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INTRODUCTION 

Present U.S. policy regarding spent 1 i g h t  water reactor fuel emphasizes 

al ternatives to reprocessing of spent fuel ,  particularly the alternatives of 

interim storage and/or ultimate disposal of spent fuel as waste. In any 

event, interim storage of spent fuel apppears inevitable, because reprocess-. 

ing plants or spent fuel repositories are not currently available t o  receiv 

spent fuel.  

The spent fuel storage capacity a t  nuclear plants has been convention- 

a l l y  designed t o  accommodate one f u l l  core plus one discharge or essential 

1-1/3 cores. The basis for  th i s  design was the assumption that  the spent 

fuel from a given discharge would be s 

the next annual discharge took place 
I 

one fuel. core would be maintained should i t  become necessary t o  unload the 

whole reactor. Most reactor storage basins were equipped with storage rack 

t h a t  because of conservative design did not fu l ly  u t i l i z e  the available space 

and as a consequence, in many cases t 

I 
may be increased by a factor of up to  about 2.5. Thus better use of 

I existing f a c i l i t i e s  through reracking of storage basins i s  one route t o  

1 additional spent fuel storage capacity. Discontinuance of the fu l l  core 

reserve policy by u t i l i t i e s  would also permit additional spent fuel storaoe 

( 1 )  Generic Environmental Impact Statementton Handling and Storage of 
Spent Light Water Reactor Fuel, NUREG-0404, U.S. Nuclear Reg. Comm., 
Wash., D . C . ,  March 1975. 

1 P a c i f ~ c  Northwest Laboratory, Richlznd, Washington, Operated for  the 
U. $. Department of Energy by Ratt 

2 Office of Nuclear Waste Isolation, . S. 'Department of 
Energy by Battelle Memorial I n s t i t  
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capacity without construction of additional f a c i l i t i e s .  However, t h i s  would 

seem advisable only in an emergency since the fu l l - co re  reserve space i s  
I 

t 

prudent for  f l e x i b i l i t y  of plant operation. 

Additional near term independent spent fuel  s to rage  f  aci 1 i t i  es could be 

b u i l t  e i ther-  near to or remote from a  reactor .  The former i s  representat ive 

of the so called A t  Reactor Storage concept, and the 1 a t t e r  has been refer -  

. . red to  asAway From Reactor storage o r  as an Independent Spent Fuel Storage 

~ a ~ i l i t ~ . '  These options are i l l u s t r a t e d  in Figure 1. Also i l l u s t r a t e d  in 

F i g u r e 1  i s  the concept of transshipment, where fuel  from a  reactor t h a t  has 

an inadequate storage capacity i s  moved to  another reactor which has excess 

storage capacity. 

Building spent fuel storage f a c i l i t i e s  tha t  could extend the storage 

period f o r  many decades i s  also technically f eas ib le .  The movement of spent 

fuel in t h i s  option i s  i l l u s t r a t ed  in Figure 2 .  In t h i s  case, spent f u e l ,  
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FIGURE 2 .  Extended Term Spent Fuel Storage ;. 

whether stored in reactor basins, a t  an expanded storage a t  the reactor ,  or 
. - 

a t  an independent spent fuel storage f a c i l i t y  (Away From Reactor Storage) i s  

sent to  a  packaging f a c i l i t y  which most l i ke ly  would be b u i l t  in conjunction 

w i t h  an il- dependent spent fuel storage f aci'l ~ t y .  After packaging, the fuel  

i s  transported to  an Extended Term Fuel Storage Fac i l i t y .  Several storage 

 concept.^ are available.  

This paper presents r e su l t s  of an exami n3ti on of t h e  envij-onrnent.31 
\., 

issues potenti a 1  1y associ ated with 'management of spent Fuel before d i  sposai ! 

or reprocessing. Whether for  short  term or extended term, t h i s  storage i s  / 
referred to ,  in general, as interim n e z r  surface storage of spent f u e l .  



R E F E R E N C E  POII!ER SCENARIO 

The nuclear  poNer 'growth s c e n a r i o  used f o r  r e f e r e n c e  in  t h i s  paper.  i s  

t h a t  used i n  t h e  Generic  Environmental Impact Statement  on Management of 

Commercially Generated Radioac t ive  Kas tes  (CWM-GEIS), DOE/EIS-OO4GD, Apri l  

1979 . ( 2 )  The l i g h t  water r e a c t o r  nuclear  power i n d u s t r y  was p o s t u l a t e d  t o  

grow from p resen t  c a p a c i t y  of about 55 GWe t o .  900 G\de . in  t h e  yea r  2000 and 

then t h e  p l a n t s  phased o u t  such t h a t  no power was produced by t h e s e  LWRs .by 

about  2040. The t o t a l  energy product ion  f o r . t h e  70-yr per iod  wzs about 

10,000 GWe-year. The t o t a l  amount of spen t  f u e l  handled i n  t h i s  power 

sc.enario was 379,000 t(HM) (heavy m e t a l ) .  Th-e r a t e  of d i scha rge  of t h i s  

f u e l  peaks in  2010 and decreases  t o  z e r o  i n  2040. Spent f u e l  intended f o r  

extended s t o r a g e  i s  packaged in  c a n i s t e r s . *  To avoid ove rhea t ing ,  t h e  f u e l  

i s  aged f o r  6-1/2 yea r s  p r i o r  t o  packaging. In any even t ,  spen t  f u e l  i s  

' cooled . fo r  a  minimum of 6  months be fo re  sh ipp ing .  For t h e  purposes of t h i s  

. . 
a n a l y s i s ,  i t  was assumed t h a t  t h r e e - f o u r t h s  of a l l  f u e l  would s t a y  a t  t h e  . ' . . 

r e a c t o r  from which i t  was d ischarged  f o r  6-1/2 y e a r s .  The remaining one-! 

f o u r t h . o f  t h e  f u e l  would remain i n  r e a c t o r  bas in  s t o r a g e  f o r  1 /2  y e a r  and 

would then  be sent. t.o an Away From Reactor  S torage  F a c i l i t y  f o r  6  y e a r s .  A t  

t h a t  t ime t h e  f u e l  would be sen t  t o  e i t h e r  an Extended Term Spent Fuel 

