 1 0 2 3 . 8  x 

I ·C 9 . 2  x 1 0- ' 4 . 6  x 1 0 - 2 4 . 7  X 1 0 - 2 4 . 7  x 1 0 - 2 2 . 4  x 1 0 ° 2 . 4  x 

8 5 Kr 1 . 2  x 1 0 2 5 . 4  x 1 0 3 5 . 5  x 1 0 ' 6 . 3  x 1 0 3 2 . 4  x 1 0 5 2 . 5  x 

• 1 2 9  I 1 . 7  x 1 0 - 7 8 . 5  x 1 0 - 5 8 . 5  x 1 0 - 7 8 . 8  x 1 0 - 6 4 . 4  x 1 0 - 3 4 . 4  x 

5 5 Fe 5 . 6  x 1 0 - 3 5 . 6  x 1 0 - 3 5 . 8  x 1 0 - 1 5 . 8  x 

6 0 CO 7 . 0  x 1 0 - 3 7 . 0  x 1 0 - 3 7 . 2  x 1 0 - 1 7 . 2  x 

9 0 Sr 3 . 3  x 1 0 - 6 1 . 4  x 1 0 - 3 1 . 4  x 1 0 ·' 3 1 . 7  x 1 0 - ' 1 . 5  x 1 0 - 1 1 . 5  x 

1 3 ·CS 2 . 9  x 1 0 - 6 1 . 7  x 1 0 - 2 1 . 7  x 1 0 - 2 1 . 5  x 1 0 - ' 1 . 7  x 1 0 ° 1 . 7  x 

1 3 7CS 4 . 5  x 1 0 - 6 
1 . 1  x 1 0 - 1 1 . 1  x 1 0 - 1 2 . 4  x 1 0 - ' 1 . 1  x 1 0 1 1 . 1  x 

1 0 2 

1 0 ° 

1 0 5 

1 0 - 3 

1 0 - 1 

1 0 - 1 

1 0 - 1 

1 0 ° 

1 0 1 

a .  Nuc l i de s  expected t o  contribute s i gn i fi cant l y  t o  the popu l at i on dose from I S F S  Bas i n  
operat i ons . Rad i onuc 1 i de s  re l e ased during cask ven t i n g  account for a sma l l  part 
o f  the t o t a l  dose and are d i scus s ed more fu l l y  in Appendices B, C, and D .  
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TABL E I l l - l l  

Popu l a t i o n  Dose Commi tment for Storage Opera t i ons - Decentra l i zed Storage w i t h  Di scharge Capab i l i t i e s  -
Pol i cy Impl emented ( Al terna t i ve l B- 2 )  or Pol i cy Not Impl emented ( Al ternati ve 2A)  

Popu lation DE��e�,�m�a�n�-�r�em�
a
� 

____ �� ________________ �� __ �� __ =-�� __ � __ � ____ �� __________ __ 

Disposi tion Facility Startup, 1985 Disposition Faci l i ty Startup, 1995 

Or>gan 

Who l e  sodi 
Tran s portation 
- External Gamma 
Re l eases During 
Cas k Venting 
ISFS - Normal 
Operat ions 

Tot al 

ThyroidC 

Releases During 
Cask Venting 
ISFS - Normal 
Op erations 

Total 

Releases During 
Cask Vent ing 
ISFS - Normal 
Operat ions 

Tota l  

LungC 

Releas e s  During 
Cask Venting 
ISFS - Normal 
Operations 

Total 

Red Marrowc 

Releases During 
Cask Vent ing 
ISFS - Normal 
Operat ions 

Total 

Loca l, 
80-km Radius 

1 4  

4 2  
5 8  

5 8  

< 1  
5 8  

< 1  

6 
6 

< 1  

< 1  
< 1  

< 1  

< 1  
< 1  

u. S. , 
Less Local 

2 0 0  

3 

34 
240 

54 

< 1  
54 

< 1  

4 

< 1  

< 1  
< 1  

<1  

< 1  
< 1  

Wor ld, 
Less U. S. 

1 9 ( 1 1 )  

� ( 2 )  
24 ( 1 3 )  

1 7  

4 
2 1  

16 

5 
2 1  

Tota l 
for Entire 
Period 

2 1 0 

24 ( 1 6 )  

� ( 7 6 )  
3 2 0 ( 300)  

1 1 0 

< 1  
1 1 0 

< 1  

1 0  
1 0  

1 7  

4 
2 1  

1 6  

2 1  

Loca l ,  
80-km Radius 

1 9  

4 7 0 0  
4 70 0  

63 

2 0  
8 3  

< 1  

600 
600 

<1  

< 1  

u. S. , 
Less Loca l 

1 8 0  

4 

4000 
4200 

58 

1 7  
75 

< 1  

4 8 0  
4 8 0  

<1  

8 
8 

< 1  

a .  Cont i nued effects of releases are included for a 100 -year period after end of operat ions . 
b. Gonad doses shown in parentheses when gonad doses d i ffe'r from who l e  body doses . 
c. Doses in add i t i on to organ dose from who l e  body irradia t i on .  

I I  1 - 3 1  

World, 
Less U . S .  

2 3 ( 1 1 )  

300 ( 1 6 0 )  
3 3 0  ( 1 70 )  

1 8  

2 3 0  
2 5 0  

24 

330 
350 

Total 
for Entire 
Period 

2 0 0  

29 ( 1 7 )  

9 0 0 0 ( 8 8 0 0 )  
9200 (9000)  

120 

37 
1 6 0  

< 1  

1 1 00 
1 1 00 

18 

2 4 0  
260 

24 

340 
360 



TAB L E  I I I - 1 2 

Ca l c u l ated Pop u l a t i o n  Hea l t h Effects for Decen tra l i zed 
Stora ge w i th D i s c harge Capa b i l i t i e s - Pol i cy Impl emented 
( A l terna t i ve l B - 2 )  o r  Pol i cy Not Impl emen ted 
( A l terna ti ve 2 A )  

Faci l i ty 
or Process 

E Tran sportat i on 

Cask Venting 

I S FS Op erat ions
b 

Total 

Popu lation Hea lth Effectsa 

Dispo sition Facility Startup 
1 9 8 5  1 9 9 5  

1 .  3 x 1 0- 1 1 .  2 X 1 0 - 1 

2 . 1  X 1 0- 2 2 . 8  x 1 0- 2 

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

2 . 0  X 1 0 - 1 5 . 6  x 1 0 0 

a .  Hea l th effect s calcu l at ed w i th E PA do s e- e ffect 
fact ors for expo sure s during the p eriod of 
operat i on and for the next 100  years . 

b . Inc ludes s omati c  effect s  from Tab l e  8- 1 4  and 
genetic  effec ts  from Tab l e  8 - 1 6 . 

TAB L E  I I I - 1 3 

Occupat i on a l  Doses for Decen tra l i zed  Storage 
wi th  Di s c h a rge Capab i l i t i es - Pol i cy Impl emented 
(Al ternati ve l B- 2 )  or Pol i cy Not I�pl emented 
( A  l te rnati  ve  2A ) 

Faci lity op Process 

Transport at i on 

I SF S  

Total 

a 
Who le Body Dose� man-rem 
Disposition Facility Startup 
1 9 8 5  1 99 5  

6 1 0  5 5 0  

1 8 0  3 7 0 0  

7 9 0  4 3 0 0  

a.  For period o f  operat ion . 
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C . l . 3 . 3  Occupational Accidents 

Occup ational accidents under Alternative lB-2 are expec ted 
7-j to  result in about 11 deaths in the work f orce for 1985 star tup 

of the disposition facility or 14 deaths for a ten-year delay 
in facility startup . Detail s on development of these values can 
be found in Appendix B .  For perspective , the expec ted 11  deaths 
from occup ational accidents in this alternative c an be compared 

E with the l2 , SOO deaths in 19 76  from occup ational accidents in 
the U . S .  

C . 2  Policy Not Implemented (Alterna tive 2 )  

C . 2 . l  Description 

In Alternative 2 ,  the policy not imp lemented case , the 
U . S .  Government is assumed to take no action in resolving the 
uncertaint ies associated with interim storage of spent nuclear 

2-a fuel . In this case , it is assumed that utilities would take 
2-d approp riate actions to avoid forced shutdowns ; therefor e ,  
4-a shutdown e ffects are not included . This assump tion was made 

because of the unaccep tab le and severe economic burden on the 
users of an alternative source of p ower in p lace of the p ower 
that would have been generated by the shutdown reactor . 

Although it has been assumed that utili ties can provide 
adequa te s torage to avoid reac tor shutdowns if  the policy is 
not implemented , some isolated shutdowns could occur due t o  
technical , institutional or regulatory reasons . The generic impac t 
of  a reac tor shutdown due to insufficient storage is analy zed in 
NUREG-OS 7Sl . This analysis concluded that it was "economically 
and environmentally preferable" to take the "necessary measures 
to alleviate spent fuel capacity shortfalls rather than to generate 
power with coal fired power plants . "  The analysis also determined 
that  the principal unavoidable adverse environmental impac ts assoc
iated with coal fired and nuclear power generation are the impact 
on occupational and public exposure to pollutants ( including 
radiation) and land use for construction and mining . Table 111-14 
obtained from NUREG-OS 7S shows a comparison of the maj or environ
mental impacts of power generation from nuclear and coal fired 
power plants . The reactor shutdowns described in this EIS are a 
small increment o f  the total generated capac ity and would result 
in the purchase of  more costly power but no new power p lant 
construction. The construction and land requirements shown in 
Table 111-14 do no t apply to generating plant operations which is 
the action discussed in this EIS . A mo re detailed comparison of 
the app li cab le environmental impacts (mortality) between nuclear 
and replacement powe r generation is provided in Tab le III-1S (also 
obtained from NUREG-OS 7Sl ) .  
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2-a DOE has consis tently been of the opinion that implementation 

2-d of the Spent Fuel Storage Policy would not discourage the initia-
4-a tive of utilities for expanding storage capaci ty in existing 

reactor discharge bas ins . Utilities are expected to first optimize 
s torage capac ity in their exist ing reac tor discharge basins since 
this is the most economic ac tion available . That assump tion is 
supported by NRC licens ing ac tivityl in that as of December 31 , 
19 78 , 65  of  the 69  then-operating reac tors had either been licensed 
to expand their des ign spent fuel storage capability by an average 
fac tor of  about three , or were seeking such licens ing . 

C TAB L E  1 1 1 - 1 4  

E s t i ma ted E n v i ronme n ta l C o s t s  for One- Yea r 
Opera t i o n  of 1 000-MWe Gen e ra t i n g  P l a n ta 

Magni tude 
Type of Impact Nuc lear 

Di sturbed l and ( a c r e s )  

New cons truction < 0 . 1  

�1 i n i n g  'L{J() 
General c o n s t ruction i mpacts b '\,() . 5  

Mo rtal it,· '0) 

Coa l  

'03 0  

'090 
'03 0  

'040 

a. Tab l e  obtai. ne d  from F i n a l  Generic Envi ronment a l  
Impact Stat eme nt , Hand l �d Sto rage o f  Spent 
Light Wat e r  Power Reactor Fue l . I Report NUREG - 0 5 7 S , 
U . S .  Nuc l ear R e g u l ato ry Comm i s s i on ,  Was h i ngton , DC 
(Aug u s t  1 9 7 9 ) . 

b.  I n  a r b i  trary uni ts , a s s umed to be proportional t o  
cons t ruct ion co s t .  

TABL E  I I I - 1 5 

Compari s on of Poten t i a l  Exce s s  tlorta l i ty of Nuc l ea r  
versus Coal Power Gene r a t i o n  pe r 0 . 8  GWY ( e )a 

Fuel Cycle Component Nuc lear Coa l 

Resource recovery 
(minin g ,  dri l l i ng , et c .  ) 0 . 32 0 . 3 - 8 . 0  

Proc e s s ing 0 . 0 7 3 - 1 . 1  1 0  
Power generation 0 . 1 3- 0 . 3  3 - 1 0 0  
Fue l storage '0() '00 
Transportation 0 . 0 1  1 . 2  
Reproc e s s ing 0 . 0 5 9- 0 . 065 
Waste management 0 . 0 0 1  '00 

Tot a l s  0 . 5 7- 1 . 7 1 5 - 1 20 

a .  Tab l e  obtained from F i n a l  Generic Environment a l  Impact 
Statement , Handl Ing and Sto rage of Spent Light Water 
Power Reactor Fue l . !  Report NUREG - 0 5 7 5 , U . S .  Nuc l ear 
Regul atory Commi s s i on , Washington , DC (August 1 9 7 9 ) . 
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2-a Cap acity , in addition to that provided by op timum utilization 
2-d of existing reactor discharge basins , wi ll be required by some 
4-a reactor s .  This cap aci ty may be provided by transshipment . 

This op tion may not be available to some of the smaller utilities 
and may be pre cluded by ins titutional reasons for others . Other 
op tions available inc lude cons truction of ei ther I SFS or ARB 
facilities by private industry . This may require a cooperative 
effor t  on the par t  of affected utilities or the formation of 
private enti ties whose func tion is to construct  and op erate 
these f acilities . 

In Op tion A of  Alternative 2 (des ignated Alternative 2A) , 
new ISFS facilities are assumed to be buil t  by private indus try , 
as required . The accumulation of spent fuel in reactor basins 
is assumed to be limited to maintain capabi lity for one annual 
discharge until full-scale operation of a dispos ition fac ility 
allows full-core reserve to be maintained in reactor bas ins . 
The disposition facility is assumed to be available on the same 
schedule as in Al ternative 1 ( the policy implemented alternative) . 
For s tartup of the dispos ition facility in the year 1985 , full
core reserve is attained by the year 1991 for Al ternative 2A. 
( I t  is recognized that the dispos ition facility will probably not 
be available as early as the year 1985 . )  Spent fuel movements and 
inventories under Alternative 2A are identical to those in 
Alternative lB-2 and are shown in Table 111-4 for s tartup of the 
dispos ition facility in the year 1985 and in Table 111-5 for 1995 
s tartup of the facility . Facility requirements under Alternative 
2A are the same as those determined for Alternative lB- 2 .  

In Op tion B of  Alternative 2 (des ignated Al ternative 2B) , 
new interim s torage bas ins are assumed to be buil t by privat e  
industry on reactor sites a s  needed .  Trans shipments are assumed 
to be minimized and used only as necessary to prevent reac tor 
shutdown . Additionally , the accumulation of spent fuel in 

C reac tor discharge bas ins is as sumed to be  limi ted to maintain 
one annual discharge until private indus try provides sufficient 
s torage in the form of small "stand-alone" at-reactor basins 
(ARBs)  to permit  op eration of reac tor dis charge basins with 
full-core reserve capability . The earlies t these ARBs could be  
supplied is assumed to  be the year 1983 ; and af ter that time , 
trans shipments of  spent fuel are no longer required . S tartup of 
the disposition facility is assumed to be on the same schedule 
as Alterna tive 1 ( the policy implemented case) , Spent fuel 
movements  and inventories under Alternative 2B are shown in 

C Table  111-1 6 for s tartup of the disposi tion fac ility in the year 
1985 and in Table 111- 1 7  for startup in the year 199 5 .  At-reactor 
basin requirements for disposi tion facility startup in the y ears 
1985 , 1990 , 1995 , or 2000 are given in Figure 111-6 . Forty-f ive 
new ARBs will  be required if the disposition facility becomes 
available in the year 1985 . If  the disposition facility is 
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delayed 5 ,  10 , or 15 years (1990 , 1995 , or 2000 s tartup , respec
tively) , 82 , 9 3 ,  or 9 5  ARBs will be required , respectively , as 

C shown in Table 111- 1 8. If  the disposition facility is delayed 
25 or 55 years , each site  housing reac tors built before the year 
2000 would have ARBs to s tore overflow from the reac tor discharge 
bas ins . ( See discuss ion on delayed dispos ition s tartup beyond 
the year 2000 in Section C . l . l . l  and Appendix E . )  

C I TAB L E  I I I - 1 6  
Spent Fuel Sh i pme n t s  - Decen t ra l i ze d  Storage i n  At - Reactor Ba s i n s -
Pol i cy Not Impl emented ( A l tern a t i ve 2 B )  
1 985 Startup o f  D i s p o s i t i o n F a c i l i ty 

!� t-h'ei.lctur' Basin --- .'�'-::r;:J 
.;;�8 � 

U':-:: �:"l': . '" � 

:;r:��,'>,:er: -:;'.3, .'d 

, . :'.'"' tu 

Year 

1 9 9 0  

1 9 9 1  

1 99 2  

1 9 9 3  

1 99 4  

1 9 9 5  

1 9 9 6  

1 9 9 7  

1 9 9 8  

1 9 9 9  

2 0 0 0  

1 4 0 8  

1 2 9 2  

9 6 2  

7 5 1  

6 7 2  

3 4 8  

ImNmt:;;r::, 
X':'U 

0 

0 

0 

0 

1 1 6 0  

2 6 7 8  

� 24 9  

4 7 1 8  

5 4 3 3  

5 4 3 3  

4 0 2 5  

2 7 3 3  

1 7 7 1  

1 0 2 1) 

348 

:-':CJY. r)e: ���)Y; 
'-:' "'/, '  

1 0 0  

1 600 

1 6 00 

3 1 5 5  

3368 1 1 0 8  

3 760 1 2 9 2  

4 2 6 8  9 6 2  

4 1 5 3  75 1 

4 7 76 6 7 2  

5 0 2 6  3 4 8  

5 4 8 1  

5 4 78 

S 5 0 S  

5 9 6 5  

6 0 1 8  

6 4 06 
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0 

0 

0 

0 

0 

0 

0 

1 0 0  

1 7 00 

3300 

6 4 5 5  

1 1 2 3 1  

1 6 2 8 3  

2 1 S  1 3  

2 6 7 1 7  

3 2 1 6 5  

3 7 5 3 9  

4 3 0 2 0  

4 8 4 9 8  

5 4 0 0 3  

5 9 9 6 8  

6 5 9 8 6  

7 2 3 9 2  

Y'�' , 
1�:-r.[nBBhiprr)fm t 
5e tu.,een Rea.� toY' 
Q • . '1s-:..ns, 



C TABLE I I I - 1 7  

Spent Fuel  S h i pments - Decentra l i ze d  Storage i n  At-Reactor Bas i n s -
P o l i cy iJot Impl emented ( A l ternati ve 2 B )  
1 995 Startup of D i s po s i t i on F a c i l i ty 

Ilt-2eactoY' BGsin...s .Ji sposi tion Faci li tu 
P7A.e l Shi"(;T"Ients, !�,;rT�' 
:�eaC!tor /3B to Transshipment 
tc JiSDosition In"Jen to?d -, Di sposi tion Inventory, Berween Reactor' 

Year APE "aci l i t!; l!TT/' Faci Z�Zt;1 .'1TL' Basins, !1TU 

1 9 78 1 09 

1 9 7 9 8 6  

1 9 8 0  1 2 9  

1 9 8 1  1 5 4  

1 9 8 2  1 7 2  

1 9 8 3  I l bO 1 1 6 0  

1 9 8 4  1 5 1 8  2 6 7 8  

1 9 8 5  1 6 7 1  4 3 4 4  

1 9 86 2069 64 1 8  

1 9 8 7  2 3 1 5  8 7 3 3  

1 9 8 8  3 1 5 5  1 1 8 88 

1989 3368 1 5 2 5 6  

1 99 0  3760 1 9 0 1 6  

1 9 9 1  4 2 6 8  2 3 2 8 4  

1 9 9 2  4 4 5 3  2 7 73 7  

1 9 9 3  4 7 7 6  3 2 5 1 3  

1 9 9 4  5 0 2 6  3 7 5 3 9  

1 9 9 5  5 3 8 1  4 2 9 2 0  1 00 1 0 0  

1 9 9 6  3 8 7 8  4 6 7 9 8  1 6 0 0  1 700 

1 99 7  3 9 0 5  5 0 7 0 3  1 60 0  3 3 0 0  

1 9 9 8  1 7 6 5  5 2 4 6 8  4 2 0 0  7500 

1 9 9 9  8 8 0  5 1 5 8 8  6 0 1 8  8 8 0  1 4 398 

2000 1 000 5 0 5 8 8  6 4 0 6  1 0 0 0  2 1 804 
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VI 

" '" 
'" VI " o .<: f-

• 50 Qi " lL. 
...., '" 
<IJ a. V> 
� 2 5  
--' 

l 5-yr del ay 

l O-yr del ay 

5-yr del ay 

No del ay 

OL---���--------�--------�--------�--------�------� 
1980 

c 

1 985 1 990 1 995 2000 2005 

Year 

F I GU RE 1 1 1 - 6 . E ffe cts o f  Del ays i n  D i s po s i ti on  on Capa c i ty 
Req u i red i n  At- Rea ctor Bas i n  S to rage 

I TAB LE  I I I - 1 8 

Req u i reme nts for At-Reactor Bas i ns - P o l i cy Not Impl eme n ted 
(Al terna t i ve 2 B )  

Disposition 
Faci lity Total Number bli Basin Size Caeacitlil MTU 
Startup ARBs 500 1 000 1 5 0 0  2000 2500 

1 9 85 45  43  2 

1 9 9 0  8 2  65  1 7  

1995  93  5 6  34 3 

2 0 0 0  9 5  26 54 1 3  1 1 
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The Alternative 2B fuel shipment schedule (Table 111-1 6) 
forecasts a total of about 650 MTU transshipments during the 
period 19 78  to 1983  as necessary shipments between existing 
reactor basins to prevent reactor shutdown (no transshipments 
are forecas t in the year 19 83 when at-reac tor basins become 
available) . If thes e transshipments are not allowed , some 

C reactors would have been or  will be shut down due to the lack 
of spent fuel storage capacity . Such shutdowns are summarized 
in Table I II-1 9 .  

c I TAB L E  1 1 1 - 1 9  

C 

Reacto r  S h u tdown s Expected i f  Tran s s h i pme n t s  Are 
Not Al l owed i n  Peri o d  1 978 Thro u g h  1 982 

Nwnber of Annual Loss Cwnulative 
Reactors of Gerl;eratingb Generating 

Year Shut Down 
a 

Capac"/-ty � MWe Power Loss� 

1 9 78  3 ( 2 4 7 0 )  2 4 70 2 4 7 0  

1 9 79 1 (SO ) 2 5 20 4990  

1 9 8 0  3 ( 1 5 1 0 )  4 0 30 9 0 20 

1 9 8 1  1 ( 20 0 )  4 2 30 1 3 , 2 5 0  

1 9 8 2  1 (60 )  4 2 9 0  1 7 , 540 

a.  Numb ers in p arentheses are generat ing cap acity 

MWe-yr 

(MWe) 
l o st by shutdown of reactors in t he year i ndicat ed . 

b .  Annua l los s i f  al l reactors remain shut down . 

c 

c .  Cumu l at ive p ower loss  i f  a l l  reactors remain shut down . 

C . 2 . 2  Evaluation of  Environmental Impact of  Alternative 2A 

Use of natural resources , normal releases of radioactivity , 
population doses , health effects , and occupational exposures and 
accidents for Alterna tive 2A are the same as for Alternative lB-2 . 
These environmental effects are shown in Tables 111-10 , 1 11-11 , 
111-12 , 111-1 3 , and VI-l . 
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c ! 

C . 2 . 3 Evaluat ion of Environmental Impac t of Alt ernative 2B 

C . 2 . 3 . l  Use of Na tural Resources 

Resource commitments for materials and energy under 
Alternative 2B are given in Table VI- I .  The most signif icant 
increases in consumption if the disposit ion facility is delayed 
unt il the year 1995  are given below .  

In comparison t o  the 1985  startup of the disposit ion 
facility ,  

• Coal consumption increases about 6-fold to  8 million 
tonnes . 

• Electricity consumption increa ses about 7-fold to  
1 .  4 x 103 MW-yr . 

• Manpower use increases 80 million man-hours to 
190  million man-hours . 

• Chromium and nickel consumption increases because  use 
of  stainless s teel increases about 4 x 104 tonnes to  
6 x 104 tonnes ; however , most of the stainless steel 
can be recycled if  required . 

• Steel consumption increases about 2-fold to  3 x 105 

tonnes , primar ily becaus e  of construc tion of  addit ional 
ARB basins . 

C . 2 . 3 . 2  Rad iological Effects of Normal Operat ions 

Sources of Radiological Eff ects During Normal Op erat ions -
The radionucl ides that are assumed to be releas ed to the atmosphere 
under Al ternative 2B ( s torage in at-reactor bas ins ) are shown in 
Table 111- 2 a ., Releases are shown for 1985 startup of the dispo
s it ion facility and for a startup in the year 1995  ( ten-year delay) . 
Releases from cask vent ings and normal op erat ions at ARBs are 
discussed mo re fully in the informat ion provided in Appendices B ,  
C ,  and D .  
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C TABL E  I I I - 20 

Rad i o n u c l i des Rel ea sed to the Atmo s p here from Decentra l i zed Storage 
Opera t i o n s  i n  At- Reac to r  Bas i n s - Po l i cy Not I m p l emented ( A l terna t i ve 2 B )  

Cwnu lative Release, curies 
DislZosi tion Faci li tu StartuE, 1985 DisEosition Faci l i tu StartUE, 1 995 
Cas k ARB Cask ARB 

Nuclidea 
Venting Opera tions To ta l Venting Operations Total 

3H 2 . 2  x 1 0 ° 
9 . 8 X 1 0 1 1 .  0 X 1 0 2 2 . 2  X 1 0 1 8 . 1  X 1 0 2 8 . 3  X 1 0 2 

I "C 1 . 1  X 1 0 - 2 
5 . 4  x 1 0 - 1 5 . 5  x 1 0 - 1 1 . 0  X 1 0 - 1 5 . 2  x 1 0 ° 5 . 3  x 1 0 ° 

8 5  Kr 1 . 4  x 1 0 3 6 . 3  X 1 0 " 6 . 4  X 1 0 " 1 .  4 X 1 0 " 5 . 1  X 1 0 5 5 . 2  X 1 0 5 

1 2 9 I 2 . 0  X 1 0 - 6 
1 . 0  x 1 0 - 3 1 .  0 x 1 0 - 3 1 . 9 x 1 0 - 5 9 . 7  x 1 0 - 3 9 . 7  x 1 0 - 3 

5 9 F e 2 . 4  x 1 0- 1 2 . 4  x 1 0 - 1 
1 .  6 x 1 0 ° 1 .  6 x 1 0 ° 

6 0 CO 3 . 0  X 1 0 - 1 3 . 0  X 1 0- 1 2 . 0  x 1 0 ° 2 . 0  x 1 0 ° 

9 0 S r 7 . 7  x 1 0 - 6 6 . 0  x 1 0 - 2 6 . 0  x 1 0 - 2 2 . 7  x 1 0 - 5 9 . 0  X 1 0 - 1 9 . 0  x 1 0 - 1 
1 3 "CS 6 . 8  x 1 0- 6 7 . 2  X 1 0 - 1 7 . 2 x 1 0 - 1 

2 . 4  x 1 0 - 5 4 . 8  x 1 0 ° 4 . 8  x 1 0 ° 

1 3 7 CS 1 . 1  x 1 0 - 5 4 . 7  x 1 0 ° 4 . 7  x 1 0 ° 3 . 7  X 1 0 - 5 3 . 1  X 1 0 1 3 . 1  X 1 0 1 

a .  Nuc l  ides expected t o  cont ribute s i gn i fican t l y  t o  the dose from ARB fac i l i t y  operat ions . 
Rad i onuc 1 ides re l eased during cask vent ing account for a sma l l  p art o f  t h e  t o t a l  d o s e  
and are d i s cu s s e d  more fu l l y  in Appen d i ces B ,  C , and D .  
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Population Dos es - The doses calculated for local , U . S . ,  and 
world populations during the p eriod of operat ion and the next 100  
years are  given in Table 111- 2 1. The do ses result from transport 
of fuel , cask vent ings , and normal operat ions at at-reactor basins . 
The whole body dose to the wor ld population increases from 3500  
man-rem to 2 1 , 800  man-rem if the disposition fac ility is d elayed 
ten years . For p erspective , this do se  is a very small frac t ion 
of the exposure to the world populat ion from natural radiation 
sources in the same perio d  ( about  2 x lOll man-rem) . 

The maximum whole body dose commitment to an individual in 
the off site populat ion in any year is expect ed to be 0 . 5  mrem if 
the disposition facility b egins operat ion in the year 1985  and is 
expected to increas e to about 0 . 7  mrem if the facility is delayed 
ten years . For p erspective , the maximum do se commitment to an 
individual from basin operat ions is small  compared wi th the expo
sure from natural radiation sources that averages 100 mrem/yr in 
the entire world . 

Population Health Effects - Health effects calculated from 
the world population dose for the period of operat ion and the next 

c i 100 years are shown in Table  111-2 2.  These  effects were calculated 
as des cribed in Sect ion III C . l . 2 . 2 .  The total number of  health 
effects in the world populat ion under these assumptions is two i f  
the disposition facility begins operat ion i n  the year 1985 and 
increases to about 13 if the faci li ty is delayed t en years . 

C I 

Occupational Radiat ion Exposure - The occupational radiat ion 
dose to the work force under Alternative 2B was also calculated 
as described in S ection III C . l . 2 . 2 .  It is expect ed to be about 
5600 man-rem if the disposition facility begins operat ion in the 
year 1985 , as shown in Table 1 11- 2 3 . If the disposition facility 
is delayed ten years ( 1995  startup) , the occupat ional dose is 
expect ed to increase to 28 , 000 man-rem .  
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c I TABLE 1 1 1 -2 1  

Popul a t i on Dose Commi tment fo r Decentra l i zed Storage Opera t i ons  i n  At-Reactor Bas ins  _ 
Pol i cy Not Impl emented (A l tern a t i ve 2 B )  

OY'(!an 

Who l e  Bodi 
Transportat i on 
- external gamma 

Re l eases dur i n g  
cask ven t i n g  

ARB - Normal 
operat i on s  

To ta l 

Thyroid
" 

Relea s e s  during 
cask ven t i ng 

ARB - Normal 
operat ions 

Tota l 

Bone
e 

Re l e a s e s  during 
cask vent ing 

ARB - Normal 
operat ions 

To ta l 

Lung
C 

Re l eases during 
cask ven t i n g  

ARB - �ormal 
opera t i on s  

Total 

Red �larrow
c 

Releases during 
cask v ent ing 

ARB - Normal 
operat i on s  

To w l  

Popu lation Dose, man-rem
a 

Disposition Faci lity Startup, 1985 
Local, U. 5. , World, Total 
80-km Less Less for Entire 
radius !/i"al U. S. Period 

1 4  

1 800 

1 80 0  

58 

62 

< I  

2 2 0  

2 2 0  

< I  

< I  

< I  

< I  

< I  

< I  

2 1 0  

1400 

1600 

54 

59 

<I 

180 

180 

< I  

< I  

< I  

< I  

2 2 0  

2 1  ( 1 2 )  2 7  ( 1 8)  

64 ( 36) 
_
3
_
30

_
0 __ 

85 ( 4 8 )  3500 

2 1  

66 

87 

19 

55 

74 

1 1 0  

1 2 0  

< I  

400 

400 

2 1  

66 

87 

19 

57 

76 

Disposi tion Faci l i ty Startup, 
Local, U . S . , WoY'ld, 
80-km Less Less 
radius Local U. S. 

2 1  

1 1 , 50 0  

1 1 , 5 00 

67 

4 2  

109 

< I  

� 
1 , 400 

< I  

6 

< I  

240 

9200 

9400 

61 

36 

97 

<I  

1 1 00 

l l O O  

< I  

1 9  

1 9  

< I  

1 4  

1 4  

36 ( 2 0 )  

7 5 0  ( 4 1 0 )  

7 9 0  ( 4 3 0 )  

3 6  

7 1 0  

7 5 0  

3 2  

700 

730 

a. Cont i nued effe c t s  o f  r e l e a s e s  are inc l uded for a I O O - year per i o d  after end o f  Ollcra t i on s . 

b. Gonad d o s e s  shown in parentheses when gonad do s e s  d i ffer from who l e  body doses . 

c .  D o s e s  i n  add i t i on to organ d o s e  from wh o l e  body i rrad iat i on .  
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1 995 
Total 
for Entire 
Period 

260 

4 3  ( 2 7 )  

2 1 , 5 00 ( 2 1 , 100)  

2 1 , 800 ( 2 1 , 400)  

130 

78 

2 1 0  

< I  

2 , 50 0  

2 , 500 

36 

740 

780 

3 2  

720 

750 



c TAB LE  I I I - 2 2  

E 

Ca l c u l ated Popu l ati on  Heal th Effec ts for Decentra l i z ed Sto ra ge 
i n  At- Reacto r  Bas i n s  - Pol i cy Not Impl emen ted ( Al terna t i ve 2B ) 

Faci lity 
or Proce ss 

Popu lation Hea lth Effectsa 

Disposition Facility Startup 
1 9 8 5  1 99 5  

Transportat ion 

Cask Venting 

I SFS operations
b 

Total 

1 . 6 X 1 0 - 1 

2 . 3  X 1 0- 2  3 . 4  X 1 0 - 2  

2 . 1  x l O G 

a .  Hea l th effects calcu l ated with E P A  dose - e ffect factors 
for expo sure s during the p eri od of op erat ion and for 
the next 1 00 years . 

b . Inc ludes somatic effect s  from Tab l e  8 - 1 4 and genetic 
effects from Tab l e  8 - 1 6 . 

c 1 TAB L E  I I 1 - 2 3  

Occupa t i on a l  Doses for Decentr a l i z ed Storage i n  
At-Reactor B as i n s - P o l i cy Not Imp l emented 
( A l tern a t i ve 2 B )  

Faci l i ty or Process 

Transport at ion 

I SFS 

To t a l  

a 
Who le Body Dose, man-rem 
Disposi tion Faci l i ty Startup 
1985 1995 

5 9 0  

5 0 00 

5 6 0 0  

7 2 0  

2 7 , 0 00 

2 8 , 000 

a .  F o r  p e r i o d  o f  operat ion . 
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C . 2 . 3 . 3  Occupational Accidents 

7-j Occupational accidents ( including construction accidents)  
under Al ternative 2B are expec ted to  result in about 2 3  deaths  
in the work force if the disposi tion facility begins operation 
in the year 1985 ; if the disposition facility is delayed ten 
years (1995  s tartup) , the number of accidental deaths in the 
work force is expected to increase to about 42 . Details on 
development of these values can be found in Appendix B .  For 
perspec tive , the expected number of  deaths from occupational 
accidents in this alternative can be compared with the 12 , 500  
deaths in the year 1 9 76 from occupational accidents in the U . S .  

C . 3  Radiation Effects from Abnormal Events 

In this sec tion , the releases of radioactive materials to 
the environment from pos tulated accidents  at the I SFS  or ARB 
facilities and during transport are assessed in terms of dose 
commitment and risk to a hypothetical individual receiving the 

8-b maximum dose . No near-term biological effects are expected from 
do ses from any of the po s tulated accidents . 

8-a Population dos e  exposures for these accidents were not 
prepared in this generic EIS due to the uncertain results tha t  
would accrue from the assumptions i n  the following areas needed 
for a generic analys is : 

• Demography around the site and along transpo rtation routes 
and corridors 

• Population emergency response variation at facility 
s ites - suburban vs . rural responses 

• Availability and proficiency of eme rgency response groups 
af ter a transportation accident as a function o f  the mode 
of  transportation , route ,  and po tentially affected population 

• Weather patterns (prevailing wind speeds , direc tions , 
frequency of inversions )  at the facility site or  along 
transportation routes 

• Topography of/and around the site or  around a transportat ion 
accident 

• Actual dis tance to the site boundaries from a facility 
accident or dis tance between a transportation accident and 
the potentially affected population 

• Location of drinking water and food sources for the surrounding 
population - also consump tion rates of the above . 
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8-a S ince informat ion in each of the above areas would be much bet ter 
defined in a site-specific 'analysis , if the Pol icy is implement ed ,  
DOE will determine a maximum ind ividual dose es t imate  and a 
populat ion dose estimate for facil ity accident scenar ios for each 
of the involved sites and the associated transportat ion routes 
and corridors . 

C . 3 . l  S torage Basins 

A wide range of accidents pos tulated for an ISFS or ARB 
facility has been analyzed . Those  accidents which result in 
radioac tive releases from the facility are classified either as 
operating incidents or s evere accidents , depending upon the 
release pot ential and the frequency of  occurrence . Rel eases 
from operat ing incidents are included in the normal radiological 
releases ( S ec tion III C . l  and III C . 2 ) . Severe accidents are 
discussed briefly in the following paragraphs and more fully in 
Appendix B .  

Tornado and Earthquake - The bas ins will be designed to 
retain their watertight integrity for all credible accidents , 
including the design-basis tornadoes and earthquakes . These 
bas ins will be  Category 1 s eismic struc tures and , as such , 
designed to 1 )  resist  rup ture , which would cause excessive loss 
of  water and 2 )  support and prevent all massive equipment , such 
as cranes , etc . , from falling into the basins , thus causing damage 
to the spent fuel during the des ign-basis earthquake . The water 
shielding of the fuel will mi tigate the effect of tornadic or 
o ther wind-driven missiles . Because of  this protection , the 
bas in roof is light indus trial cons truc t ion tha t  could blow away 
in tornadic winds . 

The postulated accident given detailed ass essment in this 
section is a tornado with a translational velocity of 31  m/ sec 
that is as sumed to make a single pass across a storage basin . 
The blow-away roof fails , expos ing the basin water . Passage of  
the tornado is assumed to disperse part of the bas in water and 

C assoc iated radioactivi ty . The radwast e  treatment sys tems , which 
are in a tornado-resis tant Category 1 s tructure , are expected to 
be undamaged . 

Criticality - A criticality incident ( i . e . , an accidental 
s elf-supporting nuclear chain reaction) in a s torage basin is  an 
unlikely event because equipment and processes are des igned t o  
prevent s uch incidents .  Safe spacing is assured i n  s torage basins 
by physically spacing the fuel assemblies in s torage racks in a 
safe pattern even if a fuel assemb ly is dropped . Process sys tems 
and controls are designed to prevent assemblage of an unsafe 
array . To date , there have been no criticality accidents in 
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spent fuel s torage pools . Nevertheless , in this volume , a 
criticality excurs ion of  1018  fissions1 3  is po stulated in the 
s torage basin .  The excurs ion is assumed to occur as a result 
of fuel storage basket drop (personnel error) . The cri ticality 
is assumed to o ccur at the bot tom of  a transfer ais le (connecting 
the fuel unloading pools to the s torage basins ) and involves four 
PWR assemb lies ( the maximum weight o f  uranium dioxide handled 
together in the facility) . Several levels o f  control are assumed 
to be violated before crit ical geometry can be achieved . The 
cladding is as sumed to rupture on all fuel elements , releasing 
the gap activity to the basin water . All volatiles formed during 
the excursion are assumed to be released to the basin water .  The 
accident will  be terminated by relocation o f  the fissile materials 
to a noncritical conf iguration by thermal and/or mechanical changes 
caused by the criticality . All the particulate material and 99%  
of  the halogens are assumed to  be retained by the bas in water . 

Maximum Dose to an Individual - The maximum dose commitment 
expec ted from radionuclides released during tornadoes and criti-

C cality events at s torage bas ins is given in Table 111-2 4 for each 
alternative . This is the maximum dose received by an individual 
at  the site boundary at the time o f  the accident and is calculated 
by us ing meteorological dispers ion conditions from Regulatory 
Guide 1 . 3 . 14 For tornadic events ,  the dose is expected to increase 
with increased size of  the s torage facility becaus e of  the greater 

C amount of  pool water dispersed at the larger facilities . Loss of  
bas in water during a tornado (or earthquake) will not be sufficient 
to reduce water shielding over fuel elements and cause exposures 
to an individual at the site boundary . The dose from criticality 
accidents is not expected to be affected by facility size .  

Annual Risk to  Maximum Offsite  Individual - The annual risk 
to the maximum offsite individual from the pos tulated accidents 

C is given in Table 111- 2 5  for each alternative . This  risk is the 
product of the calculated consequence ( expressed as dose commit
ment)  and the probability of the event (expressed as events p er 
year) . The probability that a tornado or  criticality accident 
will occur at a given site is about the same for each alternative . 
However ,  the annual risk to the maximum individual from tornadoes 
is expected to increase with increased facility size because the 
consequences are greater , whereas the risk from criticality events 
is about the same for each alternat ive . 

C . 3 . 2  Transportation 

Irradiated fuel is transported in rugged casks specifically 
designed and tested to ensure retention o f  the contents during 
severe transportation accidents .  If the cask is involved in 
moderate or severe accidents , cladding failure may occur , but the 
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C I TAB L E  I 1 I -24 

Max i mum I nd i v i d ual  Do se from Rel ea s e  Assoc i a ted with Extr'eme Abnorma l Events , mrem/acc i de n t  

E 

C 

Di sposi tion 
Fac i l i ty 
Startup 

Event 

Storage Basin 

Tornado 

Body 

Bone 

Crit i c a 1  i ty 

Body 
Bone 

Thyro id 

Transportation 

Body 

Bone 

Centra lized Storage (A l ternative 1 A )  
or Decen tra lized Storage with 
Fu l l - Core Reserve (Al terna tive 1 B- 1 )  
Po licy Imp lemented 
1 985 1 99 5  

1 . 9  x 1 0 - 3 

9 , 0  X 1 0 - 3 

2 . 0  x 1 0 1  

9 . 7  x 1 0 - " 
1 . 3  x 1 0 0  

4 . 0  x 1 0 2 

1 . 7  x 1 0 "  

5 , 7  x 1 0 - 3a 

2 . 7  x 1 0 - 2b 

2 . 0  x 1 0 1 

9 . 7  x 1 0 - " 

1 . 3  x 1 0 0  

4 . 0  X 1 0 2 

1 . 7  X 1 0 " 

a .  1 . 9  x 1 0 - 3 for A l t ernative 1 B - 1 .  

b .  9 . 0  x 1 0 - 3 for A l t ernative 1 B- 1 .  

Decentra l i zed Storage wi th Discharge 
Capabi lities - Po licy Imp lemented 
(A l terna tive 1 B- 2 )  or Po licy No t 

Implemented (A l ternative 2A ) 
1 9 8 5  1 995 

1 . 9 X 1 0 - " 1 . 9  X 1 0- 3 

9 . 0  X ]0- " 9 . 0  X 1 0 - 3 

2 . 0  X 1 0 1 2 . 0  X 1 0 1 

9 . 7 x l O - " 9 . 7 x l O - " 

1 . 3  x 1 0 0  1 . 3  x 1 0 0  

4 . 0  X 1 0 2 4 . 0  X 1 0 2 

1 . 7  X 1 0 "  1 . 7  X 1 0 "  

Decentra lized Storage i n  A t-Reactor 
Basins - Po licy No t Imp lemented 
(A lternative 2B) 
1 9 85 1 995 

3 . 8  X 1 0 - " 3 . 8  X 1 0 - "  

1 . 8  X 1 0 - 3 1 . 8  X 1 0 - 3 

2 . 0  X 1 0 1 2 . 0  X 1 0 1 

9 . 7  x 1 0 - "  9 . 7  X 1 0 - " 

1 . 3  x 1 0 0  1 . 3  x 1 0 °  

4 . 0  X 1 0 2 4 . 0  X 1 0 2 

1 . 7  X 1 0 "  1 . 7  x 1 0 "  



H H H I 
.P-
1.0 

C I TAB L E  1 1 1 - 2 5  
Ma xi mum Annual Dose R i s k  t o  a n  I nd i v i d u a l  from Extreme Abnormal Even t s , mrem/yr 

E 

C 

D-isposi tion 
Faei l i ty 
Startup -+-

even t 

Storag e Basin 

Tornado 

Body 
Bone 

Cri t i cal i t y  

Body 

Bone 

Thyro id 

Transport a t i on 

Body 

Bon e 

Centra lized Storage (A l ternative 1 A )  
o r  Decentralized Storage with 
Fu l l - Core Reserve (Al ternative 1B- l ) 
tQ liey Implemented 
1 9 8 5  1 9 9 5  

X 1 0 - e 
9 x 1 0 - e 

6 x 1 0 - ea 

3 x 1 0 - 7 
b 

2 x 1 0 - " 2 x 1 0- "  

x 1 0- 8 x 1 0 - e 

2 x 1 0 - 5 2 x 1 0 - 5 

8 x 1 0 - 3 8 x 1 0 - 3 

4 x 1 0 - 1 4 X 1 0 - 1 

a .  

b .  

2 X 1 0 - e for Al ternat i v e  1 B- 1 .  

9 x 1 0 - e for Alternative 1 B- 1 .  

Deeentra l ized S torage with Diseharge 
Capabi lities - Po liey Imp lemented 
(A l ternative IB-2) or Po licy Not 
Implemented (Al ternative 2A) 
1 9 8 5  1 9 9 5  

2 x 1 0 - 9 X 1 0 - e 
9 X 1 0- 9 9 X 1 0 - e 

2 X 1 0 - 4 X 1 0 - " 
x 1 0- e x 1 0 - e 

2 x 1 0 - 5 2 x 1 0- 5 

8 X 1 0- 3 8 X 1 0 - 3 
4 X 1 0 - 1  4 x 1 0 - 1 

Deeentra lized Storage in A t-Reaetor 
Basins - Po liey Not Imp lemented 
(A l ternative 2B) 
1 9 8 5  1 9 9 5  

4 x 1 0- 9 4 x 1 0 - 9 
x 1 0 - e 2 x 1 0- e 

2 x 1 0- "  2 x 1 0 - "  

x 1 0 - e x 1 0- e 

2 x 1 0- 5 2 X 1 0- 5 

8 X 1 0 - 3 8 X 10 - 3 

4 X 1 0 - 1 4 X 1 0 - 1 



cask is expected to remain intact .  Extreme accidents , which have 
a very low probability of  occurring , may cause breaching of  the 

C cask containment . Unless the cask containing long-cooled spent 
fuel is breached , radionuclides released to the cask interior from 
fuel rods that suf fer cladding failures will not be  released to 
the environment until the cask is vented at the receiving facility . 
If  the cask is  breached , the release will occur at  the accident 
sit e .  The release of radionuclides , consequences of the release ,  
and risk  from transportation accidents of d iffer ent severities 
are discussed in Appendix C .  

8-b Maximum Dos e  to an Individual - Inhalation or inges tion of radio
nuclides released from accidents that breach a shipping cask 
would occur in a short  time , but the rad iation dose would be  
protracted over many years because some of  the radionuclides 
would remain in the body . The maximum dose commitment to an 

C individual downwind of an extreme accident involving long-cooled 
spent fuel that  results in breaching of the cask is  given in 
Table 111-22 . * The maximum dose commitment from this accident 
is  expected to  be about the same for each alternative because 
individual cask loadings are the same . 

8-b The consequences of a transportation accident that  breaches 
a spent fuel shipping cask are a function of  the cooling time of 
the spent fuel and the effectivenes s of emergency act ions . If  a 
rail cask with 0 . 5  yr fuel in its  water-f illed cavity is involved 
in an extreme transportation accident and no emergency action is  
taken to cool the exterior of  that cask for several days , then 
the whole body do se  to the maximum individual may be as great as 
120 rems from inhaled radionuclides . 15 ( See Appendix C of this 
vo lume for further discuss ion of this accident . )  This discussion 
is included in this section to show the effects of  cooling t ime 
on spent fuel accident s .  

This short-cooled no-emergency-response accident scenario 
appl ies 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 . 
These  consequences  are not shown on Table 111-22 nor included in 
the summary because this acc ident is not considered credible for 
the action involved under the Spent Fuel Storage Pol icy . It  is 
incred ible for the following reasons 

• Federal regulation 10 CFR- 73 (on physical pro tection of spent 
fuel during transport )  is an interim f inal rul e and requires 
escorts for spent fuel saf eguard purposes . These escorts are 
also trained to mitigate consequence of accident s .  

*Accident consequences determined for spent fuel cooled a minimum 
of four years . Mo st  spent fuel handled under the Spent Fuel 
Storage Policy will be coo led longer than four years .  
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8-b I • Emergency actions should be available before several days 
to cool the spent fuel casks . 

Annual Risk to Maximum Individual - The annual risk to the 
maximum individual from the postulated transportation accident is 
given in Table 111-23 . As shown in the table , risk is es sentially 
the same for each alternative . 
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IV . SAFEGUARDS 

The transportation and storage activities described in this 
volume involve radioac tive and fissionable material which can ,  
under certain circumstances , b e  misused t o  create an unacceptab le 
public risk.  Examples of  s ituations which might represent such 
circums tances and the resulting risk to the public are described 
in this section . Risk in the context of the Safeguards Section 
is the combination of  the probability of  a threatening ac t being 
attemp ted , the probability of the ac t being success ful , and the 
probability that it presents a hazard to the public . 

I t  is assumed that an I SFS or ARB facility will  meet licens ing 
requirements . Furthermore , the Pres idential offer to  submit U . S .  
facilities to IAEA safeguard inspections and the limited offer by 
the U . S .  to consider storage of some spent fuel from o ther countries 
would result in the proposed bas in s torage facility coming under a 
US/ IAEA agreement . A proposed formal agreement between the U . S .  

C Government and lAEA for applying lAEA safeguards in the U . S .  has 
been submitted to the U . S .  Senate for its advice and consent for 
ratification as a treaty . The US/ lAEA agreement would contain 
provisions which parallel agreements between IAEA and nonweapon 
states , the principal difference being the exclusion of national 
security ac tivities . Implementation of such an agreement will 
require revision of NRC regulations concerning safeguard activit ies 
of licensees . NRC has proposed a new set of  regulations 
( "Safeguards on Nuclear Material - Implementation of US/ lAEA 
Agreement"  - 10 CFR 75 )  and associated revis ions to five exist ing 
sets of regulations . l 

A .  Threat Definition 

Threats involving radioactive and fissionable materials fall 
into four categories : 1 )  theft or  divers ion of fissionable mate
rial with intent to cons truct an improvised nuclear device , 
2 )  thef t with intent to disperse the material as a radioactive 
contaminant ,  3) sabotage with intent to disperse as a radioac tive 
contaminant , and 4) theft  wi th intent to blackmail municipalities 

C or other domestic government groups by threatened subsequent sabo
tage or dispersal of radioactive material . For ac tivi ties with 
domes tic spent fuel described in thi s volume , sabotage at facilities 
and during transportation or  theft for later malevolent purpos es 
is unl ikely , but the theft or divers ion of spent fuel for ultimate  
cons truction of an  improvised nuclear device app ears much less 
credible . 

Potential originators o f  the above threats can be  further 
broken into 12 groups : individuals ,  ad hoc organizations , 
organi zed criminals , dissident employees , sociopathic groups , 

IV- l 



domestic separatists , domes tic revolutionary group :3 , reactionary 
extremists , violent issue-oriented group s , domestic anarchists , 
foreign separatists , and foreign revolutionaries . A summary 
j udgment of  the threat capability and generalized obj ec tives of 
each of these subnational groups  are presented in Table IV-I . 

A general evaluation by NRC of those  groups  described in 
Table IV-l is that those groups  that nm.;r have the means to mount 
a credible threat appear to lack the motive , while those groups 
that have the motive lack that means . 2 Individuals ,  dissident 
emp loyees , extremists , and o ther domes tic groups may select 
nuc lear targets ,  but none has yet demonstrated the ab ility to do 
more than harass or disrup t operations . Sophisticated criminal 
groups , foreign separatists , and foreign revolutionaries have 
all shown , upon occasion , the skill and resources that might be 
required to overcome a nuclear facility or shipmen t .  However ,  
these groups seem to lack the incentive to mount a credible 
threat . They are unlikely to attack the U . S .  nuclear facilities 

C (an extremely provocative ac t )  unless their relationships with 
the U . S .  deteriorate . 

C 

C I 

The theft  and subsequent chemical s eparation and recovery 
of fissionable material for the manufacture of  clandes tine 
improvised nuclear devices from the ac tivities des cribed in this  
volume would require 1 )  overcoming p ersonnel and systems especially 
designed to pro tect the material , 2) removing the highly radio
active spent fuel elements from their s torage or transportation 
environment , 3) transporting the fuel elements to a clandestine 
reproces sing p lant , 4) process ing the fuel elements in a shielded 
and remotely controlled facility to separate plutonium from 
fission p roducts and uranium, 5) converting the p lutonium to a 
usab le form ,  and 6 )  manufacturing a nuclear weapon . 

Step 1 of this sequence involves an obvious criminal act 
that  would initiate retaliatory efforts to prevent completion of  
sub sequent step s .  Steps  2 through 6 each involve both relatively 
comp lex technical processes and the facilities necessary to shield 
the radiation levels of the spent fuel to a manageable level .  
The complex technical processes and the heavily shielded process 
facilities require capital and skilled technical personne l .  Based 
upon consideration of  these difficulties and the likely resources , 
capabilities , and motivation of a subnational threat group , it  is 
concluded that the theft and subsequent recovery of fissionable 
material from spent fuel in the op erations discussed in this volume 
are not a credible occurrenc e .  
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TAB L E  I V - 1 a 

C ha ra c t e r i z a t i on of Threat G r o u p s  

Group 

I n d i v i d u a l  (out s i der) 

Ad-h o c  group 

Criminal group 

D i s s i dent emp l oyee 
( i n s i der) 

S o c i opath i c  group 

Dome s t i c  s eparat 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 s ue - oriented groups 

Dome s t i c  anarch i st s  

Fore i gn s eparat i s t s  

Fore i gn 
rev o lut i onar i e s  

Objec tive 

Prot e s t , revenge , 
finan c i a l  gain 

Norma l l y finan
c i a l  gain 

Finan c i a l  

Revenge 

Thri l l  of act 

F orm s eparate 
nat i on s  

Overthrow 
government 

Pro t e c t  th e 
" s y s t em" 

Prot e s t  

E l i m i n a t e  
government 

Re c o gn i t i on o f  
movement 

P o l i t i c a l  changes 

a .  Adap t e d  from Re ference 2 .  

Targe t 

L i gh t ly pro t e ct e d  
faci l i t i es o r  
peop l e  

Typ i ca l l y  l arge 
robbe r i e s  or 
k i dnapp ing 

Anyth ing mark e t 
ab l e  

In s t i t ut i on a l  

Symb o l s  o f  
aut h o r i t y  

Pub l i c i  t y  
oriented 

Symb o l s  o f  govern 
ment o r  finan c i a l  
power 

L e ft i s t  a c t i v i t i e s  

Some s o c i a l  change 

Persona l i t i e s  

Groups w i th i den
t i fi ab l e  
charact e r i s t i c s  

Loca l  p o l i t i c a l  
ins t i tut i on s  

Mo tivation 
Ski l l  Leve l Leve l 

Low Low t o  
average 

Low t o  Low 
ave rage 

Average t o  Ave rage 
h i gh 

Genera l l y l ow Low t o  
average 

Low Ave ra g e  t o  
h i gh 

Low 

Average 

Average 

Low 

Low t o  
Average 

Average 

Average 

H i gh 

H i gh 

Low 

Low 

Average 

Hi gh 

H i gh 

Equipment 
Leve l 

Low 

Low t o  
average 

Average 

Low 

Low 

Low 

Ave rage 

H i gh 

Low 

Low 

Ave rage 
t o  h i gh 

Average 
t o  h i gh 

Risk 
Acceptance 
Leve l 

Low 

Low 

Average 

Low 

H i gh 

Average 

Average 

Low 

Low 

H i gh 

Ave rage 

Average 



The skill ,  mo tivation , equipment , and risk accep tance 
required for dispersal and sabotage attempts are , however , more 
modes t .  These categories require a modest range of technical 
expertise - usually , relating only to exp losives and f irearms . 
Sabotage of a s torage basin by disrupting the fue l  spacing in 
a way that results in a supercritical array would require some 
background knowledge of neutronics but little spec iali zed training 
or equipment . Thus , destruction of a cask carrier , rupture of a 
cask , sabo tage of a storage bas in or o f  the surface op erations 
at the geologic reposi tories are all within the capab ility of 
several of the groups listed in Table IV- I .  The following sections 
discuss specific requirements for thes e incidents and describe the 
environmental effec ts that might result . 

B .  Incident Analysis 

lO-a B . l  Transportation Sabotage 

Spent fuel is shipped by rail or truck , in massive shipping 
casks which have been designed and demons trated to withs tand 
severe accidents and , thus , would be  resis tant to release of 
contents as a result of  all but the mo st  s evere attacks . In a 
1 9 7 7  document (NUREG-0170 ) , 3 which dealt wi th generic transpor
tation risks , the NRC concluded that : 

Shipments of radioactive materials no t now covered by 
NRC phys ical pro tection requirements , such as spent 
fuel and large source nonfissile radioisotopes , do not 
cons t itute a threat to the public health and safety 
either becaus e of their limited po tential for misuse 
( due in part to the hazardous radiation levels which 
preclude direct handling) or because of the protection 
afforded by saf ety considerations , e . g . , shipping 
containers . 

However , pos sible results of s evere attacks were reconsidered in 
a May 1978  NRC working draft of  a Generic Environmental Assessment 
on transportation of radioac tive material in an urban area (Urban 
Study) . 4 This draft investigation reflected detailed cons idera-
tion of the special characteristics of urban areas as they might 
be impac ted by transport of radioactive material . The report 
concluded that shipping casks could be penetrated by using quantities 
of  explosives ob tainable by terroris ts and by us ing specialized 
modes of an attack . This analysis was based upon assumed release 
models and damage mechanisms which would provide the mo st  severe 
resul ts . Those assumptions are the subj ect of research programs 
funded by both DOE and NRC which will be  comp leted in 198 1 .  
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10-a The Urban S tudy draft has become the technical basis for a 
modification of  physical p ro tection regula tions (10  CFR 735 , 6 ) 
for NRC . The revised regulations require NRC approval o f  shipping 
routes and specify escort surveillance and emergency response 
training . These regulations are established and enforced by NRC 
with the intent o f  assuring that adequate safety and environmental 
pro tection are provided to prevent or mitigate sabo tage conditions . 
Commercial shipments o f  spent fuel to DOE s torage facilities will 
be in licensed casks and will mee t  NRC regulations . 

These rules , together with the obs ervations that : 

• Normal routing of  spent fuel shipments generally avoids 
areas capable of producing "wors t case" incidents for 
practical reasons unrelated to safeguards , and 

• "Wors t  case" incidents  require several attackers , 
technical abi lity concerning explos ives , solut ions 
to the logis tical problems of ob taining , securing , 
and transporting necessary quantities o f  explosives ; 
knowledge o f  spent fuel cask cons truction ; optimal 
p lacement o f  the cask to cause the incident ; and the 
absence of adequate  law enforcement and citizen 
awareness prior to the possible sabo tage event , 

means that the risk to the public as sociated with these sabo tage 
acts  is low. 

B . 2  Storage Basin Sabotage 

The fuel storage basin complex will  be enclosed within a 
building constructed to meet the safeguard s tandards outlined 
in 10 CFR 7 3 . 5 Protection agains t unauthorized intrus ion will 
be provided by armed guards and an intruder detection system .  
Procedures will be es tablished to augment the ons ite force by 
local law enforcement support upon reques t .  Other protection 
sys tems include alternative communication and power systems , 
high intens ity lighting , and roving guard patrols . 

Penetration of  these systems by a casual or spontaneous 
at temp t is very unlikely . The sys tems may , however , be pene
trated by a thoroughly p lanned and well-armed attack group . 
At the first signs of an attack , the contro l  room operat ion 
would alert local law enforcement agencies and help would s tart 
arriving wi thin 15  minutes . Although the following analyses 
take no credit for the inhibiting effect these forces would have , 
it should be  no ted that none of  the credibl e  and effective modes 
of  sabotage can be comp leted in less than 15 minutes and , hence ,  
some sort of  an engagement would take plac e .  
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The number of spec ific sabo tage acts that may be attempted 
agains t the fuel storage basin is large . Several sabotage 
scenarios that might be typical of those associated with storage 
basins were analyzed . These are 

• Damage to basin causing loss of  water shielding and cooling 

• Explosion within basin caus ing rupture of fuel and ej ec t ion 
of  spent fuel debris to the environs 

• Explosion adj acent to a fuel assembly susp ended in air and 
ej ection of debris to the environs 

• Explos ion producing nuclear critical ity . 

Analyses of  the sabotage scenarios identified above show 
that an individual located on the p lant boundary would receive 
a dose of less than three rem, which would no t endanger his or 
her health . 

C .  Conclus ion 

Since spent fuel contains a large inventory of fission produc ts , 
it  is relatively unattrac t ive and inaccessible to potential sub
national misuse .  Because of the difficulty o f  obtaining spent fuel 
and the radiation risk to those who handle it  in makeshift eq uipment , 

C the probab ility of a successful attemp t to caus e a dispersal or 
a criticality incident is very low. In addition , the level of 
consequences that could occur from the mos t  credible sabo tage 
scenarios is low and does not exceed the consequences of a s imilar 
sabotage incident no t involving nuclear materials . 

Property damage resulting from sabo tage inc idents would 
cons is t mostly of  locali zed contamination , which would limit 
access until  cleanup op erat ions could be completed . It is con
cluded that s torage of spent fuel in ISFS or ARB facilities and 
the as sociated transportation of spent fuel does not impose an 
unaccep table risk to the public . 

