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ABSTRACT 

This  r e p o r t  describes an ana lys i s  o f  t he  near-term commercial l i g h t  water 

reac to r  (LWR) spent fue l  t r a n s p o r t a t i o n  system. The o b j e c t i v e  o f  t h i s  study was 

t o  determine i f  t h e  e x i s t i n g  commercial spent f ue l  sh ipp ing  cask f l e e t  i s  

adequate t o  prov ide the  needed t r a n s p o r t a t i o n  serv ices  f o r  t h e  per iod  o f  t ime 

t h e  U.S. government would be author ized t o  accept spent f u e l  f o r  Federal I n t e r i m  

Storage (F I S 1. 

t o  evaluate the  e x i s t i n g  f l e e t  size. 

f a c i l i t a t e d  by t h e  development o f  a comprehensive spent fue l  sh ipp ing schedule. 

The sh ipp ing schedule included assignment o f  a p a r t i c u l a r  cask type 

( lega l -we igh t  truck, overweight truck, or r a i l  1 t o  each shipment. The cask 

assignments were determined i n  a concurrent study t h a t  examined t h e  spent f u e l  

sh ipp ing  cask handl ing c a p a b i l i t i e s  and l i m i t a t i o n s  a t  reac to rs  c u r r e n t l y  

p ro jec ted  t o  lose FCR capabi l  ity i n  t h e i r  storage basins. Th is  a l  lowed 

t r a n s p o r t  mode-specific sh ipp ing  cask requirements t o  be ca lcu lated.  

p ro jec ted  requirements were then compared w i t h  the  e x i s t i n g  sh ipp ing  cask f l e e t .  

A spent f ue I sh i pp i ng cask supp I y-demand ana I y s  i s was performed 

The supply-demand c a l c u l a t i o n s  were 

These 

The r e s u l t s  o f  the  sh ipp ing cask hand1 ing  capabi I i t y  study ind ica ted  

t h a t  by weight, 75% of the  spent fue l  shipments w i I I be by t r u c k  (overweight 

p lus  legal -weight  t ruck ) .  

ana lys i s  it was concluded that, i f  u t i l i t i e s  begin large-scale a p p l i c a t i o n s  f o r  

FIS, t h e  f i v e  legal-weight t r u c k  (LWT) casks c u r r e n t l y  I n  serv ice  would be 

inadequate t o  perform a l  I o f  the needed shipments as e a r l y  as 1987. Th i s  

f u r t h e r  assumes t h a t  a western s i t e  would be se lected f o r  t h e  FIS f a c i l i t y .  

t h e  FIS s i t e  were t o  be located I n  t h e  East, t h e  need f o r  add i t i ona l  LWT casks 

would be delayed by about two years. The overweight t r u c k  (OWTI cask f l e e t  (two 

PWR and two BWR vers ions)  w i  I I be adequate through 1992 i f  sane sh ipments t o  FIS 
can be made several years be fore  a reac to r  i s  p ro jec ted  t o  lose f u l l  core  

reserve. Th is  i s  because OWT cask requirements increase gradual ly  over t h e  nex t  

several years. The f e a s i b i l i t y  of sh ipp lng  be fore  l os ing  f u l l  core  reserve has 

n o t  been evaluated. Cask u t i l i z a t i o n  requirements i n  l a t e r  years w i l l  be 

reduced i f  sane shipments can be made p r i o r  t o  t h e  t ime they are  actual  l y  

needed. 

shipments. 

From the  r e s u l t s  of t h e  sh ipp ing  cask supply-demand 

I f  

The e x i s t i n g  th ree  r a i l  casks a re  adequate t o  perform near-term 
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1.0 JNT RODUCT I ON 

I, 

Many nuc lear  power p l a n t s  a re  near ing t h e i r  maximum o n s i t e  spent fue l  

storage capaci ty  (DOE 1984). To ensure the  continued, o rde r l y  opera t ion  o f  

these reactors, t h e  Department o f  Energy (DOE) has t h e  r e s p o n s i b i l i t y  t o  prov ide 

Federal I n te r im  Storage (FIS)  capac i ty  f o r  those u t i l i t i e s  t h a t  t he  Nuclear 

Regulatory Commission (NRC) determines cannot prov ide storage by other  means. 

Th is  responsib i  I i t y  was assigned t o  the  DOE i n  t h e  Nuclear Waste Pol i cy  Act 

(NWPA 1982). 