S to rage  r a c i l i t y ,  a r cp roccss ing  p l z n i  or  t o  a w a s t e  r e p o s i t o r y .  In t h e  

event  t h a t  r ep rocess ing  i s  pe rmi t t ed ,  f u e l  might be processed as  soon as  one 

year  a f t e r  d i scha rge  from r e a c t o r .  Once a t  an Extended'Tern Spent Fuel 

' Sto rage  F a c i l i t y  t h e  f u e l  i s  assumed t o  remain t h e r e  f o r  30 y e a r s .  ( T h i r t y  

yea r s  i s  an a r b i t r a r y .  per iod  chosen t o  p lace  some bound on t h e  per iod  of 

a n a l y s i s . )  The s impl i fy ing  assumption i s  made t h a t  a l l  373,000 t(HI:'i) 

r e q u i r e s  t h e  6-1/2 y e a r s  s h o r t  tel-11 water bas in  s t o r a g e  somewhere fo7 lowed 

by 30 y e a r s  s t o r a g e  a t  Extended Term Storage  F a c i l i t i e s .  

* Extended in t e r im s to r2ge  of unpzckzged spent  f u e l  . in  v!ater b a s i n s  i s  
a l s o  f c s s i b l e .  



SUMMARY AND CONCLUSIONS 

As s tated i 'n  several recent documents pertaining t o  spent fuel s to r -  

and as developed i n  t h i s  paper the environmental impacts asso- 

ci ated with the storage of spent fuel are small. As a consequence there  

appear to  be no serious issues .related to  near surface interim spent fuel 

storage per se  (sociological ,  i n s t i t u t iona l  or po l i t i ca l  issues a re ' no t  

t r ea t ed ) .  The radiological impacts of spent fuel storage are limited t o  

low-level re1 eases of noble gases and halogens ' (pr inc ipa l  ly iodine) ,  which 

even in the most serious design basis accidents would not have a s igni f icant  

impact on the health and safety of the public (accidents envisioned here 

would be the drop of a fuel bundle, rupture of fuel elements as a r e s u l t  of 

a tornado s t r ik ing  the unpackaged fuel storage area,  or c r i t i c a l i t y )  . 
Other environmental impacts are mainly related to  the construction of 

storage f a c i l i t i e s .  Land use, resource commitments, and socioeconomic 

e f fec t s  are expected to  be reasonably i n  l ine  with the, needs.of other indus- 

t r i a l  undertakings of sirni.lar s ize.  -A  possible b u t  manageable issue would 

be related to  the water required fo r  water basin storage of spent fue l .  In 

the CWM-GEIS a reference environment was 'developed on which compa~isons of 

resource use could be made. There, the nearby r iver  flowed a t  a r a t e  of 

9 3 5 3 about 4 x 10 m / y r6  On the ordcr of 3 x 10 m of wztcr i s  rcquircd 

annually fo r  process needs and cooling tower makeup: Thus, so long as 

streams of . a t  l eas t  that  s i ze  are available for  spent fuel storage needs, no 

s igni f icant  e f fec t  on -aquatic 1 i f e  or other downstream uses- would. be 

( 2 )  G e n e r i c  Env i  !-onmental Impact S t . a . t ~ m ? n %  on I./lanagement of Coxmerci a1 ly  
Generated Radi occii ve  Nastes, C9E/iIS-004.6D, ripri l 1379. 

( 3 )  Storage of U.S. Spent Pob!er Reactor Fuel, DOE/CiS-0015D, DS, 
December 1978. 



In re1 a t ion t o  ' l i c ens ing  app l ica t ions  f o r  expanded s to rage ,  t he  envir-on- 

mental i ssues  voiced. by concerned c i t i z e n s  deal p r i nc ipa l l y  with imp6cts 

associ  ated with severe t r an spo r t a t i on  accidents and sabotage of spent  f u e l ,  

again p r i n c i p a l l y  during shipment. Although shipment i s  not s to rage ,  t he  

locat ion of spent fue l  s to rage  f a c i l i t i e s  wil1.govern in a  l a rge  par t  t he  

amount of shipping required,  t h e  d i s tances  t r ave l l ed  and consequently t he  

l ikel ihood of involvement i n  an accident .  Contentions seem t o  be focused on 

severe accidents .  In t he  CWM-GEIS t h e  worst accident  postula ted f o r  spent  

f ue l  shipment involved l o s s  of c a v i t y  coolant  from a  spent  f ue l  r a i l  cask but 

where. no imrnedi a t e  remedi a1 act ion was taken. This r e su l t ed  in overheating 

and r e l ea se  of rad ioac t ive  mater ia l  a t  ground level  over a  six-hour period.  
.,, - .  - 

The dose t o  the  maximum individual  was ca lcu la ted  t o  be 120 rem t h e  f i r s t  yea r  

and the  population (2 .6  mi 1  l ion  people) dose over 70 years was ca lcu la ted  t o  

be 140'man-rem. , A t  a  dose of 120 rem the  individual  exposed has a  small 

chance of experiencing symptoms of acute r ad i a t i on  s ickness  and may develop 

r ad i a t i on  r e l a t ed  heal th  problems in  t he  long term. The population dosa i s  

equivalent  t o  the  population being exposed f o r  about 6 addi t ional  hours o f  

natural  background radi  a t i  on. 