C D .  Al ternative of Policy No t Implemented 

C 

The al terna tive of not imp lementing the policy does not 
involve saf eguards considerations that differ significantly 
from those discussed previously in this section . This alternative 
primarily involves a variation in the location of spent fuel 
s torage and the timing of shipment s  of the spent fuel from the 
reactors , which are no t expected to produce a significant chang e 
in the safeguards conclusions described above . 
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V .  UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS 

A. Radiological 

Calculat ed health effects resulting from released radioactivity 
in the event of policy implementation or no policy imp lementation 
are discussed in Section III and summarized in Table V·-l . The 
radiation doses to the general population in either case are very 
small percentages of the doses from natural background ; workers 
exposed to j ob-related radiation receive an average dose o f  three 
to four times natural background . 

Radiological health effects for ac tivities after shipment o f  
spent fuel from reactors through unloading of  casks at  the site 
of final disposition are included in Table V-I . The number o f  
potential health effects for a 1995  disposition date i s  five to 
seven times that for a 1985  disposition date ; this increase is due 
primarily to the longer period of operation of the interim storage 
facilities and at-reactor-bas in (ARB) facilit ies and a larger amount 
of spent fuel  in storage . Worldwide population health effects  are 
generally higher than occupational health effects except for the 
ARB Alternat ive ( 2B) . 

B .  Potent ial Accidents 

The potential adverse ef fects from radiological releases 
after possible accidents are well within the limits given in 
10 CFR 1001 and ERDA Manual , Appendix 6 3012 for DOE assessment of 
the adequacy of safety sys tems and exclusion boundaries agains t 
potential accidents . Details of the accidents cons idered are 
given in Section III and Appendices B and C of  this vo lume . 
Transportation o f  spent fuel would be the principal cause of 
fatalities from nonradiological accidents except for Alternative 
2B . Transportation deaths are between 9 and 11 for all alterna
tives . In Alternative 2B , fatalities to the construction workers 
at ARBs are 12 for disposition facility s tartup in the year 1985  
and increase to 26 if  the s tartup of  the disposition facility is  
delayed until  the year 1995 . These higher construc t ion deaths 
are due to the large number of small facilities constructed in 
that option . 

C .  Other 

Land use for basin facilities is an unavo idable effect , but 
it  is minor whether the policy is implemen ted or  not implemented 
as shown in Table V-2 .  There would be no permanent commitment of  
land resources because the land can be returned to unrestricted 
use after decommissioning of the facilities . 
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TAB L E  V- l 

Rad i o l o g i c a l  Hea l t h Effec t s�, b 

:)e('pnt)�a l ized Stor'U,]e wi th 

Disposi tion 
Faci l i ty 
Startup -+ 

Ccntl�a lized Storage 
(A l t ernative 1 A )  or 
Decentra lized Storage 
wi th Fu l l- Core Reserve 
(A l ternative 1 B- 1 ) -
Po licy Imp lemented 

(,'ai,alri l 'it ie s  - Po lied 
[mp leT'1ented (A l i:ernative 1 B- 2 )  

Of' Po licij Not IT'1p Z emented 
(11 l ternative 2A ) 

Decentra l ized Storage 
In At-Reactor Basins 
(A l ternative 2B) --------

1 9 U b  J.C! 95 1 r!U 5  1 9 95 1 98 5  1 9 9 5  

Popul at ion 1 

Work Force 1 

Total  2 

1 0  

4c 

c 
1 4  

1 6 2 

3 4 

2 9 6 

a .  Tot a l  cancers and serious gene t i c  effects  are the s um o f  effects from who l e  body and 
individua l organ dos e commitment (based upon EPA dos e - e ffect factors given in 
Appendix B ) . 

b . Wor l dwide health e ffe ct s through the period o f  operat i on p l us 1 0 0  years thereafter . 

c .  For Al ternative l B- l ,  the number of heal th effects to t h e  work force i s  6 ,  and the 
total heal th e ffects  b ecome 1 6 .  

1 3  

1 9  

32 



TABLE V - 2  
L a n d  U s e  Requ i rements f o r  Storage B a s i n  Faci l i t i e sa 

Centra lized Storage (A lternative lA) -
Po licy Imp lemented 

D i spos ition F ac i l ity Startup , 1 9 8 5  

D i spos i t ion F ac i l ity St artup , 1 9 95 

Decentra lized Storage with Fu l l  Core Reserve 
(lB- l )  - Po licy Imp lemented 

D ispo s i t ion F ac i l ity Startup , 1 9 8 5  

D i spos i t ion F a c i l ity Startup , 1995  

Decentra lized Storage with Discharge Capabi li ties 
Po licy Imp lemented (A lternative lB- 2 )  or Po licy 
Not Imp lemented (A lternative 2A ) 

D i spo s i t i on F ac i l i ty Startup , 1 9 8 5  

D i spos ition F ac i l ity Startup , 1 9 9 5  

Decentra lized Storage in A t-Reactor Basins 
Po licy Not Imp lemented (A lternative 2B) 

D ispo s i t ion Faci l i ty Startup , 1 9 8 5  

D ispo s i tion F ac i l ity Startup , 1 9 95 

Land Use J  
acres 

1000  

3000 

1 000 

9000 

1 000 

4000  

6 - g  a .  Low- l ev e l  waste from these  operations i s  a ssumed to be 
buried and wi l l  result in land consumption of 0 . 1  to 
14  acre s . The lower case is Alternative l B - l  or 2A with 
di spos ition fac i l i ty startup in the year 1 98 5 . The 
l argest quanti ty of l and consumed resul t s  from 
Al ternative l B- l  with the disposition faci l i ty s tartup 
in the year 1 99 5 . 

b .  N o  addi tional l and required for at-reactor basins s ince 
they are bui l t  on exi sting reac tor sites . 
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Other unavoidable adverse environmental effects are water 
and power requirements and chemical discharges . These are 
discussed in Section VI and are no t large in terms of  available 
resources or environmental impac t .  
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VI . IRREVERS IBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

Resources that are committed in an irreversible and 
irretrievable manner by implementation of the policy cons ist 
of : 

• Manpower for cons truction , operation and decommissioning of 
s torage facilities , and transportation equipment affected 
by this policy , and 

• Materials such as fuels and chemicals consumed , and con
struction materials that are not recyclable . 

The estimate of  principal resource commitments is shown in 
Table VI-l for the alternatives cons idered for implementing the 
policy and for not implementing the policy . 

No land areas are permanently commit ted by implementation 
of policy becaus e decommissioning of  the required interim s torage 
facilities res tores site areas to prefacility conditions . 
Disposition of  spent fuel is not affected by this policy , and 
is therefore not included in this volume . Dispos ition of low
level radioactive wastes assoc iated with interim s torage facility 
operation and decontamination-decommiss ioning operations does not 
result in permanent land commitment since these was tes are assumed 
to contain less than 10 nCi transuranic isotopes per gram of wastes 
(see Appendix B) . The ef fects of the s tartup date of  the d isposi
t ion facilities on resource requirements for the interim s torage 
facilit ies and transportation are given in Table VI-I . 

Some cons truction materials (denoted in Table VI-I)  are 
expected to be recyclable . Af ter decontamination of  interim 
s torage facilities and transportat ion casks , large portions of 
certain cons truction materials could be recoverable and recyclable 
if desired . For  example , nearly all  of the s tainless steel in 
s to rage facilities ( 4000 tonnes for pool  liners and s torag e baskets 
in the I SFS  facili ty with 6000-MTU capacity)  could be recycled . 
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TABLE V I - l  
Resou rce Commitments for I n t erim Storage a n d  Transpor t a tion 

Dicpo3itian Faci lity Star'tup 

Resource 

Wat e r ,  m 3 

Mat e ri a l s  

Concrete , m 3 

Stee l ,  tonne 

Copper , a tonne 

Zinc,
a 

tonne 

Lumber , m 3 

Lead, a tonne 

Depleted Uranium, a tonne 

Chromium in Stainless Stec l ,t tonne 

Nickel in Stainless Ste c l , 0 tonne 

Energy 

Propane, m 3 

Diesel Fue l , m ' 

Gaso l i ne ,  m 3 

Electr i c i t y ,  �fW-yr 

Coa l , e tonne 

Manpower, man-hours 

Centra lized S�orage (A lternative 1 A )  
or' Decentra lized Storaqe with Fu l l
Cope SesPr'IJe (A l ternatIve IB- 1 ) a 

Policy Tmp lemen ted 
1 980 1 990 1 995 2000 

5 . 3x l O ' 3 . 4 x l 0 7 7 . 2x l O ' 1 . 0x l 0 ' 

2 . 3x l 0 4 6 . 8xl0 4 1 . 2 x l 0 5 2 . 1 x l 0 5 

2 . 1 x l 0 4 5 . 9x l 0 4 1 . l x l 0 5 1 . 8 x l 0 5 

3 . 2xl0 1 9 . 2xl0 1 1 . 5 x l 0 ' 2 . 9x l 0 ' 

5 . 4xl0 1 1 . 5 x l 0 ' 2 . 5 x l O ' 4 . 8xl0 ' 

1 . 3x l 0 ' 3 . 8 x l 0 ' 6 . 1 x l 0 ' 1 , 2 x l 0 4 

8 . 6x l 0 ' 1 . 7xl0 4 1 . l x l 0 4 1 . l x l 04 

4 . 9x l 0 ' 6 . 9 x l 0 ' 6 . 9 x l 0 ' 6 . 9x l 0 ' 

1 .  3x l O ' 3 . 8xl0 ' 5 . 4x l 0 ' 1 . 2 x l 04 

5 . 8x l O ' 1 . 7x l 0 ' 2 . 4xl0 ' 5 . 2 x l 0 ' 

5 . 9x l 0' 1 . 7xl0 ' 2 . 7 x l 0 ' 5 . 2xl0 ' 

1 . 7x l 0 5 1 . 9 x l 0 5 2 . 2 x l 0 5 2 . 7 x l 0 5 

1 . 0x l 0 4 2 . 9 x l 04 4 . 7 x l 04 8 . 9 x l 04 

6 . 5 x l 0 1 
5 . 0x l 0' 1 . 0x l 0 ' 1 . 5 x l 0 ' 

4 . 0x 1 0 5 3 . 0 x l 0· 6 . 2 x l 0· 9 . 0x l 0 · 

4 . 5 x l0 7 6 . 7x l 0 7 8 . 5xl0 7 1 . 3x l 0 ' 

Decentra lized Storage with 
Discharge Capabi li ties - Po licy 
Imp lemented (A l ternative 1B-2) 
or Policy Not Imp lemented 
(A lternative 2A ) 
1 985 1 990 1 995 2000 

9 . 3 x l 0 5 1 . 7x l 0 7 3 . 4x l 0 7 5 . 7xl0 7 

6 . 7xl0 ' 3 . 3xl0 4 7 . 1 x l 0 4 1 . 6 x l 0 5 

6 . 1 x l 0 3 2 . 8xl0 4 5 . 8x l 0 4 1 . 2 x l 0 5 

9 . 5 x l 0 0 4 . 4 x l 0 1 9 . 7x l 0 1 2 . 2 x l 0 ' 

1 . 6x l 0 1 7 . 3x l 0 1 1 . 6x l 0 ' 3 . 6xl0 ' 

3 . 9 x l 0 ' 1 . 8 x l 0 ' 4 . 0xl0 ' 8 . 9 x l 0 ' 

8 . 8xl0 ' 9 . 6x l 0 ' 9 . 6x l 0 ' 9 . 7xl0 ' 

4 . 9x l 0 ' 5 . 5 x l 0 ' 5 . 5x l O ' 5 . 5xl0 ' 

6 . 0x l 0 ' 1 . 9x l 0 3 3 . 7x l 0 ' 7 . 7xl0 ' 

2 . 6x l 0 ' 8 . 4xl0 ' 1 . 7xl0 ' 3 . 4xl0 ' 

1 . 7x l 0 ' 8 . 0 x l 0 ' 1 . 8x l 0 ' 4 . 0xl0 ' 

1 . 7x l 0 5 1 . 7x l 0 5 2 . 0x l 0 5 2 . 4x l 0 5 

3 . 0 x l 0 ' 1 . 4 x l 0 4 3 . 0x l 0 4 6 . 8x l 0 4 

8 . 2 x l 0 0 2 . 3x l 0 ' 5 . 0x l 0 ' 8 . 3xl 0' 

5 . 4x l 0 4 1 . 4x l 0 · 3 . 0xl0 · 5 . 0xl0 · 

3 . 9x l 0 7 5 . 3xl0 7 7 . 6xl0 7 1 . l x l 0 7 

Decentra lized Storage in 
At-Reactor Basin - Policy Not 
Imp lemented (A lternative 2B) 
1 985 1 990 1 995 2000 

1 . 8x l 0 7 4 . 2 x l 07 1 . 0x l 0 ' 1 . 6x l 0 ' 

3 . 0x l 0 5 5 . 6xl0 5 6 . 5 x l 0 5 6 . 9x l 0 5 

1 . 5x l 0 5 2 . 8xl0 5 3 . 4 x l 0 5 3 . 8 x l 0 5 

4 . 3x l 0 ' 7 . 8x l 0 ' 8 . 9 x l 0 ' 9 . 4x l 0 ' 

7 . 2 x l 0 ' 1 . 3xl0 ' 1 . 5x l 0 ' 1 . 6xl0 ' 

1 . 8xl0 4 3 . 2xl0 4 3 . 7xl0 4 3 . 8xl0 4 

8 . 8xl0 ' 1 . 2x l 0 4 1 . 2xl0 4 1 . 2 x l 0 4 

4 . 9 x l 0 ' 6 . 5 x l 0 ' 6 . 5x l 0 ' 6 . 5xl0 ' 

3 . 7xl0 3 7 . 7xl0 ' 1 . 0x l 0 4 1 . 4 x l 0 4 

1 . 6x l O ' 3 . 4xl0 ' 4 . 5xl0 ' 6 . 3 x l 0 ' 

7 . 7x l O ' 1 . 4xl0 4 1 . 6x l 0 4 1 . 7x l 0 4 

3 . 1 x l 0 5 4 . 3x l 0 5 4 . 8x l 0 5 5 . 0x l 0 5 

1 . 4 x l 0 5 2 . 5xl0 5 2 . 8x l 0 5 3 . 0xl0 5 

1 . 8x l 0' 5 . 6x l 0' 1 . 4x l 0 ' 2 . 2xl0 ' 

1 . 2xl0 · 3 . 4xl0 · 7 . 6xl0 ' 1 . 3x l 0 7 

1 . l x l 0 ' 1 . 7x l 0 ' 1 . 9x l 0 ' 2 . 0x l 0 ' 

a. The resource commitments for A l ternative 1 8 - 1 are s im i l a r  t o  those s h own for A l t ernative IA but not exac t l y the same . The d i fferences are smal l .  
b . A l arge portion of these construction materials cou l d  be recovered during decomm i s s i on ing of fac i l i t ies and transportation cas k s  i f  

des i rab l e .  
c .  Tot a l  cost for generat i on of  process steam for bui ldi ng heat and generat i on of  the e l ectri cal energy.  In  t h i s  vo lume , both process steam and 

e l ectri cal energy are a s sumed to be produced by coa l -fi red b o i l ers . 



VII.  LOCAL SHORT-TERM USES OF ENVIRONMENT AS RELATED TO 
LONG-TERM PRODUCTIVITY 

This sec tion compares the short-term and long-term ef fec ts on 
C the environment if the new Spent Fuel S torage Policy is implemented 

or no t implemented . Short- term effec ts are considered to be tho se 
that occur during the peri od of construction and operation of 
facilities to provide s torage for spent fuel . Long-term ef fec ts 
are those that extend past this  period and into the indefini te 
future . Short-term effects are generally in terms of tradeoffs 
in land us e and radiological impact on the environment .  Long-term 
effects have to do with conservation of resources and diversity of 
land us es . 

Bo th implementation and nonimplementation of  the proposed 
spent fuel policy will require some use of resources and bo th will 
affect the environment . However , the dif ferences are small and 
will not foreclose future options except to the extent that the 
resources are consumed. This consumption is a very small part of 
available resources . 

This statement assumes that the continued growth of the LWR 
indus try will  be unaffec ted by imp lementation of the storage 
policy . If government-owned or -leased interim storage facilities 
are not constructed and operated , then private  facilities could 

C be expec ted to provide the required storage . However , it  is 
recogniz ed that in some cases this may not be prac ticable due 
to technical , insti tutional or regulatory reasons . These private 
facilities are exp ec ted to be  smaller and more diverse than a 
centralized s torage facility . In addi tion ,  if  decentralized 
storage wi th capacity to maintain one scheduled annual discharge 
is assumed (as in Al terna tive IB-2 of the Policy Imp lementation 
or Al ternative 2A , Policy Not Imp lement ed ) , less spent fuel will 
be  stored in the I SFS basin facilities and more s tored in reac tor 
discharge basins . 
charge basins will 
may lead to forced 
space . 

This increased f uel storage in reactor dis
reduce flexibili ty in reac tor operations and 
shutdowns due to lack of emergency storage 

For Al ternative 2B , storage in at-reac tor basins ( ARB ) , no 
ISFS facilities will be constructed ; and all fuel not stored in 
reactor discharge basins will be stored in new basins constructed 
at the sites of commercial power reactors . In this alternative 
ARBs are assumed to have sufficient capacity to maintain full-core 
reserve and preclude forced reactor shutdown due to lack of  emer
gency storage space . 
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Short-term Effects - Short-term uses of the environment in
clude cons truction o f  ISFS and at-reactor storage facil ities and 
support ing services such as roads , railroads , and transmission 
lines and operation of these facilities . These are regarded as 
slight changes having essentially no long-term impact .  Cons truc
tion and operation of the storage facilities under NRC licensing 
and according to EPA standards will protect the short-term use of  
the environment .  

Long-term Effects - Some use of  resources will  be re quired 
for both implementation and nonimplementation of the proposed 
Spent Fuel St orage Policy . However , the differences between im
plementation and nonimplementation are small.  The use of  natural 
resources is small ,  does not vary grea tly between alte rnative s ,  
and i s  further discussed in Sect ion VI I I .  Land use commitment is 
not permanent ; all land will  be available for other uses when re
stored after decommissioning of ISFS basin facil ities or at-reactor 
storage facility portion of the reactor sites . 
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VIII . ENVIRONMENTAL TRADEOFF ANALYSIS 

A.  Introduc tion 

This section addresses the environmental tradeoff  be tween 
implement ing or no t imp lement ing the p roposed policy of p roviding 
interim s torage for spent fue l from U . S .  power reactors be fore 
final d isposal of the fuel . Two alterna tives have been identif ied , 
i . e . , either the U . S .  Government is assumed to implement the 
Spent Fuel Storage Policy , or the pol icy is assumed not to be 
implemented ( the government does no t take title to the spent fuel ) . 
A variation of the Policy No t Implemented alternative allows for 
encouragement by the Federal Government of at-reactor bas in storage . 
Each alternative has several op tions to cover the poss ible range 
o f  fuel management under the new policy if it  is implemented or no t 
implemented . In both al ternatives , the activities are similar 
for a given repository s tartup date , and environmental impacts vary 
with the amount of fuel received , the number of ISFS facil ities 
required , the s torage time , and to a lesser degree to the amount 
of spent fuel transported . The maj or difference be tween alterna
t ives is the extent of U . S . Government involvement in providing 
fac ilities and management for the stored fuel . 

Al though environmental impacts of all alternatives are small , 
differences do exis t .  Centrali zed government I SFS fac ilities may 
have more transportation impact than privat e ARBs . However , ARBs 
result in greater radiological impact due to the increased number 
of facilities and larger work force . Decentralized ISFS facilities 
would have the same impacts regardless of  whether or  not the 
government provides them ; however ,  ins titutional and regulatory 
problems are believed to be greater for private facilit ies . 

When the draf t vers ion of  this EISI was p repared in the 
latter part of the year 1 9 7 7  and early 1 9 7 8 ,  a national obj ective 
was to open the first geologic repos itory in 1985 . Environmental 
ef fect s from interim storage of spent reactor fuels were determined 
for dispos ition facility op eration beginning in 1985 or 1995 , and 
ISFS fac ility effects were determined through the year 2000 to 
ensure that the range of  actions was covered by the EIS . The 
alternatives analyzed were Alternat ive 1 - Policy Implemented and 
Al ternative 2 - Policy No t Implemented . Between the time the 
draf t document and this final EIS was complete , DOE recognized 
that the f irst repository might not be in op erat ion until the 
years 199 7  to 2006 . To demons trate the effects of delayed reposi
tory opening beyond the year 1995 , an appendix was prepared for 
this volume (Appendix E)  to show the environmental effects with 
the first repository startup in the year 2010 . 

C The analyses used to show the environmental ef fect comparison 
of  disposition facility startup in the year 2010 were selected 
to parallel Alternat ives 1 and 2 in the draft EIS . Al though no t 
true decision alternat ives , these analyses have been labeled 
Al ternative 3 - Policy Implemented and Al ternat ive 4 - Policy Not 
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C Implemented . These alternative numbers were selected to differ
entiate between the alternatives which consider earlier s tar tup 
date s for the dispos ition facility (Al ternatives 1 and 2 ) . 
Alternatives 3 and 4 (disposition facility startup in the year 
2010) use an updated forecast of fuel flow and interim s torage 
requirements than Al ternatives 1 and 2 ,  so Alterna t ives 1 and 2 
cannot be directly comp ared to Al ternatives 3 and 4 .  The comparison 
of environmental e ffects to be used in the decis ion to implement 
or no t to implement the policy should be based on comparison of 
al ternatives fo r the same disposition facility s tar tup date . 

In Alternatives 1 and 2 ,  two maj or options were considered 
in which the reac to r discharge basins were op erated at full-core 
reserve and also at discharge capability (as described in 
Section II-D of  this report ) . The full-core reserve op t ion 
requires construction and operat ion of a larger number of storage 
bas ins (ISFS or ARB) than is required for discharge capacity . 
This extra capacity requirement is  a result of  less spent fuel 
s tored in the reactor discharge basins . The impacts  of  this extra 
s torage must be balanced agains t the reduced flexib ility in 
reactor op erat ion that would be encountered while operating reac tor 
basins at less than full-core reserve and the po ssibility of forced 
shutdown* whi ch could lead to the use of  higher co s t  supplemental 

C power or reduction of  electrical power generation . Alternatives 3 
and 4 only consider maintenance of full-core reserve storage 
capacity in reactor discharge basins . 

Economic considerations associated with implement ing the 
Spent  Fuel S torage Policy are covered in Vo lume 4 of this EIS on 
the fee to be charged for s torage and disposal of spent power 
reactor fuel . 

Based upon the President ' s  s tatement of  October 18 , 19 7 7 ,  
the Federal Government is proposing to accep t and take title2 to 
spent nuclear fuel from utilities on payment to the government of 
a s torag e fee . The new policy is a relevant extens ion of the 
government ' s  decis ion to defer indefinitely all civilian re
processing of spent fuel in the Uni ted States . President Carter 
also asked other countries to j oin the U . S .  in deferring use of 
reprocessing technology in order to evaluate al ternat ive fuel 
cycles and processes which may reduce the risk of nuclear prolif
eration . Pending this evaluation, utilities ar e faced with the 
prospect of  s toring fuel discharged from reactors for an indefinite  
period with no approved plan for i ts ultimate disposition . This 
produces an increasing uncertainty in the economic calculations 
of the utilities , making advanced planning difficul t .  

* To date ,  power reactors have required full-core discharge 
approximately fifty times . Fortunately , full-core storage 
capability was available . If  i t  had no t been , arrangement s  
t o  trans fer fuel to ano ther storage basin would probably 
require several months , and possib ly over a year to accomplish . 
During this period , the reactor would be shut down . 
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The activities involved in imp lementing or not implementing 
the policy are similar but the environmental impacts vary with the 
amount of spent fuel received by the government for interim storage , 
the numb er of  fac ili ties required for interim storage , the storage 
time , and , to a lesser degree , to the differences in spent fuel 
transportation . The differences between comparable alternatives 
of implementing or no t implementing the policy are small .  Factors 

C cons idered in the analysis of Al terna tives 1 and 2 include 

• Environmental effects 

• Effects of  delay in or reduction of transshipments 

• Effects of  changes in reracking in exist ing reac tor 
discharge basins 

• Effects of use of ISFS facilities compared with ARB 
facilit ies 

• Institut ional factors affecting centralized and 
decentralized ISFS fac ilities 

• Ins titut ional fac tor s affect ing ISFS or ARB facilities 

C Environmental effects of  all alternatives are discussed in 
Sect ion VIII-B . Other effects are discussed in the fo llowing 
paragraphs . 

The e ffects of delay in or reduction of planned transshipping 
in Al terna tives 1 and 2 depend upon the amount of excess space in 
reactor discharge basins at the t ime . Both delays or reductions 
require storage of addit ional spent fuel in reactor discharge 
basins , until addit ional basin space can be secured (bought , built , 
or leased) in ARBs or I SFSs . Thus , if a reactor discharge basin 
is being op erated with full-core reserve capacity , the effects will 
be much less significant than if they are operat ing at discharge 

C capacity . The trans shipment schedule developed for Alternatives 1 
and 2 was based upon 19 78 utilities ' proj ection of  the need for 
spent fuel storage after cons idering their own plans to expand 
reactor discharge basin storage by reracking or by expansion. 

C Alterna tives 3 and 4 ,  developed around DOE ' s  current "Base Planning 
Case , "  do no t consider transshipment of  spent fue l .  DOE does no t 
include transshipment in their "Base Planning Case , "  but believes 
transshipment should serve as a backup to meet  short- term and 
emergency needs and should no t be a planning base for reactors . 3 

If  reracking and /or expansion of exist ing reactor dis charge 
basins is delayed by ins titutional constraints imposed by regula
tory bodies , these delays would require building mo re ISFS or 
ARB fac ilities . If utilities conclude that increased storage 
densi ty (described in Section II-D) is desirable , then the amount 
of requi red storage capacity in ISFS or ARB facilities would be 
reduced . 
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Use of ISFS fac ilities (comp ared to ARB facilit ies ) would 
result in some additional land us e in the U . S .  and a small 
increas e in shipment of  spent fuel but less consumption of o ther 
resources . The land used to site  the I SFS fac ilities is an addi
tional commitment o f  land by the nuclear industry . ARB facilities 
are located on reactor s i tes  and do not require this addit ional 
land . Alternatives that include use of ARB facilities reduce the 
amount of shipment required when compared with alternatives that 
use I SFS  fac ilities due to the close proximity of the ARB facili
t ies to the reactor discharge basin .  The difference between 
planned shipments and minimum shipment results in a decrease of  
4%  of  the total  transportation of  spent fuel . Us e of ARB facili
ties , however , requires additional use of other resources to 
cons truct the larger number of  ARB facilities at  reactor s ites 
than would be  required to cons truct I SFS facilities . 

Institutional effects of  centralized ISFS would be les s  
severe than that of  decentralized ISFS basins due s imply t o  the 
number of fac ilities required . Location of appropriate sites of  
the fewer centrali zed I SFS facilities would be  simpler and less 
t ime consuming than the larger number o f  decentralized I SFS 
facilities . Some s tates have exp ressed their  intent to pre
clude siting of spent fuel bas ins within their boundaries . 

C On the other hand , s election of  the centralized storage option 
carries with it  the risk of public concern that this facility 
will s tore spent fuel from the entire nation and , with this , 
provide an undue risk to a few people who did not reap the 
benefit  of  the power generated by the nuclear fuel . 

Siting o f  ARB fac ilities should be les s  involved than that 
of I SFS  fac ilities s ince they will be located on existing reactor 
s ites . 

B .  Summary of  Environmental Effects 

This section addresses the environmental tradeoff  between 
implementing or no t imp lementing the propo sed policy . The 

C activit ies involved in implementing or  not implementing the 
policy are s imilar but the environmental impacts vary with the 
amount of spent fuel received by the government for interim 
storage , the number o f  facilities required for interim s torage , 
the storage t ime , and , to a lesser degre e ,  to the dif ferences in 
spent fuel transportation . Alternatives 3 and 4 (initial reposi
tory s tartup in the year 2010) us e a more recent forecas t of fuel 
flow and interim storage requirements than Alternatives 1 and 2 .  
The differences between comparable alternatives o f  implementing 
or not implementing the policy are small . The comp ar ison o f  
environmental effects t o  b e  used i n  the decis ion t o  implement or  
not  to  implement the policy should be  based on comparison of  
alterna tives for  the same disposition facility s tartup date . 
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Table VIII-l summarizes the environmental effects believed 
C to be more significant for Al ternatives 1 and 2 for disposition 

beginning in the years 1985 and 1995 . As shown in the tab le ,  
the use o f  natural resources (materials and energy)  are small 
and do no t vary greatly between alternatives . Commitments of  
cons truction materials , coal , electricity , and manpower are 
slightly greater in the ARB storage op tion than in the option 
with centralized or decentralized ISFS  s torage primarily because 
of the construction and operation of a larger number of  storage 
bas ins . The materials and energy us ed for all alternatives are 
less than 0 . 02% of the average production or consumption in the 
U . S .  during the same time period . If the spent fuel disposit ion 
faci lity is delayed appreciably , consumption of resources increases 
severalfo ld , compared with fuel disposition availab ility in the 
year 1985 because of increased bas in requirements for interim 
s torage . 

The analysis shows that there are no substant ial environ
mental effects arising from radiation whether the policy is 
implemented or not implemented or whether I SFS or ARB facilities 
are used .  The total whole-body dose to the world population , 
given in Tab le VII I-l (up to 3 x 104 man-rem for the decentralized 
s torage in ARB facilities with the disposition facility delayed 
to the year 1995 ) , is very small compared wi th the exposure to 
the world population from natural radiation sources (about 
2 x lOll  man-rem over the same period ) . The numb er of  radio
logical health effects in the world population over the op erating 
period and the next 100 years estimated from EPA dose-effect 
factors varies from 1 to 13  for these alternatives . Health effects 

7-a calculated from occupat ional doses vary from 1 to 19  as shown in 
Table VIII-l . Health effects to the world population from natural 
radia tion dose over this same period will result in 1 . 2  x 108 

health effects . 

C Table VIII-2 summarizes the environmental effects (population 
and occupational radiation dose commitment , radiological heal th 
effects , and accidental deaths ) for Alternatives 3 and 4 for dispo
sition beginning in the year 2010 . Other effects such as energy , 
resources commit ted , materials consume d ,  e t c . , were not analyzed 
for these two alternatives . As indicated above , they were analyzed 
for Alternatives 1 and 2 and found to be small .  The de lay of  
startup of  the initial disposi tion f acility to  the year 2010 , as 
assumed in Alternatives 3 and 4 ,  results  in approximately 9 1 , 200 MTU 
of  domes tic sp ent fuel that requires interim s torage . The amount 
of spent fuel transferred to the U . S .  Government and stored in I SFS 
basins in Al ternatives 1 and 2 varies up to 72 , 000 MTU . These other 
effects for Al ternatives 3 and 4 will be proportionally greater . 
They will s till be within accepted limits .  
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TABLE V I I I - l  

I Sunmary o f  Envi ronmental Effects - Alternatives 1 a n d  2 ( 1 985 a n d  1 995 D i s po s i t i on Fac i l i ty Startup) 

Effeats 

Mater i a l s  

Concre t e ,  m 3 

Lumb e r ,  m 3  

Steel , tonne 

Copper. a tonne 

line , a tonne 

Lead, a tonne 

Depleted Uranium, a tonne 

ChromiumG 
( i n  s t a in l ess s t ee l ) ,  tonne 

N i c k e la 
( i n  stain l e s s  s t ee l ) , tonne 

Energy Resources 

Propan e ,  m3 

D i e s e l  Fue l , m 3  

Gasol inc, m 3  

E l ec t r i c i  t y ,  MW-yr 

Coal , tonne 

Manpower, man-hour 

Radiation Dose Corruni tmen t .  man-rem 

Worldwide Popu l at ionb 

Work Force 

Hea 1 th Effectsd 

Worldwide Popu l a t i on 

Work Force 

I Occupa t i on a l  Accidents 
(nonrad i o l o g i c a l  fat a l i t i e s ) & 

Centralized OT' Decentro lized 
Storuge in ISFS Faci lities with 
Reactor Discharge Basins at 
Full-Core Rese1"Ve - Poliay 
Implemented (AltePnatives lA 01' 1B) 
Disposition Facility Startup 
1985 1995 

2 . 3  x 1 0 �  

2 . 1  x 1 0 �  

3 . 2  X 1 0 1  

8 . 6  X 1 0 3  

4 . 9  X 1 0 2  

5 . 8  X 1 0 2  

1 . 7  x 1 0 "  

6 . 5  X 1 0 1  

4 . 5  x 1 0 7  

X 1 0 3  

1 x 1 0  � 

I I  

6 . 1 X 1 0 3  

2 . S  X 1 0 '  

1 .  I x 1 0 �  

6 . 9  X 1 0 2  

5 . 4  x 1 0 3 

2 . 4 X 1 0 3  

2 . 7  X 1 0 3  

2 . 2  X 1 0 '  

4 . 7  X 1 0 4  

0 . 2  X 1 0 6  

8 . 5  x 1 0 7  

1 0  

r 
1 4' 

Decentralized Storage in ISFS 
Facilities with Reactor' Discha:rge 
Basins at Dischal'ge Capaci ty -
Policy Impl-emented (Al ternative 1B» 
01' Po l icy Not Imp lemented 
(Alternative 2A) 
Disposi tion Faci l i tif Stal'tup 
1985 1995 

6 . 7  X 1 0 3  7 . 1 X 1 0 4  

3 . 9  X 1 0 2  4 . 0 X 1 0 3  

6 . 1  X 1 0 3  

9 . 7  X 1 0 1  

1 . 6  X 1 0 '  

8 . 8  X 1 0 3  9 . 6  X 1 0 3  

4 . 9  X 1 0 2  5 . 5  X 1 0 2  

6 . 0 X 1 0 '  3 . 7  X 1 0 3  

2 . 0  X 1 0 5 

3. a x 1 0 4  

8 . 2  x 1 0 °  5 . 0  X 1 0 2  

3 . 0  X 1 0 6  

3 . 9  x 1 0 7  7 . 6  x 1 0 7  

I I  1 4 

Decentro lized Storage in At-Peactor 
Basins with Reactor Discharge Basins 
at Full-Core Reserve - Policy 
Implemented (Alternative 28) 
Disposition Facility Startup 
1985 1995 

3 . 0  X 1 0 5  6 . 5 X 1 0 5  

3 . 7  X 1 0 4  

3 . 4  x l O S  

4 . 3  X 1 0 2  8 . 9  X 1 0 2  

7 . 2  X 1 0 2  

8 . 8  X 1 0 3  

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

4 . 5  X 1 0 3  

7 . 7  X 1 0 3  1 . 6  X 1 0 4  

3 . 1  X 1 0 '  

2 . 8  x l O S  

7 . 6  X 1 0 6  

1 . 1  x l O s  

3 x 1 0 �  

X 1 0 4  

1 3  

1 9  

2 3 4 2  

fJ s i gn i ficant fraction of these materi a l s cou l d  h e  recovered during decomm i s s ioning of fac i l i t i e s  and recyc l e s ,  i f  des i red . 

I 
b. \'v'l10 1 e  body dos e  during the opera t in g pe r i od plus the next 100 year s .  ( For com�a r i son , the equ i v a lent dose t o  the ..... o r l d  

popul at ion from natural rad i a t ion sources ovcr t h e  same period i s  about ;; x 1 0  1 man- rem . Th i s  na tura l  d o s e  w i l l  resul t 
in 1 20 ."li 1 I ion hea l t h  ef fec t s . ) 

For A l t e rn a t ive 1 B- l ,  the work force dosc commitment i s  8 x 1 0 3  man-rem. 

d. Soma t i c  ana genetic health effe c t s ,  c a l cu l ated from rad i a t ion dose s ,  assuming a l i near dose-hea l t h  effect r e l at i o n .  
EPA do s e- effect factors were u s e d .  

e .  For A l ternative I B- l ,  the hea l t h  effects t o  the work fo rce i s  6 .  

I ,' c ·  

:1 . 

For A l ternative I B- l ,  the fata l i t i e s  from oc cupa t i ona l  acc idents are 1 7 .  
Inc l udes construction acc i d e nt s .  
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C I TABL E  V I I I - 2  

Summary o f  E n v i ronmental Effec t s  - Al tern a t i ves 3 a n d  4 ( 201 0 D i s po s i t i on Fac i l i ty Startu p )  

Radi a t i on Do se Commi tment , 
man-rem 

Wor l dw i de Popu l at i ona 

Work Force 

Heal th Effectsb 

Wor l d w i d e  Popu lat i on 

Work Force 

Occupa t i ona l Ac c i dentsC 

(Nonrad i o l o g i c a l  fat a l i t i e s )  

Po lic}LIrrrp lemented 
Centra lized Storage 
(A l ternative .3A ) 

5 X lO " 

X 1 0 " 

28  

6 

2 0  

DecentY'a l1:zed Storage 
(A l ternative 38) 

5 X 1 0 '+ 

2 X lO " 

28  

10  

26  

Po licy Not Implemented 
Decentra lized Storage 
(A l ternative 4A ) 

5 X 1 0 " 

2 X 1 0 " 

28  

1 0  

26  

Storage in ARBs 
(A lternative 4B) 

9 X 1 0 " 

9 X 1 0 " 

5 1  

62  

1 1 2  

a .  Who l e  body d o s e  during the operat ing peri od p l us t h e  next 1 0 0  years . ( For compar i s on ,  the equ iva l ent d o s e  to 
t h e  wo r l d  popu l a t i on from natura l rad i a t i on sourc e s  over the s ame t i me p er i od i s  ahout 4 x l O l l  man - rem . Th i s  
natur a l  dose w i l l  resu l t  i n  220  mi l l i on h ea l th e ffe c t s . )  

b .  Somat i c  and genet i c  h e a l t h  effect s ,  ca l cu l ated from rad i at i on doses , a s s um i ng a l i near dos e - h e a l th e ffect 
r e l a t i o n .  

c .  Inc l udes cons truc t i on a c c i den ts . 



C The analysis shows that there are no substantial environmental 
effects arising from radiation whether the policy is implemented 
or no t ,  or whether ISFS or ARB facilit ies are used . The total 
whole-body dose to the world population , given in Table VIII-2 
(up to 9 x 104 man-rem for decentralized s torage in ARB fac ilities 
with the ini tial disposition facility delayed to the year 2010) , 
is very small compared to the world population from natural radia
tion exposure (about 4 x lOll man-rem over the same period ) . The 
number of radiological health effects in the world population over 
the operating period and the next 100 years varies from 34 to 113  
for these alternatives . Approximately half of  these heal th effects 
are expected to occur in the population within 80 km (50  mi) of 
facilities . Health effects to the world population from natural 
radiation dose over this same time period will result in 2 . 2  x 108 

heal th effects ( 2 . 1  x 104 health effec ts  will occur in the 80-km
radius population from natural rad iation dose) . 

7-j The estimated number of deaths in the construction and 
operations work force from nonradiological accidents  for 
Alternatives lA , lB , and 2A is the same (11 to 1 7 ) . Accidental 

C deaths for Al ternative 2B (Policy Not Implemented , decentralized 
s torage in ARB facilit ies ) are larger ( 2 3  to 42) than for other 
alternatives for a 1985 or 199 5  s tartup of dispos ition facilities 
because of a larger work force . Accidental deaths for Alternatives 
3A , 3B , and 4A are the same (20  to 26 ) . Accidental deaths for 
Al ternative 4B (Policy Not Imp lemented , decentralized s torage in 
ARB facilities ) are larger (112)  than for other al ternatives for 
a year 2010 s tartup of  disposition facilities because of a larger 
wo rk force . In all alternatives , the accidental deaths are a 
small frac tion of  the annual deaths from occupational accidents 
in the U . S .  ( 12 , 500 in the year 19 76 ) . 

Also , it  is  concluded that s torage of spent fue l in ARB 
fac ilities or in centralized or decentral ized ISFS facilities 
and the associa ted transportation of  spent fuel  does not impose 
an unaccep table safeguards risk to the public . 

The advantages and d isadvantages of  no t allowing trans
shipment of spent fuel can be gauged by comparing environmental 
effects of Alte rnative 2B (where no transshipment is  assumed 

C after ARB s torage becomes available in the year 1983 )  with those 
of the other alternatives for a 1985  or 19 95  s tartup of dispo
sition facilities (where transshipment is assumed through the 
year 2000 ) . �omparison to Al ternatives 3 and 4 should no t be 
made due to differences in fuel flows and length of study between 
Al ternatives 1 and 2 ,  and Alternatives 3 and 4 .) The principal 
advantage of Al ternative 2B is the reduc tion in transportation 
activit ies that would result in decreased exposures of about 
four man-rem to the public and 50 man-rem to transportation 
workers . The p rincipal disadvantage is the requirement for addi
tional s torage basin facilities which resul t in increased population 
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exposure of  2000 and 5000 man-rem for 1985  and 1995  s tartups of 
the disposition facility , respectively . These increased exposures 
(resulting from the additional basin capacity provided in 
Al ternat ive 2B) could be reduced somewhat by adj us ting the 
at-reactor basin capac ities to be more in line with that ac tually 
needed . However ,  the assumption of 500 MTU minimum capacity for 
at-reactor bas ins is based upon a concept presented by NRC (see 
Appendix B) and the unders tanding that additional bas ins now 
planned at many reacto rs will be considerably larger than 500 }1TU . 

Population and occupational exposures are reduced slightly 
(0 . 2  man-rem and 4 man-rem , respec tively) if all transshipments  
to the basins are  eliminated ( includ ing emergency shipments assumed 
in Al ternative 2B) . The analysis in this volume shows that 
elimination o f  this transshipping will result in reactor shutdowns 
equivalent to a loss of 4300 MWe capacity for the maximum year or 
a cumulative pow�r loss of 17 , 000 MWe (Table 111-1 7 ) . While this 
reduct ion of electrical generating capacity is only a fraction of  

C the to tal available in the Uni ted States , i t  is conceivable that 
locali zed shortages could resul t . 

The analysis also shows that the environmental risks from 
C maj or abnormal events and accidents for Alternatives 1 and 2 are 

very small  and essentially the same for the two alternatives . 
The environmental risks were no t determined for Alternatives 3 
and 4 but the risks for these alternatives would be propor tional 
to those of Alternat ives 1 and 2 corrected for the changes in 
program s ize and program durat ion . The maximum individual dos es 
following abnormal natural events (e . g . , tornadoes ) and severe 
accidents (e . g . , criticality) that might occur during operation 
of the facilities are all well be low one rem , and the probability 
of these events occurring is low . The greatest consequences from 
accidents involve transportation ac tivities in which the shipping 

C cask containment is breached . In this accident involving long-
cooled spent fue l ,  the maximum dose to an individual would be 
about 0 . 4  rem to the whole body . The annual risk to an individual 

8-b from this accident is estimated to be abou t 1 x 10-5 rem/year . 
No biological effects of  any significance are expected from the 
accidents analyzed . 

In summary , the environmental impacts from all alternatives 
cons idered , ei ther from implementing or not implement ing the Spent 
Fuel Storage Policy , are small . The slightly lowe r resource 
consumptions and transportation requirements and environmental 

C impac ts of  Al ternatives lB-2 and 2A where reactor discharge bas ins 
operate at less than full-core reserve must be balanced agains t 
the reduced flexibility in reactor op eration and the possibility 
of  forced shutdowns . The shutdowns could lead to the use of  
higher-cos t  supplemental power or reduction o f  electrical power 
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generation . At-reac tor s torage increases environmental e ffects 
compared with those for ISFS  basin s torage , because additional 
s torage basins wi th larger cumulative capacity are constructed 
and operated . However ,  the environmental impacts  are relative ly 
small comp ared with availab le resources and risks from natural 
radiation sources .  

C .  Institutional Fac tors 

c I As dis cussed ,  three dis tinct policies were considered to 

c I 

c I 

c I 

illus trate the range of  possible impacts regarding the s torage 
of domestic spent fuel . They include 

1 .  Acceptance of  domes tic spent fuel at  centralized s torage 
bas in ( s )  (Alternatives lA and 3A) 

2 .  Acceptance of spent fuel for sto rage in small , decentrali zed 
basin (s )  (Alternatives lB-l , lB- 2 ,  and 3B) 

3 .  No new policy initiatives in this area . This results in 
private ly owned I SFS or ARB fac ilities (Al te rnat ives 2A , 
2B , 4A , and 4B) 

Delay in policy implementation could result from 

• Licens ing process for bo th new government and private 
facilit ies , for newly expanded private bas ins , and for 
reracking existing basins 

• Licens ing process for transportat ion 

• State and local regulatory process for transportation , 
siting , permitting and rate adj ustments 

• Ownership arrangement , and 

• Other considerations . 

The maj or barrier to any s torage facility cons truction or 
modification is the percep tion that such action would result in 
de facto permanent storage . S tate and local governments and 
interes ted citizens feel that increased onsite storage may serve 
to diminish the sense of  urgency in dealing wi th was te disposal .  
Several states have already opposed reracking and new pool 
cons truc tion on this basis . 
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D .  Additional Cons iderations 

D . l  Cask Availability 

C Spent fuel transportation with bo th rail and truck casks 
are considered in this report . If  the Spent Fuel Storage Policy 
is implemented , more truck and rail casks would be required 
earl ier than if the policy is not implemented . The incremental 
number of casks required earlier are shown in Table VIII-3 for 
Al ternatives 1 and 2 ,  along with the number of years of advanced 
procurement . If  the policy is implemented , the incremental 
procurement of casks would result in earlier expendi tures o f  
monies and earlier facing of  cask fabrication problems than if 
the policy is no t implemented . Cask availab ili ty was not analyzed 
for Al ternatives 3 and 4 (startup of disposition facility in the 
year 2010) . However ,  it should be no ted tha t there will be a 
decreased need for early availab ility in these alternatives 
because of a decreased amount of spent fuel shipments in the 
early years of operation of interim storage facilities . 

C Casks are fabricated by manufacturers who have the capabili-
ties to handle and machine large parts and who have es tablished 
quality assurance controls required for certification of  casks . 
Numerous manufacturers have the capacity to fabricate the steel 
components for the casks . Several manufacturers have the 
capability of cas ting the quantity of lead and/or uranium that 
is needed for large casks . However ,  fabrication capacity is 
limited for casting the large number of dep leted uranium components 
required . I t  is expected that private indus try will supply the 
required casks . 

D . 2  Safeguards 

Since spent fuel contains a large inventory of fission 
products , it is relatively unat tract ive and inaccessible to 
potential subnational misuse . Because of the diff iculty of  
obtaining spent fuel and the radiation risk to those who handle 
it in makeshif t  equipment , the probability of a successful 
attempt to cause a dispersal or a criticality incident is ve ry 
low. In addition , the level of  consequences that could occur 

C from the mos t  credible sabo tage scenarios is low and no t signifi
cantly larger than the consequences that would result f rom a 
s imilar sabotage incident not involving nuclear materials . 
Property damage resulting from sabotage incidents would consist 
mostly o f  localized contamination , which would limi t access until 
cleanup operations could be completed . I t  is concluded that 
s torage of  spent fuel in ISFS or  ARB fac ilities and the associated 
transportation of spent fuel does not impo se an unaccep table risk 
to the public . 
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TABLE V I I I - 3  

Ea r l y  Ava i l a b i l i ty o f  Domes t i c  Ca s ks - Al terna t i ve s  1 a nd 2 

Incremental 
Year Number 

Disposition Addi tiona l of Casks Years of 
Faci lity Cask (s)  Required Advanced 

A l ternative Case Description Startup Needed Earlya Procurement 

l A  C entra l i zed Storage i n  I SF S  1 9 8 5  1 9 8 3  4 3  5 
Po l i cy Imp l emented 1 99 5  1 9 8 3  49 1 7  

l B- 1  Decentra l i zed Storage i n  ISFS 1 9 8 5  1 9 8 3  4 3  5 

Po l i cy Imp l emented 1 99 5  1 9 8 3  4 9  1 7  
Ful l - Core R e s e rve 

l B- 2 Decentral i zed S t orage in I SFS 1 9 85 0 0 

Po l i cy Imp l emented 1 995 0 0 
D i s charge Capab i l i ty 

2A Decentra l i z ed Storage in I S F S  1 9 85 0 0 

P o l i cy Not Impl ement e d  1 995 0 0 

2 B  Decentra l i z ed Storage i n  ARB 1 9 8 5  1 9 8 3  2 1  5 
Po l i cy Not Imp l ement ed 1 9 9 5  1 9 8 3  1 5  7 

a .  The max imum number o f  c a s k s  i s  not required i n  t h e  first year that c a s k s  are requ i re d .  
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APPENDIX A 

CHARACTERISTICS OF THE ENVIRONMENT OF GENERIC FACILITIES 

The characteris tics of the environment of  generic facilities 
described in A . l  of  this appendix are assumed to apply ei ther to 
ISFS or  ARB facilities . This generic site  environment is used 
as a guide for assessment of the po tential environmental effects 
of  s to rage bas in operations , particularly the radiation dose to 
man . 

3-j The proposed 10 CFR 721 es tablishes general design cri teria 
for fuel s torage facilities . These criteria define accep table 
charac teris tics of  the site  and specify design requirements for 
protection agains t environmental condi tions and natural phenomena . 
All exis ting and new storage facilities utili zed in the program 
wi ll be licens ed by the Nuclear Regulatory Commission . 

A . l Introduction of Reference Environment 

A generic site  environment is introduced as a guide for 
assessment of the potential environmental effects of  spent fuel 
s torage ,  particularly the radiation dos e to man . Each generic 
facility ( ISFS or  ARB facility) is assumed to be located inde
pendently in the reference environment ; and the impacts associated 
wi th cons truc tion , operation ,  and decommissioning of that facility 
are assessed agains t this environment . Al though the referenc e 
environment is based primarily upon data for the midwes tern United 
States , there is no intent to endorse this particular area for 
the ac tual fac ilities . The center of  the reference s ite is 
assumed to be about 8 km ( 5  mi) wes t of River R and 50  km ( 31 mi ) 
northwest  of a maj or metropolitan area (City G) in the midwes tern 
s tate . 

A . 2 Demography and Land Use 

The reference environment is in a region which is mainly 
rural ; the land is used chiefly for farming . Five communities 
(A-E) wi th populations of  about 1 700 , 300 , 800 , 900 , and 2500 
are within about 16 km ( 10 mi ) of the site . The closest large 
ci ties are F (population about 3 3 , 000) , about 32 km ( 20 mi) 
northwes t ,  and G (population of about 1 , 500 , 000) , about 50 km 
( 31 mi ) southeas t .  

The populat ion within a l6-km (IO-mi ) radius of  the site  
is  about 10 , 000 , dis tributed as  shown in Figure A-I . Within a 
16- to 80-km ( 10- to 50-mi)  radius , the population is about 
1 , 7 00 , 000 , distributed as shown in Figure A-2 .  Thes e populations 
and their dis tribut ions are exp ected to increase wi th time as 
shown in Figure A-3 (Series II Proj ection of Population of  
United S tates ) . 2 
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A . 3 Geology 

The site area [elevat ion , 300 m (1000 f t ) ] is on a flat alluvial 
terrace [average elevat ion , 280 m ( 950 f t ) ] that comprises the main 
topographical feature in the vicinity . The upper surface of the 
underlying rock can support foundation loads up to 73 , 000 kg /m2 
(147 , 000 1b s/ft2 ) .  The nearest known geological fault is 3 7  km 
( 23 mi) southeast o f  the site with no indication that faulting has 
affected the site area in the last few million years . Within the 
las t 110 years , only two earthquakes ( Intensity V - VI MM) have 

C been recorded . This is a seismic criterion ( 0 . 25 g ,  max . ) 
equivalent to that of  the proposed 10 CFR 7 2 . 1 The nearer 
epicenter was about 130 km (81  mi) north-northwest . For con
struct ion of facilit ies , the des ign basis earthquake is assumed 

E to have a horizontal accelerat ion of 0 . 25 g .  

A . 4 Hydrology 

Large supplies of  groundwater are available in the site 
vicinity . The groundwater table under normal conditions is 
higher than the river (elevation 2 7 6  m) ; groundwater and runof f  
drain t o  R River toward the southeas t .  Deep groundwater also 
flows in this direction . The closest public water supply well 
is the A-�ity well obtaining water 72 m (240 ft) below ground 
level . 

The average annual flow of R River , about 8 km ( 5  mi) to 
the east of the site , is 120 , 000 L/ sec ( 31 , 600 gal /sec) . The 
nearest domes tic water supply reservo ir fed by R River is the G 
Water Works Reservo ir for that metropol itan area . 

A . s  Meteorology 

The general climate is characterized by wide variat ions in 
temperature , scanty winter precipitat ion , normally ample summer 
rainfall , and a general tendency to extremes in all climatic 
features .  

The average annual rainfall is about 7 6  cm ( 30 in . ) .  About 
36  thunderstorms occur each year from May through September . The 
maximum recorded 24-hour rainfall is 13 cm ( 5 . 1  in . ) . 

Annual snowfall averages 110 cm (43  in) with extremes of  15 
and 220 cm ( 5 . 9  and 87 in . ) .  The frequency of icing due to 
freezing rain is from one to two times per year ; the mean duration 
of  icing on utility lines is 36  hours . 
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Tornadoes and other severe storms occur occasionally with a 
maximum recorded windspeed of  160  km/hr ( 100 mph) . The expected 
frequency of a tornado striking a given point in the area is 
5 x 10-4 per year . 

Diffusion climatology studies indicate that favorable atmos
pheric dilution conditions will prevail for normal atmospheric 
releases in the site vicinity . Table A-l gives the annual average 
windspeed , direction , and stab ility . 

TABLE A- l 

Percent of Occurrence of Annual Average Wi ndspeed, Sta b i l  i ty .  and Direction 

Wind 
Speed# Stabi li ty ,;:;W,iT,' n�d,-,,-D'�' "iie;"-�,,-t',,,' 0,,-"'0. =--;;---"";:;--=---;=-----;;--"''''--=--=.,----,-.,----c;=---;;;-.,---=c;--;;--
",/s<',' Type NNE NE ENE E ESE SE SSE .'; SSW SW WSW W WNW NW NNW .v 

1 . 1 0 A 
2 . 50 A 
4 . 30 A 
6 . 5 0  A 
9 . 1 0 A 

1 2 . 20 A 
1 . 10 
2 . 50 
4 . 30 
6 . 5 0 
9 . 1 0 

1 2 . 20 

1 . 1 0 
2 . 50 
4 . 30 
6 . 50 
9 . 1 0 

1 2 . 20 

1 .  1 0  
2 . 5 0  
4 . 30 D '  
6 . 50 0 
9 . 1 0 D 

1 2 . 20 

1 . 1 0 
2 . 50 
4 . 30 
6 . 50 
9 . 1 0 

1 2 . 2 0 

1 .  1 0  
2 . 5 0  
4 . 30 
6 . 5 0  
9 . 1 0 

1 2 . 2 0 

1 . 1 0 G 
2 . 5 0  G 
4 . 30 G 
6 . 50 G 
9 . 1 0 G 

1 2 . 20 C 

A. 6 

0 . 02 0 . 00 0 . 0 1  0 . 00 0 . 0 1 0 . 0 1  0 . 00 0 . 02 
0 . 1 0 0 . 1 1  0 . 1 7  0 . 1 2  0 . 0 7 IL l S  0 . 1 1  0 . 1 5  
0 . 2 7 0 . 3 1  0 . 2 1  0 . 2 2  0 . 2 2 0 . 30 0 . 4 ' 0 . 5 8 
0 . 06 0 , 07 0 . 0 1  0 . 06 0 . 25 0 . 72 0 . C3 1 . 38 
0 , 00 0 , 00 0 . 00 0 . 00 0 . 00 0 . 02 0 . 32 0 , 3 1 
0 . 00 0 . 00 0 . 00 0 , 00 0 , 00 0 , 00 D . 02 0 , 04 

0 . 02 0 . 00 0 . 00 0 . 0 1  
0 . 2 5  0 . 2 1 0 . 3 1 0 . 35 
0 . 40 0 . 58 0 . 4 2  0 . 4 1  
0 . 6 2  0 . 1 6 0 . 1 5  0 . 09 
0 , 07 0 . 00 0 . 04 0 . 04 
O. 00 0 . 00 O.  00 0 . 00 

0 . 02 0 . 00 0 . 00 0 . 00 
0 . 32 0 , 3 7 0 . 1 9 0 . 26 
0 . 62 0 , 7 7 0 . 62 n . S H 
0 . 5 1  0 . 64 0 . 59 n . l o  
0 . 1 {) 0 . 1 7  ( ) .  1 4  0 . 02 
0 . 00 0 . 00 0 , 00 0 , 00 

0 . 02 0 . 02 0 , 02 0 , 04 0 . 02 IU)2 0 . 02 0 . 06 0 , 0 1 0 . 04 0 . 04 0 . 0 1  (l . DO O . D l  O . IHl D . OO 
D . l /) 
0 . 1 2-
() . os 
(l . on 
n , oo 

D . 09 0 . 04 0 . 1 6 0 . 05 0 . 1 2  0 . 09 0 . 06 0 . 1 5  0 . 1 1  
0 . 1 9  0 . 1 4 0 . 05 0 . 1 4  0 . 05 0 . 09 0 . 1 4  0 . 2 3  0 , 2 1 
0 . 0 1  0 . 0 1 0 . 02 0 . 0 1  0 . 0 7 0 . 07 0 . 05 0 . 07 0 , 02 
0 . 00 0 . 00 0 . 00 0 . 00 0 . 0 1  0 . 00 0 . 0 1 0 . 02 0 . 0 1  
0 . 00 0 . 0 0  0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 

0 . 02 0 . 0 1 0 . 04 0 . 00 0 . 00 0 . 0 1  0 . 0 1  0 . 0 1  0 . 0 1  
0 . 05 0 . 1 0 0 . 04 0 . 06 0 . 07 0 . 07 0 . 06 0 . 06 0 . 1 2  
0 . 1 1  0 . 04 0 . 07 0 . 04 0 . 07 0 . 05 0 . 1 7 0 . 1 2  0 . 05 
0 . 02 0 . 0 1  0 . 04 0 . 0 1 0 . 04 0 . 05 0 . 04 0 . 07 0 . 0 1 
0 . 05 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 02 0 . 00 
0 . 0 1  0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 , 00 0 . 00 

0 . 1 9 
0 . 54 
0 . 73 
0 . 2 1  
0 , 1 0  
0 . 02 

0 . 06 
0 . 5 1  
0 . 2 7 
0 . 0 1  
0 . 00 
0 . 00 

0 . 07 
0 . 1 ·1 
0 . 00 
0 . 00 
0 . 00 
0 . 00 

0 , 09 
0 . 05 
0 . 0 1  
0 . 00 
0 . 00 
0 . 00 

0 . 1 6  0 . 22 
0 . 6 1  0 . 85 
0 . 64 0 . 62 
0 . 2 7 0 . 1 9 
0 . 04 0 . 00 
0 . 00 (L Oa 

0 . 02 
0 . 35 
0 . 1 0  
0 . 00 
0 . 00 
O .  00 

0 . 1 1  
0 . 22 
O .  0 1  
O .  0 0  
0 . 00 
O .  00 

0 . 1 1  
0 . 25 
0 . 06 
0 . 00 
0 . 00 
0 . 00 

0 . 1 1  
0 , 1 5  
0 . 00 
0 . 00 
O .  00 
0 . 00 

0 . 04 0 . 1 2  
0 . 05 0 . 07 
0 . 0 1  0 , 00 
0 . 00 0 . 00 
0 . 00 0 . 00 
0 . 00 0 . 00 

O .  04 
O .  b 2  
1 .  0 3  
0 . 46 
O .  00 
O. 00 

0 . 1 5  
0 . 6 1 
0 . 38 
0 . 1 1  
O .  00 
0 . 00 

0 . 1 0 
0 . 4 2  
0 . 02 
0 . 00 
O .  00 
0 . 00 

0 . 20 
0 . 1 4  
0 . 0 1 
0 . 0 0  
0 . 00 
0 . 00 

Terrestrial Ecology 

0 . 0 7 
0 . 4 7  
0 . 9 4  
0 . 6 1  
0 . 0 1  
0 . 00 

0 , 0 7  
0 . 57 
0 . 26 
0 . 0 1  
0 , 00 
0 , 00 

0 . 1 2  
0 . 4 0  
0 . 05 
0 . 00 
0 , 00 
0 . 00 

0 . 09 
0 . 4 6 
1 .  1 7  
0 . 6 1  
0 . 04 
0 . 00 

0 , 20 
0 . 7 2 
0 . 9 1  
IL l S  
0 . 00 
0 . 00 

0 , 06 
0 . 46 
0 . 20 
0 . 00 
0 . 00 
0 . 00 

0 . 1 1  0 . 1 9  
0 . 1 7  0 . 32 
O .  0 1  O .  0 1  
0 . 00 0 . 00 
0 . 00 0 . 00 
0 . 00 0 . 00 

0 . 0 7  0 . 1 0  
0 . 4 7  0 . 5 3 
0 . 90 O . 8b 
0 . 3 7 0 . 35 
0 , 07 0 . 05 
0 . 00 0 . 02 

0 , 09 
0 . 33 
0 . 69 
D . 36 
0 . 00 
0 . 00 

0 . 1 2  
I), 58 
0 . 30 
0 . 04 
O .  00 
0 . 00 

0 . 1 4  
() . :�b 
1 .  1 6  
O .  S 6  
0 . 1 6 
0 , 0 1  

0 . 1 9 
n . 65 
0 . 48 
0 . 0 1 
\J . 00 
0 . 00 

0 . 3 2 0 . 3 1 
0 . 6 5  0 . '4 
O .  02 U . 1 6  
0 . 00 0 . 00 
0 . 00 0 . 00 
0 . 00 O .  DO 

0 . 1 0  
0 . 3 2 
0 . 49 
0 . 20 
0 . 02 
0 . 00 

0 . 1 1  
0 . 2 1  
0 . 5 7 
0 . 30 
0 . 00 
0 . 00 

0 . 1 0 
0 . 32 
0 . 2 7 
0 . 05 
0 . 00 
0 . 00 

0 . 1 7  
0 . 2 1  
0 . 0= 
0 . 00 
0 . 00 
0 . 0 0  

0 . 1 4  0 . 1 2  
0 . 19 0 . 07 
0 . 00 0 . 00 
0 . 00 0 . 00 
0 . 00 0 . 00 

0 . 00 0 . 05 
0 . 06 0 . 09 
0 . 04 0 . 0 2  
0 . 0 1 0 . 0 2 
0 . 00 0 . 0 1 
0 . 00 0 . 00 

0 . 1 6 n . 1 4  0 . 1 6  n . 1O 
0 . 2 3 0 . 1 6  0 . 2 2 0 . 2 2 
0 . 06 0 . 2 1 0 . 2 1  0 . 1 7 
l) . Il l  0 . 0 0  0 . 1 1 l) . Il l  
0 , 00 0 . 00 0 . 00 n . oo 

0 . 0 1 0 . 02 0 . 00 0 . 00 
O .  1 0  O .  0' 0 . 09 0 . 09 
0 . 1 6 0 . 1 7  0 . 2 2  0 , 1 4 
0 . 00 0 . 1 7  0 . 1 5  0 . 07 
0 . 02 0 . 02 0 . 07 0 . 00 
0 . 00 0 . 00 0 . 0 0  (l . 00 

0 . 1 4  
0 . 3 2 
0 . 30 
0 . 2 2 
() . Il l  
O .  DO 

0 . 1 0 0 , 1 1  0 . 07 0 . 1 0 0 . 09 
0 . 4 1  0 . 67 0 . 4 7  0 . 99 O . Ro 
0 . 36 () . 72 1 . 30 1 . 6 5  I . 30 
0 . 1 6 0 . 38 1 . 24 l . � O  () 78 
0 . 0 1 0 . 1 6 n . n"' 0 . 2 1  0 , 1 0 
0 . 00 0 . 00 0 . 00 ILi l l  ILilO 

0 . 1 0 
0 . 4 2 
0 . 4 9 
0 . 1 0  
0 . 00 
0 . 00 

0 . 1 5  
0 . 35 
0 . 1 4  
0 . 00 
0 . 00 
0 . 00 

0 . 1 0 
0 . 5 2 
0 . 30 
0 . 06 
0 . 00 
0 . 00 

0 . 1 5  
O • •  15 
0 . 05 
0 . 00 
0 . 00 
0 . 0 0  

0 . 1 2  
0 . 05 
0 . 67 
0 . 05 
0 , 00 
0 . 00 

0 . 2 1 
0 . 6 3 
0 . 1 0  
0 . 0 1  
0 . 00 
0 . 00 

0 . 05 
0 . 4 9  
0 . 64 
0 . 2 2 
0 . 00 
0 . 00 

0 . 09 
0 , 37 
0 . 04 
0 . 00 
(l . 00 
0 . 00 

0 . 3 1 0 . 4 6 0 . 3 3 0 . 2 2 
0 . 23 0 . 28 0 . 28 0 . 1 5  
0 . 00 0 . 02 ( L l l l  0 . 00 
0 . 00 (l . 00 0 . 00 0 . 00 
0 . 00 0 . 00 0 . 00 0 . 00 
0 . 00 0 . 00 0 , 00 0 . 00 

0 . 1 7  0 ,  ()h 
0 ,  '5 0, ·18 
O . l8 0 , 35 
0 . 09 n . 02 
0 . 00 () . 00 
O. DO O. DO 

0 . 1 0  0 , 20 
0 . 67 0 . 38 
Il . I '  0 . 1 4 
n . DG 0 . 00 
0 . 00 0 . 00 
0 . 00 0 . 00 

0 . 20 
0 . 35 
0 , 1 2  
0 . 00 
0, 00 
0 . 00 

0 . 1 2 
O . .  16 
0 . 04 
0 . 00 
0 . 00 
O .  no 

0 . 04 
0 . 02 
0 , 1 0  
O , O() 
0 . 00 
0 . 00 

0 ,  2 .� 
D , 68 
0 ,  -'8 
n .  - 7,  
0 , 02 
0 . 0 1 

O , 1 l9 
n , 5 -
0 . 2.2 
0, I n  
n . oo 
D . OO 

0 . 1 5  
() . 2 5  
ILl l l  
n . Oo 

no 
00 

0 . 1 1  
0 . 1 1  
O .  on 
() . no 
0 , 00 
(l . O(l 

Farming , grazing , and logging have removed most  of the original 
deciduous forest in the region . The facility would mostly occupy 
land formerly under cultivation . Remnants  of the nat ive hardwood 
forest are found on the larger island s of  lakes in the vicinity 
and along the river . The existence of  rare or threatened plant 
species is not evident . 
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The numerous ponds , lakes , and swampy areas bounding the site 
provide nesting areas for waterfowl . Bird hunting in the region 
is mainly directed at wat erfowl . 