Th s study examines the  avai a b i l i t y  o f  I i g h t  water reac to r  (LWR) spent 

f ue l  sh pping casks when they are  needed. Shipping campaigns inc lude 

t ranssh pments o f  spent fue l  from reac tors  nearing t h e i r  maximum spent fue l  

storage capaci ty  t o  reac to rs  w i t h  I ess-f u I I storage bas i ns, po ten t i a  I sh i pments 

t o  FIS, shipments o f  fue l  from the  Western New York Nuclear Serv ice Center (West 

Val ley )  back t o  the  o r i g i n a t i n g  u t i  I i t i es ,  shipments to / f rom the  spent fue l  

storage f a c i  I i t y  a t  Morris, I I I ino is ,  and shipments t o  Federal Research and 

Devel opment s i  tes. These sh i pments must use NRC-approved sh i pp i ng casks of 

which the re  are  only  I im i ted  numbers. For t h i s  study, "near fu tu re "  i s  def ined 

as l a s t i n g  through the  l a s t  year t h a t  DOE could accept fue l  f o r  shipment t o  FIS, 

;.e., 1992 according t o  the  ACT. Th is  repor t ,  prepared i n  support o f  t he  

Commercial Spent Fuel Management (CSFM) Program, presents these analyses. 

Commercial spent fue l  sh ipp ing  casks a r e  a v a i l a b l e  f o r  th ree  modes o f  

t ranspor t ;  legal-weight truck, overweight truck, and r a i l .  Sane reac to rs  have 

the  capabi I i t y  t o  rece ive  and handle a l  I t h ree  modes. Many reactors, however, 

a re  no t  equipped t o  handle the  la rger  r a i l  casks. I f  a large f r a c t i o n  o f  

reac to rs  t h a t  could sh ip  t o  FIS a re  no t  capable o f  handl ing r a i l  casks, F I S  

t r a n s p o r t a t i o n  requirements could severely reduce the  avai l a b i  I i t y  o f  t he  

e x i s t i n g  t r u c k  cask f l e e t  f o r  use i n  o ther  sh ipp ing  campaigns. Therefore, spent 

f ue l  cask handl ing c a p a b i l i t i e s  can have an impact on sh ipp ing cask f l e e t  

requirements. Th is  study f a c t o r s  the  cask handl ing c a p a b i l i t i e s  and l i m i t a t i o n s  

o f  reac to rs  w i t h  near-term storage prob I ems i n t o  a comprehens i v e  t r a n s p o r t a t i  on 

1.1 



network. Th is  a1 lows the  requ i red  number o f  sh ipp ing casks o f  each t r a n s p o r t  

mode t o  be ca lcu lated.  Cask handl ing c a p a b i l i t i e s  and l i m i t a t i o n s  were repor ted  

i n  a study performed concur ren t ly  w i th  t h i s  study (Konzek and Da l i ng  1984). 

The remainder o f  t h i s  r e p o r t  i s  d iv ided  

presents a summary o f  t he  r e s u l t s  and concl us 

used i s  discussed i n  Sect ion 3.0. A d e s c r i p t  

n t o  5 sections. Sect ion 2.0 

ons from t h i s  study. The approach 

on o f  the  spent fue l  
* 

t r a n s p o r t a t i o n  network i s  presented i n  Sect ion 4.0. Section 5.0 discusses t h e  

a v a i l a b i l i t y  ( f l e e t  s i ze )  o f  e x i s t i n g  spent fue l  sh ipp ing  casks. Spent fue l  

sh ipp ing  cask requirements a re  ca l cu la ted  i n  Sect ion 6.0. The adequacy o f  t he  

e x i s t i n g  sh ipp ing  cask f l e e t  i s  discussed i n  Sect ion 7.0. 

1.2 



2.0 SUMMARY AND CONCILUSIONS 

r; 

b 

c 

A s i g n i f i c a n t  increase i n  the  t r a n s p o r t a t i o n  o f  i r r a d i a t e d  fue l  from 

commercial nuclear reac to rs  i s  a n t i c i p a t e d  i n  t h e  next  several years. 

P o t e n t i a l l y ,  t he  grea tes t  p o r t i o n  of t h i s  increase could a r i s e  from shipments o f  

spent f ue l  t o  Federal I n t e r i m  Storage (FIS) .  The purpose o f  these shipments; 

i .e, t o  extend t h e  capabi I i t y  of a u t i  I i t y  t o  ma in ta in  f u l  I core  reserve i n  i t s  

spent f u e l  storage basin, could be accompl ished i n  many cases by t ransh ipp ing  

spent f u e l  t o  a less f u l  I storage basin. The o b j e c t i v e  o f  t h i s  study was t o  

evaluate t h e  adequacy o f  t he  e x i s t i n g  commercial spent f ue l  sh ipp ing  cask f l e e t  

t o  meet the  expected demand f o r  t r a n s p o r t a t i o n  services. I n  add i t ion ,  if it i s  

determined t h a t  t he  e x i s t i n g  sh ipp ing cask f l e e t  cannot p rov ide  s u f f i c i e n t  

capabi 1 i t i es ,  t h i s  study was t o  recommend the  spec; f I c  t r a n s p o r t  modes ( i. e., 

legal-weight truck, overweight truck, or r a i  I 1 o f  casks t h a t  w i I I be needed t o  

suppl ement the  ex i  s t  i ng f I eet. 