There i s ,  however, another argument in favor of minimized t r an spo r t  and 

t h a t  r e l a t e s  t o  t h e  frequency of i n j u r i e s  and f a t a l i t i e s  not r e l a t ed  t o  

rad ioac t ive  cargo b u t  based simply on accidents  as a  funct ion of d i s tance  

t r ave l l ed .  In t h e  Cbil4-GEIS an i n ju ry  r a t e  of about 0.4 i n j u r i e s  and 

0.04 f a t a l i t i e s . / m i l l i o n  k m  t r a v e l l e d  vere used. Shipment of a l l  f ue l  

(379,000 t ( H l 4 )  in  t h e  GEIS scenar io )  j u s t  t o  an ISFSF f o r  s to rage  and/or 

packaging would r e s u l t  in about 559 mil l ion km t r ave l l ed  ( b y  both r a i l  and 

t ruck)  w i t h  an expecta t ion of a b w t  220 i n j u r i e s  and 2 2  f a t a l i t i e s . .  Thus 

minimizing d i s tances  spent fue l  must be shipped souid reduce , t r a f f i c  re1 ated 

i n j u r i e s  and f a t a l i t i e s  2 n d  i s  an inpor tant  cons idera t ion .  P,linimizing 

t ranspor t  would c a l l  f o r  maximizing s torage a t  r e ac to r s  un t i l  i t  i s  t o  be sen t  



t o  a  r e p r o c e s s i n g  c e n t e r  o r  waste i s o l a t i o n  r e p o s i t o r y .  Where t h e  independent  

spen t  f u e l  s t o rage  f a c i l i t y  i s  t o  be used i t  shou ld  be 1 o c a t e d . c e n t r a l l y  f o r  a  

g i v e n  group o f  r e a c t o r s .  I f  extended s t o r a g e  i s . t o  b e , e l e c t e d  i t  t o o  s h o u l d  
. . 

be  a t  a  1oc.at ion t h a t  w i l l  m in im i ze  t r a n s p o r t  o f  fue l - .  

NEAR TERM SPENT FUEL STORAGE 

The f a c i l i t y  d e s c r i b e d  i n  c o n j u n c t i o n  w i t h  near t e r m  s t o r a g e  i s  t h e  

independent  f u e l  s t o r a g e  f a c i l i t y  (ISFSF) w i t h  packag ing  capab i  1  i ty. ( 4 )  

V a r i a t i o n s  between t h e  ISFSF and an A t  Reac to r  S to rage  F a c i l i t i e s  (ARSF) a r e  

t a k e n  t o  be  s u f f i c i e n t l y  sma l l  t h a t  t h e  env i r onmen ta l  e f f e c t s ( 5 )  a s s o c i -  

a t e d  w i t h  t h e  ARSF c o u l d  be  e s t i m a t e d  by  r a t i o  o f  amount o f  spen t  f u e l  s t o r e d  
. . & 

t o  t h a t  o f  t h e  ISFSF. .Thus f o r  example, r a d i o l o g i c a l  e f f e c t s  a re  s u m a r i z e d  

based on t h e  e s t i m a t e d  ISFSF r e l e a s e s  b u t  i n c l u d e  a l l  f u e l  s t o r e d  i n  w a t e r  

bas-i r.~s, r e g a r d l e s s  o f  l o c a t i o n .  

FACILITY DESCRIPTION AND ENVIRONMErjTAL EFFECTS OF CONSTRUCTION AND OPERATION 

I n  t h e  r e f e r e n c e  s c e n a r i o  e i g h t  ISFSFs a r e  t o  be b u i l t  and o p e r a t e d  f o r  

30 years .  F o r  purposes o f  impac t  e s t i m a t e s  o f  t hese  f a c i l i t i e s  on l a n d  and 

wate r  use, f a c i l i t i e s  were assumed t o  n o t  be c o l o c a t e d .  Fo r  purposes of 

c o n s e r v a t i v e  es t ima tes  o f  r a d i o l o g i c a l  impact ,  a l l  f a c i l i t i e s  were assumed t o  

b e ' c o l o c a t e d  f o r  r o u t i n e  o p e r a t i o n s .  Resource commitments were combined f o r .  

t h e  8 p l a n t s .  

The ISFSF i n  t h e  r e f e r e n c e  system uses s t o r a g e  i n  wa te r  b a s i n s  f o r  

3000 t ( H M )  o f  unpackaged f u e l . '  The packag ing  f a c i l i t y  i s  r a t e d  a t  

( 4 )  Technology f a r  Commercial R a d i o z c t i v e .  Waste Management, DOE/ET-0028, 
May, 1979. 

( 5 )  Env i ronmenta l  Aspects  of Coniner ica l  R a d i o a c t i v e  Waste I4anagement, 
DOE/ET-0029, May, 1979. 



2000 t(Hi\'l)/year. For purposes of environmental ana ly s i s ,  the  water basin 

s torage f a c i l i t y  and t he  packaging f a c i l i t y  are  t r e a t ed  as one u n i t .  

Resource Commitments 

A s i n g l e  ISFSF wil l  r equ i re  an area of about 4.00 ha and e igh t  wi 11 

occupy a  t o t a l  of about 3200 ha. Resources committed f o r  const ruct ion and 

operation of e i gh t  ISFSFs and packaging f a c i l i t y  a re  l i s t e d  in Tables 1 

and 2, r espec t ive ly .  

TABLE 1. Mater ia ls  Comnitted f o r  Construction of Eight 
Independent Spent Sue1 Storage F a c i l i t i e s  

Storage Packaqing Total 

Resource 
Concrete, m3 
S t e e l ,  t 
S t a i n l e s s  Steel ' ,  t 
Copper, ' t  
Zinc, t 
Lumber, m3 
Water, m3 

Energy 
Propane, m3 
Diesel Fuel m3 
Gasoline,  m3 
E l e c t r i c i t y  ' . 