Some important mammals  include white-tailed deer , red and 
gray squirrels , short-tailed shrews , red-backed and meadow voles , 
pocket gophers , white-tailed j ack rabbits , beavers , and muskrat .  
Squirrel is the maj or animal hunted in the region . 

The only wildlife considered threatened or endangered that 
lives year-round within the ref erence state is the northern greater 
prairie chicken . Three other forms of  threatened wildlife ( the 
southern bald eagle , Arctic peregrine falcon , and prairie falcon) 
migrate through the state . 

A . 7 Aquatic Ecology 

The ecosystem in the R River near the site  is very diverse 
and is capable of  alteration with no apparent damage .  S tudies 
of  the river have shown the presence of  more than 40  species of 
algae , more than 700 species  of invertebrates , and 25  species of  
fish . 

Sizable populations of  fish which are not amenable to com
mercial fishing exist in the river . Although recreational use 
of  the river is limited by lack of  public acces s ,  a s ignificant 
sport f ishery is in a 50-km (31  mi) stretch of the river below 
the site and above G city . About one tenth of the fish consumed 
in the G metropolitan area is from this source . 

A . 8  Pathways Relevant to Radiological Dose  Calculations 

Man may be exposed to radiation directly or indirectly by 
a variety of  different pathways . The mos t  important pathway in 
this volume is  the airborne pathway . This pathway includes exposure 
from radiation of radionucl ides released , direct radiation from 
radionuclides deposited on the ground from these releases , and 
consumption o f  foods produced from vegetation contaminated by 
deposit ion from these releases . Surface water pathways include 
exposure from ingesting radionuclides with drinking water , con
sump tion of aquatic foods and foods derived from irrigated 
vegetation , and direct radiation received during aquatic recrea
tion . 
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APPENDIX B 

INTERIM FUEL STORAGE FACILITIES 

B . 1 Description of  Generic Interim Storage Facility 

A concept presented in U. S .  Nuclear Regulatory Guide 3 . 24 1 

for a separate facility for storage of irradiated nuclear fuel 
( i . e . , a facility not located at a reactor or fuel reprocessing 
site ) suggests use of water-filled modular basins , with each basin 
having a capacity of  about 500 metric tons of irradiated fue l .  
This capacity was utilized for the purpose o f  this appendix for 
bo th at-reactor ( ARB )  or separate storage facil ities ( ISFS ) . The 
basin size may vary for different facilities and is a function of 
facility safety , economics , and construction considerations . 
Modular construction allows facility expansion with a minimum of 
additional support facilit ies and services .  

The ISFS or ARB facilities are designed to protect the fuel 
cladding against mechanical , chemical , or thermal damage .  The 
storage facility provides for a safe ,  subcritical arrangement of 
fuel assemblies and adequate shielding of  operating personnel from 
the fuel as semblies .  The fuel element cladding is the initial 
barrier for confinement of irradiated nuclear fuel during storage.  
The cladding withstands a far more severe environment in the 
reactor than is encountered in a water storage basin even though 
exposure time may be shorter. 

At the facility ,  spent LWR fuel assemblies outs ide the 
confines of the shipping cask are handled and stored underwater . 
The water provides 

• An excellent heat transfer medium for removing decay heat from 
the fuel as well as a substantial heat sink 

• A transparent radiation shield that allows visual inspection 
and direct manipulation of the fuel 

• Partial containment of fission product gases and essentially 
full containment of any particulate radioactive material that 
may escape from a fuel assembly. 

The basins are designed to retain their watertight integrity for 
all credible accidents , including the des ign-basis tornadoes and 
ear thquakes .  These bas ins are Category 1 seismic structures and , 
as such , are designed 1 )  to resist rupture which would cause 
excess ive loss of  water and 2 )  to support and prevent all mass ive 
equipment , such as cranes , etc . , from falling into the basins , 
thus causing damage to the spent fuel during the des ign-basis 
earthquake .  The water shielding the spent fuel will mitigate the 
effect of tornadic or o ther wind-driven miss iles . 2 
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The facility to store irradiated LWR fuel (Figure 1 1 1- 2 )  is 
designed to 1 )  receive , handle , decontaminate , and reship spent 
fuel casks ; 2 )  remove irradiated fuel from casks ; 3 )  place the 
fuel in a s torage bas in ; and 4)  cool and control the quality of 
the water. The facility is also des igned for removing spent fuel 
from s torage basins , loading the spent fuel into shipping casks , 
decontaminating loaded casks , and shipping spent fuel.  

The next several sections describe the handling and storage 
facility.  The facility developed is based upon the flow diagram 
shown in Figure B- 1 .  Additional generic facility description is 
given in Reference 3 .  

B . 1 . 1 Cask-Carrier Handling 

The receiving , shipping , and holding areas shown in Figure B-1 
are unenclosed areas adjacent to the 1 SFS  basin facility. Space 
is required for at least  two days of cask-carrier throughput in 
the receiving and shipping areas and four days in the holding 
area . ARB facilities do no t require these areas because they can 
be provided by the adjacent reactor facilities . 

The maintenance area of an 1 SFS facility provides facilities 
and equipment for maintenance and repair of the casks , carriers , 
and peripheral equipment . An enclosed area large enough to con
tain a truck cask-carrier ,  a rail cask-carrier ,  and the off-loaded 
peripheral equipment is required.  Maintenance and repair work 
will normally be performed after fuel has been removed from the 
cask . Work will be limited to rout ine maintenance and minor re
pairs except where more extensive work is required to allow cask 
processing . This maintenance area is not required by an ARB 
facility . This function can be provided by the adjacent reactor 
facilit ies . 

The preparation area is an enclosed work space of  standard 
indus trial cons truc tion that  provides fac ilities and equipment to 
prepare the cask-carrier for unloading the cask or for shipping 

C offsite .  Space approximately 24 m ( 80 feet) long and 9 . 2  m 
( 30 feet ) wide is provided for each rail cask-carrier in the 
preparation area . The preparation area also s erves as an air lock 
to control air leakage into the cask processing and fuel s torage 
building . 

B . 1 . 2  Cask Processing 

The structure housing the cask processing area for either 
1SFS or ARB facilities is cons tructed of heavily reinforced con-

E crete to a height of 7 . 6  m ( 2 5  fee t )  above pool water level . The 
additional struc ture [ to a height of about 18 m ( 60 feet ) ]  and 
roo f are constructed of insulated metal and designed to withs tand 
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the 1 00-year recurrent wind but not the des ign basis tornado . An 
overhead crane , with a load capacity of approximately 1 1 3 MT ( 1 25 
tons ) , is provided for all cask transfers . Two cranes are required 
for facilit ies designed for receiving rat es in excess of 1 5 00 MTU/ 
year.  

The cask-proces s ing t imes assumed in this vo lume are based 
upon experience at the General Electric Morris Facility . The 
expected and upper limit values from a log normal distribution of 
the process times are shown in Table B-1 .  

The minimum number of  handling locations was determined for 
various cask throughputs by us ing the processing time described 
above. Thes e handling locat ions are given in Table B-2 . The 
calculated number of handling locat ions was based on the proces s
ing of either truck or rail casks . 

The limit ing size for a single handl ing facility is judged to 
be about 3000 MTU/year for the assumed rail /truck spl it .  Larger 
facilit ies would be hampered by limitations on the movement of  
cranes handling both casks and fuel baskets , by difficulty in 
achieving a layout for material flow , etc . For throughputs larger 
than 300 0 MTU/year ,  mult iple facilities would be cons tructed , i . e . , 
for 4000 MTU/year throughput ,  two 2000 MTU/year facilit ies . 

The layout of a facility for receiving up to  2500 MTU/year 
and storing 3000 MTU is shown in Figure B-2. The number of han
dling locat ions would be changed to satisfy different recelvlng 
rates ( Table B-2 ) . St orage basins with a capacity of 500 MTU each 
can be added as required. 

B . l . 2 . 1 Cask Offload-Load Area 

E The cask offload-load area provides a space 30 m long by 9 . 2  m 
wide ( 1 00 ft  long by 30  oft wide )  for each cask-carrier .  After the 
cask is removed from the carrier , the carrier is washe d ,  if 
necessary . Wash water is collected in a hold tank for subsequent 
radiation level checks to determine if additional treatment of the 
water is required. 

B . l . 2. 2  Cask Cooling and Washdown 

The cask cooling and washdown facili ties and equipment will 
E occupy a below-grade area of 5 . 5  m by 5 . 5  m (18 f t  by 18 f t ) . 

These facili ties and equipment are provided for each handling loca
tion to gain access to the cas k .  The floor is designed to direct 
wash water to a collection sump . A special energy-absorbing pad 
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TAB LE B - 1  

Ca s k  Proces s T i me s  

Time, hr 
LWT Cas k� (1 Truck GE IF-JOO Cask� Rai l 

Expected 
U�p�rb 

Area L1-m1- t 

Preparat ion-Offload 4 . 0  8 . 0  

Coo l down 4 . 0  8 . 0  

Fue l Unloading 2 . 8  7 . 2  

Decontaminat i on 3 . 3 1 1 . 0  

Re l oad-D e l ay ,  
Preparat ion-Offl oad 4 . 0  1 0 . 5  

Turnaround Time 1 8  4 5  

a .  N FS - 4  (Re ference 3) . 

b . Upper Limit inc l udes 9 5 %  of a l l value s . 

TABLE B - 2  

Expected 

4 . 9 

4 . 9  

7 . 0  

1 4 . 0  

6 . 1  

3 7  

M i n i mum Number of Ca s k  H a n d l i n g Loc a t i ons a t  a 
Fuel  Storage F a c i l i ty 

Spent Fue l , MTU/yeara 
500  1 000 1 500  2000  

Casks /day , Rai l 0 . 4  0 . 8  1 . 1  1 . 5  

Casks /day , Truck 1 . 4  2 . 7  4 . 0 5 . 4  

Handling Location Nwnber 

Preparat ion Area and 
Cask Offl oad- Load Area 1 2 2 3 

Cask Cool and Washdown Areas 1 1 1 2 

Fue l Unl oading Poo l s  1 1 1 2 

Cask Decontamination Area 1 1 2 2 

U�p�rb 
L1-m1- t 

9 . 1  

9 . 1 

1 1 . 4  

2 2 . 4  

1 3 . 3  

65 

2 5 0 0  3000 

1 . 8  2 . 2  

6 . 7  8 . 0  

4 4 

2 2 

2 2 

2 3 

a .  As sumes 3 0 0  days ' operat i on o f  the fac i l i ty at ful l  capac ity . 
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protects the cask and the floor if a cask is dropped. Design pre
vents tipping of a cask while it is being unloaded or loaded. All 
piping in the area is protected agains t damage from inadvertent 
contact with a cask. 

Casks are washed to remove the road dirt before transfer to 
the fuel unloading pool .  Wash water is collected for treatment . 
After washdown, the cask is vented to the facility off-gas system, 
and the primary coolant is checked for temperature and radioac
tivit y.  

B . l . 2 . 3  Cask Decontamination 

The decontamination area provides facilit ies and equipment to 
reduce surface contamination of casks to acceptable levels .  The 

E area is below grade. A space of  5 . 5  m by 5 . 5  m ( 18 ft  by 18  f t )  is 
provided for each cask to allow access to the cask f or decontami
nation. The floor is designed to direct wash solutions to a 
collect ion sump . A special energy absorbing pad is provided.  
Movable work platforms provide access to the top and sides of  the 
cask. 

B . l . 3 Underwater Handling and Storage 

The structure housing the pools for underwater handling and 
storage of the fuel is heavily reinforced concrete above grade to 

E a height of  7 . 6  m ( 25 f t )  above the pool water level .  Addit ional 
superst ructure and roof are constructed of insulated metal de
signed as previously described.  All water-filled pools are below 
grade and lined with stainless steel .  Pool or basin water is 
maintained at a temperature of <40 °C  to reduce loss from evapora
tion and to re tard algae growth� The radioact ivity in this water 
is maintained at <2 x 1 0-4 Ci /m3 • 

The pools and bas ins are provided with a high-flow emergency 
water supply to maintain water level as a backup if the normal 
makeup system is insufficient . Piping into and out of the pools  
and basins is  installed in such a manner as to  prevent draining or  
siphoning below safe levels .  

B . l . 3 . 1  Cask Unloading Pool 

The cask unloading pool provides facilit ies and equipment for 
underwater transfer of spent fuel from the shipping cask to stor
age baskets holding either nine BWR assemblies or four PWR assem
blies.  The stainless steel baskets are designed to  maintain 
crit ically safe spacing of the fuel assemblies . 
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Each unloading pool provides space for one cask in the verti
cal position, fuel storage baskets with protective support racks , 
and a shelf to store the cask lid. A crane with a load capacity 
of ten tons is used to remove the cask lid and transfer fuel as
sembl ies from the cask to the storage baskets .  A separate crane 
is used to transfer loaded baske ts to the storage basins . The 
pool and basin depth are sufficient to maintain adequate radiat ion 
shielding of the fuel assemblies as they are withdrawn from the 

E cask . Each unloading pool covers an area of about 46  m2 ( 500 f t 2 ) 
and is about 15 m ( 5 0  f t )  deep . A special energy absorbing pad 
protects cask and pool integrity in the event a cask is dropped.  

B . l . 3 . 2  Storage Basins 

Each storage basin is si zed to hold about 500 MTU o f  fuel 
assemblies .  The storage baskets used in the basin hold either 
1 . 69  MTU in BWR assemblies or 1 . 84 MTU in PWR as semblies . With 
the expected distribution of two PWR as semblies to one BWR as sem
bly , 1 68 PWR baskets and 1 1 2 BWR baskets are used in each basin. 

C Each side of the square storage basket is 6 1  cm ( 24 in. long ) .  
The baskets  are stored in safe geometry racks attached to the pool 
floor . A space of  about 124 m2 ( 1 340 f t 2 ) is required for 
each 500 MTU. Aisles are provided for access to pool areas ; how
ever , in order to remove inner basket s ,  it is necessary to move 
outer baskets  to create an access ai sle .  Depth of each storage 

E basin is about 9 m ( 3 0  f t ) . Total volume of the basin is 1140 m3 
( 40 , 200 f t3 ) .  Volume of water in a fully loaded basin is 1010 m3 
( 3 5 , 600 f t 3 ) .  

E 

B . l . 3 . 3  Transfer Aisles 

Trans fer aisles are provided in either I SFS or ARB facilities 
for moving storage baskets from fuel unloading pools to storage 

I basins . These aisles are 1 . 8  m wide and about 9 . 2  m deep (6 ft  
wide and about 30 ft deep) to  provide at leas t 3 .  7 m ( 12  ft )  o f  
water shielding above the fuel during movement through the aisles . 

B . l . 4  Support Systems 

The ISFS or ARB facilit ies have support systems which diss i
pate the heat , control the quality of water in the pools , venti
late the building , treat the radioactive was te generated , and 
provide services such as electricity and wate r.  In addition to 
these process-re late d  sys tems , the storage basin facility includes 
support facilities and activities not directly associated with 
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spent fuel handling .  These facilit ies include a chemical labora
tory , personnel monitoring stations , a count ing room, a change 
room , a maintenance shop , storage rooms , and off ice space . 

The support systems are housed in a building which occupies 
an area about equal to that of  the fuel handling and storage 

E building and is 6 . 1  to 7 . 6  m ( 20 to 25  f t )  high . The s tructure that 
houses systems for treatment of  pool water and radioactive was tes 
is assumed to be an integral part of the storage facil ity and is 
cons tructed to withs tand design basis earthquakes and tornadoes 
( Figure B- 1 ) .  Waste treatment areas of the building whe re the 
po tential for contamination is high are lined with stainless 
s teel.  All leakage from this area is diverted to a collect ion 
sump that is returned to the was te evaporator.  

The H&V sys tems and personnel offices ( shown in Figure 11 1-2 ) 
are housed in structures of  standard indus trial construction . 

Was te Management for the 1SFS or ARB Facilities . Releases 
of radionuclides to the environment from the generic  facility are 
controlled by the off-gas system and the ventilating air sys tem .  
The off-gas sys tem collects gases from the cask venting and 
cooldown and the radwaste treatment sys tems and routes it through 
an off-gas scrubber , an iodine absorber , and high efficiency (HEPA) 
filters . The off-gas sys tem is designed to remove most  of the 
iodine and particulates . The vent ilat ing air from the remainder 
of the basin sys tem is released directly to the environment . 
Bo th the treated off-gases and air from the normal building venti
lation are released to the environment through the 45-m (150-ft )  
high s tack . 

No aqueous releases containing radionuclides are expected 
from the 1SFS basins or ARB facility. Heat removal is accom
pl ished by a primary and a secondary cool ing system. Heat is 
transferred from the process equipment to the secondary cooling 
water systems by heat exchangers .  This arrangement provides an 
effective barrier between the environment and potential leaks in 
the process equipment . The basin water cleanup system incorpo
rates deionization facilities to remove any radionuclides . 

The major volumes of  liquid and semil iquid wastes requiring 
treatment are fil ter sludges , ion-exchange regeneration solutions 
from the water treatment system, and water-detergent solutions 
used to decontaminate casks and equipment . These liquids or semi
liquids are sent to the evaporator where they are concentrated 
into a slurry. The slurry is sent to the was te solidification 

B-9 



system for solidification with an agent such as cement or bitumen. 
The water removed during evaporation is released to the atmosphere 
through the facility stack. 

The solid radioactive wastes include ventilat ion fil ters , 
rags , clothing , plastic ,  pape r ,  wood ,  rubber ,  failed small equip
ment , and similar items . The volume of the material is reduced by 
incineration and/or compaction. This was te is then packaged in 
2 1 0-L ( 5 5-gallon) drums and immobilized be fore being shipped to 
the land burial site or to the geologic repository. 

All radionuclides will be isolated from normal domes tic and 
s torm water effluents by facility design. Normal domestic water 
releases from the ISFS facility will be treated either onplant or 
in some regional or municipal sewage disposal facility. If treat
ed onplant , land application will probably be used following 
secondary treatment . If treated offplant , ISFS facility domestic 
effluents will meet all pretreatment standards of the Federal 
Government ( 40 CFR 1 28 )  and state and local governments . Storm 
water will be routed as discussed in Section 208 of  the Clean 
Water Act .  Storm water effluent from these facilities will uti
lize the best  management practices available to minimize adverse 
effects of these discharges . Facility design and area grading 
will incorporate concerns specified in Executive Order 1 1 988 , 
" Flood Plans , Management Directive . "  Specifics of implementing 
these controls depend upon local siting requirements and will  be 
discussed in more detail in site specific-environmental impact 
statements prepared for specific facilities .  

B . 2 Environmental Effects  

B . Z. l Construction 

Potential effects of construc tion on ecology , surrounding 
communities , and land and water use are considered for the ISFS 
facilit ies . The discussion incorporates material from a similar 
sect ion in ERDA-77-75. 4 

B . 2 . 1 . 1  General Description 

The site for an ISFS facility would cover an area of about 
405 hectares ( 1 000 acre s ) . This area does not include the space 
external to the actual sites for transmission lines and for access 
to highways and railways. 

The ARB facility is as sumed to be located ad jacent to the 
reactor on the land area maintained for the reac tor.  Where 
several reactors are adjacent , a single ARB will  be constructed 
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in a central location. In all cases , the ARB will be located so 
that transport of spent fuel between the reactor discharge basin 
and the ARB facility will be on utility controlled lands that 
exclude public thoroughfare. 

While the facilities are under construction , some land and 
water areas will be dis turbed and modified where permanent s truc
tures are to be located and where other space is used for tempo
rary access , s torage of materials and equipment , and di sposal of  
excavated earth. The extent of dredging water areas and clearing , 
leveling , and filling of land areas depends upon the part icular 
site.  Special precautions will be taken to minimi ze erosion , 
siltation, and destruction of  plants and animals during cons truc
tion and during the interim period before the disturbed areas are 
stabilized. 

Depending upon the particular facility and its location , con
struct ion may have minor to severe social , political , and economic 
impacts on surrounding communities and exis ting se rvices .  Non
beneficial effects can be mitigated by judicious site selection 
and siting negotiations with local jurisdictions and utilities . 

B . 2 . 1 . 2  Effects on Land Use 

The primary construction impact on land use occurs where per
manent structures are located and where adjacent areas are used 
for access , storage , o ffice space , and parking . Including tempo
rary construction areas , about 1 2  to 1 6  hectares ( 3 0  to 40 acres ) 
will be modified for either an ISFS or ARB facility. A secondary 
cons truction impact on land use can occur where erosion of exposed 
areas has the potent ial for siltation of ad jacent aquatic systems . 
Erosion control measures recommended in Federal agency gUides 5 , 6  

will be followed by : 1 )  limiting vegetation removal to an abso
lute minimum , es pecially along st ream and river banks ; 2 )  select
ing proper sites for excavation-spoil stockpiles ; 3)  limiting the 
steepness of inclines ; 4 )  minimizing traffic on the construction 
sit e ,  particularly during critical periods such as spring thaw ; 
5 )  early stabil izing and replanting of exposed soils ; and 6 )  pro
viding runoff  channels and settling areas to collect and settle 
surface water runoff before releases to bodies of na tural surface 
water. 

The site-specific assessment of the probable impact of com
mit ting 405  hectares ( 1 000 acre s )  for an ISFS facil ity will deal 
with the site specific factors .  These include : 

• Previous or potential land use 

• Presence or absence of historical , archaeological , or cul tural 
resources 
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• Need for off site facilities . 

The ARB facilities do not require the same considerations since 
they will be located adjacent to the reactor on land currently 
occupied by the reactor sites . 

B . 2 . 1 . 3  Effect s  on Water Use 

Water use during construction of a facility would average 
about 60 cubic meters per day ( 16 , 000  gallons per day ) . This use 
of water would account for a small fraction of the flow of 1 20 
m3/sec ( 2 700 million gal / day) , in R River (Appendix A ) , or a 
small percentage of the available groundwater supply in many areas 
of the Uni ted States . In addition to direct consumption , con
struction operations can temporarily affect water quality and 
availability in the site area . 

Excavat ions for foundations of  major structures often require 
extensive dewatering : groundwater entering the excavat ion is 
pumped out to the surface water.  Depending upon the local ground
water recharge , this dewatering may temporarily lower the water 
table in production wells in the vicinity or may affect flow 
gradients in the groundwater in other ways , thus affecting the 
quality of groundwater.  Careful attent ion will be given to the 
condition of the water to be di sposed of during the dewatering 
process . Due to the buffer area around the construction site , no 
effect on the groundwater table is expected from the construction 
site.  

B . 2 . 1 . 4 Effects on Ecology 

Changes in the local ecology are expected during the disrup
tions accompanying the cons truction activities , with reversal of 
some changes and restorat ion to a new equil ibrium after completion 
of  these activities.  For birds and fish ,  permanent impacts can be 
lessened by providing bypass routes or feeding stations for migra
tory species . For trees and other vegetation ,  carefully control
led procedures can minimize effects during construction and maximize 
recovery . 

Clearing of wooded land will result in a lo ss of wildlife 
habitat . During such clearing and cons truction , animals will seek 
shelter in adjacent wooded areas ; however , there is likely to be 
increased mortality among displaced animals .  Some foraging spe
cies may be benefited by this activity as new shrubs and low brush 
develop from natural regeneration. 
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The areas on either site that are not used for permanent 
facilities can be reclaimed by landscaping and reseeding. Such 
measures minimize the long-term impac t on terrestrial biota in the 
area.  

The major potential for adverse impacts on aquatic eco systems 
is associated with an increase of dissolved and suspended solids 
and sil tation in local surface waters re sulting from runo ff of 
eroded soils in cons truction areas . Runo ff wi th high organic con
tent ( such as sewage ) can exert a high oxygen demand and lead to 
depletion of oxygen in the sediments and even in the water column . 
Hi ding places and food supplies for fish are adversely affected by 
siltation destroying weed beds and benthic organisms . Siltation 
can increas e egg mortality by smothering of eggs or lowering the 
amount of available oxygen. 

The benthic community structure is strongly dependent upon 
the type of substrate available , which is changed by siltation .  
Benthic organism productivity i s  also influenced by turbidity and 
available oxygen. State and local standards and regulations will 
provide guidance in minimizing the effects of  sil tation from con
struction runo ff .  Evaluation of the potential problems will be 
considered in each site-specific ElS .  

B . 2 . 1 . S  Effects on  Surrounding Communi ties 

B . 2. 1 . S . 1  Physical 

B . 2 . 1 . S . 1 . 1 Air Pollution 

The air polution potential during construction should be 
significant only in the immediate vicinity of the cons truction 
activity where dust must be reduced to an acceptable level , as 
by frequent spraying of dis turbed surfaces . 

B .  2 . 1 . 5. 1 . 2 Traffic 

Construct ion of an lSFS or ARB facility will  cause a signif
icant increase in truck traffic around these sites . Traffic con
trol measures would be implemented as required to control truck 
traf fic and ensure safe operations in the vicinity of communities , 
intersections in rural areas , and school bus pickup points . 

Cons truction workers will also increase the traffic in the 
area . Special efforts are required to prevent an increased number 
of accidents during the period of  peak construct ion. Carpooling 
will be encouraged to reduce local traf fic , conserve fuel , and 
reduce vehicular emission pollutants.  
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B. 2 . l . 5 . l . 3  Noise 

Noise levels during cons truction of an ISFS or  ARB facility 
will  be of  the same magnitude as those for any similar cons truc
tion pro ject . The es timated level at the property line during the 
nois iest phase is about 60 dbA; howeve r ,  if explosive blasting of  
rock is required, peaks about 9 8  dbA would be  expected. The an
ticipated human response to such blast ing is a little annoyance , 
no complaints .  Cons truc tion noise levels should be monitored for 
compliance with all applicable (OSHA , EPA ,  stat e ,  and local )  regu
lations regarding noise abatement . 

B . 2 . l . 5 . l . 4  Population Displacement 

The site for an ISFS facility is most likely to be rural and 
located on the fringe of a metropoli tan region as shown in the 
reference environment ( Appendix A) . On the basis of the popula
tion density in this reference envi ronment ( 60 6  people within 
4 . 8 km ) ,  about 34 people will be dis placed from each ISFS bas in 
site area. The actual site selection process will include con
sideration of ways to minimize displacement of the local popula
tion. 

Construc tion of  ARB facilities should have no population 
dis placement effect because this effect has already taken place 
during acquis ition of the land and cons truction of the reactor( s )  
a t  the site.  

B . 2 . l . 5 . 2  Economic 

The economic impact of facility cons truction can be adverse 
or beneficial depending upon the specific situation. Temporary 
adverse effects will usually be offset by longer-range benefits . 

Peak employment during the cons truction phase will be about 
1 1 00  persons for an ISFS facility and about 400 people for an ARB 
facility. The economic impac t of the facility felt by the local 
communi ty will be much greater during the cons truc tion period than 
during the operating period (about 60 to 1 8 0  employee s ) .  

The employment during the cons truction phase can have a sig
nif icant impact on any local area ,  particularly small communities 
such as A-E in the reference environment ( Appendix A ) .  The impact 
will vary from community to community , depending upon the local 
economic base. A significant port ion of the labor force may be 
recruited from outs ide the immediate area because of special skills 
required. Mi gration of workers and thei r families ( about 2 to 3 
thousand persons ) ,  together with those individuals providing 
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support services , will affect the economy of  the area . The employ
ment of a large migratory labor force can strain existing publ ic 
and private services and facilit ies unless advance plans are made 
for handling such an influx of people. 

The decl ine in employees at either an ISFS or ARB facility 
following the construction phase can also have a noticeable effect 
on local bus inesses and services .  If the operating force disperses 
throughout more distant larger cities and a metropolitan region ,  
the decline in the economic bases o f  the immediate local communi
ties after construction may be greater than if the operating staff 
choo ses to cluster about the site.  

B . 2 . 1 . S . 3  Pol itical 

B . 2 . 1 . S . 3 . 1 Local Government 

During the siting phase ,  all applicable permit s will be ob
tained from the various local agencies , the tax structure will be 
discussed with local officials , and any problems that arise between 
the facility owner and the local jurisdiction will be discussed , 
including discharges to municipal sewer systems , impac t  grants for 
schools ,  hospital s ,  etc.  

B . 2 . 1 . S . 3 . 2  Other Political Considerat ions 

Federal and state licenses and permits will al so be obtained 
and their regulat ions followed . Hearings will be held to present 
positions and arguments .  In all these areas , a cont inual ongoing 
interaction , from the time a site is approved unt il the operation 
of the facility , is needed between the facility owner and s tate and 
Federal o ff icial s .  

B . 2 . 1 . S . 4  Services 

B . 2 . 1 . S . 4. 1 Schools 

The adequacy of  the existing school system to accommodate the 
influx of children of the construction workers and service em
ployees will have to be analyzed. Depending upon where a spent 
fuel facility is located - in , near , or distant from a metropolitan 
area - new school buildings or temporary classroom facilities may 
have to be made available . Due to the number of cons truction 
workers coming to the site , the school system may be inadequate to 
handle the expected influx of s tudents .  With a peak of 1 10 0  con
struction workers for an ISFS facility or 400 for an ARB facility , 
each having an average of  1 . 7 S  children , an addition o f  1 9 0 0  s tudents 
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to a school dis trict is poss ible for an I SFS facility or 700  for 
an ARB facility. Assuming this school district to be at the 1 6-km 
( 1 0-mi ) radius surrounding the generic facility [ reference envi
ronment ( Appendix A) ] ,  it would have a s tudent population o f  2 200 
increas ing to a maximum of  4 1 00 .  School facilit ies would have to 
be expanded nearly twofold .  The effects of ARB facilities would 
be lower.  

B . 2 . 1 . s . 4 . 2  Water and Sewage 

During cons truction , adequate water and sewer facilities are 
needed for the workers . Availability of these services is a fac
tor in the siting process .  If such services are not already 
available , new services will have to be provided ei ther by build
ing new facilities or by contracting with a nearby local juri sdic
tion for use of its facilities.  

B. 2 . 1 . s . 4 . 3  Solid Waste Disposal 

The avai lability of solid was te disposal is also a factor in 
the siting of a spent fuel storage facility. The development of 
new disposal facilities and the extent to which such development 
should be permit ted or controlled is the respons ibility of the 
disposal plant operator and state and local authorit ies . 

B . 2 . 1 . s . 4 . 4  Utilities 

One of the factors to be examined when choosing a site is the 
ability of the exist ing electric power sys tem to deal with the 
increased demand by the new facility and influx of workers into 
the area . The electrical power demand will range from about 

C 0 . 8 MW for the smallest facility ( 5 00 MTU ) to 1 2  MW for the 
largest facility ( 1 8 , 000 MTU ) .  

B . 2 . 1 . s . 4 . s  Public Health and Medical Facilities 

Construc tion and op eration of the facilities considered in 
this volume will caus e relocation of segments  o f  the population . 
Relocation of medical facilit ies may be required .  Need for med
ical facilities and teams during construction is greater than 
during the operating period because of 1 )  an increased number of 
workers during cons truction and 2 )  the likelihood of accidents 
occurring during plant construction , which would not occur during 
plant operation. 
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Within any local community ,  there is a need for publ ic health 
services and speciali zed clinical facilities . Where these medical 
services are not currently available , they may be developed , de
pending upon the anticipated case load and the short- and long
range needs of construction and operat ing workers - and their 
families . 

B. 2. l . S . S Aesthetic Effects 

The specific location of facility construct ion is a primary 
factor in determining the aesthetic effect at the site.  The 
facility will be visible from certain angles , al though it may be 
hidden by high bluf fs , trees , and other foliage .  Adverse aes
thetic impact caused by erosion , dust , const ruction debris , heavy 
equipment , earth movement , cons truction buildings , and unadorned 
partially completed structures will be minimized . 

B. 2 . 2 Operations 

This section describes the environmental impact of operation 
of  the ISFS or ARB facilities . These impacts consist primarily 
of  

• release of  radionuclides to  the environment 

• discharge of nonradiological material to the environment 

• discharge of heat to the environment ei ther as water vapor , 
combus tion gases , or by direct transfer , and 

• consumption or use of raw materials .  

The environmental effects in this section in general are the 
total effect for each al ternative considered even though several 
widely separated ISFS or ARB facilities may be involved. The only 
except ion to this is the radiological dose commitment to the hypo
thetical individual who receives the maximum dose ; this commitment 
is based upon releases from a single site.  The environmental re
leases for each alternative have been compared in Section III of  
this report .  

Table B-3 briefly describes the facilit ies used for each 
alternative considered in this report. 
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TAB L E  B - 3  

Des c r i pt i on o f  S to rage B a s i n  Fac i l i t i e s  f o r  E a c h  Al tern a t i v e  

Disposition Faci lity 
Startup Q ->-

Tot a l  S t o rage Capac i t y ,  MTU 

Tot al Operat i ons Personne l 

Number of I SFS or ARB 
Fac i l it i e s  

S to rage Capac i t y ,  MTU/ s i t e  

D e s i gn Rec e i v i ng Rat e  Cask 
S i t e ,  M11J/ yr 

Years of Operat ion 

Centralized Storage 
in ISFS Facilitie s  -
Po licy Imp lemented 
(A Uernative 1A)  
1 98 5  1 99 5  

6 0 0 0  5 4 0 0 0  

1 50 5 1 0  

3 

6000 1 8000 

2 5 00 2 5 0 0  

1 3  2 8  

Decentra lized Storage 
in ISFS Faci lities -
Po licy Imp lemented 
(A lternative 1 B- 1 )  
1 985 1995 

6000 54000 

1 1 0 9 9 0  

9 

6000 6000 

1 0 00 1 000 

1 3  2 8  

Decentralized Storage 
in ISFS Facilitie s -
Po licy Imp lemented 
(A l ternative 1B-2) or 
Po licy No t Imp lemented 
(A lternative 2A ) 
1985 1 995 

500 2 4 0 0 0  

60 4 4 0  

4 

500 6000 

500 1 000 

1 0  2 9  

a . D i spo s i t i on fac i l i t y  s t ar t up beyond the year 2 0 0 0  i s  pos s i b l e  ( s e e  Sect i on I I I  of t h i s  vo l ume ) . 

b . Two of t h e  5 0 0  MTU basins are e xpanded t o  1 000 MTU . 

c . Th i r t y - four of t h e  5 0 0  MTU basins are expanded t o  1 000 MTU , and t hree are expanded t o  1 500 MTU . 

C In a l l ,  there w i l l  be 5 9 , 3 1 , and 3 faci l i t i e s  cons t ru c t ed w i t h  5 0 0 , 1 000 , and 1 500 , respec t i v e l y ,  

MTU s torage capac i t i e s . 

Decentralized Storage 
in At-Reactor Basin -
Po licy Not Imp lemented 
(A Uernati ve 2B) 
1 985 1 995 

2 35 0 0  

2 4 8 0  

45 

5 0 0
b 

500 

7 

65 000 

5 3 0 0  

9 3  

500c. 

5 0 0  

24 



B. 2 . 2 . 1 Radiation Effects During Normal Operation 

In this section, the releases of radioactive materials to the I environment from routine operat ion of ISFS or ARB facilit ies are 
assessed in terms of dose commitment to a hypothetical individual 
living near the facility site and receiving the maximum do se , to 
the population living within 80 km ( 50 mi) of the site , to the 
population of  the U. S . , and to the population of the world.  Dose 
estimates for the maximum individual are for the year of maximum 
release of  radioactive material s to the environment and al so , 
c umulatively , for the amount of fuel stored in an ISFS or ARB 
facility for the entire period of basin operation. Dose estimates 
for the population groups are for the entire period of operat ion 
plus 1 00 years to include persis tent effects of released radio
nuclides . Also included in this section are estimat es of occupa
tional radiation exposure and a discussion of radiation effects on 
the biota other than man. 

B . 2 . 2 . 1 . 1 Summary of Assumptions and Models 

B . 2 . 2 . 1 . 1 . 1  Siting and Meteorology 

Each ISFS basin is assumed to be located on a 40s-hectare 
( l OOO-acre )  site with a distance o f  0 . 8 km ( 0 . 5 mi)  between the 
basin and the site boundary. Re leases of radioact ive material s 
from the ISFS basin to the atmosphere are through a 4s-m ( l sO-f t )  
exhaust stack. Re lat ive concentrat ion factors ( X/Q )  for this 
release height are 5 . 7 x 1 0-9  sec/m3 ( population weighted )  for the 
80-km ( sO-mi) radius populat ion ( undepleted cloud ) . A deposit ion 
velocity of 1 cm/sec is assumed for radioiodine and part iculates . 
Di spersion assumptions used for calculating doses to the eastern 
U .  S. population and to the world population are discussed in 
Reference 3 .  

Each ARB facility is  assumed to  be ad jacent to a reactor and 
within the reactor site exclusion area . This area differs for 
each reactor. Figure B-3 shows the distance to the plant perim
eter for operat ing reactors in the U. S . , based upon information 
contained in Re ferences 7 through 9 .  As can be seen from Fig
ure B-3 , the median value for the distance to the plant perimeter 
is about 0 . 8 km ( 0 . 48  mi) or essentially the same value as used 
for the ISFS . Thus , for the ARB facility,  radiat ion effects from 
normal o perations were made by assuming the distance be tween the 
ARB and the site boundary to be 0 . 8 km ( 0 . 5 mi)  as used for the 
ISFS .  The other values described in the previous paragraph were 
also assumed.  
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B. 2 . 2 . 1 . 1 . 2 Population Dist ribut ion 

The population around an ISFS or ARB site with in an 80-km 
( SO-mi ) radius is assumed to be 1 , 700 , 000 in the year 1 97 7 , dis
tributed as shown in Figures A- I and A-2 of  Appendix A. The 
nearest dwelling is assumed to be a farmhouse ad j acent to the site 
boundary southeast of  the ISFS or ARB facility where the maximum 
ground-level concent rat ion exis ts for atmospheric releases of  
radioactive material s .  The eas tern U. S .  populat ion in the year 
1 9 7 7  ( a ssumed to be 80%  of total U. S .  population) is 1 74 million , 
and the world population is 4 . 1 billion , of which 80% is assumed 
to reside in the northern hemisphere .  As sumptions of populat ion 
growth rates are discussed in Reference 3. 

B. 2 . 2 . 1 . 2 Release of Radioactive Material 

Release of radioac tive materials to the environment during 
normal operat ion of an ISFS or ARB facility is assumed to be only 
through atmospheric pathways . Liquid pathways for radioactive 
materials are insignificant because of collec tion and disposal 
methods .  Some liquid was tes are generated during decontamination ,  
et c . , but they are recycled. Other liquid was tes , such as evapo
rator bot toms , are treated and packaged for storage ( Section 
B . 2 . 2 . 6 ) . All radioactive solid wastes are packaged for storage 
( Sect ion B . 2 . 2 . 6 ) .  

There is only one source of rad ioactive material at a storage 
facility , the spent fuel ,  whether in shipping casks or in storage 
bas ins . Radioact ive material released consists of  fission prod
uc ts , actinides , and activation products .  These radionuclides may 
come from crud deposited on the fuel cladding during reactor serv
ice or may result from leakage of spent fuel through defects in 
the cladding . Re lease of  radionuclides at the facility results 
from 1 )  the release of radionuclides to the cask cavity during 
transport o f  the fuel and 2 )  the release of radionuclides to the 
basin water during subsequent handling and storage of the spent 
fuel .  Releases caused by transportat ion occur at the st orage 
facility when the cask is vented through the o ff-gas sys tem. Re
leases resul ting from handling and storage are through two other 
pathways to the atmosphere , the ventilat ing air and the evaporator 
overheads .  In this report , all  releases that might occ ur through 
the evaporator overheads are incl uded in the releases via the ven
tilat ing air.  

B . 2 . 2 . 1 . 2 . 1 Fuel Failure Rates 

Transportation - Cladding failures may occur during transpor
taton of the spent fuel to the ISFS or ARB facilit ies .  These 
failures may be due to mechanical or phys ical damage to the 
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cladd ing from vibrat ions , shock , and o ther stress encountered 
by the fuel casks on highways and railroads or during rail car 
coup ling operations . If  spent  fuel elements fail during normal 
transporta tion , the casks will contain any gases or particulates 
released to the cavity of the cask . At the storage fac ility , 
all of the f ission gas and part of the particulates will be 
vented to the facility o ff-gas system for treatment . For this 
assessment , 0 . 01% of the fuel elements are assumed to fail during 
normal transpor t as d iscussed in Appendix C and in Reference 3 .  

Handl ing and Storage - Storage of irradiated nuc lear fuel in 
water basins has been standard practice since nuclear reactors 
first began operation about 34 years ago. Spent power reactor 
fuel has been stored in water basins for almost 20 years , since 
the first power reactor began discharging fuel .  During this time , 
the fuel has been safely and successfully stored without any sig
nificant detriment to the surrounding environment or po pulat ion. 
This storage has al so been accomplished without any serious dete
riorat ion o f  the quality of the fuel cladding . 1 0  

At the Receiving Basin for Offs ite Fuel ( RBOF ) at the Savannah 
River Plant , spent reactor fuel as semblies have been stored for 
more than 1 2  years.  In that time , no failures attributed to basin 
storage have been reported.  Sixteen assemblies or elements have 
been dropped or otherwise involved in a handling accident at RBOF , 
which corresponds to a frequency of approximately one drop per 
1000  fuel as semblies handled.  None of these dropped fuel as sem
blies released any radionuclides . Based upon a recent survey 1 0  o f  
utility handling o f  spent fue l ,  nine fuel as semblies out o f  sev
eral thousand were dropped during handl ing . Of these nine dropped 
assemblies , only two cases of pos sible cladding failure were 
detected.  In bo th of  these cases , the release of radionucl ides 
was momentary . If this momentary release of radionuclides from the 
fuel is classified as fuel cladding failure , a rupture rate of 0 . 2 
per fuel drop can be predicted. Combining the frequency of 
dropping the fuel with that of cladding failure , the frequency of 
dropping and rupturing one or more fuel rods in an as sembly can be 
estimated to be 2 x 1 0-4 • In an effort to conservatively esti
mate the consequences of fuel failure in this EIS , a failure rate 
of 2 x 1 0- 3  is assumed for fuel handling . 

Reactor experience has shown that current reactor fuel fails 
at a rate 1 1  of one failure per 1 0 , 000  fuel elements irradiated 
per year. Because there has been no experience with fuel failure 
during storage in water bas ins , even though reactor operat ion is 
much more seve re than water basin storage condit ions , it is 
assumed in this volume that fuel fails at a rat e of one failure 
per 10 , 000 fuel elements stored per year . S ince most spent fuel 
will probably be s tored on the average less than ten years , it 
is assumed in this volume that one out of  1000 fuel elements fail 
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during s torage . To add additional cons ervatism to the analysis , 
fuel failure consequences are calculated based upon the radionuclide 
content of the spent fuel as it is received in the I SF S  facility . 

B . 2 . 2 . 1 . 2 . 2  Fractional Release 

Off-Gas System - Release of  radioactive material through the 
off-gas sys tem other than from the processing of shipping casks 
containing leaking fuel elements is assumed to be negligible .  
In the process of unloading the cask at the s torage facility ,  the 
cask is vented to the off-gas system. Treatment is provided in 
the o f f-gas sys tem to remove iodine . The decontamination factor 
( DF ) for iodine removal is 1 03 • The DF for particulate removal 
( prefilter and one stage o f  HEPA) is 1 04 • The release fractions 
from fuel to environment through the cask and o ff-gas system are 
shown in Table B-4 . 

TAB L E  B-4 

Atmo s p h e ri c Rel e a s e  Fracti ons from Off- Ga s Sys tems at 
S torage Ba s i n  Fa c i l i ti es Rec e i vi ng Spent Fuel  

OVera l l  
Fraction of 

Fraction of Activity Released 
Nuc lide Fue l Leaking to Cas k  Cavity 

3 H 1 x 1 0 -
.. 1 X 1 0- 2 

l 
.. C 1 x 1 0

- " 3 X 1 0- 2 

8 5 Kr 1 x 1 0- " 3 X 1 0- 1 

1 2 9 r  1 x 1 0- " 1 X 1 0 - 1  

Par t i cu 1 at e sb 
1 x 1 0- " 1 x 1 0- " 

a .  Charcoal fi l t ers in off- gas system . 

Fraction 
to Off- Gas 
System 

1 

1 

1 

1 

0 . 1 

b . Assumed to be other f i s s ion products and act i n i de s .  

c .  Air pas s ed through a pre f i l ter and a HEPA fi l t e r .  
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Release 
Fraction to Fraction to 
A tmosphere A tmosphere 

1 1 x 1 0- 6 

1 3 X 1 0 - 6 

1 3 x 1 0- 5 

1 x 1 0 - 3a 
1 x 1 0- 8 

1 x 1 0- "c 
1 X 1 0- 1 3  
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Ventilat ing Air - Radioact ive material enters the vent ilating 
air either as f ission gas from assemblies that undergo cladding 
failure at the storage basin or as particulate material released 
from the surface of storage basins and handling pools . 

Only that fraction of the rad ionuclides from the fuel matrix 
that  is in the core-clad gap and plenum regions of the fuel 
elements during reactor operation is assumed to be available for 
escape from the spent fuel in the event of failure of the cladding 
during rout ine operat ion . Assumpt ions on the core- clad gap and 
plenum space activity and release are summarized in Table B-5 . 

All of the 85Kr , l4C ,  and trit ium released from the fuel 
element is assumed to be released from the surface of  the basin 
wat er to the build ing vent ila tion system .  Basin water is assumed 
to retain 99%  of the radioiodine , and only 1% is released to the 
vent ilation system .  

Overall release  fract ions o f  these gaseous radionuclides from 
the storage facility are shown in Table B- 6 . This table shows the 
release fractions assumed from bo th spent fuel handling and storage . 

As shown in Table B-6 , essentially all part iculate f ission 
product s are assumed to be retained by the basin wat er and even
tually removed by the f ilter deionizer system .  However , some 
part iculate fission product s are released to the environment from 
the surface of the basin water . The normal radioactivity cont ent 
of the basin water at the storage fac ility will be maintained at 
�2  x 10-4 Ci/m3 by a water treatment system .  ( See Ref erence 3 
for addit ional details on the water treatment sys tem a ssumed in 
the generic ISFS or ARB basin facility . )  Based upon operating 
experience at RBOF at the Savannah River Plant , it is exp ected 
that a s torage facility wi ll release no more than 1 . 7  x 10-2 

Ci/year of radionuclides as part iculate material for each 500 MTU 
storage pool in servic e .  This act ivity is exp ected to be  distrib
uted as follows : 55Fe = 4% ,  60Co = 5% ,  90Sr = 1 % ,  l34Cs = 12% ,  
l37Cs = 78% . 

B . 2 . 2 . l . 2 . 3  Releases 

The release of radionuclides to the atmosphere at  the I SFS 
or ARB fac ility as  a result of transportation and handling i s  
de termined from the release fractions , the annual schedule of 
receipts ,  storage or shipment of spent fuel , the assumed age of 
the spent fuel , and the radionuclid e  distribution (from 
Reference 3 ) . 
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TABL E  B-5 

Rad i o n u c l i des Avai l a bl e for Rel ease - Hand l i n g and Storage 

Radionuclide
a 

Other F i s s ion 
products  

Act inides 

Fraction o f  Nuc l ide 
Activity in Void Space 
in Spent Fue l 
Assemb lies 

0 . 0 1 

0 . 0 3 

0 . 3  

0 . 1  

0 . 0 0 0 1  

e s s ent ial ly none 

Fraction of Nuc lide 
Activity Re leased 
from Spent Fue I 
to Basin Water 

0 . 0 1 

0 . 0 3 

0 . 3  

0 . 1  

0 . 0 0 0 1  

neg l i gib l e  

a .  8 5 Kr and 1 2 9 1  dat a are taken from Reference 1 2 .  
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TABL E B - 6  

Atmo s ph e r i c R e l e a s e  F ra c t i o n  from S to ra g e  Ba s i n s  

Frac tion of 
Nuclide Activity Fraction 

Fraction of Re leased to Re leased to Fraction to 
Nuc l ide Fue l  Leaking Water Basin Room Air A tmosphere 

Spen t Fue l Handlinga 

3 H  0 . 00 2  0 . 0 1 1 1 
1 4 C  0 . 00 2  0 . 0 3 1 1 
8 5 Kr 0 . 00 2  0 . 3  1 1 

1 2 9 1  0 . 00 2  0 . 1  0 . 0 1  1 

Other F i s s i on 
Produc t s  0 . 0 0 2  0 . 00 0 1  Neg l i g ib l e  Neg l i g ib l e  

Ac t i nide 0 . 00 2  0 . 000 1 Neg l i g i b l e  Neg l i g ib l e  

Spen t Fue l Storage 

3 1-1  0 . 00 1  0 . 0 1 1 1 

1 4 C  0 . 00 1  0 . 0 3 1 1 
8 5  Kr 0 . 0 0 1  0 . 3  1 1 

1 2 9 1  0 . 00 1  0 . 1 0 . 0 1 1 

Oth er F i s s i on 
Produc t s  0 . 00 1  0 . 000 1 Neg l i gib l e  Neg l i g ib l e  

Act inide 0 . 00 1  0 . 000 1 Neg l i g i b l e  Neg l i g ib l e  

a .  F a i l ure i s  a s s umed t o  occur during t ran s fer o f  fue l  from the s h ipping c ask t o  
s t orage o r  during trans fer of fue l from s t orage t o  a s hi pp ing c a s k . 

Overa l l  
A tmospheric 
Re lease Frac tion 

2 X 1 0- 5 

6 x 1 0- 5 

6 x 1 0 - 4 

2 x 1 0- 6 

Neg l i g i b l e  

Neg l ig ib l e  

1 x 1 0 - 5 

3 x 1 0- 5 

3 X 1 0- 4  

1 x 1 0- 6 

Neg l i g ib l e  

Neg l i g ib l e  



A summary of  the releases associated with handling and 
storage is given in Table B-7 for the total p eriod of operat ion 
and Table B-8 for the maximum year ' s  release . A summary of the 
releas es at the storage facility associated with transportat ion 
is given in Table B- 9 for the total p eriod of operation . 

B . 2 . 2 . l . 3  Dose Commitment 

B . 2 . 2 . l . 3 . l  Met hodology 

Radiation do s e  commitments from atmospheric releas es of 
radionuclides from a storage basin are cal culated for the following 
pathways : air submersion, inhalat ion , transpiration and drinking 
water ( tritium oxide only) , contaminated ground surfac e ,  and 
contamination of agricultural products . 