The approach t o  t h i s  study consis ted o f  two phases t h a t  were performed 

concur ren t ly .  The f i r s t  phase involved an assessment o f  t h e  spent fue l  sh ipp ing  

cask hand l ing  c a p a b i l i t i e s  a t  reac to rs  t h a t  p r o j e c t  t o  have near-term spent fue l  

storage problems. The o b j e c t i v e  o f  t h i s  phase was t o  determine the  sh ipp ing 

cask types t h a t  each of these reac to rs  can c u r r e n t l y  rece ive  and handle a t  t h e i r  

s i t es .  

assign a p re fe r red  t r a n s p o r t  mode t o  these reactors. Pre fer red  t r a n s p o r t  modes 

were used as input  f o r  t he  second phase, an ana lys i s  o f  t h e  supply and demand 

f o r  spent f u e l  sh ipp ing casks. Th is  phase, discussed i n  t h i s  repor t ,  developed 

a range o f  spent f ue l  sh ipp ing  cask f l e e t  s izes  and pro jec ted  cask usage 

requirements through 1992. Separate sh ipp ing  cask usage requirements were 

estimated f o r  each t ranspor t  mode. These requirements were then compared w i t h  a 

range of p o t e n t i a l  cask avai lab;  I i t i e s  t o  determine, on a mode-specif i c  basis, 

i f  s u f f i c i e n t  numbers of commercial spent f ue l  sh ipp ing  casks are  ava i lab le .  

Because the  ana lys i s  was performed on a t ranspor t  mode-specif i c  basis, t h e  

requ i red  number of casks of each type were estimated. 

The r e s u l t s  from t h i s  assessment (Konzek and Da l i ng  1984) were used t o  

2.1 



The s i z e  of the  e x i s t i n g  cask f l e e t  was determined from d iscuss ions w i t h  

spent fue l  sh ipp ing  cask supp l i e r  companies. Due t o  uncer ta in ty  regard ing t h e  

f u t u r e  avai I abi I i t y  o f  some shipp ing casks, two sh ipp ing cask supply cases were 

developed t h a t  bound the  p o t e n t i a l  s i z e  range o f  t h e  e x i s t i n g  sh ipp ing cask 

f leet .  Tab1 e 2.1 presents t h e  assumed upper and lower I i m i t s  o f  avai I ab i  I i t y  

fo r  the  e x i s t i n g  spent fue l  sh ipp ing  cask f l e e t .  The lower sh ipp ing cask f l e e t  

case represents  the  c u r r e n t  s i t u a t i o n  i n  the  spent fue l  t r a n s p o r t a t i o n  indust ry .  

I f  and when new spent f u e l  sh ipp ing casks are  added t o  t h e  e x i s t i n g  f l e e t ,  

they are  a n t i c i p a t e d  t o  be of s i g n i f i c a n t l y  d i f f e r e n t  designs than t h e  e x i s t i n g  

f l e e t .  Th i s  study assumed t h a t  new sh ipp ing  cask designs would have 

approximately tw ice  the  cargo capac i ty  of t h e  e x i s t i n g  designs. 

was considered when c a l c u l a t i n g  t h e  number of new shipp ing casks t h a t  w i l l  be 

needed ( i n  a d d i t i o n  t o  t h e  c u r r e n t  f l e e t ) .  

Th is  d i f f e r e n c e  

W F  7.1, Assumed Upper and Lower L i m i t s  of t h e  Commercial Spent Fuel 

Shipping Cask F l e e t  S ize 

ks  
. .  . .  of Cask ( a )  t m i t  

LWT 

OWT-PWR 

OW T-BWR 

Rai I 

5 10 

2 2 

2 2 

3 5 

( a )  LWT = Legal Weight Truck; 

OWT-PWR = Overweight Truck-Pressur ized Water Reactor (PWR) 

version; 

OWT-BWR = Overweight Truck-Boi l ing Water Reactor (BWR) 

vers ion 

I .' 
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A spent f u e l  t r a n s p o r t a t i o n  network was developed I n  t h i s  study t o  

f a c i l i t a t e  c a l c u l a t i o n  o f  spent f ue l  sh ipp ing cask f l e e t  requirements. Th is  

network was used t o  develop a sh ipp ing schedule t h a t  ind ica ted  o r i g i n  and 

d e s t i n a t i o n  f a c i l i t i e s  fo r  near-term spent fue l  shipments as we1 I as t h e  amounts 

o f  fue l  transported. The cask handl ing c a p a b i l i t y  in fo rmat ion  was used as i npu t  

f o r  t h i s  p o r t i o n  of t h e  study. 

sh ipp ing  cask t ranspor t  mode t o  each shipment. Th is  al lowed t r a n s p o r t  

mode-specific analyses o f  t h e  adequacy o f  t he  e x i s t i n g  sh ipp ing  cask f l e e t .  