Peak Demand, kW 1.2 x l o4  1.0 lo4 2.2 x l o 4  
Total Consumpti on 2.2 x l o7  1.4 x lo7  3/7 x lo7 

Manpower, man-yr 2.0 x l o 4  1.2 . x  lo4 3.2 x l o4  

T A B L E  2 .  Uti 1 -i t i  es and lvlatori a1 s  Required f o r  P-I anned Operati on 
of Eight lndependent Spent Fuel Storage F a c i l i t i e s  

Average Annual Use 
Resource Storage Packaging Total - 

E l e c t r i c i t y ,  kWh 2.1 x lo8 7.0 x l o /  
Water Consumed, m3 2.0 x l o6  2.4 x lo4 
Coa'l, t 2.0 x l o 4  3.2 x l o 4  
5% iNaOH, m3 4.6 x io3 
5% ~ t i 3 3 ,  m3 3.0 x i03  
Detergent, m3 1 .2  x l o2  1 .0  x 102 
H ~ I  i ~ m ,  ma G . G  x 102 
Steel  (packaging c a n i s t e r s  1 . 0  x lo4  

and overpacks) ,  t 
b?anpo:f!er, iilan-yr 6.4 x l o 2  , 6 . 2  x l o 2  



E f f l u e n t s  

I n  t h e  even t  o f  r a d i o a c t i v e  r e l e a s e s  t o  t h e  v e n t i l a t i n g  a i r ,  a  s tandby 

atmospher ic  p r o t e c t i o n  system f o r  t h e  ISFSF can be a c t i v a t e d  which c o n s i s t s  

o f  a  h i g h - e f f  i c i e n c y  p a r t i c u l a t e  a i r  ( H E P A )  t i  1  t e r s  w i t h  a decon tam ina t i on  

3 f a c t o r  (DF) o f  1 x 10 and an i o d i n e  adsorber  system ( p r i n c i p a l l y  f o r  12'1) 

w i t h  a  DF of 1 x lo3 .  A sepa ra te  process o f f  gas system i s  used t o  t r e a t  

a i r  i n  areas t h a t  have a  h i g h  p o t e n t i a l  f o r  r e l e a s e  o f  gaseous f i s s i o n  

p roduc t s  (such  as cask v e n t i n g  and l e a k i n g  f u e l  assembl ies ) .  The o f f  gas i s  

vented t o  t h e  atmosphere t h rough  a  s tack  45 m  h igh ,  wh ich  ope ra tes  a t  a  f l o w  

3 r a t e  o f  120 m  /sec and a  l i n e a r  v e l o c i t y  o f .  15 m/sec. 

Es t ima ted  amounts o f  r a d i  o a c t i  ve m a t e r i  a1 s  r e 1  eased t o  t h e  atmosphere 
d 

f r o m  p lanned o p e r a t i o n  o f  a  s i n g l e  ISFSF a r e  g i v e n  i n  Tab le  3 .  R a d i o a c t i v i t y  

r e l e a s e  o r i g i n a t e s  p r i n c i p a l l y  f r o m  d e f e c t i v e  f u e l  r ods ,  a1 though a '  sma l l  

q u a n t i t y  o f  a c t i v a t i o n  p roduc t s  on t h e  s u r f a c e .  o f  spen t  f u e l  a re  a l s o  

p resen t  and c o n t r i b u t e  t o  t h e  r e l e a s e .  

TABLE 3. R a d i o n u c l i d e s  Released t o  t h e  Atmosphere D u r i n g  Planned ' 
O p e r a t i o n  o f  t h e  Independent  Spent Fue l  S to rage  F a c i l i t y  

Rel.eases, C i  /yr 
- Rad ionuc l  i d e  k e c e i  v i  ng S to rage  . Packaqing T o t a l  



8 About 5 x 10 MJ/yr of waste heat from the rad ioac t ive  decay process 

wi 11 be re jec ted  t o  the  atmosphere through a mechani c a l - d r a f t  'cooling tower 

during operation of the ISFSF. 

\ 4  3 About 3.5 x 10 m / y r  of water a t  17°C above ambient wi l l  be r e l e a s -  

2 3 ed from the  cooling tower as blowdown. About 1 .0  x 10 m /yr  of water 

a t  28"C'above ambient wi l l  leave the  cooling tower as d r i f t .  

Radiological Ef fec t s  

Doses from- radi  onucl i  des re1 eased t o  the  atmosphere have been cal  cul ated 

f o r  workers, the regional populat ion,  and t he  worldwide popul a t ion .  For 

planned operation of the  ISFSF, t h e  only exposure pathway t o  man i s  v ia  

a i rborne re leases ;  t he r e  a re  no p1 anned re leases  t o  ground or water. Doses -.- -- 

t o  workers and population include doses from rou t ine  r e l e a se s  and minor 

accidents.  Doses a re  summarized i n  Table 4. 

TABLE 4. Summary ,of 70-Year Total-Body Doses Received from 
30-Year Operation of Eight Colocated Independent 
Spent Fuel Storage ~ a c i l  i ' t i  es and from Naturally.  
Occurri ng Sources 

Dose, man-rem 

I SFSF 
Process work fo rce  (30 years)  29,000 
Population (wi thin  80 k h )  13 
Wor 1 dwi de popu 1 a t  i  on 

(30 years  of operat ion)  560 

Natural 1 y occurr i ng sources 
Population (wi thin  80 k m )  14,000,000 
Nor 1 dwi de 4,000,000,000 

* 
A ranqe of upper values of 100 t o  800 "hea l th  e f f e c t s "  mi l l ion  man- 

rem was used in t he  C\!I*'I-GEIS. If these  values are  used with these  doses,  

* A range of some of the commonly used ,conversion f a c t o r s  between dose 
a n d  somatic heal th  e f f e c t s  (such as f a t a l  cancers)  i s  50 t o  500 such 
e f f e c t s  pei- n i l l i c n  naz-rem, a . ~ d  bet\::ccn dose and c~?zeti .r ,  heal th  
e f f e c t s ,  50 t o  300 such e f f e c t s  over a l l  generations per mi l l ion  
man-rem. Other suggested conversl on t ac to rs  \.ioul d ind ica te  more 
e f f e c t s  and others  1 e-ss, n o t e x c l  u d i  ng zero e f f e c t s .  



about  29 t o  230 hea l th  e f f e c t s  might be expected alllong spen t  fuel  s t o r a g e  

workers; none among t h e  regional  popula t ion  and none among t h e  world- 

wide p o p ; l a t i o n .  I f  t h e  r e l a t i o n s h i p  of. hea l th  e f f e c t s  t o  dose i s  c o r r e c t  

then  1,400 t o  11,000 hea l th  e f f e c t s  would b e  expected among t h e  regional  

populat ion from n a t u r a l l y  occurr ing  sources .  S i m i l a r l y ,  400,000 t o  

3,200,000 hea l th  e f f e c t s  would be expected in  t h e  worldwide popula t ion  from 

n a t u r a l  : y  occurr  i  ng  sources .  