TABL E B- 7 

Ra d i onuc l i des Re l ea s ed to Atmo s p here D u r i ng Norma l S to rage 
B a s i n  Opera t i on ,  Cumu l a t i ve C u r i es Rel e a s ed 

Centra lized Storage (A l ter- Decentra lized Storage ,-li th Dis-
native 1A ) or Decentra lized charge Capabi l i ties - Po licy 
Storage Wi th Fu l l- Core Re- Imp lemented (A l ternative 1 B- 2 )  
serve (Il l ternative 1B- 1 ) - or Po livy No t Imp lemented 
Po licy Imp lemented (A Z ternati ve 2A ) 

Nw! l ide Disposition Fac i l i ty Startup Disposition Facility Startup 1985 1995  1 985 1 995 
3 1 1  9 . 7  x 1 0 1 8 . 1 X 1 0 2 8 . 8  x 10 0 3 . 7  X 1 0 2 

1 4 C 5 . 3  x 1 0- 1 6 . 1  x 1 0 ° 4 . 6  X 1 0 - 2 2 . 4  x 1 0 0 

B S K r 6 . 2  x 1 0 4 5 . 1  X l O s 5 . 4  X 1 0 3  2 . 4  X 1 0 5 
1 " I 1 . 0  x 1 0 - 3 9 . 6  x 1 0- 3 8 . 5  x 10 - 5 

4 . 4  x 1 0 - 3 
S 5 F e 6 . 9  x 1 0 - 2 1 . 1  x 1 0 0 5 . 6  x 1 0 - 3 5 . 8  x 1 0 - 1 
b O CO 9 . 0  x 1 0 - 2 1 . 3  x 1 0 0 7 . 0 x 1 0 - 3 7 . 2  x 1 0 - 1 

9 0 Sr 1 . 8  x 1 0 - 2 2 . 7  X 1 0 - 1 1 . 4  x 1 0- 3 1 . 5  x 1 0 - 1 

1 3 \:S 2 . 1 x 1 0- 1 3 . 2  x 1 0 0 1 . 7  x 1 0 - 2 1 . 7  x 1 0 0 

1 3 \:5 1 . 4  x 1 0 °  2 . 1  X 1 0 1 1 . 1  x lO- 1 1 . 1  x 1 0 1 

B- 2 7  

Decentra lized Storaue crt 
A t-Reaetor Basin -
Po licu No t Imp leman ted 
(Il l te�ative 28) 
Disposition Faci l i t!:i Startu;,' 
1 985 1 995 
9 . 8  X 1 0 - 1 8 . 1 x 1 0 '  

5 . 4  X 1 0 - 1 5 . 2  x 1 0 0 

6 . 3  X 1 0 4 5 . 1 X l O s 

1 . 0  X 1 0 - 3 9 . 7  x 1 0 - 3 

2 . 4  x 1 0 - 1 1 . 6  x 1 0 0 

3 . 0  x 1 0- 1 2 . 0 x 1 0 0 

6 . 0  x 1 0 - , g . O X lO- 1 

7 . 2  x 1 0- 1 4 . 8  x 1 0 0 

4 . 7  x 1 0 0 3 . 1 X 1 0 1 
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TAB L E  B-8  

Ra d i o n uc l i des Re l eased to  Atmos phere Du ri n g  Normal  Sto rage 
Ba s i n  Operat i on ,  Curi es , Max i mum Year 

Disposi tion 
Faci lity 
startup -+ 

Nuc lide 
3 H 

1 4 C 

8 5 Kr 
1 2 9  I 

5 5 p C  
6 0 C O  

9 0 Sr 
1 3 4 C 5  

1 3 7C 5  

Centra lized Storage 
(Al ternative 1AJ or 
Decentra lized StoY'age 
With Ful l- Core Reserve 
(A lternative 1 B- 1 J  -
Po licy Implemented 
1 985 1 995 

2 . 0  X 1 0 1 6 . 6  X 1 0 1 

9 . 5  X 1 0- 2 3 . 2 X 1 0- 1 

1 . 3  X 1 0 4 1 . 2  X 1 0 4 

1 . 8  X 1 0- 4 6 . 0  X 1 0- 4 

8 . 0  X 1 0- 3 3 . 8  X 1 0- 2 

1 . 0  X 1 0- 2 4 . 8  X 1 0 - 2 

2 . 0  X 1 0- 3 9 . 6  X 1 0 - 3 

2 . 4  X 1 0- 2 1 . 2  X 1 0- 1 

1 . 6  X 1 0- 1 7 . 5  X 1 0 - 1 

Decentra lized Storage 
with Discharge 
Capabi lities - Po licy 
Imp lemented (A l terna
tive 1B- 2 J  of Po licy 
Not Imp lemented 
(A lternative 2AJ 
1 985 1 995 

3 . 2 x 1 0 ° 

1 . 6  X 1 0
- 2 

2 . 1  X 1 0 3 

2 . 9  X 1 0- 5 

8 . 0  X 1 0- 4 

1 . 0  X 1 0 - 3 

2 . 0  X 1 0- 4 

2 . 4  X 1 0- 3 

1 . 6  X 1 0- 2 

3 . 8  X 1 0 1 

1 . 8  X 1 0 1 

2 . 4  X 1 0 4 

- 4 
3 . 4  x 1 0  

2 . 0  X 1 0- 2 

2 . 5  X 1 0 - 2 

5 . 0  X 1 0 - 3 

6 . 0  X 1 0- 2 

3 . 9  X 1 0- 1 

Decentralized Storage in 
A t-Reactor Basin -
Po licy No t Imp lemented 
(A l ternative 2BJ 
1 98 5  1 995 

1 . 2  X 1 0 1 1 . 8  X 1 0 1 

5 . 9  X 1 0- 2 8 . 9  X 1 0 - 2 

7 . 9  X 1 0 3 1 .  2 X 1 0 4 

1 . 1  X 1 0- 4 1 .  7 x 1 0- 4 

1 . 4  X 1 0- 3 1 . 9  X 1 0 - 3 

1 . 7  X 1 0- 3 2 . 4  X 1 0 - 3 

3 . 4  X 1 0- 4 
4 . 8  X 1 0

- 4 

4 . 1 x 1 0  -
3 

5 . 8  X 1 0
- 3 

2 . 7 x 1 0  -
2 

3 . 7  X 1 0- 2 
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TAB L E  B-9 

Rad i on u c l i de s  Re l ea s e d  t o  Atmos phere D u r i n g  Cask Vent i n g at Storage B a s i n  Fac i l i t i es 

Nue L i de 

, 11 
l 4 C 

8 5 Kr 

9 0 S r 
1 2 9 I 
1 3 4C 5 
1 3 7 C 5 

1 4 4 CC 
1 4 7 Pm 
I S 4 Eu 
2 3 7Np 
2 3 8 pU 

2 3 9 1' u 
2 4 0 pU 
2 4 1 pu 
2 4 2 pU 

2 4 1 ,\m 

2 4 2 Cm 

2 4 3 Cm 

2 4 4 Cm 

2 4 S Cm 

Ilmount of' Hadioae tivity .r-</e leascd� To tal CJJTl;;cl(;n� curies 

e'en tra l"ized Storall!' 
(,1 l te rnative lA ) �r 
Deeentr'alized StOr'C1:JC 
Wi th Pu l l - Coy'e Reserve 
(A l te rnative 1I3- l )  -
Fo lief) Imp l emen ted 
Dispos'i tion Faei l i ty Startup 
1 985 1 99;' 

2 . 2  x 10° 
1 .  I x 1 0- 2 

1 , 4 x 1 0 3  
.> . 8  x ] ()' s 
2 . 0  X ] () - 6 
3 .  (\ x lO- S 

S . O  x l O ' s 
1 .  7 x lO - S 

2 . l x I O - s 
2 . 7 x l O - 6  
1 . 8  x Ill - 1 o 

I . S  x ] () - G 
1 .  7 x 1 0 - 7 

2 . 5  X 1 0 - 7  
4 . 6  X l O- s 
7 . 0  x lO , I O 

3 . 7  x lO - 7 

3 . 9  X ] ()_ 8 

1 . 7 X lO - 9 

1 . 0 x 1 0 - 6  
1 .  7 x 1 0 - I ° 

2 .  I x 1 0 1  
1 . 0 x 1 0' I 

1 . 4  X 1 0 4 
3 . 7 x ] ()- 4 
1 . 9 x l O - s 
3 . 2  X 1 0 - 4 
5 .  I x 10- 4 

I . b X 1 0 - 4  
2 . 1 X 1 0 - 4 

2 . 6  x I O - s 
1 . 8 x 1 0 - 9  
1 . 1  X I O - s 
1 . 6 x l O - 6  
2 . 4  x ] () - 6 
4 . 3  X 1 0 - 4 
6 . 7  X l O - 9  
3 . 5 x lO - 6 
3 . 7 X lO - 7 

1 . 6 x 1 0 - B 

9 . 8  x I Il - b 

I .  (, x 1 0 - 9 

,Jeuentr'a l ized StOY'(wr: 
W,i th Dise hf1 r'ue 

' 

1,'apab U i t ies - Po Li(}!: 
fmr: lemen ied (!l l tc Y'11a
i1:;!e iB-2J  o f'  Po [-iuci 
No t Irrrn lemented 

" 

(A l terna tive 2A ) 
UiS1!osi i. ,ion F'ac1: l i t'i StaY'tuf' 
1 985 ),').'!S 
1 , 9 x 1 0 - 1 

9 . 2  x I Il- 4 
1 . 2  x 1 0 2  
3 . 3  x 1 0 - 6 
1 , 7  x 1 0 - 7  
2 . 9  x 1 1l - 6 
4 . 5 x 1 0 - 6 
1 . 5 X 1 0 - 6 
1 . 8  X 1 0 - 6 
2 . 3  x 1 0 - 7 
1 . 6 x 1 0 - 1 1  

1 . 3 x 1 0 - 7  
1 . 5 X 1 0 - 7  
2 . 2  X 1 0 - B  
3 . 9  X 1 0 - 6 
6 . 0  X 1 0 ' 1 1  

3 . 0  x I O - s  
3 . 3 X 1 0 - 9  
1 . 5 x 1 0 - 1 0  

8 . 7 X I O , B 

1 . 4 x 1 0 - 7  

9 . 8  x 1 0 ° 
1\ • 7 x I Il- 2 

b . 3  X I ll '  
1 . 7  x 1 0 - 4 
8 . 8  x 1 0 ' 6 
1 . 5 x 1 0 - 4 

- 4 2 . 1  x I II 
7 . 7  x 1 0 " 5 

9 . 3  x I Il- s 
1 . 2 x 1 0 - 5  
8 . 1 x 10 - 1 0  

G . 8  x 1 0 - 6  
7 . 7  X 1 0 - 7  
1 . 1  X 1 0 - 6  
2 . 1  X 1 0 _ 4  
3 . 2  x 1 0 - 9  
1 . 7  x I Il - 6 
1 . 8 x 1 0 - -; 
7 . 7  x 1 0 - 9 

1 . 5  x 1 0 - 6 

7 . 5 x 1 0 - 1 0 

: Je(�entru L i;.;c'/ �U/()}Yl,'rC in .. 1 t - Heae t()rl iJasinD 
Po l ic::) Not lr'l[l Z E:r'lCn

'
ied (11 l terrzaie P,B) 

.r)iqI�)f;i �:�on !-'a!.." 7: .� /�(c.:J.:.r'..::t..::u::;r.:..) _______ _ I [J8S 1 9iJS 
� .  2 x 1 0 ° 
1 , 1  x 1 0- 2  
I . ,1 x 1 0 3  
7 . 7 X I O- O 
2 . 0  x 1 0 ' 6 
() . 8  x 1 0- 0 
1 , 1  x I O ' s  
:, . 5  x 1 0 ' "  
:1 . � x 1 0 - r, 

5 . 4  X 1 0 - 7  

:1 , 7 x 1 0 - 1 1  

-", . 0  x ] () - 7 

.) . 5 x I O - S  
- 8 S .  I x 1 0  

9 . 2  x ] () - r, 

I . 4 x ] 0 - 1 0 

7 . . \ x 1 0 - 8 

:; .  ()  x 1 0 - B 

"' . 5 x I 0 - I ° 
2 .  I x 1 0 '  7 

"' . 4 x I 0- I I 

2 . 2  x 1 0 1 

1 . 0 x 1 0- I 

1 . 4 x I () 4 

2 . 7 x I O- s 
1 . 9 x 1 0- 5 

2 . 4 x I O - s  
3 . 7 x I O - s 
1 . 2  x 1 0 - s 
1 . 5 x 1 0 - 5 
1 . 9  x 1 0 - 6  

_ I 0 1 . 3 x 1 0  
I . 0  x 1 0- " 
1 . 2 x 1 0- 7  
1 . 8 x 1 0 ' 7  
.> . 2  x 1 0 - 5 

4 . 9  X 1 0 - 1 0 

2 . 5  X 1 0 - 7 
-"' . R  x 1 0 - 7 
I . 2  x 1 0 - 9 

7 . 1 X lO - 7 
1 . 2 x ] 0 - 1 0 



As used in this report ,  the term "dos e commitment"  consists  
of two parts : the  internal dose  commitment and the environmental 
dose commitment . The internal dose commitment is asso ciated with 
an intake o f  a r ad ionucl ide and is defined as  the total radiat ion 
dose to a reference organ result ing from that intake which will 
accrue dur ing the remaining lifet ime of the individual . 13  Thi s 
includes the contribution of  any radioactive daughters which are 
formed in the body as the parent radionuclide decays . The exposed 
individual is  assumed to be an adult , 20 years of age at the time 
of intake , who will live to age 70 . Thus , the internal dose 
commitment is a 50-year dose commitment . Environmental dose 
commitment is f rom wor ldwide recycling of radionuclides ( 3R ,  l4C ,  
85Kr) and from nuclides such as 1291 and particulate f ission and 
activat ion products persistent in the local environment for 
signif icant time per iods following release .  Environmental dose 
commitment is calculated for the period of release and for a 
100-year period after to provide an assessment of effects of 
persistent nuclides . 

7-h The long- term po tential consequences for very long-lived 
radionuclides are not included beyond 100 years . The difficulty 
in extrapolating the impact out to the time o f  complete radio
active decay lies in developing rational models which will account 
for the availability of the radionuclide in ques tion , when it  is 
generally agreed that environmental depletion occurs through 
environmental sinks , such as movement to the deep ocean , or migra
tion downward in soil beyond the accessibility of rooted plants . 
Further complications are introduced by attempting proj ections 
of populations over eons of time approaching geological ages . 
Even 100-year proj ections suffer to some extent from these 
uncertainties . 

Maximum Individual - Dose commitment is calculated for the 
hypothetical ind ividual who is assumed to reside continuously at  
the site  boundary at the point of highest atmospheric concentra
tions . Table B-10  shows the dos e commitment to this individual 
during the year of maximum release of rad ionuclides from the 
storage basins and ,  also , the cumulative dose for the entire period 
of operat ion of the basins if  the policy is implemented with 
centralized s torage .  Table B-10 also shows the dose commitments  
for  the same individual with decentralized s torage or if the 
policy is  not implemented . For comparison, individua l exposure 
to natural rad iation sources in the United S tates ranges from 
100 mrem/yr to 250  mrem/yr , averaging 130 mrem/yr . World expo sure 
to natural radiation sources averages 100 mrem/yr . 4 

B- 30 
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TABLE B-10 

Rad iation Dose Cormlitmenta to Hypothetical Individual Receiving the Maximum Dose from Bas i n  Releases , mrem 

Dis[!.ositioTL FacilitY.. StartuE!.� 1985 
Expo8u:t"e to 

"C 1 2 9] Contaminated 
'H "Xl' Groundb 

Centralized Storage (Alternative lA) and Decentralized 
Storage with Full -Core Reserve OB-1) - Policy Implemented 

Maximum Release, Yearly 

Whole �dy 0 . 0035 0 . 0019 0 . 003 2 . 60 ��:�id 0 . 0 1 7  

Red Marro,,", 
(leuksrrla)d 0 . 0033 
Lungs .... 0 . 0062 
ISFS Basin Operation. Cumulative Release 
Whole Body 0 . 0 1 7  0 . 0 1 1  0 . 0077 22e 
Thyroid 0 . 092 
Bone" 
Red Marro,,", 
(leukemia)& 0 . 019 
Lungs 0 . 016 

Decentralized Storage w i t h  Discharge CapabUit ies _ 
Policy Implemented (Alternative 18-2) or Policy 
Not Implemented. (AI ternative 2A) 

Maximum Release, Yearly 

Whole Body 0 . 0004 0 . 0003 0 . 0005 0 . 26 
Thyroidd 0 . 0027 Boned 
Red Marrow 
(leukellia)d 0 . 0006 
Lungsd 0.001 
ISFS Basin Operation, Cumulative Release 

Whole Body 0 . 00 1 1  0 . 0009 0 . 00 1 3  L a"  
Thyroidd 0 . 0079 
Boned 
Red Marro .... 
(leukemia)d 0 . 0016 
Lungs 0 . 0027 

Decentral i z ed Storage i n  At-Reactor Basins 
Policy Not Implemented (Alternative 26) 

Maximum Release, Yearly 

Whole Body 0 . 00 1 5  0 . 0012 0 . 00 1 8  - 0 . 4 4 C'  
Thyr�i<t<l 0 . 0 1  
Bone 
Red Marrow 
(leukTia)d 0 . 0021 
Lungs 0 . 0037 

ARB Operation, Cumulative Release 
Whole Body 0 . 0 1 4  0 . 0 1 1  0 . 016 4 . 0 13  
Thyroid 
Bone d 

0 . 09 

Red Marro .... 
(leukTia)d 0 . 019 
LWlgs 0 . 033 

SO-year dose commitment .  
b. Due to nuclides other than 3H, lIIC ,  85Kr. and 1 2 9 1 .  

Inhalation 

0 . 0008 

0 . 0038 

0 . 007 

0 . 035 

0 . 0001 

0 . 0004 

0 . 0005 

0 . 0027 

0 . 0001 

0 . 0006 

0 . 00 1 2  

0 . 0058 

a. Dose from maximum year of releases from releases during that year. 
d. Doses in addition to organ dose from whole body irrad iat ion: 
e. Cumulative dose during the study period. 

Di8e,08ition Facility" StaJ"tue.. 1995 

b poodBtufl Tota! 'H "c "Xl' 1 2 9I 

0 . 15 2 . 8  0 . 0027 0 . 00 2 1  0 . 0033 
0 . 017 0 . 01 8  

0 . 0 1 2  0 . 016 

0 . 0033 0 . 0037 
0 . 0062 0 . 0006 

1 . 4  2 3  0 . 033 0 . 04 0 . 01 2  
0 . 9 2  0 . 29 

3 . 3 3 . 3  

0 . 019 0 . 07 
0 . 0 16 0 . 026 

0 . 016 0 . 28 0 . 00 1 2  0 . 0009 0 . 0014 
0 . 0027 0 . 008 

0 . 037 0 . 037 

0 . 0006 0 . 0016 
0 . 00 1  0 . 003 

0 . 1 1  1 . 9  0 . 01 2  0 . 01 2  0 . 0 1 4  
0 . 0079 0 . 10 

0 . 26 0 . 26 

0 . 0016 0 . 020 
0 . 0027 0 . 028 

0 . 026 0 . 4 7  0 . 0021 0 . 00 1 7  0 . 0026 
0 . 0 1  0 . 01 5  

0 . 06 0 . 06 

0 . 0021 0 . 0029 
0 . 0037 0 . 0054 

0 . 2 3  4 . 3  0 . 032 0 . 025 0 . 039 
0 . 09 0 . 2 2 

0 . 54 0 . 55 

0 . 019 0 . 04 3  
0 . 033 0 . 081 

Expo8u:t"e to g�;::}nated 
Inhalationb Foodstuf/ Total 

4 . 3  0 . 00 1 3  0 . 29 4 . 6  
0 . 018 

0 . 0063 0 . 5 7  0 . 5 8  

0 . 0037 
0 . 0006 

IOOe 0 . 038 1 1 0  
0 . 29 

0 . 18 16 16 

0 . 07 
0 . 026 

1 . 6C' 0 . 0005 0 . 093 \ . 7  
0 . 008 

0 . 024 0 . 24 0 . 26 

0 . 0016 
0 . 003 

4 3e 0 . 014 2 . 8  46 
0 . 10 

0 . 068 6 . 8  6 . 9  

0 . 020 
0 . 028 

0 . 65 0 . 0002 0 . 035 0 . 69 
0 . 015 

0 . 0009 0 . 087 0 . 088 

0 . 0029 
0 . 0054 

9 . 8  0 . 0028 0 . 5 1  1 0 . 4  
0 . 22 

0 . 014 1 . 3  1 . 3  

0 . 043 
0 . 08 1  
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B . 2 . 2 . l . 3 . 2  Local , United States , and World Populat ion 

Populat ion dose commitments are calculated for the local 
[80  km ( 50  mi) ] , United States , and world populat ions . The 3H ,  
l4C ,  and 85Kr eventually spread from the local arI�9

to the sur-
rounding U . S .  and then throughout the world , but I and radio-
act ive part iculates are assumed to be deposited only on U . S .  soil . 
For purposes of calculat ing dose commitment , the generic ISFS and 
ARB fac ilities are as sumed to  be located in the midwest ; there
for e ,  only the population of the eastern U . S .  is exposed on the 

C f irst  pass before worldwide d ispersion . This assumption maXlffilzes 
environmental effects ;  if an eastern location were assumed , this 
dose from the f irst pass would be lower . In calculat ing the 
worldwide 100-year do ses , the population growth is extrapolated 
to 37  x 1 09 people (nine t imes the present populat ion) by the 
year 2095 . The world food supplies may not support that popula
t ion level ; thus , the calculated population dose commitment is 
probably higher than that which will result from these releases 
and is , therefore , conservative . Table B-ll gives the local , 
U . S . , and worldwide dose commitment from operation of the storage 
facility and includes the do se from pers istent effects for a 
100-year per iod after operation . 

B . 2 . 2 . l . 4  Health Effects from Low Levels of  Ionizing Radiation 

7-f The potential health effects  on human populations of low 
levels of  ionizing rad iat ion are d iscus sed in this sec t ion . The 
health effects cons idered are long-delayed somatic and genetic 
effects . In this environmental impact s ta tement , the somatic 
effects  cons idered are malignancies resulting from irradiation of 
the whole body , lung , bone , bone marrow, and the thyroid ; genetic 
effects  are those which occur in future generat ions becaus e of  
expo sure of the gonads . 

7-g Recently , much literature has dealt with the prediction of  
health effects from low levels of ioniz ing radiat ion . The most 
broadly accepted reports on these effects are the BEIR Report 
( 19 7 2 ) 14 by the Nat ional Academy of Sciences and the UNSCEAR 
Report ( 19 7 7 ) 15 by the United Nat ions Scienti fic Committee on 
the Effects of Atomic Radiat ion . The Nat ional Academy of  Sciences 
is currently preparing to release an update of the BEIR Report . 16  

This environmental statement adopts  the linear dos e-heal th 
ef fect relationships derived from the BEIR Report14 by the 

7-c Environmental Protection Agency (EPA) . 17 , 18 No threshold dose 
is assumed for health effects . These dos e-effect es timates are 
quite uncertain and may or may not overestimate the actual e ffects . 
The following is a quote  from the EPA analysis o f  the fuel cycle : 17  

8 - 3 2  



TABLE B- 1 1  

Popu l a tion Dose Comm i tment from Storage B a s i n  Rel eases , man- rem':' 

.'J�, ' � ?: Ie 
Pat-rc.n,< 

Cent ra I i  :ed St <)rage (:\1  t e rnat i vc 1 :\)  or Decent ra I t  :c e ll  Storage 
l- 1 t h  Fu l l -Core Rcsen'f' ( A l t c rnat i \"c \ B- l i  - Po l i cy  Imp l cr.lcntcd 

Who l e  Body 

Bone ;  

Lung ; 

R.ed I>la rro," i 

Exposure to 
Contaminated 
Ground 
Inhalat.ton' 
Foodstu ff(' 
Total 
1 2 9 1  

Inha l at ion 

Foodstuff 
Tot a l  

< I  

5 1 9  

, I  
2 8  

S 4 7 ( 54 7 )  

6 7  

68 

< I  

< I  

Decentra l i zed Storage I<," ith Discharge Capabi l i t i e s  
Po l i cy Implemented (Alternative I B- 2 )  or Po l i c y  
Sot Implemented (Alternative 2,>\) 

Wh ole Body 

, 
Thyroid'� 

Lungd 

Red Marrawd 

Exposure t o  
Cont<lminated 
Ground 
InhalationC 
Foodstuf� 
Total 

Inha l a t i on 

Foodstuff 
Total 

< I  
< I  

< I  

4 0  

< I  

2 

4 2 ( 4 2 )  

< I  

< I  

< I  

< I  

4 15 
< I  

22 

439{ 438)  

S 3  

S4 

< I  
< I  

< I  

3 2  

< I  

2 

34 ( 3 4 )  

< l  

< I  

< 1 

< l  

' I  

3 0  

2 S  

55 ( 3 l )  

1;1 

52 

S ( 2 )  

' I  
3 1  
2 6  

934 
q 
50 

1 0 4 1  ( 1 0 1 6 )  

1 2 0  

1 2 2  

2 0  

< I  

7 2  

< I  

4 

81 (76) 

< I  

< 1  

1 0  

1 0  

8 1 5 2 

43h 

8598 ( 859 5 ) 

44 

1 0  

1007 

1 0 1 7  

4 4 9 1  

24 2 

4738 ( 4 7 3 7 )  

2 0 

599 

604 

Decentra l i z ed Storage in At-Reactor Basins � Policy Not Implemented (Alternative 28) 

Wh ole Body 

" Bone 

Lungd 

Red Marrawd 
(Leukem i a )  

'H 
1 4c 
8 sKr 
Exposure t o  
Contaminated 
Ground 
Inhalation� 
Foodstuf� 
Total 

Inhalation 
Foodstuff 
Total 

q 
< 1 

< l 

16 7 7  

9 3  

1 7 7 1  ( 1 7 7 1 )  

2 2 2  

2 2 4  

< l  

< I  

1 3 36 

<I 
74 

32 

3 2  

1 4 1 1 ( 1 4 1 0 )  64 (36) 

1 7 7 

1 7 9  

< I  6 6  

55 

q 
33 

3 2  

3 0 1 3  

1 6 7  

10900 

606 

3246 (32 1 7 )  ! l 5  1 6  ( 1 1 5 1 ' )  

399 

403 

66 

5 7  

4 2 

1 5  

1 4 30 

1 4 4 5  

1 0  

6 7 1 3  

350 

7086(70'8) 

37 

10 

8 1 5  

825 

1 2 

1 7  

3743 

192 

3945 (394 2 )  

1 7  

4 7 4  

4 7 9  

8690 

'83 

9 1 9 4  ( 9 1 8 7 )  

36 

1 2  

1 1 40 

! l 5 2  

1 9  

1 4  

Continued effects o f  releases are inc luded for a I O O - year period after end of ISFS o r  At - Reactor Basin storage. 
b. Where gonad doses d i ffer from who l e  body doses, gonad doses are shown i n  parenthes es . 

Includes contribution from nucl ides other than 3H, I .. C, B S Kr • and 1 2 9 1 .  

d. Doses i n  addition t o  organ dose from whole body irrad i a t i o n .  

B- 3 3  

1 4 1  

2 7 8  

7 20 ( 3 7 9 ) 

3 7 3  

763 

< I  
1 9 3  
I I I  

304 ( 1 5 7 )  

2 2 9  

334 

'03 

3' I 

7 4 5 ( 4 1 0 )  

706 

69 7 

290 

78fl 

16404 ( l bOS2 . 

8 1  

20 

1 8 22 

1 84 2 

391  

7 8 5  

1 9 8  

1 1 6  

82 34 

4 3 4  �----� 
89 87 (8836) 

37 

10 

1073 

1083 

239 

343 

413 

353 

19590 

1089 

21455 ( 2 1 1 1 1 )  

78 

27 

2570 

2597 

731 

7 1 4  
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The numerical risk estimates  used are primarily from the BEIR 
Report . l 4  What must be emphasized is that though these 
numbers may be used as  the best ava ilable for the purpo se 
of  risk-cost benefit analyses , they canno t be used to 
accurately predict the number of  casualties . For a given 
dose equiv�lent , the BEIR Report est imates a range for the 
health impact per million expo sed persons . For example ,  
the BEIR results from a study of  the maj or sources of cancer 
mortality data yield an absolute risk* estimate of 54 to 
123 deaths annually per 106 persons per rem for a 27-year 
followup period . Depending upon the details of  the risk 
model used , the BEIR Committee ' s  relative risk** estimate 
is 160 to 450 deaths per 106 persons per rem . It is s een 
tha t the prec is ion of these estimates is at best about a 
factor of 3 to 4 ,  even when applied to s ample populat ions 
studied on the basis of the same dos e  rates . The application 
of the BEIR risk estimates to exposures at lower dos e  rat es 
and to populat ion groups  more heterogeneou s than tho se 
s tudied increases the uncertainty in the risk estimates . 
Considering the limitat ions of presently available data and 
the lack of an accepted theory of rad io carcinogenesis , 
emphasis should be placed on the difference in risk estimates 
between the var ious procedures and count ermeasures discussed 
in this report rather than on the absolute numbers . Where 
the absolute numbers must  be used for risk-cost-benef it 
balancing , it should be revised as new informat ion becomes 
available . No twithstanding these d isclaimers , it is also 
pertinent to note that we are in a bet ter posit ion to evalu
ate the true risks and the accompanying uncertainties from 
low levels of  radiation than from low concentrat ions of other 
environmental pollutants which might affect populat ions . . . .  l 7  

The posit ion o f  the National Council on Radiat ion Protection19  

The l inear dose-eff ect  hypothesis has been coming into 
frequent use in analyses in which populat ion exposures are 
expressed in the form of person-rem , inc luding do ses of 
1 mrem/yr or less to populat ion groups and do ses to individual 
organs , with linear extrapolation to damage es timates through 
the use of the BEIR Report values . The indicat ions of  a 
s ignificant dose rate influence on radiation effec t s  

* Absolute risk estimates are based upon the reported number o f  
cancer deaths per rad that have been obs erved i n  exposed popu
lation groups , e . g . , Hiroshima , Nagasaki , et c . 

** Relat ive risk est imates  are based upon the percentage  increase 
of amb ient cancer mortality per rem . 
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would make complet ely inappropriate the current prac tice of 
summing of  doses at all levels of  dos e and dose rat e in the 
form of  total person-rem for purposes of calculat ing risks 
to the population on the basis of extrapolation of risk 
estimates derived from data at high doses and dose rates . 

The NCRP wishes to caut ion governmental policy-making 
agencies o f  the unreasonableness of interpreting or assuming 
' upper limit ' estimates of carcinogenic risks at a low 
radiat ion leve l ,  derived from linear extrapolation from data 
obtained at high doses and dose rates as actual ri sks , and 
of basing unduly restrictive policies on such an interpreta
tion or assumption . The NCRP has always endeavored to ensure 
public awareness of the hazards of ionizing radiation, but 
it has equally determined to  ensure that  such hazards are 
not greatly overestimated . Undue concern, as well as care
lessness with regard to radiat ion hazards , is considered 
detrimental to the pub lic interest . 1 9  

7-c The dose-effect relationship factors derived by the EPA are 
neither upper nor lower estimates of probability but are computed 
on the same basis as the p robability charac terized as "the most 
likely es timate" in the BEIR Repor t ;  that i s ,  they are averages 
of the relat ive and absolute risk models considered in the BEIR 

7-f Report .  The EPA do se-eff ec t  factor s are shown in Table B-12 . 
This table includes both somatic and genetic effects . For somatic 
effect s ,  two columns are shown , i . e . , for total malignancies (both 
fatal and nonfatal) and fatal malignancies , only . The somatic 
dose-effect factors used in this environmental s tatement make no 
distinction between lethal and sublethal cancers and use the 
factors shown in the first column , the total potent ial incidence 
of malignancies . The genetic effects cons idered include congenital 
anomolies , constitutional and degenerative diseases , etc . Because 
of the seriousness of  these genetic effect s ,  e . g . , mongolism , the 
emotional and financial stress would be similar to death impact . 
This environmental s tatement sums genet ic and total cancer risk 
as to tal health effects . 

7-d The mos t  recent and most thorough estimates of cancer risks 
from radiation exposure are those contained in the 1977  UNSCEAR 
Report . lS These estimates are listed in Table B-13  along with 
the BEIR Report14 estimates . The UNSCEAR Report cautions that  
these values are  " . . .  derived essent ially from mortalit ies induced 
at doses in excess of  100 rad . The value appropriate to the much 
lower dose levels involved in occupat ional exposure , and even more 
so in environmental exposures to radiation may well be subs tan
tially less . . •  " Also shown in Tab le B- 13  are risk estimates from 
the 1977  recommendat ion of  the International Commission on 
Radio logical Protec tion , 13  which are based primarily upon the 
UNSCEAR Report . The EPA do se-fatal cancer and genetic effect 
factors are included for comparison . 
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TABLE  B- 1 2  

EPA Do se Effect Convers i on Factors 

To tal Somatic Fatal Somatic 
Hea l th Effec ts Hea l th Effects 
per 1 0 6 man-rem� per 1 0 6 man-rem� Gene tic Effects 
cancers cancers % Morta lity per 1 0 6 man-rem 

Who l e  Body l B  4 0 0  2 0 0  5 0  
tJ:1 
1 

V-l 
Lung 1 B  

0\ 4 0  4 0  1 0 0  

Bone 1 7  32  1 6  5 0  

Red Marrow 1 7  5 4  5 4  1 0 0  
(Leukemia)  

Thyroid 1 B  6 0  1 2  2 0  

Gonad s 1 B  2 00 



7 - e 

o:l 
I 

V-l 
'-l 

TAB L E  B- 1 3  

Compa r i son of  Dose- E ffec t Convers i on Fac tors 

Estimates of Effects per Mi l l ion Man-Rem 
BEIRlf+ . 

Abso lu te Risk Mode l  Re lative Ri sk Mode l 
3D-Year Life 3D-Year Life 

Effec t  Plateau Plateau Plateau Plateau 

Ma l i gnanc i es , fat al  

Red Marrow , 
26

a 
3 7a l eukemia 

Lung 1 6  1 9  [ 1 2 2  Bone 2 . 4  3 . 0  4 1 7 

Thyro id 

Who l e  Body , tot a l  8 6  1 0 0  1 5 9  4 5 4  

Genet i c  6 0 - 1 5 0 0  

EPA 
1 7 , 1 8  

54 

40  

1 6  

1 2  

2 0 0  

2 0 0  

UNSCEAR 1 S  

1 5 - 2 5  

2 5 - 5 0  

2 - 5  

5 - 1 5 

1 0 0  

1 8 5  

a .  A 1 0- year risk p l at eau i s  used for in utero exposure . Al l o ther exposures u s e  a 
25- year risk p l ateau . 

ICRP- 2 G  1 3 

2 0  

2 0  

5 

5 

1 00 

2 0 0  



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

7-c Recently , there has been some controversy concerning the 
magnitudes of es tima ted risks from ionizing radiat ion . The 
Natural Resources Defense Council , in commenting on the draft 
version (Augus t 1 9 78)  of  thi s environmental s tatement , inc luded 
an April 19 78  report by Arthur R. Tamplin entitled Biological 
Effects of Radiation Underestimated . 2 0 In this repor t ,  Dr . Tamplin 
postulates that the upper estimate of somatic effects  in the BEIR 
Report may be low by a factor of ten and genetic effect estimates 
may be low by a fac tor of eight . As can be seen f rom comparison 
of dos e-effect factors in Table B-1 3 ,  most  of the es timates by 
others are of the same order of magnitude . The updated BEIR 
Report (19 79 ) 16  was not available at the time of preparation of 
this environmental statement , but it is understood that the up
dat ed estimate  of health effects does not differ greatly from 
the 1 9 7 2  report . In view of thi s ,  the EPA dose-effect factors 
will be used in this statement as being representative of the 
est imat es of most of the group s making est imate s .  

\\Then the populat ion doses given in Table B-ll and the factors 
in Table B-12 are comb ined , health effects ( from ISFS facility 
operat ion) can be calculated for each alternative (Table B-14 ) . 

The calculated s tat is tical incidences of fatal cancers 
resulting from ISFS or ARB facility operat ions ( using EPA do se
effect factors)  and the fatalities per 100 , 000 population are also 
given in Table B-14 . These values are extremely low compared to 
the obs erved causes of death in Table B-15 for the United S tates 
in the year 1975  and would be  impossible to identify as being 
specif ically caused by storage basin op erat ions even for the local 
80-km ( 50-mi) radius populat ion . 

Genetic effects are estimated by us ing EPA gonad do se-effec t 
fac tors ( 3R ,  l4C ,  and 85Kr contribute significantly to the total 
dos e) . Table B-16 includes the genet ic ef fect es timates and the 
frequency of these effects per 105 populat ion each year . For 
comp arison , about 200 , 000 babies are born in the United States 
each year with some type of mental or physical defect , a frequency 
of 67 cases p er 105 population p er yea r .  

The dose-effect fac tor used t o  calculate genetic effects 
7-g from occupat ional exposure was modified to better account for 

the male-female work force distribut ion expec ted to be  used in 
radiation work and to account for a higher proport ion of workers 
in the age of procreation than the BEIR Report14 used for the 
general population .  The genetic dose-effect factors used in 
this report for occupational exposure is 2 70  ef fects p er million 
man-rem exposure to the work forc e .  

B- 38 



OJ 
I 

v-.J 
1.0 

.... 

TABL E  B - 1 4  

Ca l c ul ated Soma t i c  Hea l th Effects from Storage Bas i n  Opera t i on s  wi t h  E P A  Dose-Effect Factorsa 

)iS22�JJon Faci lity StaI'tup� 1;)85 
:"'oca l " ; .  s. World ':'0 taZ PataZi""';ies 

Centra l i zed Storage ( A l t erna t i v e  lA) or Decentra l i zed Storage 
w i th Fu l l - Core Reserve ( A l t e rnat ive I B- 1 )  - Po l i cy Implemented 

Who l e  Body 

Thyro i db 

Boneh 

Lun�J 

Red Marro\l; J-., 
( Leukemi a J "' 
Total 

Fata l i t i e s / l O S  
Popu l at ion per year 

2 . 2  x 1 0 - 1  

2 . 4  , 1 0 - '  

2 . 2  x 1 0 - 3 

<� . O  x 1 0 - 5  

< S  . . l x 1 0 - 5  

1 . 8  , I ll - I 

2 . 4  , 1 0 - ' 

1 . 7  , 1 0 - 3  

4 . 0  , 1 0 - 3  

I .  I ' 1 0 - '  

2 . 2  x 1 0 - 2  

7 . 6  x l O - lj. 

::: . 8  x 1 0 - 3 

� .  2 x 1 0 - 1  

-1 . 8  ' 10 - ' 

3 . 9  , 1 0 - 3  

8 . 0  , 1 0 - ' 

2 . 1  , I ll - I 

9 . 6  , 1 0 - 5 

2 .  () , 1 0 - 3 

8 . 0  , 1 0 - ' 

2 . 9  x 1 0 - 3  2 . 9  x 1 0 - 3  --- -- -----

4 . 3  ' 1 0 - 1 ::: . ::: x 1 0 - 1 

1 . 2  , 1 0 - '  

Decentra l i z ed Storage .... 'ith Discharge Capab i l i t i es - Po l ic y  Imp l emented 
(Al terna t i v e  1 8- 2 )  or Po l icy Not Impl emented ( A l t e rnat ive 2A) 

"ho l e  Body 
b Thyro id 

Bonee 

Lunge 

Red Marrow 
(Leuk e m i a ) b 

Tot a l  

Fata l i t ie s / l O S  
Popu l at i on p e r  year 

1 . 7 ' 10 - 2 1 . 4 ' 1 0 - 2  
<6 . 0  x 1 0 - 5  <6 . 0  x 1 0 - 5  

1 . 9  ' 10 - ' I . ., ' 1 0 - '  

< 4 . 0  x 1 0 - 5  < 4 . 0  x 1 0 - 5  

< 5 . 4  ' 1 0 - 5 < 5 . 4 ' 1 0 - 5  

Decentral i zed Storage i n  At - Reactor Bas i n s  -
Po l i cy �ot Imp l emented (Al terna t ive 2 B )  

Who l e  Body 

Thyroi db 

Boneb 

Lungb 

Red �larrowb 

( Leukemi a )  

Tot a l  

rata l i t i es/ ! O s  
Popu l a t i on p e r  year 

7 . 1  ' 1 0 - 1  5 . 6 ' 1 0 - 1 

2 . 4  ' 1 0 - '  2 . 4 ' 1 0 - '  

" . 2  ' 1 0 - 3 5 . 7 ' 1 0 - 3 

<4 . 0  ' 1 1r 3 <4 . 0 ' 1 0 - 5 

<5 . 4  ' 1 0 - 5  1 . 1 ' 1 0- '  

2 . 0  x 1 0 - 3  3 . 2  x 1 0 - 2  1 . 6 x 1 0 - 2  

< fl . O  x 1 0 - 5  < 1 . 2  x 1 0 - 5  

3 . 2  x 1 0 - 4  1 . 6  x 1 0 - 4  

1 . 6  ' 1 0 - '  1 . 6 ' 1 0 - '  1 . 6 ' 1 0 - '  

2 . 7 ' 1 0 - '  

2 . 6  x 1 0 - 2 

2 . 0  , 1 0 - 3 

3 . 0  , 1 0 - 3 

2 . 7  x 1 0 - 4  -----

3 . 3  , 1 0 - 2  

1 . 3  , 1 0 '  

-1 . 8  , 1 0 - '  

1 . 3  x 1 0 - 2  

2 . 7  x 1 0 - 3 

3 . 1  , 1 0 - 3 _._----

1 . 3  , 1 0 0  

2 . 7  x 1 0 - 4  ----

1 .  7 x 1 0 - ?  

1 . 0  , 1 11 - '  

6 . 5  ' 1 0 - 1  

9 . 6  x 1 0 - 5 

6 . 4  , 1 0 - 3 

2 . :  x 1 0 - 3 

3 . 1  , 1 0- 3 ------

6 . 6  , 1 0 - 1 

3 .  R , 1 0 - 8 

Cl. See t ext for d i s cus s i on of dose e f fect factors used i. n the c a l c u l a t ions and prohahle 
overes t imat ion of hea l t h  effect s .  

b. Organ h e a l t h  effect s  i n  add i t ion t o  those inc l uded in who l e  hody dose e s t i. mates . 

Disposi tion Fac ility Startup, 1995 
:<'�al u. S. World 

.) . ·t x 1 0 °  

2 .  b x 1 0- 3 

3 . 3  x 1 0- 2 

2 . 4  , 1 0- ' 

2 . 7  x 1 0- 4 

I .  9 , l O a  

I .  2 , 1 0- 3 

1 . 9 , 1 0 - 2  

8 . 0  , 1 0 - 5 

1 . 1  x 1 0- ' 

4 . 6  , 1 0 0  

2 . 5  x 1 0 - 3 

4 . 6  , 1 0 - 2  

2 . 4  x 1 0 - ' 

1 . 6  , 1 0- ' 

2 . 8  x 1 0 °  

2 . 2  , 10- 3 

2 . 6  , 1 0- 2 

4 . 8  , 1 0- ' 

9 . 2  , 1 0- ' 

1 . 6  ' 1 0 0  

1 . 0  , 1 0 - 3 

1 . 5  , ] 0- 2  

3 . 2  , 1 0 - ' 

3 . 8 ' 1 0 - '  

3 . 7  , 1 0 0  

2 . 2  , 1 0- 3 

3 . 7 ' 10 - 2 

7 . 6  x 1 0- 4 

7 . 6  , 1 0 - '  

.2 . �} x 1 0 °  

1 . 5  , 1 0- 2 

4 .  I ' 1 0- 2 

I .  2 , 1 0 - 1 

9 . 2  , 1 0 - 3 

1 . 8  , 1 0 - 2 

3 . 0 ' 1 0- 1 

2 . 8  , 1 0- 2 

3 . 8  , 1 0 - 2  

Total 

6 . 6  x l el o  

4 . 9  , 1 0- 3 

5 . 9  , 1 0- 2 

1 . 6 , 1 0- 2 

4 . 2  , 1 0 - 2  

6 . 7  , 1 0 0  

3 . 6  , 1 0 0 

2 . 2  x 1 0- 3 

3 . 5  x 10- 2 

9 . 6  ' 1 0 - 3 

1 . 9  , 1 0 - 2 

3 . 7 ' 1 0 0  

8 . 6  , 1 0 0  

4 . 7  x 1 0 - 3 

8 . 3  , 1 0- 2 

2 . 9  x 1 0- 2 

3 . �) x 1 0 - 2  

8 . 8  , 1 0 0 

Fatalities 

:) . 3  x 1 0 ° 

9 . 7  x 1 0- 4 

2 . 9  , 1 0- 2 

1 . 6  x 1 0- 2 

.j . 2  , 1 0- 2 -----

3 . 4  , 1 0 0  

1 . 4 ' l lr '  

1 . 8  ' 1 0 0  

4 . 4  , 1 0 - '  

1 . 7 ' 1 0 - 2  

9 . 6  , 1 0- 3 

1 . 9 ' 1 0 - 2 

1 . 8  ' 1 0 0  

7 . 1  x 1 0- 9 

4 . 3 ' 1 0 0  

9 . 4  , 1 0 - '  

4 . 2  x 1 0- 2 

� .  9 x 1 (1- 2 

:1 . �) x 1 0 - 2 

4 . 4  , 1 0 0  

1 . 9 , 1 0 - ' 



------------------------- - �-- - -

TAB L E  B - 1 5  

Cau ses of  Death i n  the U n i ted States 2 1 , 2 2  

Cause ( 1 9 7 5 )  

Mal i gnancies 

Maj or cardiovas cu l ar dis eas es 

Influen z a  and pneumoni a  

Bronchiti s ,  emphysema , and as thma 

C i rrhos i s  of l iver 

Sui cide 

Hom i c i de 

Ac ci dent s 

Other causes 

Tot a l  

ACC1:dents ( 1 9 75 )  

Mot or vehi c l e  

F al l s  

F ires , burns 

Drowning 

Pois oning 

Firearm 

Ai rcraft 

E l ect ric curren t 

L i ghtning 

Bites and s t ings 

Other 

Tot a l  

B- 4 0  

Deaths per Year 
per 1 0 5 Population 

1 74 

4 5 9  

2 7  

1 2  

1 5  

1 3  

1 0  

4 8  

1 3 7  

8 9 5  

2 2  

7 

3 

4 

3 

1 

0 . 7  

0 . 5  

0 . 0 5  

0 . 0 2 

7 

4 8  
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TABL E  B- 1 6  

C a l c u l a ted Genet i c  E ffec t sa from Sto rage B a s i n  Opera t i on s  

Dis"Oosition Fu<Ji lit14 Startuh 1 985  
Local U. S. WCT'7.d 

Cent r a l i zed Stor age ( A l t e rnative l A )  or Decentra l i z e d  Storage 
with Fu l l - Core Res erve ( A l t ernat ive l B - l )  - Po l i cy I mp l emented 

Genet i c  Effe c t s  from 
I SF S  Bas i n  Operat i on s  

Gene t i c  E ff e c t s  from 
Background Radiation 

Gene t i c  E ffe c t s  from 
I SF S  Basin Operations 
per 1 0 5 Popu l at i on 

1 . 1  X 1 0- 1 

5 . 2  X 1 0 3 

8 . 8  X 1 0 - 2 6 . 2  X 1 0 - 3 

6 . 8  X 1 0 5 3 . 6  X 1 0 7 

Total 

2 . 0  X 1 0 - 1 

3 . 6  X 1 0 7 

1 . 1  X 1 0 - 8 

Decent r a l i z e d  S t orage w i t h  D i s charge Capab i l i t i e s  - P o l i c y  Implemented 
( A l t ernative l B- 2 )  o r  Po l i cy Not Implemented ( A l t ernat ive 2A) 

Gene t i c  Effe c t s  from 
I S F S  Bas i n  Operat i on s  

Genet i c  Effects from 
Back ground Rad i a t i on 

Gene t i c  Effects from 
I SF S  Bas i n  Op erat i ons 
per 1 0 5 Popul a t i on 

8 . 4  x 1 0 - ' 

4 . 8  X 1 0
3 

6 . 8  X 1 0 - 3 4 . 0  X 1 0 - 4 1 . 5  X 1 0 -. 2 

6 . 4  X 1 0 5 3 . 4  X 1 0 7 3 . 4  X 1 0 7 

9 . 2  X 1 0 - 1 0  

Dispc3ition Facility Startup 1995 
Local U. S. World 

1 .  7 x 1 0 ° 1 . 4  x 1 0 ° 7 . 6  X 1 0 2 

5 . 8  X 1 0 3 7 . 8  X 1 0 5 4 . 8  X 1 0 7 

9 . 5  X 1 0 - 1 7 . 9  X 1 0 - 1 3 . 1  X 1 0 - 2 

5 . 8  X 1 0 3 7 . 8  X 1 0 5 5 . 0  X 1 0 7 

D e c en tral i z ed S t orage in At - Reactor Bas ins - Pol icy No t Impl emented ( A l t erna t iv e  2 B) 

Genet i c  E ffects from 
ARB Operat i on s  

Genet i c  E ffects from 
Back ground Rad i at i on 

Genet i c  Effects from 
ARB Operat ions 
per 1 0 5 Popu l at i on 

3 . 5  X 1 0 - 1  

4 . 7  X 1 0 3 

2 . 8 X 1 0- 1 7 . 2  X 1 0 - 3 

6 . 1  X 1 0 5 3 . 3  X 1 0 7 

a.  See t e xt f o r  d i s cu s s ion o f  gene t i c  dos e - effe ct fac t or s . 

, 

6 . 4  X 1 0 - 1 2 . 3  x 1 0 ° 

3 . 4  X 1 0 7 3 . 4  X 1 0 3 

3 . 7  X 1 0
- 8 

1 . 8  x 1 0 ° 

4 . 6  X 1 0 6 

- 2 
8 . 2  x 1 0  

4 . 6  X 1 0 7 

To tal 

3 . 2  x 1 0 ° 

4 . 8  X 1 0 7 

1 . 3  X 1 0 - 7 

1 . 8 x 1 0
° 

5 . 0  X 1 0
7 

7 . 0  X 1 0 - 8 

4 . 2  x 1 0 ° 

4 . 6  X 1 0 7 

1 . 8  X 1 0 - 7 



B . 2 . 2 . l . S  Occupational Radiation Exposure and 
Accidental Deaths 

Federal regulations2 3  require that occupational external dose 
to an individual not exceed f ive rem/yr or a cumulated value of 
S (N-18) rem,  where N is the present age of the worker . Estima tes 
of per sonnel exposure anticipated in nuclear facilities often 
assume an average personnel dose (no t including administrative 
and other personnel who are not exposed to occupational radiation) 
of 40% of the maximum , or two rem/yr average for a five rem/yr 
limi t . 24 It is anticipated that allowable personnel exposure 
will be reduced through regula tory incorporat ion of " as low as 
reasonably achi evable" limits . Although such limits have not been 
det ermined for spent fuel storage fac ilities , for this volume the 
criterion of one rem/yr maximum exposure required of new DOE 

7-b plut onium facilit ies2S  is assumed conservatively* to apply to 
storage basin operat ions . The average exposure of radiat ion 
workers is assumed to be  40% of the one rem limit , or 400 mrem/ 
(year-person) . Personnel exposure is assumed to be limited by 
the use of shield ing and procedural controls , not by supplementing 
the work forc e .  The total oc cupat ional exposure to the storage 
faci lity work force ( excluding administrat ive and other personnel 
not exposed to occupational radiat ion) is shown in Table B-17 . 

7-j The dea th rate from occupational accident s in the storage 
fac ilities would be approximately those shown for cons truc tion 
and chemical indus try experience in Table B-18 .  The total d eaths 
estimated as the result of occupational accidents at the storage 
facilities are also shown in Table B- 1 7 .  

B . 2 . 2 . l . 6  Eff ects  of Rad ioactive Effluents on 
Biota Other Than Man 

The dose to biota from normal op erat ion of the storage 
facility will be from atmospheric releases only , because no 
radioactive liquid effluents will be released to the environment 
during normal operations . Thes e doses will be s imilar in magni
tud e to  the doses to humans from atmospheric releases , which are 
discussed in Sect ion B . 2 . 2 . l . 3 .  The conclusions of the BEIR 
Report14 are that no other living organisms are much more rad io
sensitive than humans . Therefore , no detectable radiological 
impac t is  expec ted in the terrestrial biota from op erat ion of the 
facility . 

7-b * The assumptions used for estimating occupational exposure are 
known to overestimat e dose based upon limit ed experience at the 
GE/Morris , IL fuel storage facility and are used to ensure 
tha t the occupational health effects are not underestimated . 

B- 4 2  
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TAB L E  B - 1 7 

C I Oc c u pa t i o n a l  Ra d i a t i on Expo s u re and Ac c i dental  Deaths Dur i ng Opera t i on of S torage Fac i l i t i e sa 

:';':8; o8i c iOrl ,:" ,7.ci l i t- A  3taY'tu: ' -"'"  
J;le'y>uJin:'J �;"a(�/.: ?,1.: t'?:e;; � . 

Tot a l  Emp loyees 

f'mp l oyee s Exposed t o  Rad i at i on 

Ycars of Oper3t i on 

Rad i a t i o n Expos u re , man- rem 

�cc i dcnt a l  O c a t h s
b 

'�'en trIa l ized StoY1aoe 
Po l ie'vl ImDlemented 
(Ill ie'rnative 1 A )  
l H 3 5  1 99 5  
rm, ThY'e" 

1 5 0  5 1 0  

1 1 0 390 

I 3  28 

5 7 2  4 3 6 8  

D . e  1 . 1  

:lumbers 3re t h e  t ot 3 1 s  f o r  fac i l i t i e s  op e r3t ing . 

;)eeen tru l ized StolYl;le 
Po cic:! Imp lemented 
(A l terna tive 1 8 - 1 )  
J 98.5 1 9 9 5  
(me Nine 

1 1 0 9 9 0  

8 3  7 4 0  

1 3  2 8  

4 3 2  8 2 9 0  

0 . 2  2 . 8  

iJecentra lized ::Jtorage 
Po lic" Imv lemented 
(A l te'rnat'ive 1 8- 2 )  or 
Po licy Not Imp lemented 
(A l ternative 2A) 
1 985 1 9 9 5  
On e  Four 

6 0  4 4 0  

4 5  3 2 0  

1 0  2 9  

I S O 3 7 1 2  

0 . 0 5 1 . 2  

c b .  ! loes not inc l ude a c c i dent a l  d e a t h s  d ur i ng c o ns t ruc t i on ,  t ra n s po r t a t i on ,  or d e c omm i s s i on i n g . 

, 

iJecentra l i zed Stora(Je -in 
A t -Reactor Basin - ,. 

Po licy Not Imp cemented 
( A lternati ve 2B) 
1985 1 9 9 5  
Fort,,-Fi v e  Nine ty-Three 

2 4 S D  5 3 0 0  

I S 6 0  3980 

7 24 

4990 2 7 4 00 

1 . 7  9 . 1  



TABLE  B- 1 8  

I n d u s tr i a l  Experi ence o f  Occupa t i o n a l  Death Ra tes 2 6  

Industry 

Trans i t  

Construction 

Chemical  Indus t ry 

Coal Mining , Underground 

Metal Mining , Underground 

Mining , Surface 

Storag e and Warehous i ng 

E l e ct ric Ut i l i t i e s  

Death Rate per 
1 0 6 Man-Hours 

0 . 0 5a 

0 . 1 7  

0 . 0 3 

0 . 5 8  

0 . 5 3 

0 . 1 3 

0 . 00 

0 . 0 8 

a .  The occupat ional death rat e  fo r t h e  t rans i t  industry 
i s  used t o  est imat e deaths in s ome fac i l i ty op erat i ons . 
However,  deaths caused during trans port at i on of sp ent 
fue l are ca lcu l at ed w ith the p rob ab i l i ty of inj ury 
and death per t ruck mi l e  or per rai l c ar m i l e  exp eri 
enced in s imi lar haz ardous mat eri a l s  comme rce ( s ee 
Appendix C ) . 
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B . 2 . 2 . l . 7  Cumulative Environmental Effec t of  S torage Operat ions 

B . 2 . 2 . l . 7 . l  Radiological 

Transport of spent reactor fuel results  in direct , external 
rad iat ion dose to the public along the route of transport , as 
well as to transport workers .  In addition during transport of  
spent reactor fuel by  truck and rail , a small percentage of  the 
fuel elements may suffer cladd ing failures ( Sect ion B . 2 . 2 . l . 2 . l ) . 
These failures result in the release of rad ioact ive mater ial to  
the cask cavity . In thi s EIS , it is assumed that none of  this 
radioact ive material is  released to the environment during normal 
transportat ion operat ions . However ,  a small fraction is released 
through the off-gas systems during cask unload ing at the storage 
basins . This environmental release of radioactivity result s  in 
a small populat ion rad iat ion dose commitment and is considered as 
part  of the storage dose in this volume .  

Handling , storage , and retrieval of  spent fuel at ISFS and 
ARB facilit ies are accompanied by a small number of  fuel cladding 
failures ( S ection B . 2 . 2 . l . 2 . l ) . These fa ilures result in the 
releas e of a small amount of radioactive mater ial through venti
lation systems to the environment ,  which is the source of  
environmental rad ioac tivity during normal facility op erat ions . 

Population doses from environmental releas e o f  radioactivity 
from the proposed action are calculated for the local [80-km 
(SO-mi) radius ] , Uni ted States , and world populations . Effects 
of long-lived nuclides for a 100-year period af ter the end of 
the study are included to provide an a ssessment of effects of 
persistent nuclides . The population do ses from transport of fuel 
and from normal releases of radioac t ivity during facility op era
t ions and occupational exposures are summarized in Table B-1 9 . 

The health effects  summariz ed in Table B-20 are calculated 
from occupat ional and populat ion doses shown in Table  B-19 with 
the EPA do se-effect factors from Table B-12 . 

B . 2 . 2 . l . 7 . 2  Nonradiological Effects - Accidental Deaths 

It  is likely that the various operat ions at the s torage 
fac ilities will be accompanied by occupational accidents and 
deaths comparab le to the rate experienced in similar indus tries . 
Recent (19 76 )  industry experience26  is shown in Table B- 1 8 .  

The expected accidental deaths for the various alternat ives , 
based upon non-nuclear industry experience , are summarized in 
Tabl e  B-2l . The accidental deaths for any of  ghe alternat ives 
considered are only about 0 . 002% of  the 2 x 10  fatal accidental 

B-45 



TABLE B- 1 9  

Worldwide Population and Occupa t i onal Radiation Dose CDI1111i tment 
from Nonnal Operations of Spent Fuel Storage Bas i n s  

A l t ernative 

Central i zed Storage 
Po l i cy Implemented ( A l t ernative lA) 

Popu l a t i on Dose 
Transportation - External Gamma 
Releases During Cask Unloading(t 
ISFS - Releases [ru r i n g  Norma l 

Opera t i on s  
Total - Popu l a t ion 

Occupat ional Dose 
Transport Workers 
ISfS Fac i l i t y  Workers 

Total - Occupational 
Grand Tot a l  

Decentra l i zed Storage -
Po l i cy I m p l emented ( A l t ernative I B - l )  

Popu l a t i on Dose 
Transport ation - External Gamma 
Releases During Cask UnloadingQ 

ISFS - Re leases Durinp, Normal 
Opera t i ons 
Total - Population 

Occupational Dose 
Transport Workers 
ISFS Fad Ii ty Workers 

Total - Occupat i o n a l  
Grand Tot a l  

Decentral i z e d  Storage 
Po l i cy Impl emented (Alternative I B� 2 )  
or P o l  icy Not I m p l ement ed 
(A l t ernative 2A) 

Popu l a t ion Dose 
Transpo rt a t i on � External Gamma 
R e l e a s e s  During Ca:;k llnloading"" 

ISFS � Rclea:;e:; [luring Sormal 
Operations 
fota] � Popu lat ion 

Occupat 10na 1 Dose 
Transport Workers 
rsr .s Fac i l i t y  �orkers 

Total � Occupat ional 

Grand Total 

Decent ra l i zed Storage in At � Reactor 
Basins - Po l i cy Not Implemented 
(Alternative 2 B )  

Popu l a t  ion Dose 
Transportat ion � External Gamma 
R e l e a s e s  During Cask Unloadinga 

ARB � Releases During Normal 
Ope rat ions 
Tot a l  Popu l at i on 

Occupat ional Dose 
Transport Worker�, 
ARB Fad l i ty Workers 

Total � Occupat ionai 
Grand Total 

Jose Ccnrni tment. man-rem 

.. )�"S�;c-s:.t"on Fa(�d1.-ty Startup, ::985 _. ______ �_ 
Red 

Body Thyroid Bone Lung Ma1'1'Or.J G<made 

209 

24 1 1 2  

1041  8 

12 74 1 2 0  

619 
570 

1 1 89 

2463 1 20 

209 

24 1 1 2  

1 04 1  8 

1 2 :"4 1 2(1 

6 1 9  

432 

I D S ]  

2325 120 

2 1 0  

2 1  1 1 2  

A l  
� I S  1 1 2  

6 1 5  

180 

:"95 

1 1 1 0 l I 2 

2 1 3  

2 7  1 1 2  

3246 R 

34 86 1 20 

58R 

4990 

5578 

9064 1 20 

< 1  

122  
122  

1 22 

< 1  

1 2 2  

1 2 2  

1 2 2  

< I 

10 
1 0  

1 0  

< 1  

403 

403 

403 

1 9  

20 
3 9  

39 

1 9  

20 

39 

21 

21 

2 1 

66 
87 

8 7  

1 8  

S4 

72 

72 

I S  

2 1  

2 1 

19 

5 7  

7 6  

7 6  

209 

1 6  

1 0 1 6  

1 2 4 1  

6 1 9  

5 70 

1 1 89 

2430 

209 

1" 

1 0 1 6  
1 24 1 

6 1 9  

432 

105 1 

2292 

2Hl 

30� 

0 1 5  

1 80 

795 

1 098 

2 ] 3  

1 8  

3 2 1 7  

3448 

5S8 

4 9 9 0  

5 5 7 8  

9 0 2 6  

Popu l a t i o n  d o s e  from cask unl oading at st orage basin a n d  d i s p o s i t" i on fa c i l i t ie s .  
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Thyroid Bone Lung Mal"l'ou r;onads 

2 1 0  
35 1 2 1  

16404 8 1  

16649 202 

6 1 8  

4370 

4988 

2 1 6 3 7  2 0 2  

2 1 0 

:)5 1 2 1  

16404 8 1  

16649 202 

0 1 8  

8290 

8908 

2 5 5 5 :  2 0 2  

192 

29 1 1 9 

8987 37 

920S 1 56 

S5 l 

4263 

1 34 7 1  1 56 

26 1 

43 1 28 

2 1 4 5 5  78 

2 1 759 306 

7 1 0  

2 7420 
2 8 1 36 
49895 306 

<1 24 

1842 39 1 

1 8 4 2  4 1 5  

1 8 4 2  4 1 5  

.... 1 24 

1 8 4 2  391 

1 842 4 1 5  

1 8 4 2  4 1 5  

< 1 1 8  

1083 239 

1 083 26-:' 

1083 267 

< 1  36 

2597 7 3 1  

2597 767 

2 5 9 7  7 6 7  

29 

785 

814 

8 1 4  

2 9  

7 8 5  

" 1 4  

8 1 4  

3 4  �� 
367 

367 

32 

7 1 4  

746 

746 

210 

20 

16052 

16282 

6 1 8  

4370 

4988 

2 1 2 7 0  

2 1 0  

2 0  

1 6052 

1 6 2 8 2  

6 1 8  

8290 

8908 

2 5 190 

1 92 
1 7 

8836 

9045 

5 5 1  

3 7 1 2  

4 2 6 3  

1 331)8 

26] 
2 7 

2 1 1 1 1  
2 1 399 

7 1 b  

27420 

2 8 1 36 

49535 



TABLE B- ?O 

E s t i ma ted Hea l t h Effects from Spent Fuel  Storage I nc l u d i ng Effects 
for 1 00 Year, Fol l owi ng O p era t i o n s" " 

Central i zed Storage · 
Po l i cy Imp l emented ( A l t e rn a t i v e  l A )  

i ) i spos i t i o n  Fac i l i ty Startup , 1 9 8 5  

Popu l at ion 

Occupat i on a l  

Tot a l  

D i spos i t i on Fac i l i ty Startup, 1 9 9 5  

Popu l a t i on 

Occupational 

Total 

Decentra l i z e d  Storage -
Po l i cy Implemented (Al ternative 1 8 - 1 )  

Dispo s i t ion Fac i l i ty Startup , 1 985 

Population 

Occupa t iana 1 

Total 

D i s p o s i t ion Fac i l i t y  Startup , 1995 

Population 

Occupational 

Total 

Decentra l i zed Storage -
Po l i cy Implemented (A l ternative 1 8 - 2 ) 
or P o l icy Not Implemented 
(Alternative 2A) 

D i sposit ion Fac i l it y  Startup , 1 985 

Popu l a t ion 

Occupational 

Total 

Disposit ion f a c i l i t y  Startup, 1995 \ Population 

Occupational 

Tot a l  

Decentra l i z ed Sto rage in At-Reactor 
Bas i n s  -- Policy Not Implemented 
(AI ternative 2 8 )  

D i s posit ion Fac i l ity Startup , 1 9 8 5  

Popul a t ion 

Occupational 

Total 

Dispos i t ion Fac i l it y  Startup , 1995 

Popu l a t ion 

Occupation a l  

Tot a l  

0 . 5 1O 

0 . 4 7 6  

0 . 986 
( 0 . 4 9 3 )  

6 . 66 
2 . 00 

8 . 66 
( 4 . 33 ) 

O .  S 1 0  

0 . 4 1 9  

0 . 92 9  
( 0 . 465 ) 

6 . 66 

3 . 5 4 

1 0 . 2 0 
( 5 . 1 0 )  

0 . 1 2 6  

0 . 1 3 8  

0 . 444 
( 0 . 2 2 2 )  

3 . 68 

1 .  7 1  

5 . 39 
( 2 . 70 )  

1 .  39 

2 . 2 3 

3 . 62 
( 1 .  8 1 )  

8 . 7 0 

1 1 .  3 

20 . 0  
( 1 0 . 0 )  

0 . 00 7 2  

0 . 00 7 2  
( 0 . 00 14 ) 

0 . 0 1 2  

0 . 0 1 2  
( 0 . 00 2 4  ) 

0 . 00 1 2  

0 . 00 7 2  
( 0 . 0 0 1 4  ) 

0 . 0 1 2  

0 . 0 1 2  
(0 . 00 2 4 )  

0 . 00 6 7  

0 . 00 6 7  
(0 . 00 1 3) 

Q . 0094 

0 . 0094 
( 0 . 00 1 9 )  

0 . 0 0 7  

0 . 0 0 7  
( 0 . 0 0 1 4  ) 

0 . 0 1 8  

0 . 0 1 8  
( 0 . 0 0 3 6 )  

0 . 0 0 39 

0 . 0 0 39 
( 0 . 0 0 3 9 )  

0 . 05 9  

0 . 0 5 9  
( 0 . 05 9 )  

0 . 0039 

0 . 0039 
( 0 . 0039) 

0 . 0 59 

0 . 059 
( 0 . 05 9 )  

0 . 00 0 3  

0 . 00 0 3  
( 0 . 0003) 

0 . 035 

0 . 0 3 5  
( 0 . 035 ) 

0 . 0 1 3  

0 . 0 1 3  
( 0 . 0 1 3) 

0 . 0 8 3  

0 . 0 8 3  
( 0 . 083 ) 

- - -- --- -- ,!�(!d --
',!a Y'!'(J:,l 

0 . 0 0 1 6  

0 . 0 0 1 6  
( 0 . 00 1 6 )  

0 . 0 1 7  

0 . 0 1 7  
( 0 . 0 1 7 )  

0 . 00 1 6  

0 . 00 1 6  
( 0 . 0 0 1 6 )  

0 . 0 1 7  

0 . 0 1 7  
( 0 . 0 1 7 )  

0 . 00 0 8  

0 . 0008 
( 0 . 0 0 0 8 )  

O .  O I l  

0 . 0  I I  
(0 . 0 1 1  ) 

0 . 004 

0 . 004 
( 0 . 00 4  ) 

0 . 0 3 1  

0 . 0 3 1  
( 0 . 0 3 1  ) 

0 . 0 0 39 

0 . 0 0 39 
( 0 . 00 3 9 )  

0 . 044 

0 . 0 4 4  
( 0 . 044 ) 

0 . 0039 

0 . 0039 
( 0 . 0 0 3 9 )  

0 . 044 

0 . 04 4  
( 0 . 044 ) 

0 . 00 1 l  

0 . 00 1 1  
( 0 . 00 1 1 )  

0 . 0 2 0  

0 . 0 2 0  
( 0 . 0 2 0 )  

0 . 00 4  

0 . 004 
( 0 . 004 ) 

0 . 04 0  

0 . 040 
( 0 . 0 4 0 )  

,'eYic t !: . 
·�,f·_;,(!,} t.; 

0 . 2 48 

0 . 32 1  

0 . 56 9  

3 . 26 

1 .  35 

4 . 6 1 

0 . 248 

0 . 2 8 3  

0 . 5 3 1  

3 . 26 

2 . 39 

5 . 6 5  

0 . 06 1  

0 . 2 1 5  

0 . 2 76 

1 .  8 1  

1 . 1 5 

2 . 96 

0 . 6 90 

1 .  51 

2 . 20 

4 . 2 8 

7 . 6 0 

1 1 . 9  

a. Hea l th effects from rad i a t i on dose commitment during the period of operat ion and 100 years therea f t e r .  

b .  Fata l  mal ignanc i es in parentheses . 