These data were used t o  assign a p a r t i c u l a r  

Near-term spent fue l  sh ipp ing  cask f l e e t  requirements a re  shown i n  Table 

2.2. Two hypothe t ica l  F I S  s i tes ,  one eastern and one western, were considered, 

because no u t i  I i t y  has appl led f o r  F IS  as o f  t h i s  date. As a r e s u l t ,  DOE has 

no t  i n i t i a t e d  s i t e  s e l e c t i o n  a c t i v i t i e s .  Shipping cask requirements were 

ca l cu la ted  f o r  both an eastern and a western FIS  s i t e  t o  determine upper and 

lower l i m i t s  f o r  f u t u r e  sh ipp ing cask requirements. I t  should be noted t h a t  

u t i l i t i e s  i n  some cases may be able t o  sh ip  fue l  t o  a less f u l l  storage bas in 

w i t h i n  t h e i r  u t i 1  i t y  system (;.e., t r ansh ip )  r a t h e r  than t o  FIS. I n  these 

cases, t r a n s p o r t a t i o n  requirements would be reduced because transshipments 

represent  shor te r  sh i ppi  ng d i stances than F I S  sh i pments. 

The spent fue l  sh ipp ing  cask supply cases were compared w i t h  the  pro jec ted  

demand t o  evaluate the  adequacy of t he  e x i s t i n g  sh ipp ing cask f l e e t .  

conc lus ions a r e  discussed below: 

The 

0 If u t i l i t i e s  begin large-scale a p p l i c a t i o n s  f o r  FIS, t h e  e x i s t i n g  c e r t i f i e d  

LWT cask f l e e t  s i z e  would become inadequate as ea r l y  as 1987 for the  case 

I n  which the  FIS i s  located i n  t h e  West, and 1989 f o r  t he  eastern F I S  case. 

0 Up t o  two add i t i ona l  LWT casks (new design) w i l l  be needed t o  prevent a 

shortage of these sh ipp ing  casks through 1992 i f  t h e  hypothe t ica l  F I S  s i t e  

i s  assumed t o  be i n  t h e  West. For the  hypothe t ica l  eastern FIS s i t e ,  on ly  

one add i t i ona l  LWT cask w i l l  be required. I f  copies of t h e  e x i s t i n g  casks 

were bui I t t o  prevent t h i s  shortage, four  add i t i ona l  LWT casks would needed 

f o r  t he  western F I S  case, and two more f o r  the  eastern FIS case. 
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TABLE 2.2. Summary of Pro jec ted  Annual Demand fo r  Spent Fuel 
Shipping Casks; 1984 t o  1992. 

NUWER OF SHIPPING CASKS OF EACH TRANSPORT MODE NEEDED ( a )  
-~~ 

WESTERN FIS SITE EASTERN FIS SITE 

YEAR LWT OWT-P OWT-B RAIL LWT OWT-P OWT-B - - - - - - - -  
1984 4 1 1 1 4 1 1 

1985 2 2 1 2 2 1 1 

1986 5 2 0 3 4 1 0 

1987 7 1 0 3 5 1 0 

1988 6 2 0 1 4 1 0 

1989 9 2 3 2 6 1 2 

1990 9 2 3 3 7 1 2 

1991 7 3 1 3 5 2 1 

1992 9 3 4 2 5 2 3 

(a )  LWT = Legal-weight Truck; OWT-P = Overweight Truck- 
PWR version; OWT-B = Overweight Truck BWR vers ion  

RAIL 
- 

1 

2 

3 

3 

1 

1 

2 

2 

2 
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0 The OWT-PWR sh ipp ing  cask f l e e t  w i  I I become inadequate t o  perform the  

needed shipments i n  1991. However, t h e  shortage i n  l a t e r  years may be 

avoided through j u d i c i o u s  schedul ing; i.e., OWT-PWR cask u t i 1  i z a t i o n  may 

have t o  be increased i n  ea r l y  years t o  prevent a p ro jec ted  shortage i n  

1991. Th is  could p o t e n t i a l  l y  reduce t h e  maximum annual OWT-PWR cask 

requirements t o  t h e  leve l  o f  t he  e x i s t i n g  f l e e t .  