Non-Rsdioloqical Af fec t s  

S t a t i s t i c s  from t h e  c o n s t r u c t i o n  indus t ry  sugges ts  a  d i s a b l i n g  i n j u r y  

r a t e  of 13.6 per m i l l i o n  man-hours of cons t ruc t ion  e f f o r t .  Based on t h a t  

r a t e  and t h e  labor  needed t o  c o n s t r u c t  e i g h t  ISFSFs, about 110 d i s a b l i n g  

i n j u r i e s  can be expected.  S i m i l a r l y ,  a t  a  f a t a l  acc ident  , r a t e  of 0.17 

f a t a l i t i e s  per mi l l ion  man-hours,one f a t a l i t y  ( o r  permanently d i s a b l i n g  

i n j u r y ) '  may be expected a s  a  r e s u l t  of an acc ident  during c o n s t r u c t i o n  of 

8 ISFSFs. 

~ o s t u l ~ t e d  Radioloqical  Accidents  

~ i  nor,  moderate, and seve re  acc iden t s  were examined f o r  each component 

' w i t h i n  t h e  r e f e r e n c e  ISFSF f o r  t h e  r e l e a s e  of r a d i o a c t i v e  m a t e r i a l .  The 

worst-case severe  acc ident  in t h e  spent  f u e l  s t o r a g e  f a c i l i t y  was pos tu la t ed  

t o  occur in t h c  cvcnt  of a c r i t i c a i i t g  accident. 

Doses received by t h e  lnax.iiiiu,n ind iv idua l  ( 1 . 5 ~  10-I  rem t o  t h e  thy-  

r o i d  i s  t h e  l a r g e s t  70-year dose commitment) as  a r e s u l t  of t h i s  acc iden t  

a r e  from one-half t o  one and one-half  t imes t h e  nomi'nal annual dose caused 

by n a t u r a l l y  occurr ing  sources .  In t e r m  of acc iden ta l  exposure t h e s e  doses 

a re  considered t o  be i n s i g n i f i c a n t .  

E X T E K D E D  TERM SPENT F U E L  STO2AGE-FACILJTY DESCRIPTION 

I f  t h e  dec is ion  i s  made t o  s to re  fue l  f o r  long per iods  i t  maybe s e n t  t o  

an Extended Term Storage  F a c i l i t y  (ETSF). The four  concepts  f o r  extended 



s torage of spent  fue l  considered here a re :  dr-y caisson s to rage ,  water basin 

s to rage ,  a i r -cooled vau l t  s to rage ,  and surface  cask s torage. '  Each ETSF wi l l  

have a  receiving f a c i l i t y  which wi l l  be s u b s t a n t i a l l y  the  same regard less  of 

ETSF option chosen. 

A conclusion of the CWM-GEIS was t ha t  only two extended term s to rage  

f  aci 1  i  t i  es  would be needed because of deferred avai 1  abi 1  i t y  of r e p o s i t o r i e s  

or reprocessing f a c i l i t i e s .  That imp1 i  es t h a t  40,000 t ( H M )  o f '  longer term 

s torage would be required.  

Dry Caisson Storage of Packaged Spent Fuel 

The caisson concept f o r  s to rage  of packaged spent  f u e l s  r e l i e s  upon t h e  

s o i l  t o  conduct the  radiogenic heat from the  spent  fue l  t o  t he  e a r t h ' s  sur-  .. - 1. 
face ,  where i t  is d i s s ipa ted  t o  the  atmosphere. The can i s te red  fue l  i s  

placed in  an underground s t e e l  caisson t ha t  i s  closed w i t h  a  concrete plug. 

This concept f o r  fue l  s torage i s  s imi la r  t o  t h a t  being used t o  s t o r e  high- 

temperature gas reactor  fue l  and t o  a  technique being used t o  s t o r e  Canadian 

reac to r  f u e l .  This approach has not been used f o r  s to rage  of commercial 

l ight-water  reac to r  f u e l s ,  b u t  i t  i s  a  d i r e c t  appl i c a t i on  o f  avai l  ab le  

tech,nology, and has been studied f o r  t h i s  Use. 

Figure 3 shows the  d e t a i l s  of the.caisson-construction and t he  caisson 

f i e l d  arrangement. Carbon s t e e l  pipe caissons  1  m i n  diameter by 7.6 m long 

are  pl aced in d r i  11 ed holes.  and concrete  i s  poured between t he  pipe and t h e  

soi  3 .  t o  provi de corrosion protect ion.  A precas t  concrete co l l  ar  and 2 

matching sh ie ld ing  plug a re  .p1 aced on top of the  ca i s son ,  and a  concrete  

. s l ab  i s  poured around each hole t o  provide t he  foundation f o r  the  sh i e ld ing  

cask. The caissons are placed in square ar rays  7 . 6  m on cen te r .  Figure 4 

shows a  flow diagram of the  s torage f a c i l i t y .  Operations a t  t h i s  f a c i l i t y  

corisi s t  of f  uel t r a n s f e r  from an adjacent  i  ndepei-iderit. spent fuel  r ece i  vi ng 

f a c i l i t y  t o  the' s torage area ,  f ue l  placement in a  ca isson,  a n d  monitoring of 
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FIGURE 3. nCSF Caisson, Detail 



PACKAGING OR 
RECEI\I ING F A C I L I T Y  FUEL TRANSFER F A C I L I T Y  

- 1 I m I 
FUEL STORAGE AREA 

LOAD I NG OF RACKS UNDERGROUND PACKAGED FUEL PLACED ABOVE- LOADING (OR UNLOADING) 
WITH PACKAGED TRANS PORT I N  TRANS POZT C A S K  GROUND OF CAISSON 