B- 4 7  

I ' , ' , '  

0 . 7 7 5  

0 . 79 7  

1 .  5 7 

1 0 . 05 

3 . 35 

1 3 .  <1 

n . 775 

0 . 70 2  

1 .  4 8  

1 0 . 0 5 

5 . 9 3  

1 5 . 98 

0 . 1 9 6  

0 . 5 3 3  

0 . 729 

5 . 5 7 

2 . 86 

8 . 4 3 

2 .  I I  
3 . 74 

5 . 85 

1 3 . 2  

1 8 . 9  

32 . 1  
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TAB L E  B - 2 1  

E s t i ma ted Tota l Oc c u pa t i o n a l  Ac c i denta l Dea t h s  
from Spent F u e l  Storagea 

Disposi tion Fac i l i ty Startup 
1 9 8 5  1 9 9 5  

C entra l i z ed S t orage -
P o l i cy I mp l emented ( A l t ernat i v e  l A )  

T . b ransportat l on 

I S F S  F a c i  l i  t y C  

Tot a l  

De centr a l i z e d  Storage -
Po l i cy I mp l emented ( A l t e rnat i v e  l B- l )  

Transpo rtat i onb 

I SFS F a c i l i tyC 

T o t a l  

Decentra l i z e d  S t o r a g e  -

1 0  

1 1  

1 0  

1 1  

Po l i cy I mp l ement ed ( A l t e rn a t i ve l B- 2 )  
o r  Po l i c y  Not I mp l emen t e d  
(A l t ernat i ve 2 A )  

Tran s p o r t at i onb 1 0  

I SFS F a c i l i t yC < 1  
T o t a l  

D e c entra l i z e d  Storage i n  At - Reactor 
Bas i n s  - P o l i cy Not I mp l emen t e d  
( A l t e rnat i ve 2 B )  

. b Tran sportat l on 

ARB Fac i l i t i e s c  

T o t a l  

1 1  

1 0  

1 3  

2 3  

9 
5 

1 4  

9 
8 

1 7  

1 0  

4 

1 4  

1 1  

3 1  

4 2  

C a . Inc l udes e s t i mated occupat i onal deaths dur i n g  c o n s t ruc t io n ,  
opera t ions , and decomm i s s i o n . �ote t h a t  Tab l e  8 - 1 7  s hows 
occup a t i o n a l  a c c i dental deaths o ccurr i ng o n l y  w i th in 
opera t i n g  faci l i t i e s . 

b . From Tab l e  C - 1 8 .  

c .  Cons truct ion ( 0 . 1 7 death/ l 0 6 man- hours ) ,  
opera t i on ( 0 . 0 3 death / l 0 6 man -hour s ) , and 
d ecommi s s i o n i n g  ( 0 . 1 7 death / 1 0 6 man - hou r s )  (Tab l e  8 - 1 8 ) . 
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c 
d eaths expected to  occur in the general 

I during the period 1983-2000 , based upon 
of 48 per 100 , 000 in the year 1 9 7 5  ( see 

B . 2 . 2 . l . 7 . 3  Total Health Effec ts 

population of the U . S .  
the acc id ental d eath rate 
Table B-15 ) . 

The rad iological health effects  (malignancies and serious 
genet ic effects )  ( Sec tion B . 2 . 2 . l . 7 . l )  and accid ental deaths 
( Sect ion B . 2 . 2 . l . 7 . 2 ) are summarized in Table B-2 2 . 

B . 2 . 2 . 2  Thermal Effluents 

Thermal effluent s at a s torage facility arise  because of 
heat 

• From rad ionuclide decay in the stored fuel 

• From ut ilities us ed in the op eration of the fac ility 

• Released while producing the above utilit ies . 

Heat is released to the environment in the f orm of water 
vapor from the facility cooling towers and the radioac tive waste 
concent rators and by direct trans fer from electric mo tors and 
other heat-producing systems . The heat dis charged to the 
envir onment from all sources at the ISFS or ARB fac ilities is 
summarized in Table B- 23 . For persp ect ive , the annual average 
solar energy incident on a s ing le reference site  of 405 hec tares 
( 1000 acres )  is about 700 MW-yr . ,'� 

B . 2 . 2 . 2 . l  Storage Facil ity 

The heat output from the spent fuel will depend upon the 
quantity of fuel stored and its  age . The heat output from energy 
consump tion will also vary to some ext ent with the amount of fuel 
s tored and the throughput of fuel ; however , it is  conservatively 
assumed that the annual usage of electrical energy is constant 
and that the annual energy required for heat ing purpo ses is 
constant . The energy required for the radioact ive waste 
concent rators3 varies with throughput and spent fuel inventory . 
The f acility heat ing and coo ling systems are each assumed to be 
used only six months each year . The amount of heat released 
annually to the atmosphere from the various sources at the fac ility 
is shown in Table B-24 . The amount of  wat er vapor d ischarged 
annually to the atmosphere is shown in Table  B-25 . 

-I, Assumes avera�e annual solar radiation of 350 langleys/  day 
( 54 B tu/hr- ft ) es timated from Reference 27 . 
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TABLE B - 2 2  

E s t i ma ted T o t a l  Hea l th E ffe cts and Ac c i dental  Death s from 
Spent F u e l  Storage 

Centra l i z e d  Storage -
P o l i cy Imp l emen t e d  ( A l t ernat i ve l A )  

Popu l a t i on Hea l th Effe c t sa 

Occupat i on a l  Heal th Effectsa 

Occup at i on a l  A c c i den t a l  D e a t h sb 

T o t a l  

D ec ent ra l i z ed Storage -
P o l i c y  Imp l ement e d  (A l t ernat i ve I B - l )  

Popu l at i on Hea l th E f fe c t sa 

Occupat i o n a l  Hea l th E ffec t sa 

Occupat i on a l  Ac c i dent a l  Deathsb 

To t a l  

Decentra l i z ed Storage -
Po l i cy Imp l emen t e d  (Al t ernat i v e  I B - 2 )  
o r  P o l i cy Not Imp l emen t e d  
(A l t erna t i ve 2 A )  

Popu l at i on Hea l th E f fe c t sa 

Oc cupat i o n a l  Hea l t h  E f fe c t sa 

Occupat i on a l  Acc i den t a l  Deathsb 

T o t a l  

D e centra l i z e d  S t o r a g e  i n  At - React o r  
Bas i n s  - P o l i c y  Not Imp l ement ed 
(A l t ern a t i v e  2 B )  

Popu l at i on Hea l th Effe c t sa 

O ccupat i o n a l  Hea l th Effe c t sa 

Occup a t i ona l Acc i de n t a l  Deaths b 

To t a l  

Disposition Faci l i ty Startup 
1 985 1995 

1 1  

1 3  

1 1  

1 3  

1 1  

1 3  

2 

4 

2 3  

2 9  

1 0  

4 

1 4  

2 8  

1 0  

6 

1 7  

3 3  

6 

3 

1 4  

2 3  

1 3  

1 9  

4 2  

7 4  

a .  Ca l cu l ated e s t imat e s  o f  s omat i c  and gene t i c  e ffec t s  from 
rad i a t i on exposure w i t h  EPA d o s e - effec t factors . 

7 - j I b . Tab l es B - 2 1  and C - 1 8  i n c l ud e  construc t i on a c c i d e n t a l  death s .  
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TA BLE B- 23 

The rma l Rel e a s e s  from S to rag e  Ba s i n  O pe ra t i on s  

A l ternative 

Centra l i zed Storage (Al ternat ive lA) 
or Decentral i zed Storage with 
Ful l - Core Reserv e  (Al ternat ive l B - l )  
Po l icy Imp l emented 

Decentra l i zed Storage with D i scharge 
Capabi l it ies - Po l i cy Imp l emented 
(Alternative l B - 2 )  or Po l i cy Not 
Imp l emented (Alternat ive 2A) 

Decentral ized Storage in At- Reactor 
Bas in - Pol icy Not Imp l emented 
(AI ternat ive 2 B )  

B- S l  

Dispo sition 
Facility 
Startup 

1 9 8 5  

1 9 9 5  

1 9 8 5  

1995 

1985 

1 9 9 5  

To tal Heat 
Discharged, MW-yr 
Max Yr Total 

3 9  

3 0 0  

6 . 0  

1 4 0  

1 8 0  

4 7 0  

4 5 0  

6 9 0 0  

5 6  

3 4 0 0  

1 26 0  

8 3 0 0  



TAB L E  B- 24 

To ta l Heat D i s c h a rged to Atmos phere f rom S pent F u e l  S t o rag e ,  MW-yr 

Central ized Storage Decentra l ized Storage wi t h  
(A l ternative l A )  or Discharge Capab i li ties 
Decentra lized Storage Po licy Imp lemented Decentra lized Storage in 
wi th Fu l l-Core Reserve (A l ternative l B- l )  or A t -Reactor Basin -
(A lterna tive l B- l )  - Po l icy No t Implemented Po licy No t Imp lemented 

Disposition Facility Po l icH Im2lemented (A l ternative 2A ) (A l ternative 2B) 
Star tup -+- 1 985 1 995 1 985 1 995 1 985 1 9 9 5  

to Spent Fue l Decay Heat 6 8  1 0 2 0  5 . 0  5 2 0  6 9  1 0 2 0  I 
(}l 
N Power P l ant Heat 

E l e ct r i c a l  6 5  1 0 2 0  8 . 2  5 0 0  2 00 1 2 3 0  

Proc e s s  5 7  8 6 0  8 . 0  4 2 0  1 8 0  1 0 9 0  

C ombu s t ion of F os s i l Fue la 2 6 0  4 0 2 0  3 5  1 9 6 0  8 1 0  4960 
(4 X l O s ) ( 6 . 2 X l 0 6 ) ( 5 . 4 x 1 0 4 )  ( 3 . 0X l 0 6 ) ( 1 . 2 X l 0 6 ) ( 7 . 6X l 0 6 ) 

Tot a l  4 5 0  6 9 0 0  5 6  3 4 0 0  1 26 0  8 3 0 0  

a .  The numbers i n  parenthe s e s  show coa l consump t i on ( t onne ) .  
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TABL E B - 2 5  

Di s c harges t o  Atmos phere from Spent F u e l  Storage - Water Va por a n d  V e n t i l a t i ng A i r 

Disposi tion Facility 
Star tup -+ 

Water Vapor , tonne 

Storage F ac i l it y  

Coo l in g  Towera 

Evaporator 

Power P l an t  Coo l in g  Tower 

Tot a l  

Vent i l at in g  A i r ,  m 3 

Centra lized Storage 
( A lternative 1 A )  or 
Decentra lized Storage 
with Fu l l- Core Reserve 
(A l ternative 1 B- 1 )  -
Po l icy Imp lemented 
1 9 8 5  1 99 5  

1 .  7 X 1 0 6 2 . 6 X 1 0 7 

2 X 1 0 5 3 . 0  X 1 0 6 

1 .  8 X 1 0 6 2 . 8  X 1 0 7 

3 . 6  X 1 0 6 5 . 7  X 1 0 7 

4 . 8  X 1 0 1 0 7 . 5  X l O l l  

Decentra lized Storage with 
Discharge Capabili ties 
Po l icy Imp lemented 
(Al ternative 1B- 2 )  or 
Po licy No t Imp lemented 
(A l ternative 2A ) 
1 98 5  1 99 5  

1 . 7  x 1 0 5 1 . 3  x 1 0 7 

2 . 0  X 1 0 4 1 . 6  X l O s 

2 . 2  X 1 0 5 1 . 4 X 1 0 6 

4 . 1  X 1 0 5 2 . 8  X 1 06 

7 . 4  X 1 0 9 3 . 4 x l O I I  

Decentra lized Storaye in 
A t-Reactor Basin -
Po licy No t Imp lement8d 
(A lternative 2B) 
1 985 1 99 5  

5 . 7  X 1 0 6 4 . 0  X 1 0 7 

6 . 7  X l O s 4 . 7  X 1 0 " 

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

1 . 3 x l O 7 8 . 7  X 1 0 7 

2 . 4  X l O l l  1 . 7  X 1 0 1 2 

a .  Not a l l  o f  t h e  water evaporat ed i n  the coo l ing t ow ers i s  t h e  resu l t  o f  net h eat add i t ion h y  the 
fac i l i t y .  Part of the wat er evaporat ed represents heat removed from the fac i l i t y  vent i l at ing 
a i r  b y  the a i r- cond i t i on i n g  s y s t e m .  



B . 2 . 2 . 2 . 2  Power Plant 

An ons ite steam generat ing p lant is assumed to provide the 
process heat used at the facility and to meet the electrical 
demand . The s team plant is assumed to be fueled with coal with 
a heating value of 13 , 000 Btu/lb . The energy lost from the steam 
generating p lant from combustion of  the fossil fuel i s  shown in 
Table B-2 4 .  

A cooling tower will be required for the s team p lant 
condenser . Water vapor d ischarged to the atmosphere through 
this cooling tower is shown in Table B-25 . The coal used by 
the s team plant is es timat ed to be 374  kg/MW-hr ( elec trica l  and 
process heat ) . The total coal consumed during the entire p eriod 
of  operat ion for each a lterna tive is shown in Table B-24 . 

B . 2 . 2 . 3  Nonradioac tive Effluents 

The operat ion of  I SFS or ARB facilities generat es nonradio
ac tive liquid , solid , and gaseous was tes . This s ection discusses 
the sources and quantities of thes e effluents releas ed to the 
environment . 

B . 2 . 2 . 3 . 1  Gaseous Effluents 

The release of nonradioactive gaseous effluents from ISFS 
or ARB facilities will  meet  all state and local requirements .  
Maj or sources of  nonradioactive gaseous releases are the facility 
ventilating air , the boiler p lant , and auxiliary diesel motor 
exhaust . 

Vent ilat ing Air - The vent ilation sys t em at ISFS or ARB 
fac ilities provides for once-through f low of the air . Air is 
f iltered before entrance to the facility to remove dust  p art icles 
and prevent buildup of dust inside each facility , particularly 
the storage pools . The f ilter sys tem is assumed to remove at 
leas t 9 0% of  the dust  contained in the inlet air . 

Effluent air is no t filtered . The increase in dust in the 
ventilating air as it traverses the facility is expected to b e  
les s than that removed by the intake f ilter system s ince most of 
the operat ions in the facilities are wet so there is no net addi
tion of  dus t to the atmo sphere . 

The release of  ventilating air from the ISFS or ARB facility 
is presented in Table B-2 5 .  

Power Plant and Auxiliary Dies els - The nonradioactive 
gaseous releases from the boiler p lant are estimated from the 
EPA guide28 which provides conservative es t imates of  the 

B- S4  



quantities of pollutants releas ed as a function o f  the type of 
fuel and the quantity of fuel burned . 

For purpos es of  this report , it  is assumed that coal wi th 
a sulfur content of 1 . 5% and an ash content of 10% is used . The 
maximum and average release rates and total releases expected 
for emiss ions from the boiler plant are shown in Table B-26 .  

?-i The amount of  fossil fuel consumed is identified in Table B-24  
for  the al ternatives in this EIS and is insignificant compared 
with total domes tic consumption . The fossil fuel consumed for 
the alterna tives considered would no t signif icantly contribute 
to environmental effects due to fossil fuel combus tion in the 
U . S .  Therefore ,  an analysis of the relatively small incremental 
effects is no t considered warranted . 

Periodically , diesel mo tor s for emergency power are s tarted 
and tested to assure their operation in case of  an emergency . 
The releases from thes e engines have been conservatively estimated 
on the basis of  the EPA guide , 28  assuming operat ion of  the dies el 
motor for two hours each month . Emiss ions from the diesel exhaust 
are given in Table B-2 ?  

B . 2 . 2 . 3 . 2  Liquid Effluent s 

Nonrad ioactive liquid wastes , cons ist ing of  chemical and 
sanitary s treams genera ted at the ISFS or ARB facility are moni
tored , collected , and treated , if necessary , before discharge . 
The extent  of  monitoring and treatment is  dependent upon the type 
of liquid effluent and government regulations . Sanitary wastes 
are discharged overland through a spray irrigation network after 
pretreatment . All other liquid wastes are discharged to the 
emergency cooling water pond . A summary of the liquid effluents 
is presented in Table B-2 ? S torm water is  released to R River . 
( See Sec tion B . l . 4  for description of  storm water control . )  

B . 2 . 2 . 4  Nonradioac tive Occupational Effec ts  

Use  of  chemicals of  a hazardous nature is  not routinely 
required at the s torage fac ility . However ,  concentrat ions in 
air of  chemicals to which the worker is expo sed wil l  normally 
be maintained at less than the ac tion level values specified in 
Subpart Z of 29 CFR 191029 by engineering controls such as 
ventilation . 

Potent ial exposure of the worker to these chemicals is 
limi ted because the chemicals are used in facilities des igned 
to contain them as well as any radioac tivity . 

Exposures may occur in storage areas dur ing transport o f  
chemicals from the storage areas and during u s e  of the chemicals 
predominantly for decontamination and resin regenerat ion . 

B- 55 
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TAB L E  B - 2 6  

Nonrad i o l og i ca l  Rel e a s e  from S team Generat i ng P l a n t sa a n d  
Tes ti n g  of Emergency D i e s e l  Generato r s , tonne 

Dispos i tion Faci lity 
Sta�tup -+ 

Steam Generat ing P l ants 

Par t i cu l at es 

Su l fur O x i d e s  

Carbon Monox i de 

Hydrocarbons 

N i t rogen O x i des 

A l dehyde 

Test ing of Emergency D i es e l s 

Part i c u l at e s  

S u l fur O x i d e s  

N i t rogen Ox i de s  

Cent�a lized Sto�age 
(A l te�na tive 1 A )  o� 
Decent�a lized Sto�age 
with Fu l l-Co�e Rese�e 
(A l te�ative 1 B- 1 )  
Policy lmp lemented 
1 985 1 9 9 5  

2 . 6  X 1 0 4  

1 . 1 X 1 0 4  

4 X 1 0 2 

2 X 1 0 2 

3 X 1 0 3  

X 1 0 0  

1 X 1 0 - 1 

1 . 6  X 1 0 0  

1 . 4 X 1 0 0  

4 . 0  X 1 0 5 

1 . 8  X 1 0 5 

6 . 2  X 1 0 3  

3 . 1 X 1 0 3  

4 . 7  X 1 0 4 

1 . 6  X 1 0 1 

1 . 3  x 1 0 0  

2 . 2  X 1 0 1 

1 . 9  X 1 0 1 

Decen t�a lized Sto�age with 
Discha�ge Capabi li ties 
Po licy Imp lemented 
(A l te�ative 1 B- 1 )  o� 
Po licy Not Imp lemented 
(A lte�ative 2A ) 
1 985 1 99 5  

3 . 4  X 1 0 3  

1 . 5  X 1 0 3 

5 . 0  X 1 0 1 

2 . 6  X 1 0 1  

4 . 0  X 1 0 2  

1 .  3 X l O - 1 

1 . 4  X l O - 2 

2 . 4  X l O - 1 

2 . 0  X l O- 1 

2 . 0  X 1 0 5 

8 . 6  X 1 0 4 

3 . 0  X 1 0 3 

1 . 5  X 1 0 3 

2 . 2  X 1 0 4  

7 . 5 X 1 0 0  

6 .  7 x 1 0- 1 

1 . 2  X 1 0 1 

1 . 0 X l O l  

Decen t�a lized Sto�age in 
A t-Reacto� Basin -
Po licy No t Imp lemented 
(A lte�native 28) 
1 985 1 995 

8 . 0  X 1 0 4  

3 . 4  X 1 0 4  

1 . 2  X 1 0 3  

6 . 0  X 1 0 2  

8 . 8  X 1 0 3  

3 . 0  X 1 0 0  

3 . 7 X 1 0 - 1 

6 . 6  x 1 0 0  

5 . 5  x 1 0 0 

5 . 0  X 1 0 5  

2 . 1 x l 0 5 

7 . 1 X 1 0 3  

3 . 8  X 1 0 3  

5 . 6  X 1 0 4  

1 . 9  X 1 0 1  

2 . 2 x 1 0 0  

4 . 0  X 1 0 1 

3 . 3  X 1 0 1 

a .  F o r  p urpose o f  c a l cu l a t ing nonrad i o l o g i c a l  re l e a s e s , an ons i t e  g enerat ing p l ant i s  a s s umed t o  meet 
th e e l e ct r i c a l  and proc ess h eat requ i rements o f  the s t o rage b as in faci l i t y  ( Sect i on B . 2 . 2 . 2 . 2 ) .  
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TA3 L E  13- 2 7  

Rel ea s e  of Nonrad i oa c t i v e  L i qu i ds and Sol i ds Wa s te s  

Disposition Faci lity 
Startup + 

L iquid Wastes , tonne 

Sew e r  

San i t a rya 

Chem i c a l  

C o o l ing Tower B l owdownb 

Storag e  Fac i l i t y  

Steam P l ant 

So l id Waste s , m 3 

a .  40 ga l l on s /man- day . 

Centra l ized storage 
(A l terna tive l A )  or 
Decentra l ized storage 
w i th Fu l l- Core Reserve 
(A l ternative l B- l )  -
Po licy Implemented 

1 985 1 9 9 5  

1 . 1  X 1 0 5 

1 . 1  X 1 0 5 

2 . 8  X 1 0 5 

3 . 0  X 1 0 5 

4 . 0  X 1 0 3 

8 . 0  X 1 0 5 

8 . 0  X 1 0 5 

4 . 4  X 1 0 6 

4 . 8 X 1 0 6 

3 . 0  X 1 0 4 

Decentra lized storage with 
Discharge Capabi lities 
Po licy Imp lemented 
(A l ternative l B- l )  or 
Po licy No t Imp lemented 
(A lternative 2A ) 

1 98 5  1 9 9 5  

3 . 3  X 1 0 4 

3 . 3  X 1 0 4 

2 . 9  X 1 0 4 

3 . 8 X 1 0 4 

1 . 0  X 1 0 3 

7 . 2  X 1 0 5 

7 . 2  X 1 0 5 

2 . 2 X 1 0 6 

2 . 3  X 1 0 6 

2 . 5  X 1 0 4 

b .  B l ow down i s  e s t imat ed t o  b e  1 7% o f  the water evaporat ed . 

Decentra lized Storaue in 
A t-Reactor Basin -
Po licy No t Imp lemented 
(A lterna tive 2B) 
1 985 1 9 9 5  

9 . 6  X 1 0 5 

9 . 6  X 1 0 5 

9 . 2  X 1 0 5 

9 . 8  X 1 0 5 

3 . 0  X 1 0 4 

5 . 2  X 1 0 6 

5 . 2  X 1 0 6 

5 . 4  X 1 0 6 

5 . 7  X 1 0 6 

1 . 7  X 1 0 5 
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When concentrations are above an ac t ion level , routine 
monitoring is required rather than aud it monitoring . When 
threshold limit va lues are exceeded , workers will  wear personal 
protective equipment includ ing resp iratory protection as pre
scribed in Subpart Z of  29  CFR 1910 . 29  Eng ineering controls 
would be added or modified to reduce transient high concentrations 
to less than threshold limit values . Records are required for 
each worker exposed to chemicals at conc entrations greater than 
threshold limit va lues . 

B . 2 . 2 . 5  Radiation Effects from Abnormal Events 

In this s ection , the relea ses of radioact ive ma terials to 
the environment from postulated accidents at the ISFS or ARB 
facility are assessed in terms of dose commitment to a hypothetical 
individual living near the ba sin s ite  and receiving the maximum 
dose . 

Safe storage of spent fuel is the primary design and operational 
goal of the s torage fac ility . Pro tection agains t the occurrence 
of accidents at the storage facility is provided through proper 
design , manufacture ,  and op eration ,  as well  as  through a highly 
developed qual ity assurance program which helps establish and 
maintain the necessary integrity of the systems . Deviations that 
may occur are handled by protective sys tems designed to place and 
hold the affected system in a saf e condition . 

NRC regulations require emergency response plans to be 
prepared as part of the NRC licensing . The staff at an ISFS or  
ARB facility will be technically skilled in the operation of the 
safety and confinement systems . They will be trained to handle 
all types of  emergencies . Although earthquakes and other disasters 
that exceed des ign-basis provisions are extremely unl ikely , the 
s taff will , nonetheless , be trained to take whatever action is 
necessary to maintain the fac ility in a safe condition or mitigate  
the ef fects of these disas ters by  reducing the release of radio
nuclides and thereby minimizing the cons equences . 

B . 2 . 2 . 5 . l  Release of  Radioactive Material 

A wide range of  accidents pos tulated for an ISFS or ARB 
facility have been analyzed . Those accidents which result in 
radioactive releases from the fac ility are classified either as 
opera ting accidents or severe accidents ,  depending upon the 
release  po tential and the frequency of occurrence . Operating 
inc idents are discussed in the s ection on normal releases 
(Section B . 2 . 2 . l  of this appendix) . Severe accidents are dis-

8-b cus sed in the following paragraphs . The analysis does not 
8-c take credit for reduct ion in releases after acc ident s by 

emergency response of operating p ersonnel . None of the accidents 
analy zed is expected to result in near-term biolog ical effects 
of  any significance .  

8- 58 



Tornado and Earthquake - The basins will be designed as 
Category 1 seismic s tructures and , as  such , designed to 1 )  resist 
rupture causing excessive loss of wat er , and 2) support and pre
vent all massive equipment , such as cranes , etc . , from falling 
into the basins , thus causing damage to the spent fuel during 

C the design-basis earthquake .  The water shielding the fuel will 
mit igate  the effect of  tornadic or other wind-driven missiles . 

8-d Of the credible wind-driven miss iles that could penetrate pool 
water and cause damage to fuel , only an obj ect like a ut ility 
pole would have the comb ination of  buoyancy , mass , cross-sectional 
area , and velocity to penetrate the water shielding and potentially 
cause damage to s tored fuel . 30 Because of  this  protection , the 
bas in roof is of ligh t  indus trial construction that may blow away 
in tornadic winds . 

WASH- 13003 l  provides informat ion on the number of tornadoes 
expec ted each year ( from experience in a 1° by 1° square) . These 
vary from zero to five tornadoes per year in the United S tates . 
Based upon frequency information , the probability of a tornado 
striking a point is 3 . 3  x 10- 3  p er year or less . I f  one assumes 
that the ISF S or ARB facil ity will  be located in a region of 
approximat ely 2 . 5  tornadoes p er year , the chance that the I SF S  
or ARB will  be  s truck by a tornado is ab out 1 . 6  x 10- 3 . The 
I SFS or ARB facility will  withs tand the low intensity tornado 
but ,  as indicated above ,  high intens ity tornado es will blow away 
the roof over the basin . The generic facility basin roof is 
assumed to blow away at 200 mph . Based upon WASH-1300 , 3l winds 
exceeding 200 mph occur during a tornado 1 . 5% of the time . Thus ,  
the tornado with winds exceeding 200  mph will  have a frequency of  
the order of  magnitude of 10-5  per  y ear .  

For  the postulated accident , the  tornado makes a s ingle pass 
across  the fac ility and the roof blows away , exposing the pool 
water.  Passage of the tornado is as sumed to raise 1 . 3  x 10-3  

tonnes of  wa ter per  square foot  of storage basin32 and asso
ciated rad ioactivity from the storage basins . The radwaste 
treatment systems are tornado-proof and therefore undamaged . The 
radioactivity release wi th the water is distributed as fo llows : 
53Fe  = 4% , 6 0Co = 5 % ,  9 0Sr  = 1% , l34Cs = 12% , l37Cs = 7 8% . The 
total radioac tivity r eleased at each facility is shown in 
Table B-28 . 

Crit icality - A crit icality incid ent in a basin facility is  
an unlikely event because equipment and p roces ses are  des igned to  
prevent such incidents .  Saf e spacing is  assured in storage basins 
by physically spacing the fuel a ssemblies in s to rage racks in a 
safe pattern even if one is  d ropped . Process systems and 
controls are  designed to prevent assembly of  an unsafe array . 
There have been no criticality accidents  in spent fuel storage 
pools .  

B - 5 9  
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TAB L E  B - 2 8  

Rad i o n u c l i de s  Re l e a s ed wi t h  Ba s i n  Water D u r i ng P o s t u l ated To rnado , C i  

Centra lized Storage 
Disposition Po licy Imp lemented 
Facility (A l ternative 1 A )  
Startup + 1 98 5  1 9 9 5  

Nuclides 

5 3 F e  1 . 9  x 1 0- 4 5 . 8  X 1 0- 4 

6 0CO 2 . 4  X 1 0 - 4 7 . 2  X 1 0- 4  

9 0 Sr 0 . 48 x 1 0 - 4 1 . 4  X 1 0 - 4  

1 3 4 C 5  5 . 8  X 1 0- 4 1 7 . 3  x 1 0- " 

1 3 7 C 5  3 7 . 4  X 1 0- 4  1 1 2  X 1 0 - 4 

Decentralized Storage 
Po licy Imp lemented 
(Alternative 1 B- 1 )  
1 98 5  1 9 9 5  

1 . 9 X 1 0 - 4 1 . 9  X 1 0- 4-

2 . 4  x 1 0- 4 2 . 4 X 1 0 - 4 

0 . 48 X 1 0 - 4  0 . 48 X 1 0 - 4 

5 . 8  X 1 0 - 4  5 . 8  X 1 0- 4 

3 7 . 4  x 1 0- 4 3 7 . 4  X 1 0- 4 

Decen tra li zed Storage -
Po licy Imp lemen ted 
(A l ternatiVe 1B- 2 )  or 
Po licy Not Imp lemented 
(A l ternative 2A)  
1 98 5  1 99 5  

1 . 9  X 1 0- 5 1 . 9  X 1 0- 4  

2 . 4  X 1 0- 5 2 . 4  X 1 0- 4 

0 . 4 8 X 1 0- 5 0 . 4 8 X 1 0- 4 

5 . 8 x 1 0- 5 5 . 8  X 1 0- 4  

3 7 . 4  X 1 0- 5 3 7 . 4  X 1 0- 4 

Decentra l ized Storage in 
A t-Reactor Basin -
Po licy Not Imp lemented 
(A l ternative 2B) 
1 98 5  1 9 9 5  

3 . 8  X 1 0- 5 5 . 7  x 1 0- 5 

4 . 8  X 1 0- 5  7 . 2  X 1 0 - 5 

0 . 96 X 1 0- 5 1 . 4  X 1 0- 5  

1 1 . 6  X 1 0- 5  1 7 . 4  X 1 0- 5 

7 4 . 8  X 1 0- 5 1 1 2  X 1 0- 5 



In a quarter century , and some 500 p lant-years of  exp erience ,  
there have b een only four maj or cr iticality accidents . Two of 
these occurred in a plutonium scrap recovery operation and two in 
highly enriched uranium operat ions . The last one was in the year 
1964 . The magni tude of these critical ity accidents has ranged 
from 1 . 3  x 10 17  to 4 x 1019 fissions and in no case has the 
relea se been of an explosive nature . 32 Nevertheles s ,  a criti
cality accident of 1 x 1018 fiss ions is po stulated in the storage 

E I basin with a frequency of occurrence of 10-5 /yr . 32 The excurs ion 
is assumed to occur at the bo ttom of a s torage ba sin and to invo lve 
four PWR assemb lies ( the maximum weight of D02 handled together 
in the fac ility ) . The cladd ing is assumed to rup ture on all fuel 
element s ,  releasing the gap ac tivity to the basin water . (Although 
it is unlikely that four PWR as semb lies at the reference burnup 
could b ecome crit ical , the inventory of f ission gas is a ssumed at 
the reference burnup . )  All volatiles formed during the excurs ion 
are assumed to be released to the basin water . The acc ident will 
be terminated by relocat ion of the f is sile materials caus ing the 
mas s  to  reach a noncritical conf iguration by thermal and /or 
mechanical changes .  All the particulate material and 9 9% of the 
halogens are assumed to be retained by the basin wat er . 

The assumed release of f ission gas from the fuel inventory 
is as fo llows : 85Kr = 4 . 9  x 103 C i ,  129 1 = 6 . 8  x 10-5 Ci , 
3H = 1 . 0  x 101 C i ,  l4C = 3 . 7  x 10-2 Ci , and small amounts of  
f iss ion produc ts . 

B . 2 . 2 . 5 . 2  Assumption and Transport Models 

The meteorolog ical dispersing conditions during short-term 
releases from accidents are taken from Regulatory Guide 1 . 3 . 3 3  

The neares t  individual (member of  the population) t o  a generic 
ISFS fac ility is about 0 . 8  km ( 0 . 5  mi) . The relative concentra
t ion factor (X/Q for the point of maximum exposure of an 

E \ individual [0 . 8  km (0 . 5  mi) from release point ] is 9 x 10-4 

sec /m3 for a ground-level release and 5 x 10-5 sec /m3 for a 
release from the 45-m (150 -ft )  exhau st  stack . 

As seen in Figure B-3 the nearest individual (member of the 
populat ion) to an ARB is about 0 . 16 km ( 0 . 1  mi) . The relat ive 
concentrat ion factor (X/Q) for the point of maximum exposure to 
an individual out s ide the 0 . 16-km (O . l-mi) exclusion area is  
1 . 6  x 10-2 sec/m3 for a ground -level release and 7 x 10-5 

sec /m3 for a release from the 45-m ( 150 f t )  exhaust  stack . 

B . 2 . 2 . 5 . 3  Maximum Do se to an Individual 

The do se  commitment calculated is the maximum received by a 
hypothet ical individual at the site bo undary . The maximum dose 
to  this hypo thetical individual is shown in Table B-29 . 

B- 6 1  
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TAB L E  B- 29 

Summary of r1a x i murn Do s e  and Do s e  R i s k  to an I nd i v i d u a l  from 
Pos tu l a te d  A c c i d e n t s  

. ,-; :  
" ," , .t.J':-'i:  

,'Iax i mum Dos e , ' <  mrem/ a c c  i d en t  

Tornado 

Bod\' 

Bone 

Thyro i d  

C r i t i c a l i ty 

Body 

Bone 

Thyro i d  

Oos e R i s k , �  mrem / y ear 

Tornado 

Body 

Bone 

Thyro i d 

C r i  t i c a l  i t  l' 

Body 

Bone 

Thyro i d  

'en ty'e..: iZE'd " 

} J?�' 

1 . 9  X 1 0 - 1 

9 . 0  X 1 0 - 1 

2 . 0  X 1 0 1  

9 . 7  X 1 0 - "  

1 . 3  x l O e  

1 . 9  x I ll- ' 

9 . 0  x 1 0 - '  

2 . 0  X 1 0 - " 

" , 
" � J  

7.79r 

J .  J 

2 . 7  

x 1 0 - 1 

X I I l- Z 

2 . 0  x 1 0 1  

9 . 7  X 1 0 - "  

I . ., x 1 0 '  

5 . 7  X 10 - 8 
2 . 7  x 1 0 - 7 

2 . 1l X 10- " 
9 . 7  X 1 0 - 9  9 . 7 x l O - '  

1 . .'\ x 1 0 - 5 1 . 3  X 1 0 - 5 

1. Summa t i on o f  i nh a l at i on and i mmer s i on do s e .  

Deeentra Z ized Storaoe 
Po lic" IT7"[ lemented • 

(A l ternat ive 1 8- 1 )  
1 J85  1995 

1 . 9 X 1 0 - 3 

9 . 0  X 1 0 - 3  

2 . 0  x 1 0 1  

9 . 7  x 1 0- " 

1 . 3  x 1 0 ° 

1 . 9 X 1 0 - 8 

9 . 0  X 1 0 - 8 

2 . 0  X 1 0 - " 

9 . 7  x 1 0 - g 

1 . 3 x l O- S 

1 . 9  X 1 0 - 3 

9 . 0  X 1 0 - 1 

2 . 0  x 1 0 1 

9 . 7  X 1 0 - ' 

I . . ) x 1 0  J 

1 . 9  X 1 0 - ' 

9 . 0  X 1 0 - '  

2 . 0  X 1 0 - '  

9 . 7  X 1 IJ - 9 

1 . 3 x 1 0 - 5 

.Jecen trQ Z ize(-::: Sto raue 
Po li{!.,'f irrzrZer7ented 
(;; Z tcPnat--(7,.)t' 1 5- 2 ;  or) 
PCJ ZiC.'l No t ['Y>?p lementcd 
(Ill tema t1:ve 2,4)  
1985 799.'0 

1 . 9  X 1 0 - "  

9 . 0  X 1 0 - " 

2 .  () X 101 
9 . 7 x l O- '+ 

1 . 3  x 1 0 °  

1 . 9  x 1 0 - ' 

9 . 0  X 1 0- 9 

2 . 0  X 1 0 - '  

9 . 7  x 1 0 - 9  

1 . 3  x l O - s 

1 . 9  X 1 0 - ' 

9 . 0  X 1 0 - 1 

2 . 0  X 1 0 1  

9 . 7  X 1 0 - "  

1 . .'\ x 1 0 °  

1 . 9  X 1 0 - 8 

9 . 0  X 1 0 - 8 

2 . 0  X 1 0 - " 

9 . 7  X 1 0 - 9 

1 . 3 x 1 0 - s 

:Jecen tra Zized 3toraae in 
i �  t-Reao toY' Basin -

. 
Po l i e:} .Vat Irrtp lemented 
(1lZ temative ?B) 
7 JR,) 

3 . 8  X 10- " 
1 . 8  X 1 0 - 3 

2 . 0  X 1 0 1  

9 . 7  x 1 0 - "  

1 . 3  x 1 0 0  

3 . 8  X 1 0 - 9  

1 . 8 X 1 0 - 8  

2 . 0  X 1 0 - " 

9 . 7 x l O - 9  

1 . 3  x 1 0 - s  

1 995 

3 . 8  X 1 0 - " 

1 . 8  X 1 0 - 3 

2 . 0  X 1 0 1  

9 . 7  X 1 0 - "  

1 . 3  x 1 0 0  

3 . 8  X 1 0 - 9  

1 . 8  X 1 0 - 8  

2 . 0  X 1 0 - "  

9 . 7  X 1 0 - 9 

1 . 3  X 1 0 - s  



B . 2 . 2 . 5 . 4  Annual Risk to Maximum Off site Individual 

Accident s have occurred in spent fuel receiving or similar 
fac ilit ies ; however , a review and analysis of incidents occurring 
in government and commercial nuclear facilit ies encompas sing 
something over 100 , 000 report s indicate no instance of inj ury to 
a member of the general publi c . 3 3  

The annual r isk o f  releases f rom the po stulated accidents 
to the maximum offsite individual is the p roduct of f requency of 
the accident and the release . The risk is shown in Table B-2 9 . 

B . 2 . 2 . 6  Generation of Radioact ive Wastes 

The operat ion of spent nuclear fuel storage facilit ies will 
generate liquid , solid , and gaseous radioact ive wastes . Liquid 
and solid wastes are collected for treatment and ultimat e  disposal . 
Gaseous wastes are released to  the atmosphere as discussed in 
Section B . 2 . 2 . l . 2  of this appendix.  All wastes generated during 
operat ion of the facility are assumed to be non-TRU « 10 nCi/g) . 34 

TRU isotopes that are released to the basin water are retained in 
the basin as crud and are removed duri.ng d econtamination and 
decommissioning of the facilit ies (Appendix B ,  Section B . 2 . 3 ) . 
Treatment and packaging of  wastes are described in Ref erence 3 .  

About 95%  by volume of the rad ioact ive wastes generated at 
the facility is solid mat erial and includes vent ilation filters , 
rags , protective clothing , plastic , wood , rubber , failed equipment , 
and similar equipment . Wet wastes at the facility arise primarily 
f rom operation of the water treatment and decontamination systems 
and consist of f ilter sludges , ion-exchange regenerat ion solutions , 
and detergent solutions that are concentrated in the evaporator .  
About 9B% o f  the total radioact ivity content of the wastes is 
contained in these concentrat ed solutions . The volumes of waste 
requiring further treatment are given in Table B-3 0 .  

6-g From the information on individual ISFS facilities shown in 
Table B- 30 , the volume of LLW ranges from about BOO to 660 , 000 
cubic  meters over the campaign . Operat ion of the I SFS facilities 
beyond the year 2000 will of course result in generat ion of  mo re 
LLW . The total volume of LLW from ISFS operations will be small 
comp ared with that generated by reactor operations . 34  Thus , 
overall management of LLW will not be significantly changed by 
the Spent Fue l Storage Po licy . To emphasize this point , the above 
BOO to 660 , 000 cubic me ters of LLW could be accommodated in about 
0 . 1  to 14 acres of burial ground space ; alternative ly , it would 
only exhaus t  from about 0 . 4  to 19% of the remaining capaci ty in 
the commercial burial ground at Barnwell , SC (Chern-Nuclear Services ) . 
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TABL E  B- 30 

V o l umes o f  Secondary Ra d i oa c t i ve Wa s te from Opera t i o n  
of E a c h  I S F S  Fac i l i ty ,  m 3  

ZJispo sition 
"'ac i l i ty 
StaY'tur, .... 

[JcsC!l)ipt ion 

Ceneral Trash 

Wet Wa s t e  

F a i l ed Equ ipmen t  

Cen tI"d ized StoY'age 
Po licy Imp lemented 
(A l ternative 1A ) 
1 985 1 995  

9 . 3  X 1 0 3 1 . 3  X 1 0 5 

3 . 8  X 1 0 2 6 . 3  X 1 0 3 

2 . 4  X 1 0 2 3 . 6  X 1 0 3 

DecentY'a l ized StoY'ag e  
Po l icy Imp lemented 
(A l t ernative 1 B- 1 )  
1 98 5  1 9 9 5  

9 . 3  X 1 0 3 6 . 8  X 1 0 4 

3 . 8  X 1 0 2 3 . 2  X 1 0 3 

2 . 4  X 1 0 2 1 . 8 X 1 0 3 

JecentY'a Z ized S toY'a�Je 
Po lic'! lrm lcmrmted 
(Il l te�'YIat

'
i?Je 1 B-2 ) c r' 

Po lic:A No t ImD leT'?ented 
(Al te"'mative 

'
2il ) 

1 9 8 5  1 99 5  

7 . 2  X 1 0 2 6 . 8  X 1 0 " 

3 . 0  X 1 0 1 3 . 2 X 1 0 3 

1 . 8  X 1 0 1 1 . 8  X 1 0 3 

JecentY'a lized StoY'aye in 
A t- ReactoY' Basin -
Po l icu Not Imo lementeci 
(Alte�ative 

·
2B) 

1 985 1 99 5  

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

2 . 1 x l 0 1 6 . 0  X 1 0 1 

1 . 3 x l 0 1 3 . 6  x 1 0 1 



B . 2 . 3  Decontamination and Decommissioning 

Several decommissioning alternatives are possible for ret ired 
nuclear facilit ies . 35 These  inc lude 

• Protective storage mode 

• Entombment mode 

• Dismantlement mode 

• Combinations of the above modes 

Selec tion in this  volume of  a reference mode for decommis
sioning the ISFS facilities is for the purpo se of  enabling 
environmental as s essment . This is no t meant to forec lose on the 
o ther alternatives . 

The reference decommiss ioning mode as sumed for a s torage 
bas in fac ility is immediate dismantl ement af ter facility shutdown . 
Ac tivities assumed to have been carried out during shutdown include 
the removal of all spent fuel from the site and the processing , 
packaging , and removal of  all radioactive wastes . Dismantlement 
includes decontamination and removal of res idual radioactivity and 
res toration of  the site  to nearly prefacility condition . These 
ac tivities are assumed to be comp leted wi thin about 18  months after 
facility shutdown . In general , the environmental impacts are 
expec ted to be less than s imilar imp ac ts during facility construc
tion and operation . Nonradiological ef fects are compared and , 
then , radiological effects are described . 

The maj or impact on local communities will be those  social 
and economic effects usually assoc iated with a lo ss in employment . 
The operating force at an individual ISFS or ARB facility will 
be reduced from about 60  to  180 employees (depending upon the facility 
size) to about 30  to 90 (principally for decontamination activities)  
during dismantlement operations . Subcontractor work force o f  
about 50  people (peak force) will be employed during a six-month 
period for demo lition and site res toration . 

Air quality and noise effects during demo lit ion and site 
res torat ion will be similar to tho se  during facility construc t ion.  
Noise ,  dust , and vehicular emissions will be at maximum levels 
( Section B . 2 . l) during demolition , lo ading of  concrete rubble ,  
and backfilling op erat ions . However ,  only about 10% of  the amount 
of the original construct ion work is involved in d ecommiss ioning 
activit ies . Water requirements during dismantlement ( for sanitary 
purpo ses , radioactive decontamination, and dus t  control) are 
expected to decrease when compared with the amounts used for 
cooling spent fuel during normal op erat ions (about 210 m3 /day or 
56 , 000 gal/day for a 6000 MTU ISFS) . 
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Po tential radiolog ical effects of  decommiss ioning will  depend 
upon the amount and isotopic cont ent of radioact ivity remaining in 
the facilities after shutdown . An order of magnitude estimate of  
this residual inventory is shown in Table B-3l  for the policy 
alternatives . The est imate  assumes that : 

• Spent fuel that had been s tored would be  15 years old 
at  shutdown 

• 0 . 5% of s tored fuel had leaked 0 . 01% of its radioactivity 

• Basin cleanup during normal and shutdown operat ions had 
removed 99%  of the released rad ioactivity .  

TABLE B- 3 l  

Es t i mated I nven tory of Radi onuc l i des i n  
Storage B a s i n  Fac i l i t i e s  a t  S hutdown , C i  

Centra lized Storage 
(A l ternati ve 1A) or 

Decentralized Storage with 
Discharge Capabil ity 

Decentra lized Storage Policy Imp lemented Decentra lized Storage in 
with FU Z l -Core Reserve (Alternative 1B-2; or A t-Reactor Basin -

Disposition (A l ternati ve 1B- 1 )  - Po licy Not Imp lemented Po l icy Not Imp lemented 
Faci lity Po licy Imp lemented (Al ternative 2A) (A l ternative 2B) 
Startup -> 1 98 5  1 995 1 985 1 995 1 985 1 995 

Activation Products 

5 5 Fe 9 . 6  x 1 0- " 9 . 2  x 1 0- 3 8 . 3  x 1 0 - 5 4 . 3  x 1 0- 3 9 . 6  X 1 0 - " 9 . 2  x 1 0- 3 
6 0 Fe 2 . 3  x 1 0 - 2 2 . 3  x 1 0 - 1 2 . 0  x 1 0- 3 1 . 0  X 1 0 - 1 2 . 3  X 1 0- 2 2 . 3 X 1 0 - 1 

5 9 Ni 1. 0 x 1 0 - " 9 . 7  x 1 0- " 8 . 8  x 1 0 - 6 4 . 5  x 1 0- " L O x 1 0 - " 9 . 7  X 1 0- " 
6 3 Ni 1 .  3 x 1 0 - 2 1 . 3  x 1 0 - 1 1 . 2  x 1 0 - 3 5 . 9  X 1 0- 2  1 . 3  x 1 0- 2 1 . 3 x 1 0 - 1 

Subtotal s 3 . 8  x 10- 2 3 . 6  x 1 0- 1 3 . 3  x 1 0- 3 1 .  7 x 1 0- 1 3 . 8  x 1 0 - 2 3 . 6  X 1 0 - 1 

Fission Products 

9 0Sr 1 . 4  x 1 0 ° 1 . 4  x 1 0 ' 1 .  3 x 1 0- 1 6 . 5  x 10 a 1 . 4  x 1 0 0 1 . 4 x 1 0 ' 
9 0 y 1 .  4 x 10 ° 1 . 4  x 1 0 ' 1 . 3  x 1 0 - 1 6 . 5  x 10 a 1 . 4 x 1 0 0 1 . 4  X 1 0 ' 
9 9 Tc 3 . 8  x 1 0- " 3 . 7 x 1 0- 3 3 . 3  x 1 0- 5 1 .  7 X 1 0 - 3 3 . 8  x 1 0 - " 3 . 7  X 1 0 - 3 

l O 6 Ru 4 . 6  x 1 0- " 4 . 4  x 1 0- 3 4 . 0  X 1 0 - 5 2 . 0  x 1 0 - 3 4 . 6 X 1 0 - " 4 . 4  X 1 0 - 3 
1 0 6 Rh 4 . 6  x 1 0- " 4 . 4  x 1 0- 3 4 . 0  x 1 0 - 5 2 . 0  x 1 0 - 3 4 . 6 X 1 0- " 4 . 4 X 1 0 - 3 
1 1 3lI'cd 1 . 3  x 1 0 - " 1 .  2 x 1 0- 3 1 . 1  x 1 0 - 5 5 . 7  X 1 0 - " 1 . 3  x 1 0 - " ! . 2  .. 1 ,] - 3 
1 2 5 Sb 5 . 0  x 1 0- 3 4 . 8  x 1 0 - 2 4 . 3  X 1 0 - " 2 . 2  x 1 0- 2 5 . 0  X 1 0 - 3 4 . 8  X 1 0 - 2 
1 2 SffiTe 2 . 0  x 1 0- 3 2 . 0  x 1 0- 2 1 . 8  x 1 0 - " 9 . 2  x 10 - 3 2 . 0  x 1 0- 3 2 . 0  X 1 0 - 2 
1 3 '+C 5 4 . 1  x 1 0 - 2 3 . 9  x 1 0- 1 3 . 5  x 1 0 - 3 1 . 8  x 1 0- 1 4 . 1  X 1 0- 2 3 . 9  X 1 0 - ' 
1 3 7 C5 2 . 0 x 10 ° 2 . 0  x 1 0 ' 1 . 8  X 1 0 - 1 9 . 1  x 1 0  ° 2 . 0  x 1 0 0 2 . 0  x 1 0 ' 
1 3 7 ffiSa 1 . 9 x 1 0 ° 1 . 8  X 1 0 ' 1 . 6  x 1 0 - 1 8 . 5  x 1 0 ° 1 . 9  x 1 0 ° 1 .  8 x 1 0 ' 
1 4 7Pm 5 . 6  x 1 0 - 2 5 . 4  x 1 0- 1 4 . 8  x 1 0- 3 2 . 5  x 10 - 1 5 . 6  X 1 0 - 2 5 . 4  x 1 0 - 1 
1 5 1 Sm 3 . 0  x 1 0 - 2 2 . 9 x 10 - 1 2 . 6  x 10- 3 1 .  3 x 1 0- 1 3 . 0  X 1 0 - 2 2 . 9  X 1 0 - 1 
l S 2 Eu 1 . 4  x 1 0 - " 1 . 4  x 1 0 - 3 1 . 2  x 1 0- 5 6 . 4  x 1 0 - " 1 . 4  X 1 0 - " 1 . 4 X 1 0 - 3 
1 5 4 Eu 9 . 6  x 1 0 - 2 9 . 2  x 1 0- 1 8 . 3  x 1 0- 3 4 . 3  x 1 0 - 1 9 . 6  X 1 0 - 2 9 . 2  X 1 0 - 1 
I S S Eu 6 . 3  x 1 0 - " 6 . 0  x 1 0- 5 5 . 4  x 1 0 - 5 2 . 8  x 1 0 - 3 6 . 3  X 1 0 - " 6 . 0  X 1 0 - 5 

Sub tota l s  7 . 1  x 10 ° 6 . 8  X 1 0 ' 6 . 1  x 1 0- 1 3 . 2  X 1 0 ' 7 . 1  x 1 0 0 6 . 8  x 1 0 ' 

Transuranics 
2 3 9 Np 4 . 6  x 1 0- " 4 . 4  x 1 0- 3 3 . 9  x 1 0- 5 2 . 0  x 1 0- 3 4 . 6  X 1 0 - " 4 . 4  X 1 0 - 3 
2 3 8 pU 6 . 8  x 1 0- 2 6 . 6  x 1 0- 1 5 . 9  x 1 0- 3 3 . 1  X 1 0- 1 6 . 8  X 1 0 - 2 6 . 6  x 1 0- 1 
2 3 9 pu 8 . 6  x 1 0 - 3 8 . 3  x 1 0- 2 7 . 5  x 1 0- " 3 . 9  x 1 0- 2 8 . 6  X 1 0 - 3 8 . 3  X 1 0- 2 
2 4 0 pU 1 .  3 x 1 0- 2 1 . 2  x 1 0 - 1 1 . 1  x 1 0- 3 5 . 7  X 1 0- 2 1 . 3  x 1 0 - 2 1 .  2 X 1 0- 1 
2 4 1 pU 1 . 4  x 1 0 0 1 . 3 x 1 0 ' 1 .  2 x 1 0 - 1 6 . 0  x 1 0 0 1 . 4 x 1 0 ° 1 . 3  x 1 0 ' 
2 4 1 Am 4 . 9  x 1 0- 2 4 . 7  x 1 0- 1 4 '. 2  x 1 0 - 3 2 . 2  x 1 0 - 1 4 . 9  X 1 0 - 2 4 . 7  X 1 0- 1 
2 4 2mAm 2 . 2  x 1 0 - " 2 . 2  x 1 0- 3 1 . 9  x 1 0 - 3 1 . 0  X 1 0- 1 2 . 2  X 1 0 - " 2 . 2  x 1 0- 3 
2 4 2Am 2 . 2  x 1 0- " 2 . 2  x 1 0- 3 1 . 9  x 1 0- 5 1 . 0  x 1 0 - 3 2 . 2  X 1 0 - " 2 . 2  X 1 0 - 3 
2 4 3 Am 4 . 6  x 1 0- " 4 . 4  x 1 0 - 3 3 . 9  x 1 0- 5 2 . 0  x 1 0- 3 4 . 6  x 1 0 - " 4 . 4  X 1 0 - 3 
2 4 2Cm 1 . 8  x 1 0- " 1 .  8 x 1 0- 3 1 . 6  x 1 0- 5 8 . 2  X 1 0 - " 1 . 8  X 1 0 - " 1 . 8  X 1 0 - 3 
2 4 4 Cm 3 . 4  x 1 0 - 2 3 . 2  x 1 0- 1 2 . 9  x 1 0 - 3 1 .  5 x 1 0- 1 3 . 4  X 1 0 - 2 3 . 2  x 1 0- ' 

Subtot a l s  1 . 5  x l O G 1 . 5  x 1 0 ' 1 . 3  x 1 0- 1 6 . 8  x 10 ° 1 .  5 x 1 0 ° 1 . 5  X 1 0 ' 

Total s 8 . 6  x 1 0 ° 8 . 3  X 1 0 ' 7 . 5  x 1 0 - 1 3 . 9  X 1 0 ' 8 . 6  x 1 0 0 8 . 3  X 1 0 ' 
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Potential radiat ion dose to  man in the surrounding environ
ment from release during dismantling of small fractions of this 
inventory to airborne and aquat ic pathways (Appendix A) is the 
principal concern . 

The maj or radiological impact , which has no counterpart in 
normal operat ions , is associated with the presumed di scharge of 
slightly contaminated s torage basin water into R River in the 
reference environment (Appendix A) . This  aqueous release contains 
a small f rac tion of the residual radioa ctivity , *  and a port ion of 
it is assumed to reach man in the reference environment through 
use of the river water . The resulting radiat ion dos es are shown 
in Table B- 3 2 .  

For the airborne p athways t o  the surrounding populations , it 
is assumed that 1 x 10-7  of  the inventory shown in Table B-3 l  is 
released to the atmosphere during decontaminat ion and decommis
sioning activities . ** The resulting radiat ion doses are shown in 
Table B- 33 . 

The calculated health effects (malignancies and genetic 
ef fects)  from these  potential radiation doses (Tables B-32 and B- 33)  
are  shown in Table B-34 . The number of effects due to decommissioning 
is small , ranging from 0 . 0007 to 0 . 053  for the several alternatives . 

Beneficial  impacts of decommissioning will include terminat ion 
of land and water use at each facility . When decommissioning of  
the ISFS  site has been completed , the  4-km2 site area at each 
locat ion may be  released for o ther uses . It  is likewise assumed 
that upon completion of decommissioning of ARB facilities ,  this 
area can be returned to the same s tatus that exis ted before con
struction of the ARB facility . Release of the site for other use 
will depend upon the decommiss ioning of the adj acent reactor . 

* By facility des ign , 3 radioactivity in basin water is maintained 
at �2 x 10-4 Ci/m3 • At the conclusion of operation , continued 
circulation of basin water through the cleanup system af ter the 
fuel is removed is expected to reduce the maximum r adioactivity 
level by about a f ac tor of  10 . The amounts of basin water and 
the curi es released are given in Table B-32 .  

** This est imate  ( 1  x 1 0-7 of the inventory) is based on the 
assumpt ion that all airflow from decontaminat ion act ivities 
is passed through two stages of  HEPA f iltration before release 
to the atmosphere . Most of the inventory is recovered and sent 
to storage before dismantlement is init iated . 
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TABLE B - 3Z 

Dose Commi tmen t s  from Aqueo u s  Rel ease of Storage Ba s i n  Water Du r i ng Decomm i s s i on i ng 

Decentra lized Storage 
Policy Imp lemented 

Centra lized Storage Decentra lized Storage (A lternative 1B-2) or 
Disposih;on Po licy Imp lemented Po licy Imp lemented Policy Not Imp lemented 
Faci l i ty (A lternative 1A) (A l ternative 1 B- 1 )  (A l ternative 2A) 
Startup -+ 1 9 8 5  1 9 9 5  1 9 8 5  1 9 9 5  1 985 1995 
Operating Faci lities -+ One Three One Nine One Four 

Total water d i s chargeda, m 3  1 6 , 000 1 26 , 6 0 0  1 6 , 000 1 4 4 , 000 1 , 8 2 0  64 , 00 0  
C u r i e s  r e l eased ' b 3 . 7  3 . 1  3 . 2  % o f  inventory 3 . 7  3 . 1  4 . 9  
Year Bas i n  Water R e l eased 1 9 9 6  2 0 1 1  1 9 9 6  2 0 1 1  1 99 3  2 0 1 2  

Maximum Indiv idual 
Do s e ,  mrem c 

Who l e  body 3 . 6  x 1 0 - 2 9 . 3  X 1 0 - 2 3 . 6  X 1 0- 2 9 . 3  X 1 0- 2 4 . 1  X 1 0 - 3 3 . 6  X 1 0 - 2 

Bone 2 . 1  x 1 0 - 1 5 . 7  X 1 0 - 1 2 . 1  X 1 0 - 1 5 . 7  x 1 0- 1 2 . 4 X 1 0 - 2 2 . 1  X 1 0 - 1 
Thyro id 1 . 3  x 1 0 - 7  3 . 3  X 1 0 - 7 1 . 3  X 1 0 - 7 3 . 3  X 1 0 - 7 1 . 4 X 1 0 - a 1 . 3 x 1 0 - 7 
Gonads 4 . 8  x 1 0 - 7 1 . 3  X 1 0 - 6 4 . 8  X 1 0 - 7 1 .  3 x 1 0 - 6 5 . 5  X 1 0- a  4 . 7 x 1 0 - 7 

80 - km Popu l at�n 
Do s e ,  man- rem 

Who l e  body 4 . 3  x 1 0 °  3 . 7  X 1 0 1  4 . 3  x 1 0 °  3 . 7  X 1 0 1 4 . 7  X 1 0 - 1 1 . 9 X 1 0 1  
Bone 1 . 4 x 1 0 2 1 . 2  X 1 0 3  1 . 4 X 1 0 2 1 . 2  X 1 0 3  1 . 6 X 1 0 1  6 . 4  X 1 0 2 

Thyro id 2 . 0  x 1 0 - s 1 . 7  x 1 0 - " 2 . 0  X 1 0- 5 1 . 7  x 1 0- "  2 . 2  x 1 0 - 6 8 . 7  X 1 0 - s 
Gonads 3 . 8  x 1 0 - 5 3 . 3  x 1 0  - " 3 . 8  X 1 0- 5 3 . 3  x 1 0 - " 4 . 3  X 1 0 - 6 1 . 7 x l 0 - s 

a .  B a s i n  water containing 2 x 1 0 - 5 C i / m 3  i s  r e l eased to R River i n  the reference env i ronment (Appendix A) . 
b .  T h e  respective inventories a r e  shown i n  Tab l e  B- 3 1 , t h i s  sect ion . 
c .  Max imum individual drinks 2 L/day and consumes 1 8  kg/yr o f  fish from R River (downstream o f  r e l ease po int) . 

d. 8 5 %  of the popu l ation w i t h i n  the 80 - km r e ference environment drinks 2 L/day and consumes 0 . 1 1  kg/yr o f  fish 
from R River (downs tream o f  release point ) . 