0 OWT-BWR sh ipp ing  cask f l e e t  requirements (western F I S  s i t e  case) w i l l  

exceed t h e  number o f  ex is t ing ,  c e r t i f i e d  OWT-BWR casks by 1989. 

a d d i t l o n a l  OWT-BWR casks ( e x i s t i n g  designs) a r e  p ro jec ted  t o  be needed by 

1992. 

could be brought i n t o  se rv i ce  instead o f  t h e  two current -des ign OWT-BWR 

casks. 

Up t o  two 

A l t e r n a t i v e l y ,  t h ree  LWT o r  one OWT-BWR cask o f  t h e  new designs 

0 M o d i f i c a t i o n  o f  LWT-only cask handl ing systems t o  accommodate OWT casks 

could reduce the  p o t e n t i a l  l y  h igh u t i 1  i z a t i o n  o f  LWT casks, p a r t i c u l a r l y  i f  

the  LWT casks t h a t  a re  no t  c u r r e n t l y  opera t iona l  cannot be re tu rned t o  

service. 

cou ld  be made, sane reac to rs  t h a t  a re  c u r r e n t l y  l i m i t e d  t o  using LWT casks 

could choose t o  use the  OWT casks, thus reducing t h e  ca l cu la ted  LWT cask 

f I e e t  requirements. 

I f  these mod i f i ca t i ons  (such as upgrading cask handl ing cranes) 

0 The e x i s t i n g  r a i l  cask f l e e t  was determined t o  be adequate under a l l  cases 

considered. The t h r e e  e x i s t i n g  IF-300 r a i l  casks w i l l  be s u f f i c i e n t  t o  

perform the  requ i red  r a  i I sh i pments. 

f Sane add i t i ona l  conc lus ions were der ived  regard ing t h e  t r a n s p o r t a t i o n  

requirements f o r  the  p o t e n t i a l  F I S  f a c i l i t y .  F i r s t ,  r a i l  u t i l i z a t i o n  i s  

general l y  low f o r  these shipments. Th is  could have s i g n i f i c a n t  imp1 i c a t i o n s  f o r  

t h e  design and opera t ion  of t h e  FIS r e c e i v i n g  and hand1 ing  f a c i l  i t y .  Although 

t h e  FIS rece iv ing-  f ac i  I i t y  shoul d be designed for both r a i  I and t r u c k  cask 

unloading, it appears t h a t  such a f a c i l i t y  should be designed t o  rece ive  a 

f r a c t i o n  (about 75% by weight) o f  t he  spent f u e l  by t r u c k  (LWT p lus  OWT). 

Second y, i f  u t i 1  i t i e s  begin large-sca 

2 

e appl i c a t  
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requirements f o r  the  F IS  alone may exceed t h e  e x i s t i n g  sh ipp ing  cask f l e e t  size. 

Th is  conclus ion depends upon t h e  number o f  u t i l i t y  a p p l i c a t i o n s  f o r  F I S  and on 

NRC concurrence t h a t  the  u t i l i t i e s  a re  e l i g i b l e .  

The f i n a l  conc lus ion r e l a t e d  t o  FIS concerns t h e  s i t i n g  o f  t he  storage 

f a c i  I i t y .  

western F I S  s i t e .  I t  was determined t h a t  s e l e c t i o n  o f  t h e  eastern s i t e  could 

reduce the  t o t a l  d is tance t rave led  by about a f a c t o r  o f  three. The shor te r  

d is tance i s  due t o  the  m a j o r i t y  o f  t h e  nuc lear  power p l a n t s  being located i n  t h e  

East. Therefore, t r a n s p o r t a t i o n  cask requirements could be s i g n i f i c a n t l y  

reduced i f  an eastern s i t e  i s  se lected for the  FIS. 

Tota l  sh ipp ing d is tances were approximated f o r  both an eastern and a 

The primary purpose o f  t h i s  document i s  as a p lanning and decision-making 

t o o l .  I n  order  f o r  it t o  be used i n  t h i s  manner, t h e  e f f e c t s  o f  vary ing  t h e  

assumptions a re  important. Table 2.3 presents a qual i t a t i v e  summary o f  t h e  

e f f e c t s  o f  changing va r ious  assumptions r e l a t i v e  t o  a base case. 

se lected f o r  comparison purposes was the  case i n  which the  FIS f a c i  I i t y  i s  

located a t  a hypothe t ica l  western s i t e .  Table 2.3 shows t h e  e f f e c t s  ( increase, 

casks t h a t  a re  needed i n  decrease, or no e f f e c t )  on t h e  numbers o f  g d d i t i o n a l  

t h e  near-term. 

The base case 

. .  