SPENT FUEL TRANS PORT 

F IGURE 4. Ope ra t i ons  F l ow  f o r  t h e  D r y  Ca isson  
S to rage  F a c i l i t y  f o r  Packaged Spent Fue l  

t h e  f i l l e d  ca i sson  and s t o r a g e  area. In t h e  u n l i k e l y  even t  t h a t  f u e l  pack- 

age i n t e g r i t y  i s  compromised d u r i n g  t h e s e  o p e r a t i o n s ,  t h e  package wou ld ,  be 

r e t u r n e d  t o  the.  packag ing  f a c i l i t y  f ,or  i n s p e c t i o n  and repackag ing  o r  over.- 

p a c k i n g  i f  necessary.  A l l  ca i ssons  a r e  i d e n t i c a l  and w i l l  s t o r e  e i t h e r  

t h r e e  PWR o r  s i x  b o i l i n g  wa te r  r e a c t o r  (BbI'R) assembl ies .  A ca rbon  s t e e l  

r a c k  s u p p o r t s  t h e  f u e l  a s s e m b l i e s : i n . e a c h  ca i sson .  The d r y  c a i s s o n  f a c i l i t y  

w i  11 have t h e  c a p a c i t y  t o  r e c e i v e  and s t o r e  packaged f u e l  e lements  a t  a  r a t e  

o f  2000 t ( H M ) / y r  (2690 PWR assembl ies  and 4030 BWR assembl ies . )  T h i s  

r e q u i r e s  about 1570 ca i ssons  pe r  year ,  o f  wh ich  900 w i l l  be f o r  PWR e lements  

and 670 f o r  BW4 e lements .  The des ign  c a p a c i t y  p r o v i d e d  i s  1570 ca i ssons  p e r  

yea r  f o r  10 yea rs  f o r  a  p lanned s t o r a g e  c a p a c i t y  o f  15,700 ca i ssons  o r  abou t  

20,000 t ( HM) . 

Water B a s i n  S to rage  o f  Packaged Spent Fue l  - - - - . . - -- .------ 

The concept  o f  s t o r i n g .  packaged spen t  f u e l  i n  a  wa te r  b a s i n  i s  t h e  same 

as t h a t  fo,' unpackaged spent  f u e l  excep t  t h a t  t h e  f u e l  i s  p l a c e d  i n  a  s t a i n -  

l e s s  s t e e l  c a n i s t e r  t h a t  p r o v i d e s  addi  t i c n a l  f u e l  p r o t e c t i o n ,  r a d i o n u c l  i de 

containrnen.t b a r r i e r s ,  and contarni n a t i o n  c o n t r o l .  The packaged f u e l  i s  s t o r e d  



under water in a  re inforced concrete pool l ined w i t h  s t a i n l e s s  s t e e l .  The 

water provides sh ie ld ing  f o r  operat ing personnel and a medium by which the  

radionucl i de decay heat can be removed. 

The s torage of packaged spent  f u e l  has not been p rac t i ced  rou t i ne ly .  

However, f ue l  has been overpacked and s tored when leaking fue l  elements have 

been detected.  The technology i s  considered t o  be reasonably well 

e f t ab l  i  shed, based on water basi n s to rage  of unpackaged f u e l .  

Figure 5 shows a  simp1 i fed  opera t ions  flow diagram of s water bas in  

s to rage  f a c i l i t y .  Packaged spent f ue l  i s  t r an s f e r r ed  from an independent 

spent  fue l  rece.iv-ing f a c i l i t y  t o  a  water bas.in f o r  s t o r i ng  packaged f u c l .  

Demineralized water i s  c i r cu l a t ed  within the  water basin s to rage  bui ld ing :. P 
2; 

. through a  heat exchanger, a  f i l t e r ,  and an ion exchanger f o r  removal of heat  

and rad ioac t ive  contami nation.  Cool i  ng towers a re  provided as a  secondary 

cooling ,water c i r c u i t  f o r  heat d i s s i p a t i o n .  Each basin module i s  covered by 

an insula ted building t h a t  houses a  crane f o r  handling the  s to rage  baskets  

and t h e  basin water cooling and t r e a t i n g  equipment. 

W A S l I  HEAT 
TO ATMOSPHERE 

0 

I .  

I 1RP.h'SffR CAiGkl I ROiA ADJ ACL1.T 
: FULL PkCKGI:;S OR PACCACID 

FIGURE 5.  Sirnplif ied Cperat'ions Flovi Diagi-zrii o f  the )late,- Basji-1 
Storage Faci 1 it ,y f o r  Packaaed Spent Fuel 
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Spent LWR fuel  assemblies,  packaged in s t a i n1  ess  s t e e l  con ta iners ,  a r c  ! ! 

t ?  
1. . 
t '. , . i;. 

received a t  a  r a t e  .of 2000 t(HI.!))/jlr. The assumed annual s to rage  r a t e  of spent ! .. 1. : .- 
f ue l  i s  680 PWR ba ike t s  containing 2720 'PW2 fue l  assemblies in c a n i s t e r s  plus I - .  -.  

i.: 
I.: t i .  

450 BWR baskets containing 4050 BWR f ue l  assemblies. Storage basin modules of !; 
r' 

2000 t ( H M )  capaci ty  a re  added as needed up  t o  a t o t a l  capaci ty  of 20,000 t ( H M ) .  

I n - t h e  reference f a c i l i t y  i t  i s  assumed t ha t  these  s to rage  modules a r e  

constructed a t  t he  r a t e  of one per year f o r  ten years .  

Air-Cooled Vault Storage o'f Packaqed Spent Fuel 

In t he  air-cooled vau l t  s torage concept, spent  fue l  assemblies a r e  pack- 

aged i n  carbon s t e e l  c a n i s t e r s  arid pl aced v e r t i c a l . 1 ~  in  carbon s t e e l  s l eeves .  