Decentra lized Storage in 
A t-Reactor Basin -
Po licy Not Imp lemented 
(A lternative 2B) 
1 985 1 9 9 5  
Forty-five Ninety-three 

1 6 , 00 0  1 26 , 6 00 

3 . 7  3 . 1  
1 9 89 - 1 9 94 1 99 9 - 2 008 

6 . 0  X 1 0 - 3 9 . 0  X 1 0 - 3  

3 . 5  X 1 0 - 2 5 . 2  X 1 0 - 2 

2 . 1  X l O - a  7 . 2  x 1 0 - a 

8 . 0  X 1 0 - a - 1 . 2  x 1 0 - 7 

7 . 2  X 1 0 - 1 1 . 0 x 1 0 °  

2 . 3  x 1 0 1 3 . 5  x 1 0 1 

3 . 3  X 1 0 - 6 5 X 1 0 - 6 

6 . 3  x 1 0 - 6 9 . 5  X 1 0 - 6 



TABlE 8-33 
Dose Conrnitments from Release of Particulates to Atmosphere Ouring Decommi ssion i ng (Ground Level Release)a 

CentmUaed Ston:l£e 
(ALternative 1A) 0" 
Decentl'atized Storci.ge 
with FUU-CON Reseroe 

Disposition (ALternative 1B-1 ) -
Facility Po licy Implemented 
Stal'tup • 1985 1995 
Opemting FaciUties • One TIl1'eec 

Yea" Pal'ticuZates ReZeased-- 1996 2011 

M.aximum Individual 
Dose mrem3 b 

Body 
Inhalation 
Foods 
Contaminated Ground - y 

Total 

Bone 
Inhalation 
Foods 

Total 

Local Population (SO- km radius) 
Dose, man- rem 

Body 
Inhalation 
Foods 
Contaminated Ground - y 

Total 

Bone 
Inhalation 
Foods 

Total 

U. S .  Population ( l e s s  local ) 
Dose. man-rem 

Body 
Inhalation 
Foods 
Contaminated Ground - y 

Total 

Bone 
Inhalation 
Foods 

Total 

Total Popu l a t ion Dos e ,  man- rem 
Body 

Inhalation 
Foods 
Contaminated Ground - y 

Total 

Bone 
Inhalation 
Foods 

Total 

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

3 . 9  x 10- , 1 . 3  x 1 0 - �  

7 . 0 x 1 0 - '  2 . 3  X 1 0 - 4  
8 .4 x 1 0 - '  �. 
1 . 5  X 1 0 - 4  5 . 0  x 1 0 - '"  

7 . 7  X 1 0 - 6  8 . 1  X 1 0 - 5 
1 . 0  x 1 0 - 5  1 . 1  x 1 0 - '" 
9 . 1  x 1 0 - '  9 . 6  X 1 0 - 4  

1 . 1  x 1 0 - '"  1 .  2 X 1 0 - 3  

2 . 3  X 1 0 - 4  2 . 4 X 1 0 - 3  
2 . 4  x 1 0 - 4  2 . 6  X 1 0 - 3  

4 . 7  x 1 0 - '"  4 . 9 X 1 0 - 3  

4 . 2  x 1 0 - 6 4 . 4 x 1 0 - 5 
6 . 6  x 1 0 - '  7 . 0  X 1 0 - 5  
6 . 0  x 1 0 - , 6 . 3  x 1 0 - '"  

7 . 1  x 1 0 - 5 7 . 4  x 1 0 - '  

1 . 2  X l a - I.!  1 . 3  x 1 0 - 3  
1 . 6  X 1 0 - 4  1 . 7  X 1 0 - 3  

2 . 8  x 1 0 - 4 3 . 0  x 1 0- 3 

1 . 2  x 1 0 - , 1 . 0 x 1 0- 11  
1 . 7  x 10- , 1 . 8  X 1 0 - 4  
1 . 5  X 1 0 - 4  1 . 6 X 1 0 - 3  

1 . 8 x 1 0 - '"  1 . 9 X 1 0 - 3  

3 . 6  x 1 0 - '  3 . 7  X 1 0 - 3  
3 . 9  x 1 0 - '  4 . 2 X 1 0 - 3  

7 . 5  X 1 0 - 4  7 . 9  x 1 0 - 3 

DeaentmUaed Ston:l£e with 
Disahal'ge Capabi U ties -
PoZiay IrrrpZ�mented 
(ALte:mative 1B-2) 0" 

PoUay Not IrrrpZemented 
(ALternative 2A) 
1985 1995 
One Four 
1993 2012 

2 . 0  X 1 0 - 7  2 . 6  X 1 0 - 6  
3 . 1  X 1 0 - 7  4 . 0 X 1 0 - 6  
2 . 9  x 1 0 - '  3 . 8  X 1 0 - 5  

3 . 4  x 1 0 - '  4 . 5 x 1 0 - 5 

6 . 1  x 1 0 - '  7 . 9 x 1 0 - '  
7 . 3  x 1 0 - '  9 . 5  x 1 0 - '  

1 . 3 X 1 0 - 5  1 . 7  x 1 0 - '"  

6 . 6  x 1 0 - 7  3 . 8  X 1 0 - 5 
8 . 6  X 1 0 - 7  4 . 9 X 1 0 - 5  
7 . 9  x 1 0 - '  4 . 5 X 1 0 - 4  

9 . 4 x 10- , 1 . 8 x 1 0 - '  

2 . 0  x 1 0 - , 1 . 1 X 1 0 - 3  
2 . 1  x 1 0 - , 1 . 2  X 1 0 - 3  

4 . 2  x f 1 O - 5 2 . 3  X 1 0 - 3  

3 . 6  X 1 0 - 7  2 . 1  X 1 0 - 5  
5 . 7  X 1 0 - 7  3 . 3  X 1 0 - 5  
5 . 1  x 1 0 - '  3 . 0  x 1 0 - '"  

6 . 0  x 1 0 - '  3 . 5  x 1 0 - 11  

1 . 0 x 1 0 - '  5 . 9  x 1 0 - '"  
1 . 4 x 10- ' 7 . 9  X 1 0 - 4 

2 . 4  x 10- , 1 . 4 x 1 0 - 3 

1 . 0 X 1 0 - 6  5 . 9  x 1 0 - 5 
1 . 4 X 1 0 - 6  8 . 2  x 1 0 - 5 
1 . 3 x 1 0 - ' 7 . 5  x 1 0 - '  

1 . 5 x 10- 5 8 . 9  X 1 0 - 4  

3 . 0  x 1 0 - '  1 . 7  x 1 0 - 3  
�' 2 . 0  X 1 0 - 3  

6 . 5  x 1 0 - 5 3 . 7  X 1 0 - 3  

a .  Release is 1 x 1 0 -7 of inventories shown i n  Reference 6 of this section. 

b. For each fac i l i t y .  
c. For alternative 1 8- 1 there are n i n e  operating facilities in 199 5 .  
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Decentmtised Storage in 
A t-ReactoZ' Basin -
PoLity Not IrrrpZemented 
(AUel'7lative 2B) 
1985 
Fo"ty-five 
1989 - 1995 

3 . 8  X 1 0 - 7  
6 . 0  X 1 0 - 7  
5 . 5  x 1 0 - '  

6 . 4  X 1 0 - 6  

1 . 1  X 1 0 - 5  
1 . 4 X 1 0 - 5  

2 . 5  x 1 0 - '  

1 . 3  x 1 0 - '� 
1 . 6 x 1 0 - '

b 1 . 5 x 1 0 - '  

1 . 8 x 1 0 - ,b 

3 . 8  x 1 0 - '� 
4 . 0 x 1 0 - '  

7 . 8  x 1 0 - ,b 

4 . 2  X 1 0 - 6  
6 . 6 x 1 0 - '  
6 . 0 x 1 0 - 5 

7 . 1  x 1 0 - 5 

1 . 2 X 1 0 - 10  
1 . 6 X 1 0 - 4 

2 . 8  x 1 0 - 4 

1 . 2  x 1 0 - 5 
1 . 7  x 1 0 - 5 
1 . 5 X 1 0 - 4  

1 . 8  X l a - It  

3 . 6 x 1 0 - 11  
3 . 9  x 1 0- 4  

7 . 5  X 1 0 - '+  

1995 
Ninety-three 
1999 - 2008 

5 . 7 X 1 0 - 7  
9 . 0  x 1 0- 7  
8 . 2  X 1 0 - 6  

9 . 5  X 1 0 - 6  

1 . 7 x 1 0 - 5 
2 . 1  x 1 0 - 5 

3 . 8  x 1 0 - , 

1 . 9 x 1 0 - '� 
2 . 5  x 1 0 - '

b 2 . 2  x 1 0 - '  

2 . 7 x 1 0 - ,b 

5 . 7  x 1 0 - ,b 
6 . 0 x 1 0 - ,b 

1 . 1 x 1 0 - 4 b  

4 .4 x 1 0 - '  
7 . 0 x 1 0 - , 
6 . 3  X 1 0 - 4  

7 .4 X 1 0 - 4  

1 . 3 X 1 0 - 3  
1 . 7  X 1 0 - 3 

3 . 0  X 1 0 - 3 

1 . 3 X 1 0 - 4  
1 . 8 x 1 0 - '"  
1 . 6 X 1 0 - 3  

1 . 9 x 1 0 - 3  

3 . 7  X 1 0 - 3  
4 . 2  X 1 0 - 3  

7 . 9  X 1 0 - 3  
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TABL E B - 34 

Ca l c u l ated Hea l t h  Effects i n  S u r ro u nd i ng Pop u l at i ons  from Ra d i a t i on 
Dos e  Comm i tmen t sa C a u s ed by Decomm i s s i on i ng 

Disposit ion Facility 
Startup -+ 

b From Aqueous R e l e as es 

From Atmosph e r i c  Re 1 ea s esc 

Tot a l  

Centra lized Storage 
(Al ternative 1 A )  or 
Decentra lized Storage 
with Fu l l- Core Reserve 
(A lternative 1 B- 1 )  -
Po licy Imp lemented 
1 9 8 5  1 995 

6 . 2  x 1 0- 3 

9 . 6  X 1 0 - 8 

6 . 2  x 1 0- 3 

5 . 3  X 1 0 - 2 

1 . 0  X 1 0- 6 

5 . 3  X 1 0 - 2 

Decentral ized Storage with 
Discharge Capabi lities 
Po licy Imp lemented 
(A l ternative 1 B- 1 )  or 
Po licy Not Imp lemented 
(A lternative 2A ) 
1 985 1 995 

7 . 0  x 1 0- 4 

8 . 1  X 1 0- 9 

7 . 0  x 1 0- 4 

2 . 8  X 1 0- 2 

4 . 7  X 1 0- 7 

2 . 8  X 1 0- 2 

a .  Number of serious somat i c  and genet i c  e f f e c t s  c a l cu l at e d  by us ing EPA r i s k  fac tor 
shown i n  S e c t i on B . 2 . 2 . 1 . 4 .  

b .  From d o s e  comm i tment s shown i n  Tab l e  B- 3 2 . 

c .  From do s e  comm i tmen t s  shown in Tab l e  B- 3 3 . 

Decentra lized Storage in 
A t-Reactor Basin -
Po licy No t Imp lemented 
(A l terna tive 2B) 
1 985 1 9 9 5  

6 . 2 X 1 0- 3 

9 . 6  X 1 0 - 8 

6 . 2  X 1 0- 3 

5 . 3  X 1 0 - 2 

1 . 0  X 1 0 - 6 

5 . 3  X 1 0- 2 
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APPENDIX C 

TRANSPORTATION 

Present generat ion transportation systems and casks are 
designed for transporting spent fuel that is cooled about a 
0 . 5  year . In this analysis , these casks are assumed to be used 
to transport spent fuel cooled longer than four to five years . 
Future transportation sys tems may be developed specif ically for 
spent fuel cooled four to five years or longer . Such casks are 
expected to have larger capacities than casks designed for short
cooled fuel and probably the degree of shielding provided will 
be decreased . Therefore , radiation dose rates from these new 
casks may be slightly higher than those assumed in this analys is . 
The analys is estimated the dose rates for various cooling times 
of spent fuel in casks designed to meet DOT radiation limits  for 
spent fuel cooled for about 0 . 5  year . However . the capacity of 
new casks is expected to be larger than that of exist ing cask 
designs ;  therefore ,  fewer trips are required . 

Commercial fabrication of spent fuel casks has been curtailed 
for lack of firm implementation plans for spent fuel transfers . 
In this study , a program for spent fuel storage is  assumed to 
include lead times sufficient to fabricate the required casks . 
These lead times are about 18 months for existing des igns of truck 
casks and about 24 months for existing designs of rail casks . 
Past  experience indicates that an estimated six to eight years 
could be required to design , tes t ,  license , and then fabricate 
a fleet of newly designed casks . However ,  expediting by the 
vendor could significantly shorten the length of time required 
to deliver a fleet of casks . 

Rail facilities are assumed to be available to the nuclear 
industry to take advantage of large casks that have larger load
to-cask-weight ratios . Adequate resolut ion of current regulatory 
problems and issues , such as special trains , emergency preparedness , 
and s tate and local restrictions are also assumed . These insti
tutional and regulatory issues are discussed in the next sect ion . 

C . l  Institutional and Regulatory Issues 

C . l . l  Federal Regulat ions and Institutional Issues 

ll-b Overseeing the transportation of rad ioactive materials in 
the U . S .  is a j oint responsibility of the Department of 
Transportation (DOT) and the Nuclear Regulatory Commis sion (NRC ) . 
The Interstate Commerce Commission is  respons ible for economic 
regulations , but DOT and NRC are primarily responsible for safety 
impacts regarding shipment s of nuclear materials . State or local 
requirements  are normally auxiliary regulations that pertain to 
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ll-b transportat ion routes and highway load limits or regu lations that 
require additional safety measures . 

Regulations issued by the NRC and DOT overlap to some degree ; 
however , a memorandum of unders tanding issued on June 9 ,  1 9 7 91 super
sedes a 19 73 agreement ,  and generally delineates the authority of  
the DOT as  s etting standards for  marking , labeling , shipping 
safety (rad iat ion levels , temp eratures , etc . ) , regulating sh ippers 
and carriers , and approving different packages as suitable for 
transporting radioactive materials . The authority of  the NRC 
was set forth as reviewing and approving shipp ing containers and 
special transport controls for fissile Type B and large quantit ies 
of radioactive materials as  def ined by Code of Federal Regulat ions , 
Tit le 49 , Par t 1 73 . 39 3  ( 49 CFR 173 . 393 ) . 2 

Maj or regulations for transporting radioactive materials 
are set forth in Code of Federal Regulations , Title 1 0 ,  Part 20 
( 10 CFR 20) , 3 "S tandards for Protection Against  Radiat ion" ; in 
10 CFR 7 1 , 4 "Packaging of Rad ioactive Materials for Transport and 
Transportat ion of Radioactive Material Under Certain Conditions" ; 
and in 4 9  CFR 1 73 , 2 "Shippers - General Requirement s for Shipment 
and Packagings . "  

The general NRC criteria for packaging and shipp ing rad io
act ive materials are given in 10 CFR 7 14 Subparts B ,  C ,  and D .  
Because o f  the large-quant ity designation for irradiated fuel 
shipments , spent fuel casks must  also be designed to meet hypo
thetical accident conditions applied sequentially ( 10 CFR 7 1 , 4 
Appendix B) . The hypothetical accident s and the resultant cask 
response , as set forth , represent a reasonably conservative 
estimate of conditions resulting from a severe transportation 
accident . Criteria for design of spent fuel casks specify 
allowable radiation levels , criticality safety measures , heat 
dissipation requirements ,  and the requirement that the cask must  
prevent loss  or  disposal of spent fuel under normal operating 
and hypothetical accident cond it ions . 

NRC regulations for radiation exposure limits and contamina
tion control during transportat ion of radioactive materials are 
included in 10  CFR 20 . 3 This s et of regulations requires a 
receiver to check casks for trans ferable contaminat ion within 
three hours after receipt and to no tify the carrier and the NRC 
immediately if contamination levels exceed p ermissible limits for 
surface contamination . 

10-a NRC regulations in Code of Federal Regulat ions , Title 10 , 
Part 73 ( 10  CFR 73 ) , 5 "Physical  Pro tection of  Plants and 
Materials , "  cover the phys ical security and safeguard aspects  
of radioactive shipment s .  These regulations were revised effective 
July 16 , 19 7 9 ,  to require physic al pro tection of irradiated reactor 
fuel in trans it . 6 The revised requirement s  include 1 )  advanced 
NRC approval of the transport route wh ich avoids , where prac ticable,  
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10-a heavily populated areas , 2 )  procedures for coping with threats  
and safeguard emergencies , 3) arrangement s  with law enforcement 
authorit ies along the route for respons e to an emergency , 
4 )  scheduling of shipments with stops only for refueling and 
obtaining provis ions , and 5 )  escort of the vehicle by trained 
individuals . 

ll-b DOT regulations for transportation of radioact ive mater ials 
are given in 49 CFR 1 70-17 9 . 2 These regulations s et the criteria 
for radiation levels , surface temp eratures , surface contaminat ion 
level s ,  bill of lading information , labeling , p lacard ing , shipper 
cer tificat ion , accident response,  general packaging , and foreign 
shipments into and from the United S tates . 

Regulat ions require that not if icat ion must  be given to DOT 
immediately following any acciden t ,  and a deta iled report must be 
submit ted within 15 days . 

The Federal agency that has the principal economic regulat ory 
authority over nuclear transportat ion is the Interstate  Commerce 
Commission ( ICC) . ICC regulates the rates , charges ,  and condit ions 
of truck , rail , and barge line services operating in inters tate 
and foreign commerce . ICC regulations def ine three types of  
carriers : 1 )  private carrier s ,  which transport their own goods 
and are exempt from ICC regulation ; 2) contrac t carriers , which 
selec t ively transport o ther people ' s  goods and are subj ect to 
limited ICC regulat ion ; and 3 )  common carriers , which trans port 
good s for the general public in accordance with ICC certificates 
of public convenience and necessity . Even though transportat ion 
safety is primarily the domain of DOT and NRC , some ICC activity 
may also have safety impacts . 

Pending regulatory and ins titutional issues that may affect 
transportat ion include : 

• The adequacy of emergency-response planning in the event 
of an accident . 

• Safeguards and security measures during transport of spent 
fuel and wastes . 

• Routing of transportation of rad ioactive material . 

• Restrictions imposed by rail carriers . 

• Insurance and liability for consequences  of accidents .  

• Def inition of Federal-state respons ibilities and Federal 
pre-emp t ion of state regulat ions that impede commerce 
including hazardous materials , among which is radioactive 
materials . 
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ll-b 

9-a 
ll-b 

Reference 7 further discusses some applicable Federal regu
lat ions summarized above . 

C . l . 2  S tate and Local Regulat ions and Issues 

State and local regulat ions on transportation used in s tandard 
commerce are normally limited to res trict ions and requirements on 
size and type of vehicle traffic . However , recently , some s tates 
and localities have adopted or are considering regulations on 
nuclear material shipment to include at least the following : 

a )  Rout ing restrictions , speed limits ,  or blanket 
prohibitions on shipments  

b )  Advance notification of shipments and approval 
by states 

c )  Inspect ion of shipments 
d )  Pilot  vehicles or escort s  
e )  Emergency preparedness b y  state officials 
f )  Regulations on gross vehicle weight and dimensions . 

The effect of these restrictions on transportat ion o f  spent fuel 
will vary from state-to-state and may seriously impede the 
transportation of spent fuel and radioactive was tes . 

As a result of these restrictions and prohibitions , shipments 
of radioactive materials mus t  be  routed for much longer distances 
or must  be routed through higher populat ion densities than are 
located along the highway route preferred by the carrier . The 
shipments  are effectively slowed down resulting in greatly 
increased travel time . As a consequence ,  the cos t of  shipment 
is significantly increased and the radiation exposure of the 
transport crew and general population is proportionately increased . 

C . l . 3  Routing Restrictions - State and Federal 

Weight oriented restrictions on truck transportation of spent 
fuel are similar to any non-nuclear transportation of heavy loads . 
General restrictions are imposed by some states ,  especially for 
overweight loads . Routing restrictions relat ing to the physical 
protection of spent fuel shipment s  by truck have recently been 
imposed by NRC (10  CFR 7 35 ) .  DOT regulations require transport 
of radioactive materials with no unnecessary delays (49 CFR 
1 7 7 . 853 ) . 2 If  the truck mus t be parked for any length of  time , 
warning devices mus t  be placed as specified in 40  CFR 3978 in 
addition to surveillance by the motor vehicle operator or another 
qual ified representative of the motor carrier . Shipments of spent 
fuel and wastes are preferentially routed on inter states , limited 
access highways ,  bypasses and four-lane highways to avoid urban 
areas as much as possible , because accident frequencies are much 
lower than tho se on other highways and emergency response is more 
readily available on the int erstate highways . 
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Spent fuel casks transported by rail are similar to heavy 
ll-b loads regularly transported in routine railroad commerce , including 

9-a large load s of hazardous nonradioac tive materials . Routes are 
fixed by rail locations , and urban areas cannot be  readily bypassed 
by alternative routes . Certain routine restrict ions (not specifi
cally pert inent to radioactive materials )  may also be imposed by 
the states or the ICC , for example , those dictated by poor track 
conditions in some areas . 

The recent initiative of  a public rule-making proceeding by 
DOT (Docket HM-164 "Highway Routing of Radioactive Material" )  9 

is  an important step toward resolut ion o f  routing restrictions . 
DOT has been urged by the Government Accounting Office (GAO) and 
other government agencies to proceed expeditiously to examine the 
des irability of Federally prescribed rout ing requirements  for 
highway , rail , and possibly barge shipments of  spent fuel , as well 
as the question of what degree s tate and location restrictions are 
appropriate . 

NRC has modified 10 CFR 7 35 with the intention of  upgrading 
the phys ical pro tec tion requirements during transportation of  
spent fuel by truck and rail . The revised regulations require 
NRC to approve shipping routes and to specify escort surveillance 
and emergency response training . 

C . l . 4  Response to Emergencies 

ll-b After a transportation accident in the U . S . , carriers of  
8-e radioac tive material are  required to  follow DOT-prescribed 

procedureslO designed to mitigate the consequences . DOT regula
tions require prompt reporting of any transportation inc ident 
involving shipment of radioactive material in which f ire , breakage , 
spillage , or suspected radioactive contaminat ion occurs . The 
regulations also specify guidelines for remedial actions in situa
t ions involving actual or suspected release of radioactivity from 
a shipping container . Vehicles used for transporting radioactive 
material must  be monitored after each shipment ; they may not be 
returned to service until the dose rate on accessible surfaces is  
below prescribed levels , and no  significant removable radioac tive 
surface contamination is evident . 

An intergovernmental radiological assistance programll , 12 

provides personnel equipped to monitor radiation and trained to 
act as advisors to aid in radiological incidents such as a trans
portation acc ident involving nuclear material . The Federal 
radiological assistance program is coordinated by the Office of 
Environmental Compliance and Overview of  DOE . The program provides 
a mechanism whereby 13  Federal agencies coordinate their radio
logical emergency activities with the activities of s tate and local 
health departments , and police , fire , and civil defense agencies . 
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ll-b In the event o f  a transportat ion accident , trained personnel 
8-e from the radiological assistance program are available to : 

C I 
9-c I 

• Evaluate the radiological health hazard 

• Minimize p ersonnel expo sure to radiat ion and/or radioactive 
materials 

• Minimize the spread of radioactive contaminat ion 

• Minimize  damaging effects  on property 

• Assist in carrying out emergency rescue and first-aid 
procedures neces sary to save life and minimize inj ury 

• Provide technical information to appropriate authorities and 
medical advice on the treatment of inj uries compl icated by 
radioact ive contaminat ion 

• Provide information to the public as quickly as possible to 
minimize undue public alarm and to assist in the orderly 
conduc t of  emergency activities . 

The response capability of  state and local agencies for emer
gency situations currently varies greatly . The status of emergency 
preparedness of state and local response group s (police , fire pro
tection , c ivil defense , etc . )  is currently of concern to numerous 
state and local legi slative bodies and is expected to result in 
legislat ive actions . 

C . 2  Generic Transportat ion Equipment and Methods 

Shipp ing casks are available for both truck and rail trans
port of irradiated sp ent fuel from the current generation of  LWRs . 
Either PWR or BWR fuel can be shipped in mo st of  the spent fuel 
casks by using different fuel baskets ; however , some baskets  are 
designed only for a particular fuel typ e .  Table C-l gives informa
tion about casks that are current ly available or licensed for 
spent fuel shipments in the United States . Reference 7 ,  Sect ion 
I I I , describes these casks . Twelve legal-weight truck casks and 
six rail casks of the types described in Table C-l have been built . 
Spent fuel might also be shipped on the inland waterways of the 
U . S .  by barge . 

The choice between rail , truck , or barge for shipping the 
spent fuel is largely determined by costs , convenience , and 
handling requirement s  at reactor and storage basins . Rail casks 
have a significantly larger payload than truck casks . However , 
truck shipment s normally require less turnaround t ime than rail 
or barge shipments .  Although the newer reactors are providing 
rail capabilities , about 50% of the reac tors now operating in the 
U . S .  or scheduled for completion by the year 1980 do no t have rail 
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TABL E  C - l  

L i c e ns ed a n d  Ava i l a bl e U n i ted States S h i p p i n g  C a s  k s  
for Current Gener a t i o n  LWR S p e n t  F u e l a  

Nwnber of Approximate Usua l 
Cask As semb lies Loaded Cask, 

b 
Transport M=imwn Heat 

Designation PWR BWR Weight, tonne Mode Remova l, kW 

NFS- 4 c 1 2 2 3  Truck 1 l . 5  

NL I 1 / 2  1 2 2 2  Truck 1 0 . 6  

E TN- 8 3 3 5  Truck
d 

35 . 5 

TN- 9 7 3 5  Truck
d 

2 4 . 5  

I F - 3 0 0  7 1 8  7 9  Rai le 76f 

NL I 1 0/ 2 4  1 0  2 4  8 8  Rai l 9 7g 

a .  See Reference 7 .  

C b. Skids and other appurtenance s  are inc l ud ed . 

C c. The C ert i ficate of Comp l i ance for the N F S - 4  c a s k  i nc l ud e s  
author i zat ion for Nuc l ear As surance Corporat i on to fab r i c a t e  
casks o f  th i s  d e s i g n  i n  ac cordance w i t h  the Nuc l ear As surance 
Corpora t i o n  Qua l i ty As surance Program . Such casks fabri c ated 
b y  NAC w i l l  b e ar a serial numb er prec ed ed b y  the prefix NAC . 

d. Overw e i ght perm i t  is required b y  state and l o c a l  agenc i es . 

e .  Truck s h i pment i s  authori z ed for short d i s t an c e s  w i th an overw e i gh t  perm i t . 

C f. Spent fue l  l oads are l im i t ed to a m i nimum coo l ing t ime o f  1 20 days and 
max imum thermal content o f  6 1 . 5  kW i f  sh ipped w i t h  water coo l ant , or 
1 1 . 7  kW if sh ipped w i th air coo l ant . 

g .  Spent fue l  loads are l im i ted t o  a minimum coo l ing t ime o f  1 5 0  days and 
a maximum th ermal cont ent of 70 kW thermal l o ad . 
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spurs at the site . By the year 1987 , about 30% of  the reac tors 
s till will not have rail spurs . Many of these  reactor s without 
ra il spurs can be serviced by intermodal casks , *  which require 
overweight permits for shipping by truck to the neares t rail  
siding .  Several studies of  barge transport are  now in progress . 

9-c Barge transport would require hauling casks from the reactor to 
the barge dock on heavy haul trucks or rail spurs added for that 
purpos e .  

The environmental effects of  moving rail casks by barge for 
a given quantity of spent fuel are about the same or slightly 
less than for moving the casks by rail ;  therefore , barging is not 
spec ifically evaluated in this volume . Also , costs of transportation 
by barge are greater than by rail . 13  

The assumpt ion is made in the transportation portions of  
this EIS that 70% (by  weight) of  the United States spent fuel 
shipped from reac tor discharge basins to I SFS  facilities is 
shipped by rail and the rest by truck . For this analysis , the 
cask usage assumed for spent fuel is 

• IF-300 rail casks or equivalent , for 35%  of the fuel from 
reactor discharge basins to ISFS facilit ies 

• NLI 10/24 rail casks or equivalent , for 35% of the fuel 
from reactor discharge basins to ISFS  fac ilities and 100% 
of  fue l from ISFS facilities to a disposition fac ility 

• Truck casks of 25 tons or less (LWT) for 30% of the fuel 
from reactor discharge basins to ISFS facilities and 100% 
of  the fuel  trans shipp ed from a reac tor discharge basin to 
a discharge basin at ano ther reactor site 

• Truck casks of  25 tons or less are used for all transfers 
from reactor discharge basins to ARB facilities . 

The assumed distances between sending and receiving facilit ies 
are shown in Table C- 2 .  These distances represent maximum distances 
between facilit i es to maximize the effects of shipment s .  

The number o f  casks required for transporting spent fuel 
during each year of operat ion is shown in Tah le C-3 for the var ious 
opt ions assumed in this volume for interim storage of spent fuel . 
A large number of truck and ra il casks mus t  be op erational by the 
years 1 983  and 1 984 for opt ions assuming full-core reserve is 
maintained in reactor discharge basins . If  discharge capability 
is assumed , the large increase in need for spent fuel casks is 
delayed until the year 1986 or 198 7 .  

* Casks which may be moved by truck ,  rail ,  or barge . 
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TABLE  C- 2 

As s umed Di sta n ce s  Between Fa c i l i t i e s 

Distance One Way� 
Mode Sending Faci li ty to Receiving Faci lity mi les 

Truck Rea ct or Di scharge Bas ins t o  Other 1 0 0  
Reactor D i s charge Basins 

Reactor D i s charge Bas ins t o  ISFS Fac i l it i e s  1 0 0 0  

Reactor Discharge Basins to ARB Fac i l i t i e s  0 . 1  

Re act or D i s charge Bas ins t o  D i s po s i t i on 1 5 0 0  
Fac i l ity 

ISFS or ARB Wastes t o  Bur i a l  Ground 5 0 0  

Ra i l  Reactor Dis charge Ba s ins t o  I SFS Fac i l it i e s  1 0 0 0  

Re act or D i s charge Bas ins to Dispos i t i on 1 5 00 
Fac i l i  ty 

I SF S  Fac i l it i es t o  Dispo s i t i on Fa c i l i t y  1 5 0 0  
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TABLE C-3 
Cask Requi rement sa 

Year 

1 979 

1 980 

1 9 8 1  

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1 99 2  

1 99 3  

1 99 4  

1995 

1996 

1997 

1998 

1999 

2000 

2004 

2005 

2006 

2007 

2008 

2009 

2 0 1 0  

2 0 1 1  

Cent:mlized Sto:mge (Alternative 1A) 
or Decent:mlized Sto:mge with 
Pun-Core Reserve (Alternative 1B-]) -
Po licy Implemented 
Msposi tion Faci li ty Startup 
1985 1995 Truck Rai l �Tru2-"cTk--R""aC:��·l'------

2 0  

29 

35 

44 

49 

66 

70 

77 

84 

8 7  

93 

97 

1 0 5  

1 0 5  

1 0 6  

1 1 4  

1 1 5  

1 2 2  

1 2  

1 9  

2 1  

3 1  

3 1  

49 

5 2  

5 8  

7 4  

9 4  

9 7  

1 0 1  

9 9  

84 

84 

91 

92 

98 

2 0  

2 9  

31 

36 

40 

50 

53 

58 

63 

6 5  

6 9  

7 2  

78 

86 

8 7  

1 1 0  

1 1 5  

1 2 2  

1 9  

2 0  

24 

27 

37 

3 9  

4 3  

4 8  

5 1  

5 5  

5 8  

64 

70 

70 

89 

9 2  

9 8  

1 3 7  

1 3 7  

1 3 7  

1 3 7  

1 3 7  

1 3 7  

1 1 9  

Decentra lized Storage with Discharge 
Capabi lity - Policy Imp leMented 
(A lternative 1B-2) or Po licy Not 
Implemented (Alternative 2A) 
Msposition Faci lity Startup 
1985 ""1e:-99o:.:5;,..._;;-..,-___ _ 
Truck Rai I Truck Rail 

1 1  

3 9  

4 1  

89 

98 

1 1 6  

85 

87 

9 3  

9 7  

1 0 5  

1 0 5  

1 0 6  

1 1 4  

1 1 5  

1 2 2  

26 

27 

67 

77 

9 2  

68 

7 1  

7 3  

77 

84 

84 

84 

91 

92 

98 

1 1  

14 

16 

2 3  

2 8  

30 

32 

36 

40 

4 2  

4 8  

5 1  

6 3  

70 

92 

1 1 0  

1 1 7  

1 2 2  

1 22 

1 2 2  

1 2 2  

1 2  

1 6  

1 9  

2 0  

2 6  

3 7  

2 9  

34 

38 

4 7  

5 3  

7 7  

9 2  

98 

1 0 5  

1 0 5  

1 0 5  

1 0 5  

1 1 0 

1 1 0  

1 1 0  

1 0 9  

Decent:mlized Sto:mge i n  At-Reactor 
Basins - Po licy Not Imp lemented 
(Al ternative 2B) 
Disposition Faci lity Startup 
198 5 -,1,,-99o:.:5:c.-_�� Truck Rai l  Truck Rai 1 

1 7  

2 2  

2 5  

3 6  

4 0  

5 6  

8 5  

90 

93 

93 

9 7  

9 6  

9 7  

9 7  

98 

106 

1 0 7  

1 14 

2 5  

2 5  

4 9  

74 

78 

8 1  

80 

84 

83 

84 

84 

84 

91 

9 2  

9 8  

1 7  

2 2  

25 

3 0  

34 

4 6  

4 9  

5 5  

6 2  

65 

69 

74 

80 

8 5  

8 6  

1 0 1  

1 2 3  

1 32 

1 8
b 

4 9  

1 5 1  

1 5 1  

1 5 1  

1 5 1  

1 5 1  

77 

2 5  

2 5  

6 5  

9 2  

98 

1 6
c 

4 3  

1 3 0  

1 3 0  

1 30 

1 30 

1 30 

66 

a. Assumes 80% ut i l i za t i on after the shipping system is firmly estab l i shed . During f i r s t  campaigns from reactor basins , 
the ut i l i zat ion factor probably wi l l  be about 50% . 

b . Spent fuel in inventory in the ARB fac i l i t i es is transported to the d i sp o s i t ion fac i l i t y after the year 2000 to 
deplete ARB inventory . 
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A relatively large number of truck casks mus t be operat ional 
by the year 1983  for the at-reactor storage alternative . S ignifi
cant numbers of rail  casks are not requi red unt il the y ear 1986 
for disposition fac ility s tartup in the y ear 1985  or until the 
year 1996  if disposition facility startup is delayed until the 
year 1995 . The assumed turnaround times and trips p er cask used 
to calculate the cask requirements for transporting spent  fuel 
are shown in Table C-4 . 

TABL E C- 4 

Ass umed P a rameters for T rans port a t i on T r i ps 

Dis tance One Way, Turnaround Cask Trips 
Mode mi les Time, days per Yea� 

Ra i l  1 0 0 0  1 8  1 6  

Ra i l  1 5 0 0  2 4  1 2  

Truck On Reactor S i t e  1 1 5 0b 

Truck 1 0 0  2 1 0 0  

Truck 1 0 0 0  5 5 6  

Truck 1 5 0 0  7 4 0  

a .  At 8 0 %  ut i l i z at i on .  

b . At 6 0 %  u t i l i z at ion . 

In addit ion to shipment s  of spent fuel , wastes generated at  
inter im storage facilities must be transported . Solid wastes 
generated in ISFS or ARB facilities normally contain low quantities 
of fis sion and ac tivation products and less than 1 0  nCi of trans
uranic iso topes per gram of was t e ; * thus , the waste may currently 
be shipped to bur ial grounds .  

Solid was t e ,  reduced in volume by compaction or incinerat ion , 
will be packaged and shipped in containers that meet DOT speci
f ications . This solid waste is a ssumed to be packaged in 2l0-L 
( 55-gallon) drums (meeting DOT sp ecif icat ion l7C)  and steel boxes 
(meet ing DOT sp ecif icat ion 7A) and shipped in enclo sed truck
trailers . An average load is a ssumed to be 64  drums in a van , 
which may be shielded , or 14 drums in a lightly shielded cask . 
The number of steel boxes p er load will depend upon the size  of 
the boxes . Occasionally , vans with some lead placed around the 
walls are now used for shipments of drummed waste . 

* The 1 0  nCi/g transuranic iso topes limit for earthen burial is  
currently under s tudy and may be revised . 
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C 

C 

The small volume of ISFS was tes conta ining more than 10  nCi 
of transuranic isotopes per gram of waste will be sent to a 
Federal repository . These wastes are assumed to be packaged in 
DOT specif icat ion 17C  210-L ( 5 5-gallon) steel drums . Ind ividual 
packages that exceed 0 . 001 Ci of transuranic isotopes will be 
shipped by truck in overpacks that meet Type B package standards . 
The overpacks may be shielded , depending upon the dose rate  from 
the waste package .  

C . 3  Environmental Effects  

The environmental effects from the transportation of spent 
fuel to ARB or ISFS fac ilities or to the disposit ion facility , and 
from transportat ion of s torage basin was tes to a burial ground 
or disposition facil ity are developed in this sec tion . The 
effects of ca sk fabricat ion and other nonradio logical effect s  of 
transpor tat ion operat ions are also discussed in this s ect ion . 
Rad iological and nonradiological effects of var ious opt ions for 
policy implementation and no-policy implementat ion are shown . 
Truck shipment s of spent fuel result in mos t  of  the environmental 
effects . The ef f ects of ons ite transportation from reactor 
discharge basins to ARB faci lities are included in the operat ion 
of the ARB facilities . 

C . 3 . 1  Cask Fabrication 

Casks are fabricated by manufacturers who have the capab ilit ies 
to handle and machine large parts and who have established quality 
assurance controls required for certif icat ion of casks . Several 
manufacturers have the capability of pouring the quantity of lead 
and/or uranium that is needed for large casks . Fabrication facil
ity capacity is limited for casting and machining large , deple ted 
uranium cask component s .  However , numerous manufacturers have 
the capacity to fabricate the steel component s for the casks . 

I It is expec ted that private industry will supply the casks as 
, required . 

Cask manufacturers are assumed to control effluent concen
trations of depleted uranium ,  lead , and steel from casting and 
fabrication operations to comply with state and Federal air quality 
l imi t s .  The quantities of material s estimated f o r  exist ing cask 
designs during the study period for the various operations are 

• steel - 2 , 900 to 3 , 900 tonnes 

• lead - 8 , 700 to 11 , 400 tonnes 

• depleted uranium - 490  to 690  tonnes . 
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C . 3 . 2  Environmental Effects of  Transportat ion Operat ions 

C . 3 . 2 . l  Radiation Effects  from Normal Operat ions 

This section asses ses for normal transportat ion operat ions 
the rad iation doses to the population and to transportat ion 
workers (occupat ional dose) . Dose es timates for the populat ion 
include maximum exposure received by an individual , and the total 
do se received by the population exposed to radiat ion f rom the 
passing shipments . In addition, the local , U . S . , and worldwide 

C exposures are estimated for potent ial releases of  washoff of 
residual radioact ivity of cask surfaces . Exposures are evaluated 
for the maximum year and for the transpo rtation o f  approximate ly 
72 , 200 MTU of spent fue l .  This  s ection also include s estimates 
of  the radiation effects on the biota . 

C . 3 . 2 . l . l  Assumptions 

The maj or  assumpt ions used in the analysis are 

C • 30% of the spent fuel is shipped by truck, 70%  by rail 
based upon the availability of  reactor cask handling 
facilit ies . This is a conservative assumption . I t  is 
the ratio expected for shipments in th e 1980s , but by the 
y ear 200 0 ,  only about 10% of the spent fuel is expected to 
be shipped by truck . Truck shipments result in larger 
populat ion and transportation worker exposure per ton of  
sp ent fuel shipp ed ; therefore , overestimation of t ruck 
shipments  results  in cons ervative es timates of  rad iat ion 
effects . 

• The radiat ion doses to the general populat ion , to the 
maximum individual along the shipping routes , and to  the 
transportation workers are assessed with the method s  
developed in NUREG-01 7 0 . l4 These methods include a ssess
ment of dose to p ersons in vehicles traveling in the same 
or  opposite directions of the shipments ,  in addition to 
tho se  persons exposed as  the shipment passes . 

• Trucks are rou ted on four-lane and f reeway roads to 
bypass high-dens ity urban areas . 

• Vehicle velocities are adj usted according to the t raffic 
conditions expected as the shipment p asses by each popula
tion group , i . e . , rural , suburban , and urban . 
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• Shipping mode , package descript ions , length of tr ip ,  et c . ,  
are selected to maximize the ef fects of these shipments  
for  the analys is in this volume . 

These assumptions and other assumptions are di scussed in 
Reference 7 .  

C . 3 . 2 . l . 2  Releases of Radioactive Materials During 
Normal Shipment 

Quality a ssurance requirements for packages containing Type B 
or larger quantities of radionuclides include inspect ion procedures 
to  ensure that packages are properly assembled . These procedures 
minimize the probability of relea se of radi oactivity during normal 
shipment s .  Conditions that could result in releases during normal 
operat ions are discussed below .  

Residual contamination on cask surfaces could be  washed off  
C by rain during shipment .  DOT regulations (49  CFR 1 73 . 39 7 ) 2 s tate 

that the p ermissible removable contamination on the package surface 
is 10-4 beta-gamma WCi/cm2 or 10- 5  alpha WCi/cm2 . As suming this 
contamination level , the maximum amount of radioac tivity that 
would be expected to be washed off the cask is expected to  be about 
2 x 10-6 Ci of mixed fission products . This  washoff * is expected 
to occur during shipment of less than one cask out of a thousand , 
bas ed upon experience at the Receiving Bas in for Offs ite Fuel at 

C the Savannah River Plant . Use of this maximum value in this volume 
would then conservatively result in an est imated release of 
<2 x 10-9 Ci  of mixed fission products and actinides per cask 
shipped .  

Spent fuel cladding may fail  due to mechanical damage from 
vibrat ion , shock , and other stress encountered by the fuel on 
highways and railroads or during rail car coupling operat ions . 

C If cladding fails during normal transportat ion , the casks will 
contain any gases or particulates releas ed to  the cavity of the 
cask . If a cask containing fuel with failed cladding is unloaded 
at the receiving facility , some gases and particulates would be 
vented to the off-gas sys tem .  ( See Appendices B and D for  esti
mates of these ef fec ts . )  For this assessment ,  the c ladding of 
0 . 01% of the fuel elements is as sumed to fail during normal 
transport as discussed in Reference 7 .  

As a result of human error , it is possible that in the ship
ment of a large number of drums of solid was tes (TRU was tes ) , some 
of the drums may no t be properly clo sed . The es timate is that 
one in about 1 0 , 000 packages may not be properly clo sed when 
shipped . 15  The drums of low-level TRU wastes are shipped in a 
protec tive overpack . If an improperly clo sed drum were to open 

* From cask and transport equipment to highway or railroad . 
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within the overpack , the cement matrix conta ining the wast e  mat e
rial would limit the extent o f  the contamination of  the surrounding 
waste cont ainers and the inside surfaces of the overpack .  No 
significant  releases would result in transit if the overpack i s  
properly closed . The overpack would be  opened a t  the dispos i t ion 
fac ility under controlled conditions where any releas e of radio
nuc lides would be vented to the building ventilat ion system which 
is f ilt ered through HEPA filters . The probability per shipment 
of a drum being improperly clo sed and the overpack being improperly 
closed is estimated to be l ess than 10-6 . The maximum release 
from such an overpack is est imated to be about 10-5 C i ,  primar ily 
ac tinides . 

The probab ility of  a spent fuel cask not being p rop erly clo sed 
is reduced by the requirements for quality as surance procedures , 
package testing b efore and af ter loading operat ions , and inner and 
outer c losures . The probability of improper closur e  that is not 
detected by quality assurance inspections is es t imated at 10-8 . 

C . 3 . 2 . 1 . 3  Radiation Dose Commitment from Shipments 

The d irect radiat ion doses are a ss essed for casks containing 
spent fuel and for casks and packages containing was tes . Ship
ments of spent fuel are assumed to b e  in casks designed to meet 
DOT limits ( ten mrem/hr at s ix feet from the carr ier) when the 
spent  fuel is cooled about 0 . 5  year . Tab le C- 5 gives the assumed 
dose rate from sp ent fuel and was te  shipment s .  Do se commitment 
to the populat ion result ing from normal transportat ion is from 
direct rad iat ion and from radionuc1ides washed from contaminated 
casks . 

TAB L E  C - 5  

Typ i ca l  Do se Rate i n  Tran s i t  a t  6 Feet 
from Tru c k  o r  Rai l Ca r 

Assume d Dose Rate� 
O . S- Year 2 - Year 

Shipping Package Coo ling Cooling 

Sp ent Fue l Casks 10 3 . 5  

Low- Level Non- TRU Was t es a a 

mrem/hr 
S-Year 1 0-Year 
Coo ling Coo ling 

1 . 6  0 . 9  

2 1 . 5  

a.  None of these sh ipments are expected at this cool ing t ime . 

C- 1 5 

2 S-Year 
Coo ling 

0 . 6 

1 . 0  



Direc t Rad iation Commitment - Direct radiat ion from shipments 
of spent fuel and wastes results in a small dose commitment to the 
populat ion along the shipping route and to those occupying vehicles 
in interact ing traffic . Direct radiation exposures f rom passing 
shipments expose the local population only and are shown in 
Tables C-6 ,  C-8 ,  and C-10 for disposition facility startup in the 
year 1985 , and in Tables C- 7 ,  C-9 ,  and C-ll for dispos ition s tartup 
in the year 19 9 5 .  

Overall Transportat ion Dose Commitment to Maximum Ind ividual -
The overall maximum dose to an individual in the general populat ion 
from normal trans portation activities for the campaign is shown 
in Table C-12 . The individuals who receive the maximum exposures 
live beside a highway or railroad at the perimeter of the disposi
tion facility . The table shows that doses f rom contamination 
washoff is insignif icant compared with radiat ion to residents 
along the shipping route . 

Overall Transportat ion Dose Commitment to Local , U . S . , and 
and World Populat ions - The overall dose commitments  to local and 
U . S . popula t ions from normal transportat ion activities are shown 
in Table C-13 . The maj ority of the dose commitment is to the 
local populat ion and is primar ily caus ed by d irec t radiat ion from 
truck shipments . 

C . 3 . 2 . l . 4 Health Effects to the General Populat ion 

The cumulat ive population dose commitment to the general 
populat ion varies f rom 200 to 260 man-rem for various options , 
and these opt ions are est imated to cause 0 . 12 to 0 . 16 health 
effects . These health effects  are bas ed upon EPA health effect 
factors as discussed in Appendix B .  

C . 3 . 2 . l . 5  Occupat ional Exposures 

The cumulative dose to transportat ion workers varies from 
550  to 720  man-rem for the various opt ions analyzed as shown in 
Table C-1 4 .  A truck driver who annually makes 50  trips of 
1500 miles each way with spent fuel is estimated to accumulat e a 

E maximum dose of 0 . 3  rem . This accumulat ion is the maximum est i
mated annual dose to any transportat ion worker . 
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TAB L E  C - 6  

D i rect Rad i a t i on Do ses from Normal Tra n s p o rta t i o n  o f  Spent Fuel  � 

Centra l i zed Storage ( A l tern a t i ve l A ) or Decen tra l i zed Storage ( A l terna t i ve l B - l ) � 

Po l i cy Impl emented � D i spos i t i on F a c i l i ty Sta rtu p i n  1 985 

Shipment Type 

Truck 

Reactor Ba s i ns to Reac t o r  Basins 
and Return 

Reac tors t o  ISFS Bas in 

Was t e  I S F S  to Bur i a l  Ground 

Reac t o r s  t o  D i spos i t ion Fac i l i t y  

To t a l  - Truck 

Ra i l  

Reac t o r s  t o  D i s po s i t i on F ac i l i t y  

Reactors t o  I S FS Bas i n  

I SFS B a s i n  t o  D i s po s i t ion Fac i l i t y  

To t a l  - Rai l 

Tot a l  - Truck and Rai l 

TAB L E  C - 7  

Dose, man-rem 

Transportation 
Workers 

5 1 . 0 

3 3 . 0 

5 . 9 

4 9 0 . 0  

5 8 0 . 0  

35 . 0  

2 . 3  

2 . 5  

40 . 0  

6 20 . 0  

General Population 
Loca l, U. S. , 
80-km Radius Less Local 

2 . 5  

1 . 2  1 1 . 0  

0 . 4 4 1 . 8  

1 3 . 0  1 8 0 . 0  

1 7 . 0  1 9 0 . 0  

0 . 4 1  5 . 7  

0 . 0 4 0 . 33 

0 . 0 3 0 . 4 0 

0 . 48 6 . 4  

1 7 . 0  2 0 0 . 0  

D i rect Rad i at i on Do ses from Norma l Tra n s po rtat i on o f  Spent F u e l  � 

Centra l i zed Storage ( A l ternati ve l A )  or Decentra l i zed Storage ( A l terna t i ve l B- l ) � 

Po l i cy Impl emen ted � D i s po s i t i on F a c i l i ty Startu p i n  1 99 �  

Shipment Type 

Truck 

Rea c t o r  Bas ins t o  Reac tor Bas i n s  
and Return 

Reactors to I SF S  B a s i n  

Wa s te I S F S  t o  Buria l Ground 

Reac t o r s  t o  D i s pos i t ion Fac i l i t y 

Tot a l  - Truck 

Rai l 

Reac t o r s  to D i s po s i t i on Fa c i l i ty 

Reac tors t o  ISFS Bas i n  

I S F S  Bas i n  to D i s p o s i t ion Fac i l i t y  

Tot a l  - Rai l 

Tot a l  - Truck and Rai l 

Dose, man-rem 

Transportation 
Workers 

5 1  

3 0 0  

6 7  

1 5 0  

5 7 0  

1 1  

2 2  

1 9  

5 2  

6 20 

C - 1 7  

General Population 
Loca l, U. 5. , 
80-km Radius Less Local 

2 . 5  

1 1  9 9  

5 . 2  2 l  

3 . 9  5 5  

2 3  1 80 

0 . 1 2 1 . 7  

0 . 2 5 3 . 4  

0 . 2 3 3 . 2  

0 . 6 0 8 . 3  

2 4  1 9 0  

Tota l 

2 . 5  

1 2 . 0  

2 . 2  

1 9 0 . 0  

2 l 0 . 0  

6 . 1  

0 . 3 7 

0 . 4 3 

6 . 9  

2 2 0 . 0  

Tota l 

2 . 5  

1 1 0 

2 6  

5 9  

2 0 0  

1 . 8  

3 . 7 

3 . 4 

8 . 9  

2 1 0 



TAB L E  C-8 

D i rect Rad i at i on Doses from No rmal Tran s portat i on o f  Spent Fuel  -
Decentra l i zed Storage w i t h  D i s c h a rge Capab i l i ty - Po l i cy Impl eme nted 
( A l terna t i ve l B- 2 )  o r  Po l i cy No t Impl emen ted ( A l terna t i ve 2A)  -
D i spos i t i on F a c i l i ty Startup i n  1 98 5  

Shipment Type 

Truck 

Reactor B a s i n s  to Reactor B a s i n s  
and Return 

Reactors to I S F S  B a s i n  

W a s t e  I SF S  to Bur i a l  Ground 

Reactors to D i s po s i t ion F ac i l i t y  

Tot a l  - Truck 

Rai l 

Reactors to D i s p o s i t i on Fac i l i t y  

Reactors t o  I S F S  Bas in 

I S F S  Bas in to D i spos i t ion F ac i l i ty 

Total - Rai l 

Tot a l  - Truck and Rai l 

TAB L E  C-9 

Dose, man-rem 

Transportation 
Workers 

5 1  

2 . 7  

0 . 3 

5 20 

5 7 0  

3 7  

0 . 2 

0 . 2  

3 7  

6 1 0 

Genera l popu lation 
Loca l, U. S. , 
80-km Radius Less Local 

2 . 5  

0 . 1 

0 . 0 2 

1 1  

1 4  

0 . 4 3 

< 0 . 0 1  

< 0 . 0 1 

0 . 4 3 

1 4  

0 . 8  

0 . 1  

1 9 0  

1 9 0  

6 . 1  

0 . 0 3 

0 . 0 4 

6 . 2  

2 0 0  

D i rect Rad i a t i on Do s e s  from No rm a l  Tran sportat i on of S p e n t  Fuel -
Decentra l i zed Sto rag e w i t h  D i s c h a rge Capabi l i ty - Po l i cy Impl emented 
( Al tern a t i ve l B- 2 )  o r  Po l i cy No t Impl emen ted ( Al tern a t iOve 2 A )  -
D i s pos i t i on Fac i l i ty Start u p  i n  1 99 5  

Shipmen t Type 

Truck 

Reac t o r  B a s i n s  to Reac tor Bas ins 
and Re turn 

Reactors to I SF S  B a s i n  

W a s t e  I SFS to Bur i a l  Ground 

Reactors to D i s p o s i t i on Fac i l i ty 

Tot a l  - Truck 

Rai l 

Reactors to D i s p o s i t ion F ac i l i ty 

Reactors to I SF S  B as in 

I S F S  B as in t o  D i s po s i t i on Faci l i ty 

Total - Rai 1 

Tot a l  - TTIl c k  and Rai 1 

Dose, man-rem 

Transportati on 
Workers 

4 8  

1 4 0  

3 6  

2 9 0  

5 1 0 

2 0  

1 0  

7 . 9  

38 

5 5 0  

C- 1 8  

Genera l popu lation 
Local, U. S. , 
80-km Radius Less Local 

2 . 3  

5 . 2  4 7  

2 . 8  1 1  

8 . 0  1 1 0  

1 8  1 7 0  

0 . 2 5 3 . 5  

0 . 1 7 1 . 5  

0 . 1 0 1 . 1\  

0 . 5 2 6 . 4  

1 9  1 80 

To tal 

2 . 5  

0 . 9  

0 . 1  

2 0 0  

2 0 0  

6 . 5  

0 . 0 3 

0 . 0 4 

6 . 6  

2 1 0 

Tota l 

2 . 3  

5 2  

1 4  

1 2 0  

1 9 0  

3 . 8  

1 . 7  

1 . 5  

7 . 0  

zon 



TABL E C- 1 0  

D i rect Ra d i a t i o n  Do ses from No rma l Tra n s porta t i on o f  Spent Fuel  
Sh i pments - Dec e n t ra l i zed Sto rage in  At- Rea c to r  Ba s i n s -
Pol i cy Not Impl eme n te d  ( A l tern a t i ve 2 B )  - D i spos i t i o n  Fac i l i ty 
Startup i n  1 98 5  

Dose, man-rem 
General Popu lation 
Loca l, U. S. , 

Shipment Type 
Transportation 
Workers 80-km Radius Less Loca l Tota l 

Truck 

Reactor Bas ins t o  Reactor Basins 
and Return (Trans shi pmen t s )  

AR B Bas i n  t o  D i s p o s i t i on Fac i l it y  

W a s t e  A R B  t o  Bur i al Ground 

React ors to D i s po s i t i on Fa c i l it y  

Tot a l  - Truck 

Rai l  

Reactors t o  D i spos i t i on F a c i l it y  

A R B  B as i n  t o  D i spos i t ion Fac i l i t y  

Tot a l  - Rai l 

Tot a l  - Truck and Rai l 

TAB L E  C - l l 

4 . 5  

5 0  

6 . 0  

4 9 0  

5 5 0  

3 5  

3 . 4  

38 

5 9 0  

0 . 2 2 

1 . 2  

0 . 4 4 

1 2  

1 4  

0 . 4 1 

0 . 04 

0 . 45 

1 4  

D i rec t Ra d i a t i o n  Doses from Norm a l  Tra n s po rtat i o n  o f  Spent Fuel  
Sh i pments - Decentra l i z ed Storage in  At- Reac tor Ba s i n s  -
Pol i cy N o t  Impl emented ( Al terna t i ve 2 B )  - D i s po s i t i on Fac i l i ty 
Startup i n  1 99 5  

Dose, man-rem 

1 7  

1 . 8  

1 8 0 

2 0 0  

5 . 7  

0 . 5 2 

6 . 2  

2 1 0  

General Popu lation 
Local, U. S .  , 

0 . 2 2 

1 8  

2 . 2  

1 9 0  

2 1 0 

6 . 1  

0 . 5 6 

6 . 7  

2 2 0  

Shipment Type 
Transportat ion 
Workers 80-km Radius Less Local Tota l 

Truck 

Reactor Bas ins to Reac t o r  Bas ins 
and Return (Tran s s h i pment s )  

ARB t o  D i s pos i t i on Fa c i l i ty 

Was t e  ARB to Bur i a l  Ground 

Reac t o rs t o  D i s pos i t i on Fac i l i ty 

Tot a l  - Truck 

Rai l 

Reactors to D i s p o s i t ion Fa c i l ity 

AR B t o  D i s pos i t i on Fac i l i t y  

Tota l - R a i  1 
Tot a l  - Truck and Rai l 

4 . 5  

460 

68 

1 5 0  

6 8 0  

1 1  

3 3  

4 4  

7 2 0  

C - 1 9  

0 . 2 2 

1 1  

5 . 3  

3 . 8 

2 0  

0 . 1 2 

0 . 3 8 

0 . 5 0 

2 0 

1 6 0  

2 1  

5 3  

2 30 

1 . 7  

5 . 3  

7 . 0  

2 4 0  

0 . 2 2 

1 7 0 

2 6  

5 7  

2 5 0  

1 . 8  

5 . 7  

7 . S  

2 6 0  



n 
I 
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o 

TABLE C - 1 2  

M a x i mum I nd i v i d u a l  Who l e Body Dose from Tra n s po rtat i on 

A l ternative 

Central i z ed Storage ( A l t e rnative lA) 
or Decentra l i z e d  Storage with Ful l 
Core Reserve (Al ternative l B- l )  -
Po l i cy Implemented 

Decentral i z ed Storage with D i s charge 
Capab i l it y  - Pol icy Implemented 
(Alternative l B- 2 )  or Po l i cy Not 
Implemented (Alternat ive 2A) 

Decentra l i z ed Storage 
in At - Reactor Bas ins - PO l i cy Not 
Imp l ement e d  (Al ternat ive 2 B )  

Disposi tion 
Facility 
StaT'tup 

1 98 5  

1 99 5  

1 98 5  

1 99 5  

1 9 8 5  

1 9 9 5  

SOUT'ce o f  Commi t:ment 

Direct Rad iat ion 
Contaminat ion Washof� 

Total 

Direct Radiation 
Contaminat ion Washof� 

Total 

D i rect Radi at ion 
Contaminat ion Washof� 

Total 

Direct Rad iat ion 
Contaminat ion Washof� 

Total 

Direct Radiat ion 
Contaminat ion Washof� 

Total 

Direct Radiat ion 
Contaminat ion Washof� 

Total 

Maximum YeaT' Total foT' PeT'iod 
Dose , mT'em Dose, mT'em 

1 . 9 X 1 0 - 1  2 . 0  x 1 0 °  
6 . 0  X 1 0 - 5 7 . 0  x 1 0 - '  

1 . 9 x l O - 1  2 . 0  x 1 0 °  

1 . 9 X 1 0 - 1  8 . 8  X 1 0 - 1  
6 . 0 X 1 0 - 5  3 . 0  x 1 0 - '  

1 . 9 X 1 0 - 1  8 . 8  X 1 0 - 1  

1 . 9 x 1 0 - 1  2 . 1  x 1 0 °  
6 . 0  X 1 0 - 5  8 . 0  1 0 - '  

1 . 9 x l O - 1  2 . 1  x 1 0 °  

2 . 0  x 1 0 - 1  1 . 4 x l O O  
6 . 4 x 1 0 - 5  5 . 0  x 1 0 - '  

2 . 0  x 1 0 - 1  1 . 4 x 1 0 °  

1 . 9 x 1 0 - 1 2 . 2  x 1 0 °  
6 . 0  X 1 0 - 5  8 . 0  x 1 0 - ' 

1 . 9 x 1 0 - 1  2 . 2  x 1 0 °  

2 . 5  x 1 0- 1 2 . 2  x 1 0 °  
8 . 0  X 1 0 - 5 8 . 0  x 1 0 - '  

2 . 5  x 1 0- 1 2 . 2  x 1 0 °  

a .  Assumes th e ind i v i dual i s  exposed t o  contamination accumu l ated along one m i l e  o f  the h i ghway or 
ra i l road and that 1 %  i s  d i s persed as respirab l e  aeroso l . The radionucl i d e  d i s t r i bution is as sumed 
to be that of spent fue l . 