As shown on Table 2.3, most changes o f  t h e  assumptions r e s u l t  i n  a 

reduc t i on  of the  number of add i t i ona l  sh ipp ing  casks needed. The only  

assumption t h a t  w i l  I increase the  number o f  add i t i ona l  LWT casks needed Is t h e  

one i n  which OWT casks a re  excluded from performing shipments t o  FIS. 
changes were found t o  increase the  need f o r  add i t i ona l  OWT casks. No e f f e c t  was 

determ i ned f o r  exc I ud i ng t h e  ex i  s t  i ng casks f rom perform i ng t h e  sh i pments o f  t h e  

damaged TMI core. Most changes o f  t h e  assumptions had no e f f e c t  on t h e  number 

o f  add i t i ona l  r a i l  casks needed. Th is  was because most changes r e s u l t e d  i n  a 

decrease o f  r a i l  u t i 1  i z a t i o n  and s ince  the  e x i s t i n g  r a i l  f l e e t  was found t o  be 

adequate, t h e  ne t  e f f e c t  was t h a t  no a d d i t i o n a l  r a i l  casks were needed. 

No 

1 
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TABLF 7.3. Q u a l i t a t i v e  E f f e c t  On t h e  Need f o r  Add i t i ona l  
Sh i pp i ng Casks o f  Chang i ng Var ious Assumpt i ons 

AssUmpt i on 

Base Case 

E f f e c t  on Numbers of A d i nal 
Shipping Casks Needed f a  1 t b?  

LWT OWT RAlL 
4 ldd’ 0 

Use hypothe t ica l  Eastern FIS s i t e  + 
Use f u t u r e  cask c a p a b i l i t i e s  

Transship t o  minimum poss ib le  e x t e n t  J. - + 
Use r a i  I ( in termodal )  t o  maximum e x t e n t  J. J. .E 

Load i ng I eve I J. 

- Exclude OWT shipments from FIS 1. J. 

Exc I ude TMI sh i pments 

( a )  
( b )  Symbols a r e  def ined as fo l l ows :  ( 4 1 = The e f f e c t  o f  changing t h e  

LWT = Legal-Weight Truck; OWT = Overweight Truck 

assumption i s  an increase i n  the  number o f  a d d i t i o n a l  sh ipp ing  casks 
sh ipp ing  casks needed; ( + 1 = A decrease i n  the  number o f  &I i t i o n a t  

needed; ( - 1  = No e f f e c t  on the  number o f  U I t i o n a l  sh ipp ing  casks 
needed. I f  t h e  ( -1  i s  shown, cask u t i  I l z a t i o n  may increase or  decrease 
s l i g h t l y  b u t  t h e  number o f  a d d i t i o n a l  casks needed i s  n o t  expected t o  
c h ange . 
6.4 for  s h i p p i n g  cask r e q u i r e m e n t s .  

. .  

( c )  The base case assumes a hypothe t ica l  western s i t e  f o r  the  FIS; see Table 

( d )  One PWR ve rs ion  and two addi t . ional  BWR vers ions  a r e  needed. 
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3.0 QBJECTIVFS AN D APPROACH 

8 

Spent fue l  t r a n s p o r t a t i o n  serv ices w i l  I be requ i red  f o r  a number o f  u t i 1  i t y  

and DOE c o n t r o l l e d  shipments. DOE and u t i l i t y  needs f o r  a v a i l a b l e  sh ipp ing  

casks should no t  c o n f l i c t  w i t h  each other. Th i s  study was performed t o  

determine i f  adequate q u a n t i t i e s  o f  each type of sh ipp ing cask w i l  I be a v a i l a b l e  

when needed. 

The overal I o b j e c t i v e  of t h  i s  study was t o  eval uate t h e  adequacy o f  t h e  

e x i s t i n g  commercial 

near-term spent fue 

t h e  f o l  lowing quest 

0 Are the re  s u f f  

LWR spent f u e l  sh ipp ing  cask f l e e t  t o  perform needed 

shipments. Th is  o b j e c t i v e  can be determined by eva lua t i ng  

ons: 

c i e n t  numbers of NRC-cert i f ied spent fue l  sh ipp ing  casks to 

perform the  pro jec ted  number o f  DOE and u t i  I i t y  shipments i n  the  near-term? 

0 How many new sh ipp ing  casks and o f  which lype  (;.e., legal-weight t ruck,  

overweight truck, or r a i l  1 should be b u i l t ,  and when? 

The e x i s t i n g  commercial sh ipp ing  cask f l e e t  includes casks designed f o r  

t h ree  d i f f e r e n t  t ranspor t  modes; legal-weight t r u c k  (LWT), overweight t r u c k  

(OWTI, and r a i l .  E s s e n t i a l l y  a l l  reac tors  a re  capable of r e c e i v i n g  and handl ing 

LWT casks. However, sane p l a n t s  a re  incapable o f  r e c e l v l n g  and handl ing t h e  

l a rge r  and heavier  r a i l  casks. Th is  i s  due t o  e i t h e r  ex-p lan t  condit ions, such 

as lack o f  a r a i l  spur, or in -p lan t  condl t ions,  such as a'cask loading pool w i t h  

inadequate clearance. 

t h e  supply represented by t h e  e x i s t i n g  f l e e t .  Consequently, t h e  adequacy o f  t h e  

e x i s t i n g  spent fue l  sh ipp ing  cask f l e e t  depends t o  a la rge  ex ten t  upon t h e  cask 

handl ing c a p a b i l i t i e s  and l i m i t a t i o n s  o f  reactors .  