The s leeves  a re  pa r t  of near-grade s t r uc tu r e s  contain'ing s torage c e l l s  covered S; 

w i t h  concrete sh ie ld ing  plugs. Cooling a i r  en t e r s  the  s leeves  through s i d e  

i n l e t s  in t he  s t r u c t u r e  and a bottom d i s t r i b u t i o n  plenum. The a i r  passes 

upward through annuli formed by the  s torage u n i t s  and s leeves .  This concept 

uses t h e  decay heat of t he  waste and the  engineered design of the vau l t  t o  

induce . a i r  flow by natura l  d r a f t  to 'main ta in  permiss ible  temperatures.  The 

heated a i r  i s  discharged through' a sho r t  exha.ust por t  t o  t he  atmosphere. The 

s t r u c t u r e  provides f o r  b iological  sh ie ld ing  and pro tec t ion  from natura l  phenu- 

mena. To date ,  t h i s  concept has not been used f o r  f ue l  s to rage ,  but. t h e  t ech-  

nology i s  based on es tabl ished engineering p r ac t i c e .  This concept i s  

i l l u s t r a t e d .  in  Figure 6 .  

The s to rage  vaul ts  ,are modular un i t s  each of which has a s to rage  capac i t y  . 

of 2600 t ( l l M ) .  I t .  i s  assumed t h a t  addi t ional  vau l t s  wi l l  be b u i l t  a t  t h e  r a t e  

of one per year f o r  ten years f o r  a t o t a l  capaci ty  o f  20,000 t(H?.i). A system 

i s  provided t o  monitor the  e x i t  a i r  f o r  helium and f j s s i o n  products.  A s tandby 

fo rced-a i r  cooling system with provision t o  f i l i e r  the exhaust a i r  i s  a1 so pro- 

vided in  the  event asrborne rad ioac t ive  mater ia l  i s  detected.  The valllt  design 

provide; f c r  ready r e t r i eve1  o f  the firel l~ackages a t  zny time. Packaged fue l  



FIGURE 6. . O p e r a t i o n s  Flowsheet f o r  Air-Cooled Vault S torage  of 
Packaged Spent Fuel 

assemblies  a re  s t o r e d  in  racks  of four  assemblies  f o r  PWR and nine f o r  BWR 

f u e l  a t  a maximum r a t e  of 2000 t(HM)/yr.  The assumed annual s t o r a g e  r a t e  

of spent. fue l  i s  2690 PI4R f u e l  assembl i.es and 4030 BWR f u e l  assembl i e s  ; 

packaged ' i n  c a n i s t e r s .  

.Surface Cask Storaqe  of Packaqed Spent Fuel 

In t h e  r e fe rence  s u r f a c e  cask s t o r a g 6  concept ,  spent  fuel '  assembl i e s  

i n  carbon s t e e l  c a n i s t e r s  a re  placed in  v e r t i c a l  concre te  r a d i a t i o n  s h i e l d s  

loca ted  outdoors on concre te  pads. Heat i s  removed from t h e  casks by 

na tu ra l  convect ive a i r  flow t . t ~ r . o u c h  t h e  annulus between t h e  cask and t h e  

r a d i a t i o n  s h i e l d .  The st.orage 11nit.s f u r n i s h  both r a d i a t i o n  p r o t e c t i o n  2nd 

. confinement nf waste. To d a t e  t h e  concept has not been used f o r  s t o r a g e  

of spent  r e a c t o r  f u e l s  or  high-le1,tel waste, b u t  t h e  concept i s  an extens ion  

of exis t i f ig  technology.  A s i in i l a r  concept i s  being used in Canada t'o s t o r e  

rpiictnl- f u e l s .  The ma,io\- differ-er?ce between t h e  concepts  i s  t h a t  in  t h e  

Canadian concept t h e  heat  generated f r o 8  t h e  f u e l  i s  coriducted through t h e  

concre te  s h i e l d  ins t ead  of bzing reaoved by a i r  convectSon. 



. P 

The s u r f a c e  cask s t o r a g e  f a c i l i t y  can r e c e i v e  t h e  packaged f u e l  

elements from the  a s soc ia t ed  packaging or r ece iv ing  f a c i l i t y  a t  a  r a t e  of 

2000 t(HE?)/yr (2690 P U R  f u e l  assemblies  and 4030 B\dR f u e l  a s sembl ie s ) ;  i t  

has the c a p a c i t y  t o  s t o r e  a  t o t a l  of 20,000 t(HM) of spent  f u e l .  The 

s to rage  f a c i l - i t y  i s  designed t o  handle s t o r a g e  cask u n i t s  about 3.3 ni i n  

diameter and 7.6 m high.  Each u n i t  provides a  s t o r a g e  envelope about 1 m 

i n  diameter  by 5 m high and con ta ins  e i t h e r  f o u r  PWR or  n ine  BWR f u e l  

assemblies  (1 .6  t ( H M ) ) .  Figure 7 i l l u s t . r a t e s . t h e  s u r f a c e , s t o r a g e  cask .  

The i n i t i a l  s t o r a g e  a rea  provides  f o r  t h e  s t o r a g e  of 1120 such u n i t s  and 

has provis ions  f o r  incremental expansion of. t h e  s t o r a g e  a rea  up t o  t h e  

t o t a l  of 11,200 s t o r a g e  u n i t s .  . . 

SHIELD PLUG '--- 

CONCRETE GAMW-NEUlROJ SHIELD 
2 9 5  m OD x (191 m ID x 7.62 m LONG 
FROM TOP OF PAD TO TOP OF CAP AIR OUT 

C A V l N 9 1 c m I N D I A A I E ~ R  , 

CARBON STEEL 
SffI:T FLEL RACK 
EDcm x EOcm x 5 . 0  m 

\ 

CONCRETE SUPPORi PAD 

STORAGE UNIT \'!FIGHT 
APPRO); 13DTOI~lNES 

F I G U R E  7.  S torage  Unit Used in  t h e  Surface  C ~ s k  Storage  
F a c i l i t y  f o r  Spent Fuel 

The s t o r a g e  system i s  completely pass ive .  The heat  generated from t h e  

f u e l  i s  conducted and r a d i a t e d  t o  t h e  a i r  flow channel between t h e  packaged 

f u e l  and s h i e l d .  The heat  i s  then t r a n s f e r r e d  t o  t h e  a'lr flovring throush  t h e  

channel by convect ion.  Radi a t i  oii i s  prevented f  roin streaini ng  through t h e  

. i ~ . ~ l e t  ai-13 e x i t  a i r  p o r t s  by use of a  l a b y r i n t h  arrsngeinent of a i r  channels .  



f Environ~nental ~ f f e c t s  Re1 ated t o  Faci 1  i  t y  Construc'tion 

Resource commitments f o r  const ruct ion and operat ion of t h e  a l t e r n a t i v e  j i 
f a c i l i t i e s  f o r  long term s torage of packaged spent fue l  are  given in Table 5 . :  

and 6  respec t ive ly .  