TAB L E  C- 1 3  

Popu l a t i on W ho l e  Body Do s e  Comm i tment from Tra n s porta t i on 

Disposition POp'u lation Dose Commi tment, man-rem 
Faci lity U. S. , 

A lternative Startup Source of Commitment Loca l Less Local Tota l 

Centra l i zed Storage ( A l t ernative l A )  1 9 85 D i rect Radiation 
or Decent ra l i z ed Storage w i th Fu l l - Ra i l  0 . 48 6 . 4  6 . 9  
Core Reserve ( A l ternative l B- l )  - Truck 1 7  1 9 0  2 1 0  
Po l i cy Imp l emented Contamination Washoff 3 x 1 0 - 6 a 3 x 1 0- 6 

ToM l  1 7  2 0 0  2 2 0  

1 9 9 5  Direct Radiat i on 
Ra i l  0 . 6 0 8 . 3  8 . 9  
Truck 2 3  1 80 200 

Contamination Washoff 3 x 1 0- 6 a 3 x 1 0 - 6 

Tot a l  2 4  1 9 0  2 1 0  

Decentra l i z e d  Storage w i th D i s charge 1 9 8 5  D i rect Radiat i on 
Capab i l ity - Po l i cy Implemented Ra i l  0 . 4 3 6 . 2  6 . 6  
( A l ternative l B- 2 )  or Po l i cy Not Truck 1 4  1 9 0  2 0 0  
I m p l emented ( A l t e rnative 2A) Contamin at i on Washoff 3 x 1 0 - 6 a 3 x 1 0- 6 

Tot a l  1 4  2 0 0  2 1 0  

1 9 9 5  Di rect Rad iat i on 
Rail 0 . 5 2 6 . 4  6 . 9  
Truck 1 8  1 70 1 9 0  

Contamination Washoff 3 x 1 0- 6 a 3 x 1 0 - 6  

Tot a l  1 9  1 80 200 

Decentra l i z e d  Storage i n  At- Reactor 1 9 8 5  D i re c t  Radiation 
Basins - P o l i c y  Not Implemented R a i l  0 . 4 5 6 . 2  6 . 7 
( A l t ernative 2 B )  Truck 1 4  200 2 1 0  

Contamination Washoff 3 x 1 0 - 6 a 3 x 1 0 - 6 

Total 1 4  2 1 0  2 2 0  

1 9 9 5  D i re c t  Radi at ion 
Rai l 0 . 5 0 7 . 0  7 . 5  
Truck 20 2 3 0  2 5 0  

Contamination Washoff 3 x 1 0 - 6  a 3 x 1 0- 6 

Total 20 240 260 

a. Much l es s  than do s e  t o  l ocal popu l at i on . 

C- 2 1  
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C 
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TAB L E  C - 1 4 

Occu pat i on a l  Expo s u re fo r Tran sportat i on Worke rs 

Disposition Occupationa l 
Faci lity man-rem 

A Zternative Startup Truck Rai l 

C ent ra l i z ed St o rage ( A lt e rnat ive l A) 1 9 8 5  5 8 0  4 0  
or Decent r a l i z e d  Storage w i t h  1 9 9 5a 5 7 0  5 2  
Fu l l - Core Res e rv e  ( Al t e rnat ive l B - l )  
Po l i c y  Imp l ement e d  

Decentral i z ed St o rage w i t h  D i s ch arge 1 98 5  5 7 0  37 
Capab i l it y  - Po l i cy Imp l ement ed 1 9 9 5a 5 1 0  3 8  
( A l t ernative l B- 2 )  o r  P o l i c y  Not 
Imp l ement e d  ( A l t e rn at ive 2 A) 

Decent ra l i z e d  St o rage in At - Reactor 1 9 8 5  5 5 0  3 8  
Bas i n s  - Po l i c y  Not Imp l ement e d  1 9 9 5a 6 8 0  4 4  
( A l t e rnat ive 2 B )  

a .  A l ar g e  amount o f  spent fue l i s  t ran sported from st orage b a s ins 
a ft e r  the year 2 0 0 0 . 

C . 3 . 2 . l . 6  Effects  on Biota 

Exposure, 

Total 

6 2 0  

6 2 0  

6 1 0  

5 5 0 

5 9 0  

7 2 0  

During transportation of spent fuel and associated wastes , 
direct radiation expo sures to flora and fauna are equal to or 
less than tho se to man . Therefore , this transportation causes 
no significant impact on the b io ta . 

C . 3 . 2 . 2  Thermal Effects  

The rate of decay heat released from spent fuel casks 
carrying spent fuel cons idered in this EIS var ies from about 
1 to  3 kW for truck casks and from about 4 to 13  kW for rail 
casks d epend ing upon the cooling t ime of the spent fuel being 

I shipped . Casks for transport ing short-cooled spent fuel are 
designed for much higher heat removal rates as shown in Table C-l . 
The decay heat released from var ious opt ions is given in 
Table C-15 . In addit ion to the decay heat released , the eng ine 
heat from combus tion of petroleum fuels is shown . This  lat t er 
thermal effluent exceeds the decay heat by a factor of 40  to 
70  for the var ious options . 

Thernal releases to  the environment for this propo sed act ion 
are insignif icant . Dur ing the year of maximum shipment s ,  vehicles 
used to transport spent fuel and reprocessing wastes will r esult 
in about 10-5 of the thermal releases from other transportat ion 
vehicle s .  

C - 2 2  



TABL E C - 1 5 

The rma l Re l ea s e  from Tra n s portat i on ,  kW-y r 

Disposition Total Heat Release Tota l Total 
Faci lity trom Carrier En�ine Decay Heat Heat 

Maximum Release, yearly Startup Truck Rail from Casks Re lease 

Cent ra l i z e d  St orage ( A l t e rnat i ve I A) 1 985 1 . 3  x 1 0 4 3 . 9  X 1 0 3 2 . 9  X 1 0 2 1 . 7  x 1 0 4 

or Decent ral i z ed Sto rage w i t h  
1 99 5  1 . 3 x 1 0 4 3 . 9  X 1 0 3 2 . 9  X 1 0 2 1 .  7 X 1 0 4 

Fu l l - Core Reserve ( A l t ernat ive I B - I )  
Po l i c y  Imp l ement ed 

Dec en t ra l i zed Storage w i t h  Di s charge 1 9 8 5  1 . 4 x 1 0 4 3 . 7  X 1 0 3 2 . 9  X 1 0 2 1 . 8 X 1 0 4 

Capab i l i t y  - Po l i c y  I mp l emented 
1 9 95 1 .  5 x 1 0 4 4 . 2  X 1 0 3 3 . 1  X 1 0 2 2 . 0  X 1 0 4 

( A l t e rnat ive I B- 2 )  or Po l �c y  Not 
Imp l emen t e d  ( Al t ernat i ve 2A) 

n 
1 Decentra l i zed Storage in At - Reactor 1 9 85 1 . 3  x 1 0 4 3 . 9  X 1 0 3 2 . 9  X 1 0 2 1 . 7 x l 0 4 

N 
V-l B a s i n s  - P o l i cy Not Imp l ement e d  

1 . 7  x 1 0 4 6 . 1  X 1 0 3 3 . 9  X 1 0 2 2 . 4  X 1 0 4 
( A l t e rnat ive 2 B )  

1 9 9 5  

Cumu lative Releases 

Cent ra l i z e d  St orage ( A l t ernat i ve I A )  1 9 85 1 . 5  x 1 0 5 4 . 7  X 1 0 4 3 . 4  X 1 0 3 2 . 0  X 1 0 5 

or Decent r al i z ed Storage w i t h  
1 99 5  1 . 4 x 1 0 5 7 . 1  X 1 0 4 5 . 3  X 1 0 3 2 . 2  X 1 0 5 

fu l l - Core Reserve ( A l t ernat ive I B- I ) 
Po l i c y Imp l emented 

Decent ra l i z ed Storage with D i s charge 1 9 8 5  1 . 6  x 1 0 5 4 . 4  X 1 0 4 3 . 0  X 1 0
3 2 . 1  X 1 0 5 

Capab i l i t y  - Po l i c y  Imp l emented 
1 99 5  1 . 5 x 1 0 5 5 . 7  X 1 0 4 4 . 1  X 1 0 3 2 . 1 X 1 0 5 

( A l t e rnat ive I B- 2 ) or P o l i c y  Not 
I mp l emented ( A l t e rnat i ve 2A) 

Decentral i z ed St orage in At - Re acto r 1 9 8 5  1 . 5  x 1 0 5 4 . 4 X 1 0 4 3 . 0  X 1 0 3 2 . 0  X 1 0 5 

B a s i n s  - P o l i cy Not Imp l ement ed 
1 9 9 5  1 . 6 x 1 0 5 4 . 4  X 1 0 4 3 . 0  X 1 0 3 2 . 1 X 1 0 5 

( A l t e rna t i ve 2 B )  



1 

C . 3 . 2 . 3  Nonradioac t ive Effluents 

Nonradioac t ive effluents during transportation are combust ion 
products  from petroleum consumed by trucks and locomotives . The 
cumulat ive effluents shown in Table C-16 result from combus tion of 
diesel fuel varying from 1 . 0  x lOS to 1 . 6  x lOS liters ( 2 . 7  x 107 

to 4 . 3  x 107 gallons) for the various opt ions . Maximum annual fuel 
consumption varies from 1 . 4  x 107 to 1 . S  x 107 liters ( 3 . 6  x 106 

to 4 . S  v 106 gallons)  for these options . The EPA emission rates 
in Reference 16  and fuel consumpt ion rates in Reference 17  were 
used to es timate  the pollutant emissions . For comparison , the 
consump t ion of petroleum by all mo tor vehicles was 1 . 1  x lOll 
gallons in 1973 lS and is  proj ected to be about twice as much in 
the year 2000 . 19 

C . 3 . 2 . 4  Nonradioact ive Occupat ional Effects  

Workers who transport spent fuel and associated was te  exper i
ence the nonradioact ive occupat ional effects  typ ical of  the truck
ing or rail industries . The maj or nonradioactive occupat ional 
effect is the chance of being inj ured or killed in a truck or rail 
accident . This is discussed in Section C . 3 . 2 . 6 .  No other detri
mental nonradiological occupat ional effects are ant icipated . 

C . 3 . 2 . S  Radiat ion Effects from Potential Abnormal Events 

Irradiat ed fuel and wastes are transported in rugged casks 
and packages specifically designed and tes ted to retain the contents 
during minor , moderate ,  and severe transportation accidents . 
Extreme accident s ,  which have a very low probab ility of occurring , 
may cause breaching of the containment features of  the package . 

S-b The consequences ( and risks ) of a transportat ion accident are 
a funct ion of the cooling time of the spent fuel . Release mechan
isms and associated release fract ions that determine the amount 
of  radionuclides that are potent ially released from a cask damaged 
after a severe transportation acc ident are dependent upon the 
cooling time of the spent fuel which det ermines the decay heat 
of the fuel . The maximum consequences potent ially occur after an 
extreme acc ident severely damages a rail cask carrying l20-day 
coo led spent fuel . The cask cavity is filled with water as the 
heat transfer media , and no correc tive action is assumed to be taken 
to cool the exterior of the cask . After two days or more have 
elapsed without exterior coo ling , the water in the cavity may be 
completely released ( as steam through pressure relief valves ) ,  and 
the spent fuel self-heat s unt il the cladding fails . 20  Then , the 
decay heat of the fuel provides the driving force to release 
radionuclides from the fuel matrix through the cladding failure 
and through any breaches in the containment sys tem of the cask . 7 

C - 2 4  



8-b In the technological documents for the draft Commerc ial Waste 
EIS , a transportat ion acc ident was evaluated for such a cask 
scenario , assuming spent fuel cooled about 0 . 5  yr , 2l and the con
clusion was that the whole body dose to the maximum ind ividual 
might be as great as 120 rem due to inhaled radionuclides . That 
scenario results  in consequences that are estimated to be several 
�ders of magnitude greater than those for credible accident sce
narios involving casks (water , hel ium , or air filled) where the 
spent fuel is cooled four years or longer . Selfheat ing of the fue l 
will not cause the cladding to fail because the decay heat from 
spent fuel cooled four 7ears is about 1 / 7  of that cooled for 
approximately 0 . 5  year . For actions expected as a result of 
implementing the Spent Fuel Storage Pol icy , little (if any) short
cooled spent fuel will be transported ; therefore ,  the p robability 
of an accident resul ting in consequence of the magnitude shown in 
the draft Commerc ial Waste EIS will be extremely small , and the 
associated risk will also be extremely small . 

This sec tion discusses accidents and the result ing releases 
C of  radioactive materials associated with transportat ion of spent 

fuel cooled 4 years or longer . The consequences of these accidents 
are assessed in terms of  the maximum dose to an individual near 

8-b the extreme accident and its risk ( consequence times probabil ity 
of occurrence) .  Rad ioact ive materials dispersed from a damaged 
cask are inhaled or inges ted in a short time . The dose ident ified 
for the maximum individual is protracted over a 50-year period 
from the radioac tivity retained in the body . 

8-e 

C 

C . 3 . 2 . S . l  Transportat ion Accident s 

Statist ics from experience with transportat ion of all hazardous 

I materials (includ ing LNG , gasoline , explosives , and flammable 
chemicals and gases)  are used to estimate  the frequency of trans
portat ion accidents involving radioactive materials . The proba-
bilities and phys ical consequences of the spectrum of  postulated 
transportation accidents for shipments  of long-coo led spent fuel 
and past experience in shipping irradiated fuel and other radio
active materials are discussed in Reference 7 .  

C - 2 5  



TAB L E  C- 1 6  

Non rad i o a c t i ve Eff l u ents from Tran s po rtat i o n  

A Z ternative 

Nonradioactive Emissions, tonne 
Disposition Fac i Z i ty Startup 
1 98,5 
Rai l  Truck To ta l 

Centra l i z e d  St o rage ( A l t ernat i ve 1 A )  or Decent ra l i z ed Storage w i th 
Fu l l - Core Reserve ( A l t e rnat i v e  1 B- 1 )  P o l icy Imp l emented 

Part i c u l at e  1 . 2  x 1 0 2 1 . 9  X 1 0 2 3 . 1  X 1 0 2 

Su l fur D i ox i de ( SOx as S0 2 ) 2 . 6  x 1 0 2 3 . 9  X 1 0 2 6 . 5  X 1 0 2 

Carbon Monox ide 

Hydrocarbons 
N i trogen Oxides (NOx as N0 2 ) 

Al dehydes ( a s  HCHO) 

Organ i c  Ac i d s  

5 . 0  X 1 0 2 

4 . 4  X 1 0 2 

1 . 7  X 1 0 3 

2 . 6  X 1 0 2 

3 . 1  X 1 0 1 

3 . 3  X 1 0 2 

5 . 4  X 1 0 2 

5 . 4  X 1 0 3 

4 . 4  X 1 0 1 

4 . 4  X 1 0 1 

3 . 8  X 1 0 3 

9 . 8  X 1 0 2 

7 . 1  X 1 0 3 

3 . 0  X 1 0 2 

7 . 5  X 1 0 1 

Decentra l i z ed Sto rage w i t h  D i sch arge Capab i l i t y  -- Po l l ey Imp l emented 
( A l t ernat i ve 1 B - 2 )  o r  Po l i c y  �ot Imp l emented ( A l t ernat i v e  2A) 

Part i cu l at e  

Su l fur D io x i d e  ( SOx as S0 2 ) 

Carbon Monox ide 

Hyd roc arbons 

N i t rogen O x i des ( NOx as �0 2 ) 

A 1 d ehydes ( a s  flCHO) 

Organ i c  Acids 

1 . 1  X 1 0 2 

2 . 5  X 1 0 2 

4 . 7 X 1 0 2 

4 . 2 X 1 0 2 

1 . 6  X 1 0 3 

2 . 5  X 1 0 2 

2 . 9  X 1 0 1 

Decentra l i z ed Storage in At - Reactor Ba s i n s  
P o l i c y  Sot Imp l emented ( A l t e rnat ive 2 B )  

Part i cu l ate 

Su l fur D i o x i de ( SOx as S0 2 ) 

Carbon Monox i de 

Hydrocarbons 

N i trogen O x i des (NOx as N0 2 ) 

A l dehydes ( a s  flCflO) 

Orga n i c  A c i ds 

1 . 1  X 1 0 2 

2 . 4  X 1 0 2 

4 . 7  X 1 0 2 

4 . 1 X 1 0 2 

1 . 6  X 1 0 3 

2 . 4  X 1 0 2 

2 . 9  X 1 0 1 

2 . 0  X 1 0 2 

4 . 2  X 1 0 2 

3 . 5  X 1 0 2 

5 . 8  X 1 0 2 

5 . 8  X 1 0 3 

4 . 7  X 1 0 1 

4 . 7  X 1 0 1 

2 . 0  X 1 0 2 

4 . 2 X 1 0 2 

3 . 5  X 1 0 2 

5 . 8  X 1 0 2 

5 . 8  X 1 0 3 

4 . 7  X 1 0 1 

4 . 7 X 1 0 1 
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3 . 1  X 1 0 2 

6 . 7  X 1 0 2 

8 . 2  X 1 0 2 

1 . 0  X 1 0 3 

7 . 4  X 1 0 3 

3 . 0  X 1 0 2 

7 . 6  X 1 0 1 

3 . 1 X 1 0 2 

6 . 6  X 1 0 2 

8 . 2 X 1 0 3 

9 . 9  X 1 0 2 

7 . 4  X 1 0 3 

2 . 9  X 1 0 2 

7 . 6  X 1 0 1 

Disposition Faci l i ty S tartup 
1 995 

Rail Truck Tota l 

1 . 8  X 1 0 2 

3 . 9  X 1 0 2 

7 . 6  X 1 0 2 

6 . 7  X 1 0 2 

2 . 6  X 1 0 3 

3 . 9  X 1 0 2 

4 . 7  X 1 0 1 

1 . 5  X 1 0 2 

3 . 1 x l 0 2 

6 . 0  X 1 0 2 

5 . 3  X 1 0 2 

2 . 1  X 1 0 3 

3 . 1  X 1 0 2 

3 . 8  X 1 0 1 

1 . 1  X 1 0 2 

2 . 4  X 1 0 2 

4 . 7  X 1 0 2 

4 . 2  X 1 0 2 

1 . 6  X 1 0 3 

2 . 4  X 1 0 2 

2 . 9  X 1 0 1 

1 . 7 x l 0 2 

3 . 6  X 1 0 2 

3 . 0  X 1 0 2 

4 . 9  X 1 0 2 

4 . 9  X 1 0 3 

4 . 0  X 1 0 2 

4 . 0  X 1 0 1 

1 . 7  X 1 0 2 

3 . 6  X 1 0 2 

3 . 0  X 1 0 2 

4 . 9  X 1 0 2 

4 . 9  X 1 0 3 

4 . 0  X 1 0 1 

4 . 0  X 1 0 1 

2 . 1  X 1 0 2 

4 . 4 X 1 0 2 

3 . 7  X 1 0 2 

6 . 0  X 1 0 2 

6 . 0  X 1 0 3 

4 . 9  X 1 0 1 

4 . 9  X 1 0 1 

3 . 5  X 1 0 2 

7 . 5  X 1 0 2 

1 . 1  X 1 0 3 

1 . 2  X 1 0 3 

7 . 5  X 1 0 3 

4 . 3  X 1 0 2 

8 . 7  X 1 0 1 

3 . 2  X 1 0 2 

6 . 7  X 1 0 2 

9 . 0  X 1 0 2 

1 . 0  X 1 0 3 

7 . 0  X 1 0 3 

3 . 5  X 1 0 2 

7 . 8  X 1 0 1 

3 . 2  X 1 0 2 

6 . 8  X 1 0 2 

8 . 9  X 1 0 2 

1 . 0  X 1 0 3 

7 . 6  X 1 0 3 

2 . 9  X 1 0 2 

7 . 8  X 1 0 1 



8-e Even if a more severe (and less likely) accident than po stulated 
here does occur , package failure with subsequent extens ive disper
s ion of radioactive contents is unlikely . Carriers of rad ioactive 
materials are required to follow DOT-prescribed procedures designed 
to mitigate the consequences of a transportat ion accident as 
discus sed in Section C . l . 4 .  Als o ,  an intergovernmental radiolog ical 
assistance program provides personnel equ ipped to monitor radiat ion 
and trained to ac t as advisors to aid in emergency response and 
any clean-up following a transportation accident involving nuclear 
materials . See Section C . l . 4  for further discuss ion . 

C . 3 . 2 . 5 . 2  Release of Radioactive Materials 

C Transportation accidents with shipments of long-cooled spent 
fuel may cause fuel cladding failure , but unless the cask is 
breached during the accident , any radionuclide release into the 
cask cavity caused by the cladding failure will be contained until 
the cask is vented at the receiving facility . If the cask is 
breached , the release would occur at the accident site . If  the 
cask is involved in a moderate or severe accident ( see Reference 7 
for descriptions of accident severity and frequency) ,  fuel cladding 
failure is assumed to be 0 . 25% . Accidents of  this severity can 
be expected at a probability of  about 10-7 per vehicle mile , but 
no release is expected at the accident site . If the cask is  in
volved in an extra severe or extreme accident , 1% of  the fuel is 
assumed to fail .  These accidents have a p robability of  occurrence 
of about 10-11 p er vehicle mile . Even in such an accident , the 
probability of the cask being breached is low . 

The massive , heavily shielded construction of casks is 
designed to survive severe accidents .  Cask failure has not been 
experienced during transportation of sp ent fuel or in tes ting ff 
full-scale spent fuel casks at vehicle speeds of up to 84 mph .  
Therefore , a low probability o f  damage severe enough to breach a 
cask subj ected to extreme accident conditions is assumed . 

The release fractions that may be encountered in an extra 
C severe or extreme accident involving long-cooled spent fuel are 

shown in Table C-17 . 

As discussed earlier , releases could occur either at the 
site of the accident or as the cask is vented in the receiving 
facility . The consequences of a release at the site of the 
accident are much higher than the consequences from a release 
that occurs under controlled conditions at the rece iving site . 
The consequences of the accident were evaluated , as suming that 
the release occurred at the point of the accident . This maxi
mizes the consequences of the accident . 
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TABL E  C- 1 7  

A s s umed Rel ease Frac ti ons  fo r Sh i pments of L o n g - Coo l ed 
S pent Fuel  i n  an Extreme Ac c i dent 

Nuclides 

3 H  

S S Kr 
1 2 9 1  

P arti cu l at es ( oth er fiss i on 
produc ts  and act inide s )  

Frac tion of 
Contents Re Zeased 

1 X 1 0- 4 
3 X 1 0- 3 
1 X 1 0- 3 
1 x 1 0- s a 

a.  Con s ervat ive ly as sumes p art iculates o f  fi s s i on 
product s  and act inides migrate from the fue l  
mat rix through fai led c l a dding . 

The release of rad ionuclides af ter an accident is assumed to 
occur at ground level und er weather condit ions described as 
Pasquill "F" ( as recommended in NRC Regulat ory Guide 1 . 3) . 22  

The individual who receives the maximum dose is  assumed to  be  
located 100  meters downwind of the rel eas e .  Methods to  calculate  
inhala tion and submers ion doses to  this ind ividual are  shown in 
Referenc e 7 .  

C . 3 . 2 . S . 3 Dose  Commitment to the Maximum Individual 

The maximum 50-year dose commitment to an individual downwind 
of an extreme accident involving an irradiated fuel rail cask 
containing four-year cooled fuel is 0 . 4  rem , whole body ; 17 rem ,  
bone ; and 0 . 5  rem , lung . 

C . 3 . 2 . s . 4 Annual Risk to Maximum Individual 

The annual r isk to the maximum individual is the produc t of 
the dose commitment from an extreme accident and its probab ility 
of occurrence in that year . The probability of  an extreme acci
dent during the year of  the maximum number of shipment s of 
four-year cooled fuel in rail casks is estimat ed to  be 2 x 10-5 

(based upon Reference 15 , adj usted for vehicle miles as described 
in Reference 7 ) . Therefore ,  the maximum r isk to the maximum 
ind ividual is 7 x 10- 6  rem/yr , whole body ; 3 x 10-4 rem/yr , bone ; 
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and S x 10- 6  rem/yr , lung . The probability of an individual being 
in the vicinity of more than one accident involving a release from 
these shipment s  is very small . 

Rail accidents could involve more than one rail car carrying 
a cask or overpack . The probability of breaching two or more 
cask (s )  or overpack (s )  in the same extreme accident is signifi
cantly lower than breaching a single cask or overpack .  The 
cumulative risk from multiple breachings in a single accident 
is then only slightly higher than the values shown in this volume . 

C . 3 . 2 . 6  Nonradiation Effec ts  from Po tential Abnormal Event s  

Transportat ion accidents cause  In] uries and fatalities t o  
truck drivers , rail crewmen , and the involved member s of  the 
general public . The estimated inj uries and fatalit ies resulting 
from transportation are shown in Table C-1S for various opt ions . 
About 10 fatalities may occur . These health effects are very small 
compared to fatalities associated with normal activities of  the 
populat ion and natural disasters shown in Table C-19 .  

C . 3 . 3  Decontamination and Decommissioning Effects  

The decontamination of  casks will not add significantly to  
the release from the ISFS , ARB , or disposit ion facilities . All 
of these releases would occur through the facility ventilat ion 
sys tem .  

Decontaminat ion efforts required for spent fuel casks removed 
from basins are a function of the cleanliness of the pool , the 
time the cask is submerged , and the condit ion of the cask surfaces . 
Cask decontamination will be done with hot water under pressure 
with the addit ion of approved chemicals , as required . Af ter 
decontaminat ion , the casks wil l be dried . A separate ventilation 
exhaus t duc t , demister,  and HEPA filter is p rovided f or the 
decontaminat ion module .  

The useful life o f  a spent fuel or waste cask is expected 
to be 20 to 30  years . When a cask and other transport equipment 
is decommissioned , it will e ither be adequately decontaminated 
for material salvage or partially decontaminated and shipped to  
a commercial burial ground . This analysis assumes that all  o f  
the casks will b e  buried . 
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TAB L E  C- 1 8  

I nj u r i es a n d  Fatal  i t i es i n  Tra ns porta t i o n  Acc i dents 

A lterna tive 

Cent r a l i z ed Storage ( A l t ernative l A) 
or Decentra l i z e d  Storage with Fu l l -
Core Res erve ( A l t ernat i ve l B - 1 )  -
Po l i cy Imp l ement e d  

Decent r a l i z ed Storage with D i s charge 
Capab i l i t y  - P o l i c y  Imp l ement e d  
( A l t e rnat ive l B - 2) o r  P o l i c y  Not 
Imp l emented ( A l t ernat ive 2A) 

D e c entra l i z ed Storage i n  At - Reactor 
Basins - Po l i cy Not Imp l emented 
( A l t ernat ive 2 B )  

a .  Inc ludes return o f  empty p ac k ag e s . 

Disposition 
Faci li ty • 

Startup 

1 9 85 

1 9 9 5  

1 9 8 5  

1 9 9 5 

1 9 85 

1 9 9 5  

Mode 

Truck 
Ra i l  

To t a l  

Truck 
Ra i l  

T o t a l  

Truck 
Ra i l  

Tot a l  

Truck 
Ra i l  

T o t a l  

Truck 
Rai l 

To t a l  

Truck 
R a i l 

Tot a l  

b .  A s s umed probab i l i t i e s , 9 x 1 0 - 7 /mi l e  for t ruck and 
4 x 1 0 - 7 / c ar m i l e  for rai l .  1 5  

c .  A s s umed prob ab i l i t i e s , 5 x 1 0 - B / mi l e  for truck and 
3 x 1 0 - B / c ar mi l e  for r a i l .  1 5  

TAB L E  C- 1 9  

Tota l 
Mi les a 

1 .  6 x l O B 

4 . 2  x 1 0 7 

1 .  4 x l O B 

6 . 4  x 1 0 7 

1 .  6 x l O B 

4 . 0  x 1 0 7 

1 .  5 x l O B 

5 . 1 x 1 0 7 

l .  6 x l O B 

4 . 0  x 1 0 7 

1 .  7 x l O B 

4 . 0  x 1 0 7 

Fata l i t i es from Acc i dents and Natural  D i s a s ters 2 3  

Event 

A l l ac c i dents 

Mo tor veh i c l e  ac c i dents 

Indu s t r i a l  a c c i dent s 

F a l l s  

F i re s  

A i r p l an e  crashes 

L i ghtni n g  

Tornadoes 
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Fata lities 
Per Year 

1 1 5 , 0 0 0  

5 5 , 0 0 0  

1 4 , 0 0 0  

1 6 , 0 0 0  

6 , 5 0 0  

1 , 6 0 0  

160 

9 0  

Injuries b Fata lities 
c 

1 4 0  8 
1 7  2 

160 10 

1 2 0  7 
2 6  2 

1 5 0  9 

1 4 0  8 
1 6  2 

1 6 0  1 0  

1 30 8 
20 2 

1 5 0  1 0  

1 40 8 
1 6  2 

160 1 0  

1 5 0  9 
16 2 

1 7 0 1 1  
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APPENDIX D 

DISPOS ITION FACILITY RECEIVING SPENT FUEL 

In this appendix , the environmental effects of recelvlng 
spent fuel at the disposit ion facility,  specif ically the unload
ing of the fuel at this facility , is analyzed . As described in 
Sec t ion I of this volume , a disposition mode has not been selected , 
and the fac il it ies  assumed in this append ix are generic in nature 
but reasonable for mo st disposal modes that  may be selected . 

D . l Atmospheric Release of Radionuclides 

When fuel is unloaded ,  the cask is vented to the of f-gas 
sys tem of the facility .  The exhaus t air will be fil tered with 
high-efficiency particulate filters before release to the environ
ment through a stack assumed to be 1 1 0 m ( 3 60 ft ) tall .  

Spent-fue'l cladding may fail during normal transportation due 
to mechanical damage during vibration , shock,  and other stresses 
encountered by the fuel on highways and railroads or during rail 

C car coupling o perations . When the cask containing fuel with 
failed cladding is unloaded at the disposition facility , some 
gas es and part iculates will be vented to the off -gas system. For 
this asses sment , cladding of 0 . 01 %  of the fuel elements is assumed 
to fail during normal transport as discus sed in Reference 1 .  The 
release fract ions assumed for unloading this fuel at a disposition 
facility are shown in Table D- l .  

Radionucl ide releases to the atmosphere from unloading fuel 
at disposition facilities are shown in Table D- 2 for various 
options . The differences in release of individual radionucl ides 
between options reflect differences in average cooling times of 
spent fuel received . (The same amount of  spent fuel is received 
at the disposition facil ity in each option. ) 

Accident s during transportat ion are expected to cause a 
larger failure rate of fuel cladding than during normal transpor
tation. If a cask is involved in a moderate or severe accident , 
fuel failure is assumed to be 0 . 25%.  Accidents of this severity 
can be expected at a probability of about 10-7 per vehicle mile . 
If the cask is involved in an ext ra severe or ext reme accident , 
fuel failure is as sumed to be about 1 % . These accident s can be 
expected with a probability of about 10- 1 1  per vehicle mile . 
The cumulat ive release of radionuclides during venting ( thro ugh 
the dis position facility ventilation system)  of the internal 
atmosphere of the casks involved in transportation accidents is 
estimated to be two to three orders of magnitude less than the 
releases listed in Tabl e D- 2. 
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TABL E 0- 1 

Atmo s pheri c Re l ea s e  Fra c t i o n s  from Off- G a s  Sy stems a t  a 
D i s po s i t i on Faci l i ty Rece i v i n g Spent Fuel  

Fraction of Frac tion 
Fraction of Activity Re leased to Off- Gas 

Nuc lide Fue l  Leaking to Cask Cavity Sy stem 

3H 1 x 10- 4 1 x 10- 2 1 

1 4C 1 x 10- 4 3 x 10- 2 1 

8 5  Kr 1 x 10- 4 3 X 10- 1 1 

1 2 9 r  1 x 10- 4 1 x 10- 1 1 

Part i culat e s  
a 1 x 10- 4 1 x 10- 4 0 . 1 

a .  As sumed to be  other fi s s ion product s and act inides . 

b .  Two HEPA fi l t ers i n  s erie s .  

Fraction to 
Atmosphere 

1 

1 

1 

1 

1 x 10- 7 b 

OVera U  
Re lease 
Fraction to 
Atmosphere 

1 x 10- 6 

3 x 10 - 6 

1 X 10- 5 

1 X 10 - 5 

1 x 10- 1 6 



TABL E  0-2  

Rad i on u c l i des Rel eased to Atmo s p here Du r i n g Cas k Ven t i n g 
at D i s pos i t i o n  F a c i l i ti e s , Cumu l a t i ve ,  C i  

Disposition 
Faci Zity 
Star tup -> 

Nuc lide 

1 2 9  I 

1 3 4 C S 

1 4 ' C e 

1 5 4 Eu 

2 3 7
:-.Jp 

2 4 1 A.m 

Centra lized Storage 
(A lternative 1A)  or 
Decentra lized Storage 
With Fu l l- Core Reserve 
(A l t81'na tive Z R- I J  

Po licy Implemented 
1 985 1 995 

2 . 7  X 1 0 1 1 . 7  X 1 0 1 

1 . 4  X 1 0 - 1 1 . 5  X 1 0 - 1 

1 . 8  X 1 0 ' 1 . 0  X 1 0 4 

4 . 6  X 1 0 - 7 4 . 0  X 1 0 - 7 

3 . 0  X 1 0 - 7 9 . 4  X 1 0� 8 

6 . 4  X 1 0- 7 5 . 4  X 1 0 - 7 

8 . 6  X 1 0 - 8 2 . 7  X 1 0 - 8 

2 . 1  X 1 0 - 7 6 . 6  X 1 0 - 8 

3 . 0  X 1 0 - 8 1 . 6  X 1 0 - s 

2 . 2 X 1 0 - 1 2  2 . 6  X 1 0 - 1 2 

1 . 9  X 1 0 - 8 1 . 9  X 1 0 - 8 

2 . 1  X 1 0 - 9 2 . 2  X 1 0 - 9 

3 . 2 X 1 0 - 9 3 . 4  X 1 0- 9 

5 . 4  X 1 0 - 7 3 . 8  X 1 0 - 7 

8 . 6  X 1 0 - 1 2  9 . 4  X 1 0 - 1 2  

5 . 4  X 1 0 - 9 1 . 3  X 1 0 - 8 

2 . 1  X 1 0 - 1 1  
8 . 0  X 1 0 - 1 1  

2 . 1  X 1 0 - 1 1  1 . 9  X 1 U - 1 1  

1 . 2  X 1 0 - 8 8 . 6  X 1 0- 9 

2 . 1  X 1 0 - 1 2  2 . 2  X 1 0 - 1 2 

Decentra lized Storage with 
Discharge Capabi li ties 
Policy Imp lemented 
(A lternative 1B-2) or 
Po licy Not Imp lemented 
(A lternative 2A ) 
1 985 1 995 

2 . 8  X 1 0 1 2 . 2  X 1 0 1 

1 . 4  X 1 0 - 1 1 . 5  X 1 0 - 1 

1 . 8  X 1 0 4 1 . 2  X 1 0 4 

5 . 0  X 1 0 - 7 4 . 3  X 1 0 - 8 

3 . 2  X 1 0 - 7 1 . 1  X 1 0
-- 7 

6 . 9  X 1 0 - 7 5 . 8  X 1 0 - 7  

9 . 4  X 1 0 - 8 2 . 7  X 1 0 - 8 

3 . 4  X 1 0- 8 1 . 9  X 1 0 - 8 

2 . 4  X 1 0 - 1 2  
2 . 4  X 1 0 - 1 2 

2 . 1  X 1 0 - 8 1 . 9  X 1 0 - 8 

2 . 2  X 1 0 - 9 2 . 4  X 1 0 - 9 

3 . 4  X 1 0 - 9 3 . 4 X 1 0 - 9 

9 . 4  X 1 0 - 1 2 9 . 4  X 1 0 - 1 2 

5 . 9  X 1 0 - 9 1 . 2  X 1 0 - 8 

2 . 2  X 1 0 - 1 1  
8 . 0  X 1 0

- 1 1  

2 . 2  X 1 0 - 1 1  1 . 9  X 1 0 - 1 1  

1 . 3  X 1 0- 8 1 . 0  X 1 0 - 8 

2 . 2  X 1 0 - 1 2  
2 . 2  X 1 0 - 1 2  

0- 3 

Decentra lized Startup in 
A t-Reactor Basin -
Policy Not Imp lemented 
(A l ternative 2B) 
1 985 1 995 

2 . 8  X 1 0 1 2 . 1  X 1 0 1 

1 . 4  x 1 0 - 1 1 . 7  x 1 0 - 1 

1 . 8  X 1 0 4 1 . 3  X 1 0 4 

3 . 4 X 1 0
- 8 4 . 0  X 1 0 - 8 

2 . 7  X 1 0 - 2 3 . 1  X 1 0 - 2 

6 . 0  X 1 0 - 9 1 . 2  X 1 0 - 8 

4 . 7  X 1 0
- 8 5 . 5 X 1 0 - 8 

5 . 2  X 1 0- 9 8 . 5  X 1 0 - 9 

1 . 7  X 1 0 - 1 0  2 . 3  X 1 0 - 1 0 

2 . 5 X 1 0 - 1 0 3 . 3  X 1 0 - 1 0 

3 . 5  X 1 0 - 8 3 . 9  X 1 0 - 8 

7 . 6  X 1 0 - 1 0  1 . 2  X 1 0 - 9 

3 . 1 X 1 0 - 1 0  
8 . 5  X 1 0 - 1 1  

1 . 5  X 1 0 - 1 2  
1 . 8  X 1 0 - 1 2 

8 . 1 X 1 0 - 1 0  
9 . 2  X 1 0 - 1 0  
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D. 2 Dose to Populat ion 

The generic disposition facility is assumed to occupy abo ut 
1 4 , 000 hectares ( 1 0 , 000 acres ) ,  and the closest member of the 

I general population is assumed to be located 0. 8 km (0 . 5  mil e )  from 
the facility .  The normal vent ilat ion of  the facility will be 
exhaus ted thro ugh a 1 10-m ( 360-f t )  stack. The relative concentra-
tion factor ( X/ Q )  for the 80-km ( 5 0-mi ) populat ion from this re
lease height is 2 . 8 x 1 0-9 sec/m3 ( populat ion weighted X/ Q )  for 
a theoretical dispersion (undepleted cloud ) .  A deposition veloci
ty of 1 cm/ sec is assumed for radioiodine and particulates . Dis 
persion assumptions used for calculating dose t o  the eas tern U. S .  
po pulat ion and the world populat ion are discus sed in Reference 1 .  

The populat ion around the disposition facility within the 
80-km (50-mi) radius is assumed to be 1 , 700 , 000 in the year 1977  
dist ributed as shown in Figures A-I and A-2 of Appendix A of this 
volume . U . S .  populat ion in the year 1 9 7 7  is assumed to be about 
200 million people with 80% of the total living in the eas tern 
United States . The world population is assumed to be 4 . 1  billion , 
of which 80% is assumed to reside in the northern hemisphere and 
be exposed to releases which may occur from operation of this 
geologic disposition facility . The assump t ions on population 
growth rates are discus sed in Appendix A of this volume . 

Population doses that result from releases associated with 
unloading spent fuel at the disposition facilities are shown in 
Table D-3. 
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TAB L E  D-3 

Po pu l a t i on Dose Comm i tme n t  from U n l oa d i n g  Spent Fuel  a t  D i s po s i t i o n  Fac i l i t i es 

Disposition 
Faci li ty Dose Commitment� man-rem 

A lternative startup Body Lung Bone Marrow Thyroid Gonads 

Centra l i z e d  Storage (Al ternat ive lA) 1 98 5  2 2  1 7  < 1  1 6  1 1 2 1 5  
or Decent ra l i z ed Storage with Ful l -

0 Core Res erve (A l ternative l B- l )  - 1 9 9 5  2 3  1 2  < 1 1 9  1 2 1  1 4  I 
VI Pol icy Imp l emented 

Decentral i zed Storage w i th D i s charge 1 9 8 5  2 4  1 7  < 1  1 6  1 1 2  1 7  
Capab i l i t i e s  - Pol icy Imp l emented 
(A l ternative l B- 2 )  of Po l icy Not 1 9 9 5  2 3  1 2  < 1  1 9  1 1 9 1 4  
Imp l emented (Al t ernative 2A) 

D ecentra l i zed Storage in At- Reactor 1 9 8 5  2 5  1 9  < 1  1 7  1 1 2  1 7  
Bas ins - Pol icy Not Imp l emented 
(Al t ernative 2 B )  1 9 9 5  2 9  1 9  < 1  2 2  1 2 8  1 9  
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1 .  Analytical Methodology and Facility and Environment Descrip
tion - Spent Fuel Policy. USDOE Report DOE-ET-0054 , U. S .  
Department of  Energy , Washing ton ,  DC ( August 1 97 8 ) . 
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C AP PEND I X  E 

ENVIRONMENTA L EFFECTS OF D E LAYED D I S P OS I T I ON F A C I L I TY (STARTUP 
IN THE YEAR 2 0 1 0 )  

E . l Purp o s e  o f  Appendix 

Due t o  the uncertainty of the gov ernm ent ' s  program d eal ing 
with nuc l ear was t e  d i spo s a l  prob lems , a d e l ay in the opening o f  
t h e  firs t  d i spos i t ion fac i l i ty beyond t h e  t ime fram e orig i na l l y  
an a l y z ed i n  th i s  E I S i s  a po s s ib i l ity . Thi s  app end ix prov ides the 
env ironm en tal  ana lysis  of int erim U . S .  spent fue l s torag e as sum ing 
the in itial  dispo s i t i on fac i l i ty is s t arted up in the year 2 0 1 0 . 
App end ix A of Vo lume 3 shows the effects of a d e l ay in the geo l ogic  
repository on  foreign fue l received under the U . S .  Sp ent Fue l 
S torag e P o l i cy .  When the draft E I S s l , 2  were prep ared in the 
l atter part of the year 1 9 7 7  and ear l y  1 9 7 8 , the nat ional obj ective 
was to open the first g eo logic  repo s i tory in the year 1 9 8 5 . 
Env ironment al effect s o f  interim s torage of spent reactor fue l s  
i n  an ISFS were thus c a l cu l at ed for the d isposit ion faci l ity 
operation beg inn ing in the years 1 9 8 5 and 1 9 9 5 . The I S FS faci l i ty 
effects were determ ined through the year 2000  to ensure that the 
range of actions were covered by the draft E I S s . B etween the 
time the draft do cuments were wr itten and th is final E I S  was 
comp l ete , DOE recogni z ed that the first geologic  repos i tory m ight 
not be in operation unt i l  the m id to l at e  1990 ' s .  

President Cart er re cent ly announ ced (F ebruary 1 2 , 1 9 8 0 )
3 

the 
adm inistrat i on ' s  pos i t i on on nuc l ear was t e  manag ement and es t imated 
that the location of the fi rst repos itory wi l l  be determined around 
the year 1 9 8 5  and in i t i a l  op erat ion of the first rep o s i t ory would  
beg in in  the  m id 1 9 9 0 ' s .  D OE ' s  input to the  NRC  rul emaking on 
nuc l ear waste storag e  and d i sp osal  es t imates that the firs t 
resposi tory may be av ai l ab l e  betwe en the years 1 9 9 7 - 2 0 0 6 . To 
demons trat e the env ironmental effe ct s of de l ayed rep o s i tory 
open ing beyond th e year 1995 , as ana lyzed in the body of this E I S  
on the Sp ent Fue l St orag e P o l i cy ,  DOE decided to prepare th i s  
Appendix to show t h e  env ironment al effects as s o c i ated with 
interim storag e of U . S .  power reactor fu el  in I S FS fac i l i t i es w ith 
the first  di spos it ion fac i l ity startup in the year 2 0 1 0 . The 
year 2 0 1 0 , assumed for s t artup of th e disposit ion faci l i ty in 
thi s app endix , was arbitrari l y  s e l ected to estab l i s h  an upper l imit 
for the environmental e ffect s  associated with s toring domes t ic spent 
fue l . 

For purposes of the analys i s  in th i s  appendi x , DOE used current 
predictions on the amount of e le ctr_i c  power generation ,  the amount 
of sp ent fue l  expected to be s tored in reactor d i s charge bas ins , 
and the amount of spent fue l s torage capacity expected to be  
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C requ ired in I SFS faci l it i e s . Thi s  appendix comp ares the env iron
ment al effects of the delay in st artup of the dispo s i t i on fac i l ity 
i f  the U . S .  Spent Fue l St orag e P o l icy i s  imp l emented or not 
imp l emented . The s chedul e used in other parts of this E I S  
refl ect the ant i cipated s torag e needs as dev e l oped in 1 9 7 8 . In 
this append ix , the fue l  f lows are based on current e s t imat es of 
s torage capac i ty requi rement s  wh i ch are l ower than as sumed in o ther 
parts of th i s  E I S .  Thi s  difference can be s e en in Figure E - l and 
is d i s cus s ed in more detai l in Section 1 1 - 0  of thi s  vo lume . The 
maj or di fferenc es are l i s ted be low . 

• In this appendix , the e l ectric generat ing capacity of U . S .  
nuc lear reactors is as sumed t o  be 2 76 GWe for the year 2 0 0 0  
and increas es t o  4 5 6  GWe b y  t h e  year 2 0 1 0 .  In t h e  remainder o f  
the E I S  t h e  assumed nuc l ear generat ing cap ac ity i s  3 80 GWe 
by the end o f  the year 2 0 0 0 . 

• The informat ion in th i s  append ix was derived from current 
ut i l ity est imates of storag e in reactor d i s charge b as ins for 
the int erim t ime period b etween now and about the year 19 9 3 . 
An averag e of 1 3  years o f  storage i s  as sumed in the reactor 
d i s charge bas ins unt i l  the end o f  the s tudy p er iod . The ut i l ity 
e s t imat e of interim s torage inc ludes p l ans for opt imum use of 
reactor dis charg e bas in s pace thro ugh dens i fi c at ion , reracking ,  
etc . The analysis  in other p arts of the E I S  assume s l e s s  e ffi 
c i ent storage in reac tor d i s charge bas ins . 

• The analys i s  in thi s app endix as sumes no trans sh ipment o f  sp ent 
fu el . The remainder o f  the E I S , with the excep t ion o f  A l t ernat iv e 
2 B ,  as sumed l imited trans shipment . 

The s chedu l e  for s pent fue l  d i s charged from U . S .  p ower reactors 
is shown in F igure E - 2 and i s  con s i s t ent with DOE / E I A  1 9 79 High 
Growth P roj ect ionS through 1 9 9 5 . Between the years 1995  and 2 0 1 0  
an average annual power g enerat ing cap acity add i t ion o f  1 8  GWe /year 
was used . Thi s  is cons i s t ent with the DOE/E I A  Long Range Energy 
A s s e s sment P rogram ' s S eries C Ext en s i on . 6 

The obj ective o f  the analys i s  in this appendix i s  t o  show 
the effect of a delayed dispos i t ion fac i l i ty using D OE ' s  current 
pred ict ion of the amounts of sp ent fu el  that may requ ire s t orag e . 
S o ,  the fu e l  flow dat a  analys i s  uses the same approach as i s  u s ed 
by D OE in estab l i shing away- from- reactor s t orage requi rements . 7 

The ISFS s torag e cap acity was determ in ed from the pres ent to the early 
1 9 9 0 ' s  using the D I SFUL computer code . 8 The code opt ions used 
were thos e as sumed by D OE for the Base P l ann ing Case whi ch inc lud es 
maximum expansion of reactor-dis charg e basin cap acit ies , no trans 
sh ipment o f  spent fue l  t o  other react ors and maintaining res erv e 
s torage c ap ac ity in the reactor dis charg e basin for a fu l l  reactor 
core . The ins t a l l ed cap ac ity in the D I SFUL dat a base reach es a 
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C maximum of 1 7 7 . 7  GWe in the year 1 9 9 4 . I n  1 9 9 4 , in crement al new 
capacity was added t o  fo l l ow the DOE /E I A  proj ect ion . Thi s  approach 
deve l oped by S .  M .  Sto l l er Corporat ion9 , used the DOE NUFUL comput er 
code to det ermine the fuel  f l ows from the new increment a l  c apacity 
which were then added to the cumu l at ive d i s charg es determ ined by 
the D I SFUL code . The I SFS r equ irement s beyond the early 1 9 9 0 ' s  
were cal cul at ed on the b as i s  that reactor s  bui l t through the year 
1 9 9 0  wou l d  be ab l e  to maintain fu l l - core res erv e c ap acity w i th an 
av erag e of 1 3  years of storage before i t  became nece s s ary to ship 
spent fue l  to ISFS fac i l it i es . Thi s  l 3 -year st orag e was determined 
from the l as t  several years of s t orage capacity determined by the 
D I S FUL code . It a l s o  assumes that new reactors bui l t  b etween 
the years 1 9 9 0  and 2 0 1 0  wi l l  be  bu i l t  with this av erag e st orag e 
capacity . As new react ors are proposed , the des ign of thes e reactors 
wi l l  cert ain l y  con s i der s t orag e capacity for the exp ected l i fe of 
the reactors . I f  new reactors are cons tru ct ed wit h s t orag e capacit ies 
in ex cess  of 13  years , the I SFS c ap ac ity requi rement wi l l  decreas e 
and the environmental effe ct s  shown in this appendix wi l l  thus b e  
conservat ive . I t  i s  unl ik e l y  that new reactors wi l l  be cons truc ted 
with l e s s  than 13 years o f  s torage . 

The a l ternatives used to show the environmental  effec ts  o f  
del ayed s tartup o f  the dispo s i t ion fac i l ity (unti l the year 2 0 1 0 )  
were s e lected t o  p ara l l e l  the a l ternatives cons i dered i n  the 
remainder of th i s  volume of the E I S . The a l t ernatives of imp l e 
ment ing the Spent Fue l Sto rage Po l i cy and n o t  imp lement ing th e 
po l i cy are c a l l ed Alterna t i ve 3 and Alt ernative 4 ,  resp ective l y ,  
t o  help di fferent i ate between a l ternatives di s cuss ed i n  the 
remainder of thi s volume of the E I S . Each of thes e two al terna
t i ves has two op t i ons to show a range o f  envi ronment a l  effects . 

The two opt i ons of Alt ernative 3 cons i der inter im storag e  of 
spent fue l in central i z ed (Option A)  or de centra l i z ed (Opt ion B )  
I SFS faci l i t i e s . Th ese op erat ions are c al l ed Alt ernat iv es 3 A  and 
3B . Alt ernat ive 3A is s im i l ar to Alt ernative lA in that sp ent 
nuc l ear reactor fue l  accepted by the U .  S .  Gov ernment is stored 
in c entra l i z e d , l arg e ,  gov ernm ent I SF S  f ac i l i t i es . Alternat ive 3 B  
i s  s im i l ar to Alternative lB in that s torage i s  i n  smal l er ,  
de centra l i z ed I SF S  faci l i t i e s  owned by the U .  S .  Government . In  
both , A l t ernat iv e  3A and 3B , d i sp o s a l  of domes t ic sp ent fue l  is  
as sumed to beg in in the year 2 0 1 0 . 

nvo opt i ons of A l t ern at ive 4 (the po l i cy not imp l ement ed )  
were a l s o  analyzed . Alt ern at ive 4 A  i s  s im i l ar to 2 A  i n  that new 
decentr a l i zed I S FS fac i l it i es are as sumed t o  be  bu i l t  by priv at e  
industry ,  with n o  government involvement . A l t ern at ive 4B i s  s imi l ar 
to Altern at ive 2 B  in that it  i s  as sumed that at -reactor s torage 
bas ins (ARBs ) wi l l  be constructed by the ut i l i t i e s  t o  s tore dome s t i c  
fuel . Ag ain , as in  Alternat ive 3 ,  th e d i sposit i on fac i l i ty i s  
expect ed to st art up in t h e  year 2 0 1 0 . 



C In summary , thi s append ix was prepared to show the envi ron -
mental e ffe ct s of a startup o f  the firs t dispos ition fac i l i ty as 
l at e  a s  the year 2 0 1 0 . Alternatives 3 and 4 us e fue l fl ows that 
more accurately forecast expected s torage than the other s ection s  
o f  thi s vo lume and can o n l y  b e  us ed to compare the envi ronmental 
e ffects o f  imp lement ing the pol icy comp ared to not imp l ement ing 
the p o l i c y . Comparat ive background e ffe cts are a l s o  presented . 
The deci s i on o f  whe ther to imp l emen t or not imp lement the u . s .  
Spent Fue l Storage Pol icy i s  indep endent o f  when the fi rst di spo
s i t ion fac i l i ty opens . Th i s  decis ion should be determined us ing 
env ironmental input based on comp arison o f  a l ternatives for the 
s ame dispos i t i on fac i l i ty s t artup date . I t  was th erefore conc luded 
that use of d i fferent fue l  flows ( in this append i x  compared wi th 
the remainder of Vo lume 2 )  wi l l  not affe ct the comp arat ive data 
deve loped for a dispo s i t i on fac i l i ty startup in the years 1 9 8 5  or 
1 9 9 5  as ana l yzed in the remainder o f  Vo lume 2 .  Use of the more 
recent es timates of fue l flows and s torage requi rements add to 
the s cope of the E I S  by providing more current e s t imates o f  the 
effects  o f  imp l ement ing the U . S .  Spent Fue l Storage Po l i cy . 

E . 2  Alternative Description 

Int erim s t orage c apac ity requi rements for I S FS fac i l it i es 
and ARB fac i l i t i es for a l l  al ternat ives consi dered in this 
appendi x  were dev e l oped for a year 2 0 1 0  s t artup o f  the first 
dispos it ion f ac i l it y .  During the first four years o f  op erat ion 
o f  this d isposit ion fac i l ity , spent fuel  i s  as sumed t o  be received 
at p art ial capaci ty , as was as sumed in the remainder of Vo lumes 
2 and 3 of this E I S . The des ign receiving rat e i s  achi eved in 
the year 2 0 1 4 , the f i fth year o f  operat i on . In  the year 2 0 1 5 , 
after the first disposit ion fac i l i ty i s  up to the fu l l  rece iving 
rate and al l dispos i t ion fac i lity  operat ions have been demonstrated , 
a s econd d i spos i t ion fac i l ity i s  assumed t o  s t art up . Two years 
l ater , in 2 0 1 7 , the third d i spo s i t i on fac i l ity is as sumed t o  
s t art up . Thi s  s chedu l e  for s t artup i s  thought to b e  reasonab l e  
for g eo l og i c  repos itories and s at i s factory for other dispos i t i on 
faci l it i es . The alt ernat ives described in thi s s ect ion were 
deve loped us ing this s chedu l e  for dispos i t i on faci l i ty s t artup . 

E . 2 . l P o l icy Imp l ement ed 

Under the " P o l icy Imp l ement ed" a l t ernativ e (A lternat ive 3) , 
the U . S .  Government wou ld ac cept t i t l e  t o  domes t i c  sp ent fue l . 
Two opt i ons as s o c i ated with A l t ern at ive 3 were examined under 
the scenario of a year 2 0 1 0  startup dat e  for the sp ent fuel  
d i spos it ion fac i l ity . In opt i on A (cal led Altern at ive 3A) , 
centra l i z ed s t orage i s  provided in l arg e independent sp ent fue l  
storage ( I SFS ) fac i l i t i e s  ( 1 8 , 00 0  MTU cap acity)  owned or op erated 
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C by the U . S .  G overnment . In opt i on B ( cal l ed A l t ern at ive 3 B ) , 
decentr a l i z ed storag e  of domes t ic spent fu e l  i s  prov i d ed in 
sm al l governm ent - owned I S FS faci l i t i e s  ( 6 0 0 0  MTU cap ae i  t y) . 
In both options , the d i sposal  o f  dome s t i c  s p ent fue l  i s  a s sum ed t o  
occur i n  U . S .  di sposit ion fac i l i t i es with initial  startup in the 
year 2 0 1 0 . 

E . 2 . l . l  Al ternat ive 3A 

In A l t ern at iv e 3A ( c entral i z ed s torag e) , domes t i c  i rradi ated 
reactor fuel  is assumed to be shipped to an ISFS faci l i ty ( 1 8 , 0 0 0  
MTU c ap acity) st art ing i n  t h e  year 1 98 3 .  S t art ing in t h e  year 
2 0 1 0  and during the first four years of op erat ion , the first 
di spos i t i on fac i l ity operat es at part i a l  c apac ity , and spent fue l  
i s  s hipped t o  both the I SFS fac i l ity and t o  the dispo s i t ion 
faci l i ty . In the year 2 0 1 4 , the d i spos it i on faci l i ty reaches fu l l  
capacity op erat i on , and spent fue l  i s  then shipped direct ly from 
the r eactor discharge basins t o  the dispos i t i on faci lity . 
Approximat e l y  9 1 , 2 0 0  MTU o f  spent fue l  i s  sh ipped t o  the I SFS 
fac i l ity between the years 1 9 8 3  and 2 0 1 3 .  Spent fuel  movement 
and inventories for domes t i c  s pent fuel  under Alt ernat ive 3A are 
g iven in Tab l e  E - l for s t artup o f  the in i t i a l  d i spo s i t ion fac i l it y  
i n  t h e  year 2 0 1 0 . 

Envi ronmental effects o f  Alt ern ative 3A with a 2 0 1 0  s t artup o f  
t h e  ini tial  d i spos it ion faci l it y  are det ermined for t h e  fo l l owing 
act iv i t ies : 

• Construct i on o f  government I SFS fac i l i t i es  from the year 1 9 8 0  
to 2 0 1 1 .  ISFS  fac i l it i e s  required ( one 5 0 0 0  MTU bas in and 
five 1 8 , 0 0 0  MTU bas ins ) . 

• Shipment o f  about 9 1 , 2 0 0  MTU o f  domes t i c  spent fuel  from 
reactor bas ins ( 1 9 8 3 - 2 0 1 3 )  and s torage in the I SFS fac i l ity 
through the year 2 0 3 1 . 

• Sh ipment t o  the dispo s i t ion fac i l ity o f  about 2 3 , 8 0 0  MTU spent 
fuel from reactor bas ins ( 2 0 1 0 - 2 0 1 5 )  and about 9 1 , 2 0 0  MTU spent 
fuel  from ISFS fac i l it i es ( 2 0 1 4 - 2 0 3 1 ) . (The env ironmental 
e ffe cts o f  spent fue l  shipped into the d i sposit ion fac i l i t ies 
from the react or after the year 2 0 1 6  are not inc luded . )  

• Decommi s s i oning o f  I SFS faci l i t i es ( 2 0 2 2 - 2 0 3 4 ) . 