Th is  could cause an excess o f  demand f o r  LWT casks over 

A two-phase approach was used i n  t h i s  study. Phase 1 cons is ted  o f  a cask 

handl ing c a p a b i l i t y  assessment o f  reac tors  t h a t  could p o t e n t i a l l y  sh ip  fue l  t o  

FIS.  

concur ren t ly  w i th  t h i s  study) a r e  contained i n  a separate r e p o r t  (Konzek and 

The resu l  t s  o f  the  Phase 1 cask hand1 ing  assessment (performed 
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Dal ing) .  

requirements. Th ls  r e p o r t  con ta ins  t h e  r e s u l t s  o f  Phase 2. The approach i s  

i l l u s t r a t e d  I n  F igure  3.1. Fur ther  d e t a i l s  concerning t h e  approach are 

discussed below. 

Phase 2 uses the  r e s u l t s  from Phase 1 t o  c a l c u l a t e  sh ipp ing cask 

The f i r s +  phase o f  t h i s  study cons is ted  of an eva lua t i on  of the  spen fue l  

sh ipp ing  cask handl ing c a p a b i l i t i e s  f o r  reac to rs  t h a t  are p o t e n t i a l  users o f  F I S  

capabi l  i t y .  The purpose of Phase 1 was t o  determine which commercial nuc ear  

power p lan ts  a re  l i m i t e d  t o  s p e c i f i c  t r a n s p o r t  modes o f  spent f ue l  sh ipp ing 

casks. Th is  assessment included only  those reac to rs  t h a t  have p o t e n t i a l  

near-term spent fue l  storage prob I ems, as determ i ned from DOE/RL-83-1 (DOE 

1983). 

t h e i r  spent f u e l  storage problems, which may r e q u i r e  t h e  use o f  t he  e x i s t i n g  

spent fue l  sh ipp ing  casks. The cask handl ing c a p a b i l i t y  in fo rmat ion  i s  

incorporated i n t o  a spent f u e l  t r a n s p o r t a t i o n  network t h a t  i s  developed i n  Phase 

2. In fo rmat ion  i n  the  open l i t e r a t u r e  was a l s o  used t o  i d e n t i f y  s p e c i f i c  

sh ipp ing casks f o r  u t i l i t y  sh ipp ing  campaigns f o r  which t h i s  in fo rmat ion  has 

been announced. 

The u t i 1  i t i e s  t h a t  own these reac to rs  a re  c u r r e n t l y  a t tempt ing t o  so lve 

The second phase o f  t h e  analysis, discussed i n  t h i s  repor t ,  cons is ted of a 

spent f ue I sh i pp i ng cask supp I y-demand ana I y s i  s. 

was t o  determine i f  s u f f i c i e n t  sh ipp ing  casks e x i s t  t o  p rov ide  t h e  needed 

near-term t r a n s p o r t a t i o n  services. 

determin ing t h e  a v a i l a b i l i t y  o f  t h e  e x i s t i n g  sh ipp ing  cask f l e e t ,  and 2) 

c a l c u l a t i n g  sh ipp ing  cask requirements. The a v a i l a b i  i t y  of the  e x i s t i n g  f l e e t  

was determined I n  t h i s  study through d iscuss ions w i t h  spent f u e l  sh ipp ing  cask 

suppl i e r  companies. Th is  represents  t h e  t t ~ ~ p p l y "  o f  h ipp ing  casks. Due to 
uncer ta in t y  i n  f u t u r e  a v a i l a b i l i t y  o f  NRC-approved spent fue l  sh ipp ing  casks, 

two cask supply cases were developed t h a t  represent  lower and upper l i m i t s  of 

cask a v a i l a b i l i t y .  These data were compared w i t h  ca l cu la ted  cask usage 

requ i rements t o  determ i ne t h e  adequacy o f  t he  ex i  s t  I ng f I eet. 