. The resources l i s t e d  are  those  committed f o r  const ruct ion of f a c i l i t i e s  t h a t  

wi l l  have a  s to rage  capac i ty  of 20,000 t(HM). 

TABLE 5; Resource Commitments f o r  Construction of Al te rna t ives  f o r  
S to r ing  Packaged Spent Fuel (20,000 t ( H M )  capac i ty )  

Water Basin Air-Cooled Surface  Cask Dry Caisson 
Resource -- Storage Vault Storaqe Storaqe Storaqe 

Land, ha 6.4 
Water, m3 1.1 x 105 
Concrete, t 3.9 x l o 4  
S t e e l ,  t 1 .2  x l o 4  
Copper, t - 1 . 4 x 1 0 2  
Zinc, t 3.6 x lo1 
Lead, t 
Lurriber, rn3 3 .1  x l o3  
Propane, m3 9.0 x l o2  
Diesel f u e l .  m 3 '  8 .9 x l o 3  
Gasoline, m3 6.0 x ,103 
E l e c t r i c i t y ,  kWh 4.4 x lo6  
Manpower, man-yr 3.8 x 103 

TABLE 6. Resources ~ e e d e d  f o r  Annual Operation of A1 t e r n a t i v e  
F a c i l t i i e s  f o r  S to r ing  Packaged Spent Fuel 

Resource 

Water, m3 
Cool i  na_ tower 
-makeup 

Coal, t 
Gasoline, m3 
Diesel f u e l ,  m3 
E l e c t r i c i t y ,  kWh 
V!anpower, man-yr 

Water Basin Air-Cooled Surface Cask Dry Caisson 
Storage Vault Storage Storaqe Storaqe 

About 7 x lo8  MJlyr of waste heat  would be re leased t o  t he  airnos- 

phere regardless  of concept used; t he  lzygest  e f f e c t  wi l l  be a  temperature 

increase  of . - lac  a t  1 k m  downwind. b!ater use during f a c i l i t y  opet-atiorr 

would be . 'greates t  f o r  the  water basin stoi-a.ge f aci 1.ity. The other s to rage  

f a c i l i t i e s  (a i r -coo led  vau l t ,  sut-f ace cask,  2nd dry c a i s s ~ n )  would r?qu i re  
. . 

water only for  s2ni.tar.y uses .  T!-11)s in .?reas of zL,~~t.i:'iant v!atcr no o p e r a t i n g  



' .  
requirements  c . l ea r ly  f avor  one opt ion  over t h e  o t h e r s .  I n  a r eas  wi thout  

abundant water ,  t h e  water basin s t o r a g e  concept may be precluded.  

There a r e  no i d e n t i f i a b l e  r e l e a s e s  of r a d i o a c t i v e  mater ia l  f o r  normal 

opera t ion  of t h e s e  s t o r a g e  f a c i l i t i e s .  The es t imated  annual occupational  

doses , a re  presented  in  Table 7 .  There a re  no c l e a r  choices t o  be made on 

t h e  b a s i s  of .occupational dose ( u n c e r t a i n t i e s  in t h e  e s t ima tes  probably 

exceeds t h e  apparent  f a c t o r  of 2 in  dose in  Table 7 ) .  

TABLE 7 .  Annual Occupational Doses Received .During Operat ion 
of t h e  A l t e r n a t i v e  F a c i l i t i e s  f o r  S t o r i n g  Packaged 
Spent Unreprocessed Fuel 

Occupational Dose, 
F a c i l i t y  man-remlyr 

Water basin s t o r a g e  
Ai r-cool  ed v a u l t  s t o r a g e  
Surf  ace cask s to rage  
Dry ca isson s to rage  

Environmental . E f f e c t s  Rel.ated t o  Pos tu la t ed  Accidents  

Pos tu la t ed  minor acc iden t s  f o r  spent  extended term f u e l  s t o r a g e  f a c i l -  

i t i e s  inc lude  l o s s  of normal e l e c r t r i c a l  power, l o s s  of normal coo l ing  

water supply ,  f a i l u r e  of v e n t i l a t i o n  system, l o s s  of cool ing  a i r ,  and 

f lood ing  of s t o r a g e  v a u l t .  However, none of t h e s e  acc iden t s  a re  expected 

t o  r e s u l t  i n  r e l e a s e  of r a d i o a c t i v e  ma te r i a l  t o  t h e  environment. 

The c r e d i b l e  severe  acc ident  l ead ing  t o  t h e  h ighes t  doses was a  des ign  

b a s i s  tornado a t  t h e  water basin s t o r a g e  f a c i l i t y .  The f i r s t - y e a r  t o t a l -  

body dose t o  t h e  maximuin indivudal  was determined t o  be 0.02 rein which may 

be compared with 0 .1  rem rece ived from n a t u r a l l y  occurr ing  sources  over  t h e  

same per iod .  A dose of 2 rem t o  t h e  lung of t h e  maximum ind iv idua l  was 

c a l c u l a t e d  f o r  a  seve re  acc ident  a t  t h e  water bas in  s to rag2  f a c i l j t y ,  t h i s  

dose i s  l e s s  than one-half  of t h e  p z r n i s s i b l e  annual dose t o  r a d i a t i c n  

workers '  and is Ijel ieved ,lu Ije ills i y 1 1 3  f . i ~ c ; l l l  i l l  ler.1!!5 uT dcc ideilt;il 