E . 2 . l . 2  Alt ernat ive 3B 

In Alt ernative 3B (decentral i z ed s torage ) , i rrad i ated dome s t i c  
reac tor fue l i s  retained in reactor s torage bas ins cons i s t ent with 
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TAB L E  E - l  

C Domes t i c  S p e n t  Fuel  S h i pme n t s  - Centra l i z ed Storage ( Al tern a t i ve 3A ) o r  
Dec entra l i zed Storage ( A l terna t i ve 3 R )  - P o l i cy I m p l emen ted a n d  
Dec entra l i zed Storage i n  P r i v a te I S FS F a c i l i t i e s ( Al te rn a t i ve 4A)  -
P o l i cy N o t  I m p l emented 

Disposition Faci lity Fue l  
ISFS Basins Fue l  Shir.mentsl MTU 
Shir.ments, MTU Reactor to ISFS Basin to Disposition 
Reactor to ISFS Basin Disposition Disposition Fac i l i ty 

Year ISFS Basin Inventory, MTU Faci l i ty Fac i lity Inventory, MTU 

1 9 8 3  4 0 0  4 0 0  
1 9 8 4  2 0 0  6 0 0  
1 9 8 5  2 0 0  8 0 0  
1 9 86 3 0 0  1 1 00 
1 9 8 7  4 0 0  1 5 00 
1 9 8 8  5 0 0  2 0 0 0  
1 9 8 9  6 00 2 6 00 
1 9 9 0  7 00 3 3 0 0  
1 9 9 1  9 0 0  4 2 00 
1 9 9 2  1 3 0 0  5 5 0 0  
1 9 9 3  1 6 0 0  7 1 0 0 
1 9 9 4  1 7 00 8 8 0 0  
1 9 9 5  2 1 00 1 09 00 
1 9 9 6  2 4 0 0  1 3 300 
1 9 9 7  2 80 0  1 6 1 0 0 
1 99 8  3 1 0 0 1 9 2 0 0  
1 9 9 9  3 5 0 0  2 2 7 0 0  
2 0 0 0  3 6 0 0  2 6 3 0 0  
200 1 4 0 0 0  3 0 3 0 0  
20 0 2  4 2 00 3 4 5 0 0  
2 0 0 3  4 0 0 0  3 8 5 0 0  
2 0 0 4  6 300 4 4 8 0 0  
2 0 0 5  4 7 00 4 9 5 0 0  
2 0 0 6  5 6 0 0  5 5 1 0 0 
2 0 0 7  5 4 0 0  6 0 5 0 0  
2 0 0 8  7 3 0 0  6 7 8 0 0  
2 0 0 9  4 7 0 0  7 2 5 0 0  
2 0 1 0  6 4 0 0  7 8 9 0 0  1 00 1 0 0  
2 0 1 1  5 1 00 8 4 0 0 0  1 6 00 1 7 00 
2 0 1 2  5 4 0 0  8 9 4 0 0  1 6 0 0  3 3 0 0  
2 0 1 3  1 8 00 9 1 20 0  5 2 0 0  8 5 0 0  
20 1 4  0 9 0 2 0 0  7 5 00 1 0 0 0  1 70 0 0  
2 0 1 5  8 9 4 0 0  7 8 0 0  8 0 0  2 5 6 0 0  
2 0 1 6  8 7 600 8 3 0 0  1 8 0 0  3 5 7 00 
2 0 1 7  8 6 3 0 0  8 9 0 0  1 300 4 5 9 0 0  
2 0 1 8  8 0 200 9 2 00 6 1 0 0  6 1 2 00 
2 0 1 9  7 1 5 7 6  9 7 0 0  8 6 2 4  7 9 5 2 4  
2 0 2 0  6 30 1 1  1 0 20 0  8 5 6 5  9 8 2 8 9  
2 0 2 1  5 4 7 4 6  1 0 500 8 265 1 1 7 0 5 4  
2 0 2 2  4 7 0 8 1  1 1 1 0 0  7 6 6 5  1 3 5 8 1 9  
2 0 2 3  3 9 8 1 6  1 1 5 00 7 2 6 5  1 5 4 5 8 4  
2 0 2 4  3 29 5 1  1 1 9 0 0  6 8 6 5  1 7 3 34 9  
2 0 2 5  2 6 5 8 6  1 24 0 0  6 365 1 9 2 1 1 4  
2 0 2 6  206 2 1  1 2 800 5 9 6 5  2 1  08 7 9  
2 0 2 7  1 5 1 5 6 1 3 300 5 4 6 5  2 2 9 6 4 4  
2 0 2 8  1 0 0 9 1  1 3 7 0 0  5 0 6 5  2 4 8 4 0 9  
2 0 2 9  5 6 2 6  1 4 200 4 4 6 5  2 6 7 0 7 4  
2 0 3 0  1 5 0 0 1 4 600 4 1 2 6  2 8 5 8 0 0  
2 0 3 1  0 1 5 1 00 1 5 0 0  3 0 24 0 0  
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C maint aining res erve capacit ies equiva l ent to ful l - co re d i s 
charge from the reactor . The init i a l  dispos i t i on faci l i ty i s  
as sumed to become avai lab l e  in the year 2 0 1 0  o n  the s ame b as i s  a s  
Alternat ive 3A . Spent dome s t i c  fuel  movement and invent ories for 
Alternat iv e 3 B  are the s ame as A l t ernative 3A and are g iven in 
Tab l e  E - l .  

Environment al effect s under A l t ernat ive 3B (2 0 1 0  s t artup 
of the initial  d i sposi t i on faci l ity)  are det ermined for the 
fo l l owing act ivit i es : 

• Construct ion of I SF S  faci l i t ies ( 1 9 8 0 - 2 0 1 2 ) . I SFS fac i l it i es 
required (s ixt een 6000  MTU bas ins ) .  

• Sh ipment of about 9 1 , 2 0 0  MTU spent fue l from reactor bas ins 
to I S FS faci l i t i es ( 1 9 8 3 - 20 1 3 )  and sto rage through th e 
year 2 0 3 1 . 

• Shipment to the d ispos i t i on fac i l ity of about 2 3 , 8 0 0  MTU of 
domestic  spent fue l from reactor basins ( 2 0 1 0 - 2 0 1 5 )  and about 
9 1 , 2 0 0  MTU spent fu e l  from ISFS fac i l i ty ( 2 0 1 4- 2 0 3 1 ) . ( The 
environment al effects of spent fue l  sh ipp ed into the di sp os i t i on 
faci l i t i es from the reactors aft er the year 2 0 1 6  are not included . )  

• D ecommi s s i oning of I SFS fac i l i t y  ( 2 0 1 9 - 2 0 34 ) . 

E . 2 . 2  P o l i cy Not Imp lement ed 

Under the "Pol i cy Not I mp l ement ed" alternat ive (Al ternat ive 4 ) , 
the U . S .  G overnment is as sum ed to t ake no act i on t o  as s i s t  private 
indus try in reso lving uncert aint ies as s o c i at ed with the interim 
s torage of spent nuclear fue l .  Two opt i ons associat ed with 
Alt ernat ive 4 were examined under the scenario of a year 2 0 1 0  
s t artup date for the ini t i al d i spos i t ion faci l i ty . In  opt i on A 
(cal l ed Alternat ive 4A) , decentral i z ed s t orage is prov ided in smal l ,  
private I S F S  fac i l i t i es ( 6 0 0 0  MTU c apacity)  and in option B 
(cal led Alt ernat ive 4B ) , sma l l  stand - alone b as ins ( 5 0 0  t o  2 00 0  

MTU capaci ty) are privat e ly construc ted at exi st ing reactor s i tes  
for storag e  of spent fue l  from the reactor dis charg e basins of 
nearby reactors unt i l  final d i spos it ion .  These fac i l i t i es are 
cal led at -reactor-basin (AR B )  fac i l it i es . 

E . 2 . 2 . l  Alternat ive 4A 

Sp ent fue l  movement and inv entories for a year 2 0 1 0  st artup 
dat e  of the d i spo s i t ion fac i l i ty for Alternat ive 4A are g iven in 
Tab l e  E- l .  
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C The environmental effect s for Altern at ive 4A with a year 2 0 1 0  
st artup of the i ni t i al d i sposit ion fac i l ity are determined for 
the fo l l owing act ivit ies : 

• C on s truct i on of ISFS  fac i l i t i es ( 1 9 8 0 - 2 0 1 2 ) . I SF S  faci l i t i e s 
requ ired ( s i xteen 6 0 0 0  MTU b as ins ) . 

• S hipment o f  about 9 1 , 2 0 0  MTU sp ent fuel  from react or basins 
to ISFS fac i l i t i es ( 1 98 3 - 2 0 1 3 )  and s torage through the 
year 2 0 3 1 . 

• Shipment t o  the d i sposit ion fac i l i ty of about 2 3 , 8 0 0  MTU o f  
dome s t i c  spent fue l  from reactor basins ( 2 0 1 0 - 2 0 1 5 )  and about 
9 1 , 2 0 0  MTU sp ent fue l  from I S F S  fac i l it i es ( 2 0 1 4 - 2 0 3 1 ) . 

• Decommi s s i oning of ISFS  fac i l it i es ( 2 0 1 9  t o  2 0 3 4 ) . 

E . 2 . 2 . 2  Alt ern at ive 4 B  

In  Alt ernat ive 4 B . n ew int erim s tora g e  bas ins are a s sumed t o  be  
bui l t  by privat e  industry on reactor s i t es , a s  need ed . Th e ear 1 i e s t  
these ARBs cou ld be  supp l i ed i s  as sum ed t o  be  1 98 3 .  Spent fue l  
mov ement and invent ories u nder Altern at ive 4 B  are g iven in Tab 1 e  E - 2 
for a year 2 0 1 0  st artup for the initial  d i spos it i on fac i l ity . 

Env ironmental  affects of Altern a t ive 4 B  w ith a year 2 0 1 0  
startup o f  the in i t i a l  dispo s i t ion faci l ity are determined for 
the fo l l owing act ivi t ies : 

• Construc t i on o f  privat ely  owned ARB storag e fac i l i t i e s  
( s tart ing in 1 9 8 0 ) . ARBs requi red ( 2 0 4  bas ins each with 
500 MTU capac ity , 53 basins each with 1 0 0 0  MTU capac ity , 
1 0  basin s  each with 1 5 0 0  MTU capac ity , and 2 b as ins each 
with 2 0 0 0  MTU capacity) . 

• Shipment o f  about 9 1 , 2 0 0  MTU of spent fuel from reactor 
d i s charge bas ins to ARBs ( 1 9 8 3 - 2 0 1 3) and st orage in the 
ARBs through the year 2 0 3 1 . 

• Shipment to the di spo s it i on fac i l i t ies  o f  about 2 3 , 80 0  MTU 
o f  spent fue l  from reactor bas ins ( 2 0 1 0 - 2 0 1 5 )  and about 
9 1 , 2 0 0  MTU of spent fue l  from ARBs ( 2 0 14 - 2 0 3 1 ) . ( The 
environmental effects o f  sp ent fue l  shipped into the dispo
s i t i on fac i l i t i e s  from the react ors after the year 2 0 1 5  are 
not inc l  uded . ) 

• Decommi s s i oning o f  ARBs ( 2 0 2 2 - 2 0 34) . 

E-IO 



TABL E E- 2 

C Dome s t i c  Spent Fuel  S h i pments - Dec en t ra l i zed Storage i n  At-Reactor 
Bas i n s ( Al t e rna t i ve 4B ) - Pol i cy Not Impl emen t ed 

ARB Fue l Disposition Fac i l i ty 
Shipments, Fue l  Shi2mentsl MTU 
MTU ARB Reactor to ARB to Disposition 
Reactor Inventory, Disposition Disposition Fac i l i ty 

Year to ARB MTU Fac i l i ty Faci lity Inventory, MTU 

1 9 8 3  4 00 4 0 0  

1 9 8 4  2 0 0  6 0 0  

1 9 8 5  2 0 0  8 0 0  
1 9 8 6  300 1 1 00 
1 9 8 7  4 0 0  1 500 
1 9 8 8  5 0 0  2000 
1 9 8 9  6 0 0  2600 
1990 7 0 0  3300 
1 9 9 1  9 0 0  4 2 0 0  
1 9 9 2  1 300 5 5 0 0  
1 9 9 3  1 600 7 1 00 
1 9 9 4  1 7 00 8 8 0 0  
1 9 9 5  2 1 00 1 09 0 0  
1 996 2 4 0 0  1 3 300 
1 9 9 7  2 8 0 0  1 6 1 00 
1 9 9 8  3 1 0 0 1 9 2 0 0 
1 9 9 9  3500 2 2 70 0  
2000 3600 26300 
2 0 0 1  4 000 30300 
2 0 0 2  4 2 00 3 4 5 00 
2 0 0 3  4000 38500 
2004 6 3 0 0  4 4 8 0 0  
2 0 0 5  4 70 0  4 9 5 0 0  
2006 5 6 00 5 5 1 00 
2 0 0 7  5 4 00 6 0 5 00 
2008 7 300 6 78 0 0  
2 0 0 9  4 7 0 0  7 2 5 0 0  
2 0 1 0  6 4 00 7 8 9 0 0  1 0 0 1 0 0  

20 1 1  5 1 00 8 4 0 0 0  1 600 1 700 

2 0 1 2  5 4 0 0  8 9 4 0 0  1 600 3300 

2 0 1 3  1 8 0 0  9 1 2 00 5 2 0 0  8 500 

2 0 1 4  9 0 2 0 0  7 5 0 0  1 0 00 1 7 000 

2 0 1 5  8 9 4 0 0  7 8 0 0  800 2 56 00 

2 0 1 6  8 76 0 0  8 300 1 8 00 35 7 0 0  

20 1 7  86300 8 9 0 0  1 3 00 4 5 9 0 0  

2 0 1 8  8 0 2 0 0  9 2 0 0  6 1 00 6 1 2 00 

2 0 1 9  7 1 300 9 700 8 9 0 0  7 9 8 0 0  

2 0 2 0  6 2 5 0 0  1 0 2 0 0  8 8 00 9 8 8 0 0  

2 0 2 1  5 4 0 0 0  1 05 00 8 500 1 1 7 8 0 0  

2 0 2 2  4 6 1 0 0  1 1 1 0 0  7 9 0 0  1 36 8 0 0  
2 0 2 3  38600 1 1 5 0 0  7 500 1 5 5800 
2024 3 1 5 0 0  1 1 9 0 0  7 1 00 1 74 8 0 0  
2 0 2 5  2 4 9 00 1 24 0 0  6 6 0 0  1 9 38 00 
2 0 26 1 8 7 0 0  1 28 0 0  6 2 0 0  2 1 2 8 00 
2 0 2 7  1 3000 1 3300 5 700 2 3 1 800 
2028 7 7 0 0  1 37 0 0  5 300 2 5 0 8 0 0  

2 0 29 2 9 0 0  1 4 2 0 0  4 8 00 269 8 00 
2 0 30 0 1 46 0 0  2 9 00 2 8 7 300 
2 0 3 1  1 5 1 00 0 3 0 2 4 0 0  
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C E . 3  Summary of Environment al E ffects 

The env ironmental  effec t s  of Al t ern at ives 3 and 4 with d e l ay 
of s t artup of the ini t i al di spos i t i on faci l i t y  unt i l  the year 20 1 0  
are as s e s s ed in this s ect ion . Radiological  effects are ev aluat ed 
for the op erat ional period (years 1 9 8 3  to  2 0 3 1 ) and the next 100  
years . Nonradio logical  effe cts are eva luated for the p eriod of 
op erat ion on ly . The rad i at i on exposure to  the pub l i c , occup at ional 
rad i at i on do s e s , radio l og i c a l  he alth effect s , and nonr ad i o l og i c a l  
deaths resu l t ing from ac c iden t s  are summari z ed in Tab l e  E - 3 . 

The analys i s  shows there are no sub s t an t i a l  environm ent al 
effects  cau s ed by rad i at ion whether the p o l i cy is imp l ement ed or 
not . The total  who l e -body dose to the wor ld popu l at i on from 
hand l ing , transport ing , and s t oring spen t  fue l  is hi gher for ARB 
fac i l i t i es ( 8 5 , 0 0 0  man -rem) than for I SF S  fac i l it i es (46 , 00 0  
man-rem) , but i n  either cas e , the do s e s  are a very smal l fract ion 
( l es s  than 0 . 0 0 0 0 3 % )  of the wor ld popu l at i on dos e from natura l 
radi at ion ( about 4 x l O l l  man - rem over the same period) . The 
est imated occupat ional exposure ranges from 9600  man- rem to  9 2 , 0 0 0  
man-rem .  Ag ain , the h i gher dos es are f o r  ARB fac i l i t i e s  b ecause  
a l arg e numb er of faci l i t i es are  operat ed . The numb er o f  radio
l og i cal  health effe cts on the wor l d  popu l at ion over the operat ing 
p eriod and the next 1 0 0  years from popu l at ion and occup at ional 
exposures , es t imat ed from EPA dose- effect factors , v ar i es from 3 4  
to 1 1 3 for th e s e  alt ernative s . Al ternative  4 B  (ARB s torage - po l i cy 
not imp l ement ed) accounts for the highes t numb er o f  health effect s . 
Approximat e ly half  of the health effects for the s e  a l t ernat ives 
are expect ed to  occur in the popu l at i on within 8 0  km (50 mi ) o f  
the I S FS o r  ARB fac i l i t i es . 

The est imat ed numb er of deaths in the construct ion and op erat ing 
work forc e from nonradio log i c al  accidents  for Alt ernatives 3A , 3 B ,  
and 4 A  are approximat e l y  the s am e  ( 2 0  to  2 6 ) . Accident al  deaths 
for A l t ernativ e  4 B  (p o l icy not imp l emented , decentral i z ed storag e  
i n  ARB fac i l i t i e s )  ar e l arger ( 1 1 2 )  than the other alt ernat ives 
becaus e  of a l arger work for ce . However , in al l a l t ernatives , the 
ac c i dental deaths ar e a sma l l  fract ion of the annual deaths from 
occup at ional ac c id en t s  in the U . S . ( 1 2 , 5 0 0  in the year 1 9 7 6 ) . 

In summary , the environm ental  impacts from a l l  alt ernatives 
cons ider ed for a year 2 0 1 0  startup of a dispo s i t i on fac i l i ty 
ei ther from imp l ement ing or not imp l ement ing the Spent Fue l Po l icy 
are smal l . ARB s t orage increases environmental e ffe cts compared 
with tho s e  for I SFS fac i l i t y  s torage b ecause ARB fac i l i t i es on the 
average have l es s  effi c i ent s pac e ut i l i z at i on . However , the environ
mental  imp acts are r e l a t i ve l y  s mal l comp ared w i th ri sks from natura l 
radi ation source s .  
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TABLE E-3  

C I Summary of Envi ronmenta l  Effec ts 

Wor l d  Popu l at i o n ,  
Wh o l e  Body Dos e 
Comm i tmen t ,  man- rem 

Occupat i on a l  
Exposur e ,  man-rem 

Wor l d  Hea l th Effects
a 

Wor l d  Accidental Deaths 

Po licy Implemented 
Centra l ized Storage 
(A l t ernative 3A ) 

4 6 , 200 

9 , 6 00 

34 

20 

Decentra li zed Storage 
(A l teY'IUJ.tive 3B) 

46 , 200 

1 5 , 300 

38 

26 

Po licy Not Imp l emented 
Decen tra li zed Storage 
(A l teY'IUJ.tive 4A ) 

46 , 200 

1 5 , 300 

38 

2 6  

Storage in ARBs 
(A l teY'IUJ.tive 4 B )  

8 5 , 1 0 0  

9 2 , 400 

1 1 3  

1 1 2  

o .  Ser i ous gene t i c  and s omat i c  h e a l t h  e f fe c t s  were c a l cu l at e d  from rad i at i on d o s e s , as suming a l i near 
d o s e - h e a l th e ffect r e l a t i o n . EPA d o s e - e ffect fact o r s  were u s ed . Hea l th e ffects from organ d o s e s  
are not shown i ndependent l y ,  but t h e s e  o r g a n  h e a l th e ffec t s  a r e  inc l uded i n  these l ines a l ong w i th 
t ho s e  caused by the who l e  body d o s e .  (See Append i x  B o f  th i s  v o l ume for more det a i l o n  methodo l ogy 
u s ed i n  d e t ermining heal th e f fec t s . )  



C E . 4  Environmental Analys i s  

The maj or environmental effects presented i n  thi s  section for 
Alternat ives  3 and 4 ( s t artup of the init i a l  d ispos i t i on fac i lity 
i n  the year 2 0 1 0 )  are popu l at ion do s e  commitment s ,  o ccup at i onal 
exposures , rad i o l og ic a l  h eal th effect s ,  and deaths resu l t ing 
from acc ident s .  Other effect s  such as res ources commit ted and the 
environmental impacts of nonrad i o logi cal rel eas es ( e . g . ,  thermal 
effluents , g aseous , l iqui d  and chemi cal  effluents , et c . )  are not 
inc luded in this append ix . The se effects were a s s es s ed i n  the 
body of thi s  vo lume where they were noted t o  be  we l l  within 
accepted l imits for hand l ing , t ransport , and s torage of approx imat e l y  
7 2 , 2 0 0  MTU of dome s t i c  spent fue l . Th e de l ay of t h e  s t artup of the 
dispo s i t ion fac i l ity unti l the year 2 0 1 0  increas es the amount of 
domes t i c  spent fu el  hand l ed and st ored and the nonrad i o l og i c al 
effects are proport ional ly greater but are s t i l l  we l l  wi thin 
accepted l imi t s . Likewise  resource commitments and l and require 
ments wou ld be s l ight ly great er and shou ld vary proport iona l ly t o  the 
faci l i t i es and transport at ion required . They wou l d ,  however , 
represent a very smal l fract ion of U .  S .  l and and other resources . 

E . 4 . l  Methodo l ogy 

The methodo l ogy des cribed in DOE -ET- 0054
1 0  

was used to cal 
cu l at e  the popu l at i on rad i at i on dose , oc cup ational rad i at ion dose , 
radio l ogical  health effect s ,  and fat a l i t ies resu l t ing from operat ion 
of fac i l i t i es for Alternat ives  3 and 4 ,  assuming s t art of a 
d ispo s i t ion faci l ity in the year 2 0 1 0 . As sumptions for re l eas e of 
rad ionu c l ides , inj ury rat e ,  demography , etc . were the s ame as tho s e  
us ed i n  other p l aces i n  t h i s  volume . 

The radiOlogical  and other health effect s caus ed by transport at ion 
of spent fuel  and low l evel  was t es for the I SF S  faci l i t i e s  in this  

10  
app endix are calcu l ated with the methodo logy described in DOE - ET- 0 0 5 4  
and i n  t h i s  vo lume . Al s o , t h e  as sumpt ions made i n  t h e  remainder of 
this vo lume are used for Alt ern at ives  3 and 4 ,  except that the 
truck -rai l t ransport rat io i s  changed for dome s t i c  spent fu e l  
shipments aft er the year 2000 . In  other parts of th is vo lume , the 
assumption was made that 30% by weight of the dome s t i c  spent fue l  
wou ld be transport ed b y  t ruck and the rest by rai l , based o n  e s t imat es 
of reactors without rai l fac i l it i es in the l at e  1 9 8 0 ' s . By the 
year 2000  about 90%  of the commerc ial  nuc l ear reactors are as sumed 
to have rai l fac i l it i es because new reactor fac i l it i es are as sumed 
to inc lude rai l capab i l ity for transport at ion of spent fuel  whenever 
pos s ib le . Therefore , for any spent fue l  moved from reactors aft er 
the year 2 0 0 0  a 1 0 /90%  truck/ra i l  rat i o  is as sumed to calcu l ate the 
rad i o l o gi c a l  effect s  of transportat ion . 
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C E . 4 . 2  Environment a l  Effects 

Popul ati on and occup ationa l radi o l o gical do se commitment s ,  
rad io l o gi cal health e ffect s , and accidental deaths are shown in 
thi s section for al ternatives of Po l i cy I mp l emented (Al ternative 3 )  
and Po l icy Not Imp l emented (A l ternat ive 4 )  w ith s t artup o f  the 
initial dispo s i t i on faci l i ty in the year 2 0 1 0 . 

E . 4 . 2 . 1  Populat ion Do s e  Commi tment s 

The wor l d  population do se commi tments from hand l in g , trans 
port ing ,  and s toring domestic  sp ent power reactor fue l  for the 
a l ternatives as s e s s ed with startup of the initial d i sp o s i t ion 
fac i l i ty in the year 20 1 0  range from 4 6 , 0 0 0  man- rem t o  8 5 , 0 0 0  
man -r em .  The dose commi tments are gre ate s t  for s t orage i n  ARB 
fac i l i t i es when the pol i cy i s  not imp l emented . The s e  dos e  commit
ments are sma l l  when comp ared to the popu l at i on do s e  commitment 
from nat ural radi at i on s ource s of 370 , 0 0 0 , 00 0 , 00 0  man - rem ( or 
3 . 7  x l O l l ) to the s ame popul ation ove r the s ame period . 

Th e populat i on within 80  km ( 5 0  mi ) o f  the re l ease  s i te 
(cal led l o cal popul at i on )  receive approximate ly hal f o f  the total  
wor l d  popul a t i on dos e commi tment . The s e  do s e  commi tment s range 
from 2 4 , 00 0  t o  46 , 000  man -rem for th e four al ternatives cons idered 
over the s ame t ime period . Thi s  dose commitment is ab out one tenth 
o f  a percent of the dose commi tment th i s  population group woul d  
rec eive from natural radiat i on sources ( 3 . 5  x 1 0 7 man- rem ) . 

E . 4 . 2 . 1 . 1  P o l icy Imp l emented (Al t ern at ive 3 )  

For A l t ernat iv e 3 the government provides l arge centr a l i zed 
s t orage faci l i t i es (Al t ern at ive 3A) or sma l l  decentr a l i zed storage 
faci l i t i es (Al t ernative 3B) . The spent fue l  fl ows are the s ame for 
these altern at ives and are shown in Tab l e  E - l in Sect ion I I  of this 
appendix . 

The p opu l at i on dose comm itments  for A l t ern at ives 3A and 3 B  are 
es s ent i a l ly the s ame and are shown in Tab l e  E - 4 .  The amount of 
fue l  hand l ed ,  st orage cap acit i es required as a fun ction of t ime , 
e ffective ag e of fue l ,  s t orage t imes , and tran sp ortat i on act iv i t i es 
are es s ent ial ly the s ame for Alt ernatives 3A and 3B . The c a l cu l at ed 
wh o l e  body popu l at i on dose comm i tment during 4 8  years of op erat i ons 
(and the pers i s t ent e ffects for the next 100 years ) are 2 4 , 3 0 0  
man -rem to t h e  l ocal popu l at ion wi thin 80  km ( 5 0  mi ) o f  the r e l eas e 
point , 2 0 , 2 0 0  man -rem to the U . S .  popu l at i on other than the local  
popu lat ion , and 1 640 man- rem to the wor l d  population ( exc luding the 
U . S .  popu l at i on ) . 
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c TAB L E  E - 4  

Popu l at i o n  Dose Comm i tm e n t  - C e n t ra l i zed S t o r a g e  ( A l terna t i ve 3 A )  
o r  Dece n t ra l i zed Storage ( A l tern a t i ve 3B ) - P o l i cy I m p l emen ted 

Wh o l e  BodyV 

Trans port a t i on 
- external gamma 

Re l ea s e s  dur i n g  
c a s k  vent i n g  

l SI'S - �ormal 
ojl era t i on s  

To t a l  

Thyr o i de 

R e l e a s e s  du r i n g 
c a s k  vent i ng 

l SI'S - �orma l 
operat ions 

To t a l  

Bonee 

R e l e a s e s  dur i ng 
c a s k  v ent i n g  

I S FS - :-;orma l 
operat ions 

To t a l  

Lunge 

R e l ea s e s  dur i n g  
c a s k  v e n t i n g  

l S I'S  - �ormal 
operat i ons 

To t a l  

Red Marrowc 

R e l eas es dur i n g  
cask vent i n g  

l SI'S - �o rma l 
o p e rat i o n s  

T o t a l  

Popu lation Dose, man-rema 

Loca l ,  U . S. , World, 
80-.i<m Les s Less 
radius Local u. s. 

I S  1 5 5  

4 7 7 4 ( 4 0 )  

2 4 300 20000 

2 4 300 2 0 2 0 0  1 64 0 ( 89 0 )  

1 8 7  1 5 9  

7 3  6 2  

260 2 2 0  

2 2 

3 3 3 0  2 6 30 

3 3 30 2 6 30 

< 1  < 1  66 

1 0  37 1 4 0 0  

1 0  3 7  1 +  70 

< 1  < 1  5 2  

6 36 1 5 50 

6 36 1 600 

To tal 

1 7 3  

8 5 ( 5 1 )  

4 5 9 0 0 ( 4 5 2 0 0 )  

4 6 2 0 0 ( 4 5 4 0 0 )  

3 4 6  

1 35 

4S0 

4 

5 9 6 0  

5960 

66 

1 4 5 0  

1 5 20 

5 2  

1 5 9 0  

1640  

a .  Cont i nued e f f e c t s  o f  r e l eas es i n c l uded for a l O O - year p e r i od a f t e r  
e n d  o f  opera t i o n . 

b.  Gonad d o s e s  shown i n  paren t h e s es w h e n  gonad do s e s  d i ffer from 
who l e  body do s es .  

c .  Dos e s  i n  add i t i o n  t o  organ d o s e  from who l e  body i rrad i a t i o n . 
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C E . 4 . 2 . l . 2  P o l icy Not Imp l emented (Al t ernative 4 )  

For A l t ernat ive 4 ,  P o l i cy Not Imp l emented and in i t i al d i s 
p o s i t ion fac i l ity s t artup de l ayed unt i l  the year 2 0 1 0 , p rivat e  
indus try i s  as sumed t o  provide e i ther decentral i z ed I SFS faci l i t i es 
away from reactors (Al t ern ative 4A) or interim storag e  fac i l i t i es 
on ex i s t ing reactor s i t e s  (Al tern at ive 4 B ) . Fue l flows , amount 
of interim storag e  capac ity , and the env ironmental effect s of 
Alt ern at ive 4A are th e s ame as Al t ern ative 3B for domestic  spent 
fuel . The popu l at i on dose comm itment for Alternative 4A and 
Alternat ive 4 B  are shown in Tab l e  E - 5 .  

The calcul at ed doses  are l arger for Alt ern at ive 4 B  than for 
Alternat ives 3A, 3 B ,  and 4A. In Alternat iv e 4 B ,  the calcu l at ed doses 
are 4 6 , 3 00 man-rem to the local populat i on (within 80 km of the 
re leas e  p o int ) , 3 7 , 1 0 0  man -rem t o  the U . S .  p opu l at ion ( l ess  the 
l ocal  popu l at ion ) , and 1640  man -rem to the n on -U . S .  wor l d  popu l at ion . 

E . 4 . 2 . 2  Occup at i onal  D o s e  C omm itment s 

The calcu l at ed occup at ional radi at ion doses dur ing hand l ing , 
transport at i on , and inter im storage of sp ent fue l with the in i t i a l  
dispo s i t i on faci l i ty s t artup i n  t h e  year 2 0 1 0  are summar i z ed i n  
Tab l e  E - 6 for Al ternat ives 3A , 3 B , 4A,  and 4 B .  The t o t a l  
o ccup at ional d o s e s  dur ing 4 8  years of op er at ion s  range from 9 6 0 0  
man-rem for centr al i zed storage w i th t h e  p o l i cy imp lemented 
(A l t ernat ive 3A) , to 9 2 , 4 00 man-rem for ARB int er im s torage 
(Alternative 4 B ) . The occup at ional dose caused by the handl in g  
and st orage p er unit of spent fue l  i s  an invers e fun ct ion of b as in 
s i z e , i . e . , the accumu l at ed dose/MTU of sp ent fu e l  hand led  and 
stored is consi derab ly gr eat er at the sma l l st orag e bas ins bui l t 
at reactor s i t e s  than at a l arg e centra l i zed basin due to l es s  
effi ci ent u s e  o f  op erat ing manpower at smal l er faci l i t i es . 

E . 4 . 2 . 3 Radio logical  Health Effects 

The rad i o l og i cal health effects estimated from the comb inat ion 
of popu l at i on and occup at ional rad i at i on doses  ac cumu l at ed dur ing 
48 years of op erat ion and effect s from rel eas ed radi onuc l ides for 
the next 1 0 0  years are summar i z ed in Tab l e  E - 7 for A l t ern at iv es 
3A ,  3B , 4A , and 4 B .  Th e calcu l ated radio logical  health effect s  
range from 35  for l arge centra l i zed s torag e bas in s t o  1 1 3  health 
effects for smal l er ARBs . For comparison , the cal culat ed hea l th 
effect s from natural rad i at i on s ources are 2 0 0 , 0 0 0 , 0 0 0  (or 2 x 1 0 8 ) 
in the wo rld population during the same t ime period con s i dered for 
the se al ternative s .  
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TABLE E-5 

C Popu l a ti o n  Do s e  Commi tment - Decentra l i zed Storage i n  Pri vate I S FS Fa c i l i t i es 
( A l terna t i v e  4A) and At-Reactor Storage ( A l terna t i v e  4B ) - P o l i cy Not Impl emented 

P02ulation Dose. man-rema 

Private ISFS Faci lities (A lternative 4A) A t-Reactor Basins (A l ternative 4B) 
Loca l, U. S. , World, Local, U. S. ,  World, 
80-km Less Less 80-km Less Less 

Organ radius Local U . S .  Total radius Local U . S .  To tal 

Who l e  Bodyh 
Transportation 
- external gamma 1 8  1 5 5  1 7 3  1 0  9 6  1 0 6  
Releases during 
cask vent ing . 4 74 ( 4 0 )  8 5  ( 5 1 )  4 7 (6 )  74 ( 4 0 )  85 ( 5 0 )  
I SFS - Norma l 
operationsc 24300 20000 1 5 7 0 ( 8 5 0 )  4 5 9 0 0  (46200)  46300 37000 ( 36900) 1 5 7 0 ( 8 5 0 )  84900 ( 8 4 1 00) 

Total 24300 20200 1640 ( 89 0 )  46200 (45400)  46300 3 7 1 0 0  ( 37000)  1 6 4 0 ( 8 9 0 )  8 5 1 0 0  ( 8 4 300)  

Thyroidd 
Releases during 
cask venting 1 8 7  1 5 9  346 19 1 5 9  1 78 
I SFS - Normal 
operationsC 7 3  6 2  1 4 0  7 3  62 1 3 5  

Tot al 2 6 0  2 2 0  4 8 0  90 220 3 1 0  

Boned 
Releases during 
cask venting 4 4 
I S FS - Normal 
operationsC 3 3 30 2 6 30 5960 5660 4450 1 0 1 00 

Total 3 3 30 2 6 30 5960 5660 4450 1 0 1 0 0  

Lun� 
Releases during 
cask venting < 1  < 1  6 6  66 <1 <1 66 66 
I S FS - Normal 
operationsC 1 0  3 7  1 400 1450 1 0  37 1 400 1450 

Total 10 37 1 4 7 0  1 5 2 0  1 0  37 1 4 7 0  1 5 2 0  

Red Marro.,d 
Releases during 
cask venting <1 <1 5 2  5 2  < 1  7 3  7 5  
I SFS - Normal 
operationsC 6 36 1 5 5 0  1 5 9 0  6 36 1 5 50 1 590 

Total 6 36 1600 1 640 6 38 1 6 2 0  1670 

------ ---

a .  Continued effects of r e l eases included for a 1 00-year period after end of operat ions . 
b.  Gonad doses shown in parentheses when gonad doses di ffer from who l e  body doses . 
c . At - Reactor Bas i n s  ( A R B s )  used in A l t ernative 4 B .  

d. Doses in addition to organ dose from who l e  body irradia t ion . 
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TAB L E  E - 6  

C O c c u p at i o na l Do s e s , ma n - rem 

C 

Po l i cy Imp l emented 

Centra l i zed Storag e 
(Al t ernat ive 3A) 

Dec ent ra l i zed S t orage 
( A l t erna t i ve 3 B )  

Po l i cy N o t  Imp l emented 

Decentra l i z ed Storage 
Ut i l i t y - Owned I SFS 
(Al ternat ive 4 A) 

D e c entra l i zed S t orage 
Ut i l i ty - Owned ARBs 
(Al t erna t i v e  4 B )  

TAB L E  E - 7  

Tota l  C a l c u l ated H ea l th 

Po l i cy Impl emented 

C entra l i z ed Storage 
(Al ternative 3A) 

Decentra l i zed Storage 
(Al ternat ive 3 B )  

Po l i cy Not Imp l emented 

D e c entra l i z ed Storag e 
Ut i l ity- Owned I SFS 
( A l t ernative 4 A) 

Decentra l i z ed Storage 
Ut i l i t y - Owned ARBs 
( A l terna t i ve 4 B )  

TJ"anspoJ"tation 

4 80 

4 8 0  

4 8 0  

2 7 0  

Effec tsa 

Population 

2 7 . 9  

2 7 . 9  

2 7  . 9  

5 1 . 4  

ISFS OJ" ARB 
Faci lities 

9 1 1 0  

1 4 , 8 00 

1 4 , 8 00 

9 2 , 1 0 0  

Occupationa l 

6 . 4  

1 0 . 2  

1 0 . 2  

6 1 . 9  

To ta l 

9 5 9 0  

1 5 , 28 0  

1 5 , 2 8 0  

9 2 , 3 7 0  

Total 

34 . 3  

38 . 1  

3 8 . 1  

1 1 3  

a .  S e r i ous genet i c  and somat i c  h e a l th e f fe c t s  were c a l cu l ated 
from radi a t i on d o s es , as suming l in ear dos e-hea l th effect 
re l a t i on .  EPA d o s e - effect fac tors were u s ed . Hea l th effects 
from organ doses are not s hown independent l y ,  but these organ 
h e a l th e ffec t s  are inc l uded a l ong w i th tho s e  caused by the 
wh o l e  b o dy do s e . (See Append i x  B of th i s  vo l ume for more 
deta i l  on methodo l o gy u s ed in determining h e a l t h  e ffects . )  
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C E . 4 . 2 . 4  Acc i d ental Deaths 

The estimat ed occup at i on a l acciden t a l  d eath s from constru ct i on 
of s t orag e fac i l it i es and then the hand l ing , storage , and tran s 
portation o f  spent fuel are shown i n  Tab I e  E - 8  for A 1 tern at i ves 3A , 
3 B ,  4A , and 4 B .  Acc idental death s are exp ected to range from 2 0  
for large s torage fac i l ities  (A l ternative 3A) t o  1 1 2  for the smal l er 
AR Bs (Al ternat ive 4B)  and are a fun c t i on of the number of stor age 
fac i l i t i es con s t ructed and op erat ed over the op er at i ng per i od of 
4 8  years . For comp arison , 1 2 , 5 0 0  d eaths were reported for 
occupational accidents in the U . S .  alone du ring the year 1 9 7 6  or 
600 , 0 0 0  (6 x 1 05 ) occup at i onal  d eaths can be pre d i ct ed to OCCUT 
in the U . S .  dur ing the 4R-year period . Th e acc i d ental  d e aths p er 
un it of spent fuel  hand l ed and s tored are greater for con struct i on 
and operat ion of sm al l fac i l i t i es than for a few l arge fac i l i t i es . 
The s l ight decrease in exp ected t ransportat ion d e aths due to  the 
lower transport at ion in A l ternat ive 4 B  is overshadowed by th e l arge 
increase in ARB faci l ity death s . 

TABLE  E-8 

Occ upat i o n a l  Acc i dental  Dea ths 

ISFS 01' ARB 
Transportation Faci lities To ta l 

PO l icy Imp l ement ed 

C entrali z ed Sto rage 
(Alt ernat i ve 3A) 8 . 9  1 1 . 0  1 9 . 9  

Decentral i z ed Storage 
(Alt ernative 3 B) 8 . 9  1 6 . 6  2 5 . 5  

Po l i cy Not Imp l emented 

Decentrali z ed Storage 
Ut i l ity-Owned I SFS 
(Al t ernat i  ve 4A) 8 . 9  1 6 . 6  2 5 . 5  

Decentral i z ed Storage 
Ut i l i ty - Owned ARBs 
(Alt ernative 4 B) 7 . 6  1 0 4  1 1 2  
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APPENDIX F 

GLOSSARY OF TE��S AND ABBREVIATIONS 

actinide 

The series of elements beginning with ac tinium ,  at omic numbe r 89 , 
and continuing through lawrencium,  atomic number 103 .  

activation 

The process of making a material radioactive by absorpt ion of 
neutrons , protons , or other nuclear particles.  

activation produc t 

A nuclide formed by activation .  

activity 

Ra dioac tivit y or radioac tive mat erials . A measure of the rate at 
which a material is emitting radiat ions ; usually given in terms of 
the number o f  nuclear dis integrat ions occuring in a given quantity 
of material over a unit of time. The standard unit of activity is 
the curie ( Ci ) .  

AEC 

Atomic Energy Commiss ion (discont inued with formation of  ERDA and 
NRC on January 1 9 ,  1 9 7 5 ) . 

C MR 

An acronym for Away-From-Reactor . Somet imes used as MR basins or 
facilit y.  

aging 

Hold ing radioac tive fuel and wastes while short-lived radio
nuclides decay . 

alpha emit ter 

A nucl ide which undergoes radioac tive decay by emit ting an al pha 
particle ,  a positively charged part icle. 

aquifer 

A water-bearing layer of permeable rock or soil .  
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ARB 

At -reactor basin. A facility cons tructed adjacent to reactors to 
provide interim storage of spent fuel to minimi ze risks to the 
publ ic associated with transportat ion. 

background dose 

The level s of  ioni zing radiat ion received in man ' s natural en
vironment , including cosmic rays and radiation from naturally 
occurring radioactive element s .  Background do ses within the u . s .  
vary by a factor o f  about two , depending upon the location. 

biosphere 

The part of the world in which life can exis t , including the 
lithosphere ,  hydrosphere , and atmo sphere ; 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 radioac tive solid wastes and obsolete or 
worn out equipment in shallow land burial .  

�R 

Bo iling water reactor is a nuclear reactor in which bo il ing light 
water is used as the coolant . 

canister 

A metal container for radioactive solid was te .  

cask 

A container that provides shielding and containment for the ship
ment or storage of radioactive material. 

C Category 1 S tructure 

A st ructure designed to withstand maximum cred ible disas ters , such 
as earthquakes and tornadoes . 

cc  

Cubic cent imeters . 
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cfm 

Cubic feet per minute .  

CFR 

u . s .  Code of Federal Regulat ions , subdivided by Tit les and Parts , 
available from u. s .  Government Printing Office , Washington, DC. 

C 1 0-CFR- 1 00 (also 10  CFR Part 100 or u . s .  Code of Federal Regula-
tions , Ti tle 10 , Part 100 ) 

u . s .  Code of Federal Regulat ions Title 1 0 .  Part 100 , " Reac tor 
Si te  Cr iteria . " 

cfs 

Cubic feet per second . 

Ci 

C Curie ( s ) .  ( see " Curie . " )  

cladding 

The outer jacket of  a nuclear fuel or target element . 

compaction 

Reduction in the spacing of racks that hold spent fuel in a water 
storage bas in so that the bas in can hold more fuel and s till re
main subcrit ical .  

Concentration Guide (CG)  

The average concentration of a radionucl ide in  air or water to 
which a worker or member of the general po pulat ion may be cont in
uously exposed without exceeding radiat ion do se standards as 

C specified in 10-CFR-20 , " Standards for Protection Agains t Radiat ion . "  

contamination 

The deposit ion of  radioac tive material on a surface or the 
presence of fis sion produc ts in a process stream. 

criticality 

State of  being crit ical : a se lf-sus taining neutron chain reaction 
in which there is an exact balance between the production and loss of 
ne utrons . 
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curie 

The basic unit used to describe the intensity of radioactivit y in 
a sample of  material .  One curie ( Ci )  equal s 3 7  billion disinte
grat ions per second . 

C\J 

Cool ing Water.  

dbA 

"decibels Audio , "  a uni t for measuring noise level s upon which 
occupat ional standards are based. 

DBE 

De sign Ba sis Earthquake. An earthquake , that is postulated to be 
the most severe near any site .  The DBE is  based upon historical 
records , and is used as a basis for facility and system design. 

decay ( radioactive)  

The spontaneous transformation of one nucl ide into  a different 
nuclide or into a different energy state of the same nuclide . 

decommissioning 

The management or disposit ion of worn out or obsolete nuclear 
facilit ies or contaminated sites . Decommissioning operations 
remove facilit ies such as reprocessing plant s and ISFS Basins from 
service and reduce or stabilize radioac tive contamination. 

decontaminat ion 

The selective removal of  radioactive material from a surface or 
from within another material.  

deioni zer 

A metal vessel containing ion exchange resins , used for removing 
positively or negat ively charged ions from water. 

densification 

See " compaction . " 

depleted uranium 

Uranium having a percentage of  uranium-235 smaller than the 0 . 7% 
found in natural uranium. 
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DF 

An acronym for Decontamination Factor. The ratio of the concen
tration of a fis sion product in the feed stream to that of the 
treated effluent . 

diffusion climatology 

Us e of average local meteorological parameters to predict atmos
pheric concent rat ions of releases of material from a specified 
source . 

discharge capability 

C Reserve storage capacity maintained in the reactor discharge 
basin to accommodate the scheduled annual discharge of fuel 
( from 1/4  to 1 / 3  of the core load ) . 

disintegration 

( Radioactive decay) - the spontaneous transformat ion of one 
nuclide into a dif ferent nuclide or into a different energy state 
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 other was te in a manner 
that precludes recovery , or its placement in a manner which is 
considered permanent so that recovery is not provided for. 

dispo sit ion facility 

An undefined generic facility assumed , in this volume , to 
receive spent fuel from reactor and ISFS basins at some point 
in the schedul e .  

disposition mode 

The mode of disposing of spent fuel in this volume . It could 
consist of either permanent disposal in a geological repository 
or fuel repro cessing . 

DOE 

Department of Energy ( created October 1 ,  1 97 7 ) .  Includes former 
Energy Research and Development Administration. 

dose 

The amount of absorbed energy imparted to matter , when ioni zing 
radiat ion passes through that mat ter ,  per unit mass of the 
irradiated material. 
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dose commitment 

The amount of radiat ion to an individual or population over a 
s t ipulated period of time result ing from expo sure to a given 
source . 

DOT 

Department of Transportat ion 

enriched uranium 

Uranium in which the percentage of the fiss ionable isotope 
urani um-23 5 has been increased above the 0 . 7 %  normally found in 
natural uranium . 

EPA 

Environmental Protec tion Agency . 

ERDA 

Energy Research and Develo pment Administrat ion ( includes part of 
the former AEC ) .  Discont inued with formation of the Department of 
Energy ( DOE ) in 1 97 7 .  

ERDAM 

ERDA Manual ( for ERDA operations and ERDA contrac tors ) .  

Federal repository 

A U. S .  Government-controlled facility to be used for the disp osal 
of nuclear was te .  

feral 

C I Wild , or having reverted to the wild state , app lied to animal s .  

fertile material 

A material , for example uranium-2 38 , not itself a readily fiss ion
able material ,  which can be converted into a fiss ionable material 
( plutonium- 23 9 )  by irradiat ion in a reactor . 

fis sion (nuclear ) 

The spontaneous or neutron induced splitting of a heavy nucleus 
into two nuclei or more of dif ferent ma ss , wi th the emis sion of 2 
or more ne utrons and substantial energy . 
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fiss ion product 

A nuclide produced by fission or from radioactive decay of the 
nuclide thus formed.  

fiss ionable material 

Any mat erial that fiss ions from neutron absorption. 

fly ash 

Ai rborne ash from fuel burning operat ions . 

food chain 

A linear se quence of success ive ut ilizat ions of nutrient energy by 
a series of plant and animal species.  

FRC 

Fe deral Radiat ion Co uncil (now part of  EPA) . 

frequency 

The number of times an event can be postulated to occur , or 
actually occurs per unit of time. 

C fuel (Nuclear reactor ) 

Fiss ionable material used as the source of  energy when placed in a 
nuclear reac tor.  

fuel as sembly 

A grouping of fuel elements which is no t taken apart during the 
charging and discharging of a reactor core. 

fuel cycle 

The complete series of  steps involved in supplying fuel for nu
clear reactors . The cycle includes uanium mining and refining , 
uranium enrichment , fuel element fabricat ion , irradiat ion , chemi
cal reprocess ing ( to recover the fiss ionable material remaining in 
the spent fuel ) , and disposal of radioactive was te .  Later steps 
in the fuel cycle are re-enrichment of the enriched fuel material 
and refabricat ion into new fuel element s .  In a "stowaway" fuel 
cycle , spent fuel is not reprocessed to recover usable fuel ; spent 
fuel is treated as was te .  
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fuel element 

The smallest structurally discrete part of  a reactor assembly 
which has nuclear fuel as its principal cons tituent . 

full-core reserve 

Reserve storage capacity maintained in the reactor discharge basin 
to accommodate all of  the spent fuel contained in the reactor . 

full-cost  recoyery 

Includes charges to the user that compensate the government for 
budgetary spending , for capital and operat ing costs , for return on 
invested capital , and for co sts  to cover unusual ha zards , e . g . , 
insurance premiums , premium pay for hazardous work , workmen ' s  
compensation,  etc .  

grams . 

gallons . 

gamma rays (')' ) 

High-energy , short-waveleng th electromagnetic radiat ion emitted by 
a nucleus . Gamma radiation ac companies radioac tive decay , neutron 
capture , and fission. 

GAO 

General Accounting Of fice ( under the Comptroller General of the 
United States ) . 

geologic storage 

Storage in a repository cons tructed in a geologic formation . 

grams per liter.  

gallons per minute .  
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groundwater 

Water that exis ts or flows in the zone of  saturation beneath the 
land surfaces .  

GWe 

Gigawat ts  electric , i . e . , one bill ion ( 1 09 ) wat ts  or one
thousand megawatts .  

half-life 

The time in which half  the atoms in a radioactive substance spon
taneously disintegrate to another nuclear form. 

7-f health effect 

As used in this environmental impact statement , a health effect 
from exposure to ioni zing radiat ion may be a somat ic effect 
(mal ignancies ) and /or genetic effec t .  Somat ic and genetic effects 
are summed to show total health effec ts . 

health physics 

The s cience and profess ion devoted to the protection of man and 
his environment from unnecessary expo sure to ionizing radiation .  

heavy metals 

All the chemical element s with at omic numbers of 81 or greater , 
beginning wi th thallium. 

heavy water 

Deuterium oxide , D20 .  Water in which hydrogen atoms have been 
replaced wi th deuterium atoms . 

high-efficiency particulate air (HEPA) filter 

An air filter designed to achieve 9 9 . 9 7  percent mlnlmum efficiency 
in the containment of  ai rborne radioactive particulates of greater 
than 0 . 3 micron size .  

high-level waste 

High-level liquid waste , or  products from solidificat ion of high
level liquid waste obtained from chemical process ing of irradiated 
fuel , and/or irradiated fuel elements if discarded without 
processing .  
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high-level liquid waste  

The aqueous was te resul ting from the operat ion of head-end and 
first-cycle extraction ( or equivalent waste from a process not 
using solvent extraction) in a facility for process ing irradiated 
reactor fuel s .  

ICRP 

International Commiss ion on Radiological Pro tection 

interim s torage 

Storage operations for which surveillance and human control are 
provided and for which sub sequent action involving treatment , 
transportation,  or fuel disposition is expected.  

ion 

An atom with an electrical charge from ei ther the lo ss or gain of 
an electron. 

ion exchange 

A reversible trans fer between ions in solution and dif ferent ions 
contained in or on a crys tal or resin without des truction of the 
crys tal . 

ISFS 

Independent Spent Fuel St orage ( away-from reactor)  

isotope 

Any of the two or more forms of the same element , containing the 
same number of pro tons but different number of neutrons . The 
isotopes are chemically similar but have dif ferent atomic 
weights .  

kilo 

A prefix indicat ing one thousand ( 1 03 ) times the affixed unit , 
abbreviated "k. " 

km 

kilometers ( 1  kilometer 1 000 meters or 0 . 6 2 1  mile ) . 
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kWh 

ki lowat t-hour ,  a uni t of energy generat ion or consumption in a 
given hour. 

kW-yr 

ki lowat t -year , a unit of energy generation or consumption in a 
given yea r.  

lattice 

The geometric arrangement of fuel assembl ies . 

light water 

Normal water (H20 ) , as dist inguished from heavy water (D20 ) . 

light water reactor (LWR) 

Us es light water (H20 )  as coolant and as the moderator for 
slowing fast neutrons . Most common types are pres surized water 
reac tors ( PWR) or boiling water reactors ( BWR) . 

long-term storage 

The status of radioac tive was te under cont rol and surveillance , 
and readily ret rievable ,  but in such a form and location that no 
further process ing or manipulat ion is cons idered 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 . 

LWT 

Abbreviation for legal-weight truck. 

m 

( 1 )  meter ; ( 2 )  as prefix,  milli .  Se e "mill i . " 

man-rem 

The to tal radiat ion do se commitment to a given population gro up ; 
the sum of the individual doses received by a po pulation segment . 

maximum permissible concentration (MPC ) 

The quant ity of radioac tive material in air , wate r ,  etc . , per unit 
volume or weight , from which a human , if cont inuous ly exposed , 

C should no t sus tain appreciable body damage .  ( See " Concentration 
Guide" . )  
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minimum critical mass  

The minimum mass  of  fissionable material that , with a specified 
geometrical arrangement and material composition ,  will self
sus tain a fiss ion chain reaction . 

meteorology 

The science concerned with the atmosphere and its phenomena , 
especially as relat ed to the weather.  

metric ton (MT )  

Unit of  weight ; 1 MT 1000 killograms . 

milligrams . 

micro ( 1 )  

Prefix indicat ing one millionth ( 1  microgram 
gram or 1 0-6  gram) . 

milli 

Prefix indicat ing one-thousandth ( 1  milli  
1 0- 3  rem) . 

millirem 

One-thousand th of a rem. 

mL 

milliliters .  

MH 

1 / 1 , 000 , 000 of  a 

1 / 1 000 of  a rem or 

Modified Me rcalli  ( scale of earthquake intensities ) .  

MW 

Megawat t ( 1  MW - 1 million watts ) ,  a unit of the rate of energy 
production or consumpt ion. 

MW-yr 

Megawatt-year .  A unit of energy generation or  consumption in a 
given year .  
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moderator 

A material , such as water or graphite , used in a reac tor to slow 
down high-velocity fission neutrons. 

miles per hour . 

mrem 

mill irems . 

MTU 

Metric Tons of  Uranium , ( 2 200 pounds , or 1 000 kilograms ) .  

nano 

A prefix indicat ing 1 0-9 times the affixed unit , abbreviated "n.  

natural uranium 

Uranium as found in nature . It is a mixture of  the fertile 
urani um-238 isotope ( 9 9 . 3% ) ,  the fissionable uranium-235 iso tope 
( 0 . 7 % ) , and a minute percentage of uranium- 234. 

nCi 

nanocuries . 

NCRP 

Na tional Co uncil on Radiat ion Protection and Measurements .  

neutron 

An uncharged elementary particle with a mas s nearly equal to that 
of the proton. Neutrons sus tain the fission chain reaction in a 
nuclear reactor . 

noble gas 

A chemically inert gas , e . g . , xenon , argon , and krypton. 

nonproliferation 

Limit s  the number of  nations capable of producing nuclear weapons 
without limi t ing worldwide use of nuclear powe r. 
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An acronym for a mixture of nitrogen oxides in no particular ratio 
or quant ity . 

NRC 

Nuclear Regulatory Commission ( includes the regulatory branch of 
the former AEC ) . 

nuclear reaction 

Neutron reac tions with materials that cause fission or transmuta
tion wi th the simul taneous release of energy . 

nuclear safety 

The appl icat ion of technical knowledge and administrat ion control 
to  prevent an unplanned ,  uncontrolled nuclear chain reaction. 

nucleus 

The posit ively charged center of an atom. 

nuclide 

A species of atom characteri zed by its mass number ,  atomic number , 
and nuclear energy state , provided that mean life in that state is 
long enough to be observable . 

NWTS 

Na tional Waste Terminal St orage.  

off-gas 

Gas released by any process in the fuel cycle .  

order of magnitude 

A factor of 1 0 .  

OSHA 

Occupational Sa fe ty and Heal th Ac t of 1 97 0 .  
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overpack 

Secondary (or addit ional ) external containment for packaged 
nuclear waste .  

parapet level 

The rai ling and walkway area direc tly over the water surface of 
the spent fuel storage basin. 

C parent (nuclear ) 

A precursor rad ionuclide that upon dis integration yield s a speci
fied nuclide , the daughte r ,  ei ther directly or as  a later membe r 
of a radioac tive series .  

pico-curies . 

perched water 

Groundwater separated from the water table by unsaturated rock or 
soil.  

Prefix indicat ing one-mill ionth of  a micro uni t ( 1  picocurie 
1 / 1 , 000 , 000 of  a microcurie or 10- 12 curie ) .  

plenum 

An enclo sure in which a fluid is at a pressure hi gher than that 
out side the enclosure. 

plutonium 

A radioac tive element with an atomic number of 94 .  Its  most 
important isotope is fissionable plutoni um-23 9 ,  produced by 
neutron irradiat ion of  uranium-238.  

pool or pool cell 

A concrete chamber filled with wat er to provide shield ing for 
irradiat ed fuel elements.  

population dose 

The summation of  radiation exposures received by the member of a 
population group over a given t ime period. 
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parts per billion. 

parts per million . 

probability 

The chance of  an event occurring in a unit time , usually expressed 
as events per year.  

rad 

Radiation absorbed dose . The basic unit of absorbed do se of 
ionizing radiation. One rad is equal to the absorption of 
100 ergs of  radiation energy per gram of  mat ter.  

radioactive 

Unstable in a manner shown by spontaneous nuclear dis integration 
wi th accompanying emission of radiation and particles . 

radioactive decay 

The spontaneous decrease of a radioactive substance due to 
dis integration by the emission of particles and radiation . 

radioactivity 

The spontaneous decay or dis integration of unstable nuclei 
accompanied by the emission of radiation and part icles . 

radioisotope 

An isotope of an element which decays radioactively.  

radionuclide 

An unstable nucl ide that decays radioactively . 

radwaste 

Was te containing radioactive contaminat ion.  

RBOF 

Receiving Ba sin for Of fsite Fuel s ,  a facility at the DOE ' s  
Savannah River Plant. 
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C I reactor (Nuclear ) 

A device in which a fission chain reaction can be initiated , main
tained ,  and controlled. 

rem 

A uni t used in radiat ion protection to express the effective do se 
equivalent for all forms of ionizing radiation. It is the product 

C I o f  the absorbed do se in rads and quality and modifying factors . 

repository 

A facility or designated site for storage or disposal of high
level and TRU radioactive wastes .  

reprocessing 

Dissolving spent reactor fuel to 
thorium, urani um,  and plutonium. 
usually separated and treated as 

resin 

recover useful materials such as 
Other radioactive materials are 

was te.  

A synthetic organic-polymer that can act as  an ion exchanger . 

retrievability 

Capability to recover was te from int erim storage. 

risk 

The product of  an event ' s  frequency and its consequence yielding 
an estimate of the expected damage rate ( e . g . , po pulation do se per 
year )  from a specified event . 

risk assessment 

The evaluat ion and comparison of several independent or associated 
risks . 

roentgen 

A uni t of exposure do se of ioni zing radiat ion . It is that amount 
of gamma or x-rays required to produce ions carrying one electro
static uni t of  electrical charge in one cubic cent imeter of dry 
air under standard conditions. 
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seismicity 

The tendency for the occurrence of earthquakes . 

separations 

Chemical processes used to separate nuclear products  from each 
other .  

shielding 

The material interposed between a source of radiat ion and the 
environment for protection against the danger of radiation. 
Common shielding material s are concrete , water , and lead. 

shipping cask 

A specially des igned container used for shipping radioactive 
material s ( see cask ) .  

smear 

( Swipe ) - to wipe a surface with cloth or paper to determine if 
any loose ( smearable)  contamination is present . 

special nuclear materials 

Haterial s that could be used to make nuclear weapons if they were 
available in suff icient quantity and purity. 

spent fuel 

Irradiated nuclear reactor fuel at the end of  its useful life .  

S SC  

Sealed storage cask . 

storage 

Re tention of waste in some type of man-made device . 

s torage basin 

A water-f illed , s tainless steel-lined pool for the interim storage 
of spent fuel .  

Any low area that receives and contains drainage. 
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tectonic 

Pertaining to structural deformat ion of the earth ' s  crust . 

ton 

Uni t of weight , 1 ton 2000 pound s ( 1  short ton ) . 

tonne 

I Uni t of  weight , 1 tonne 1000 kg ( 1  met ric ton ) . 

transmutation 

A change of one element into another.  

transuranium element s 

Elements above uranium in the periodic table , that is , with an 
atomic number greater than 92 .  Al l 1 3  known transuranium elements 
are radioac tive . Examples are neptunium , plutonium , curium , 
cal ifornium. 

transuranic waste 

Any solid waste material measured or assumed to contain trans
uranic elements in excess o f  1 0  nCi/g.  

tritium 

A radioac tive isotope of hydrogen containing two neutrons and one 
proton in the nucleus , with an atomic weight o f  3 .  It is  heavier 
than deuterium (heavy hydrogen)  with an at omic weight of 2 .  

TRU 

Transuranic . 

unstable 

Chemical : compounds which readily decompose or change into other 
compound s .  

Radioac tive : nuclides which decay t o  form other nucl ides and 
emit radiat ion in the process .  

uranium 

A naturally radioactive element with the atomic number 9 2  and an 
atomic weight of approximat ely 238 .  The two principal naturally 
occurring isotopes are the fiss ionable uranium-235 ( 0 . 7% of 
natural uranium) and the fertile uranium-238 ( 9 9 . 3 %  of natural 
uranium ) .  
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USAEC 

Uni ted States At omic Energy Commission ( see AEC ) .  

C USDOE 

Uni ted States Department of Energy ( See DOE ) . 

USGS 

United States Geolog ical Survey. 

C USNRC 

United States Nuclear Regulatory Commission ( see NRC ) .  

waste immobilization 

Process of converting was te to a stable , solid form which ties up 
the radionuclides thereby prevent ing ( or slowing ) their migration 
to the bio sphere . 

waste management 

The planning , execution , and surveillance of essential functions 
related to the control of radioactive (and nonradioactive)  was te , 
including treatment , solidification , initial or long-term storage , 
surveillance , and disposal. 

waste , radioactive 

Equipment and materials ( from nuclear operations ) that are radio
active or  have radioactive contamination and for which there is no 
recognized use or for which recovery is impractical. 

water table 

Upper boundary of  an unconfined aquifer below which saturated 
groundwater occurs ; defined by the levels at which water stands in 
wells that barely penetrate the aquifer ; the water surface in an 
unconfined aquifer at which the pres sure is atmospheric . 

zeolite 

Any of  various hydrous silicate that can ac t as ion exchangers . 

Prefix indicating one millionth . Same as "micro . 
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