The o b j e c t  i ve o f  t h  i s ana I y s  i s 

Th is  ana lys i s  was comprised o f  two par ts ;  1 )  

Shipments o f  spent f ue l  t o  FIS represent  t h e  grea tes t  p o t e n t i a l  near-term 

demand for spent fue l  t r a n s p o r t a t i o n  casks, and thus p a r t i c u l a r  a t t e n t i o n  was 
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pa id  t o  c a l c u l a t i n g  F I S  t r a n s p o r t a t i o n  requirements. F I S  t r a n s p o r t a t i o n  

requirements were ca l cu la ted  f o r  two hypothe t ica l  locat ions;  one i n  t h e  eastern 

U.S. and one i n  t h e  western U.S. T ranspor ta t ion  requirements f o r  both assumed 

s i tes ,  i nc lud ing  approximate t o t a l  highway and r a i l  d is tances f o r  a l l  shipments, 

cask usage requirements, and numbers o f  casks needed f o r  FIS, were examined. 

Since most reac to rs  a re  located i n  t h e  East and a re  nearer t o  the  eastern s i t e  

than t h e  western s i t e ,  t h e  ca l cu la ted  t r a n s p o r t a t i o n  requirements represent  

upper (western FIS s i t e )  and lower (eastern F I S  s i t e )  l i m i t s .  

The c a l c u l a t i o n  o f  sh ipp ing  cask requirements was f a c i l i t a t e d  by t h e  

development o f  a spent f ue l  t r a n s p o r t a t i o n  network. The network Inc luded 

in fo rmat ion  on t h e  p o t e n t i a l  o r i g i n s  and des t i na t i ons  o f  shipments, t h e  type o f  

cask t o  be used, and t h e  number and type o f  fue l  assembl i es  planned t o  be 

shipped. Th is  in fo rmat ion  was used t o  develop a sh ipp ing schedule. The 

sh ipp ing  schedule I l l u s t r a t e d  t h e  "demand" f o r  spent f ue l  sh ipp ing casks and 

formed t h e  base l ine  f o r  c a l c u l a t i n g  cask requirements. 

handl ing c a p a b i l i t y  assessment were incorporated i n t o  t h e  t r a n s p o r t a t i o n  network 

and used t o  ass ign a s p e c i f i c  type or  mode o f  cask ( i .e .  LWT, OWT, or  r a i l  1 t o  

each shipment. For example, i f  t h e  cask loading pool a t  a p a r t i c u l a r  reac tor  i s  

t o o  smal I t o  accommodate a I arge r a i  I cask, t h i s  reac to r  can only  consider  

legal -  o r  overweight t r u c k  sh ipp ing  casks. 

Resul ts  o f  t h e  cask 

The method used t o  c a l c u l a t e  sh ipp ing  cask requirements cons is ted  o f  t h ree  

se r ies  o f  ca l cu la t i ons ;  one se r ies  f o r  r a i l  cask requirements, one f o r  LWT, and 

one f o r  OWT. A key assumption was t h a t  those reac to rs  capable of r e c e i v i n g  and 

hand l ing  a l a rge  r a i l  cask were g lven h ighes t  p r i o r i t y  f o r  t h e i r  use. Th is  was 

done because essent ia l  l y  a l  I reac to rs  can use LWT casks. The assumption r e s u l t s  

i n  r a i l  t r a n s p o r t a t i o n  capabi I l t y  be ing used where possible. I f  r a i  I cask 

avai I abi I i t y  i s  exhausted i n any g iven year, those reac to rs  capab I e o f  sh i p p i  ng 

by r a i l  could r e v e r t  t o  us ing LWT o r  OWT casks t o  complete t h e i r  s p e c i f i e d  

shipments. The opposi te  i s  no t  necessar i ly  t rue ;  i.e., i f  LWT cask a v a i l a b i l i t y  

i s  exhausted f i r s t ,  it i s  poss ib le  t h a t  some p l a n t s  w i thou t  r a i  I capabi I i t y  

would be unable t o  complete t h e i r  scheduled shipments even though an excess of 

r a i l  capabil  i t y  might  be pro jected.  As a resu l t ,  t h i s  study assumed an 

"optimumt1 sh ipp ing  schedule based on t h e  cask hand l ing  c a p a b i l i t i e s  assessment. 
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Shipping cask requirements were ca l cu la ted  based on t h e  number o f  cask-days 

per year t h a t  a re  requ i red  f o r  each t ranspor t  mode. 

used t o  c a l c u l a t e  the  number o f  cask-days per year requ i red  t o  complete each 

sh ipp ing  campaign: 

The f o l l o w i n g  formula was 

Cask-days per year = [ (DIST / VEL) + TT 3 x NAS / CAP 1 c1  I 

where DIST = Round-tr ip sh ipp ing d is tance (km) 

VEL = Average t r a n s i t  speed (km/day) 

TT = Turnaround t ime (days) 

NAS = Number of assemblies t o  be shipped (annual bas i s )  

CAP = Shipping cask capaci ty  (assemblies per shipment) 

The f i r s t  term i n  brackets  ca l cu la tes  t h e  shipment du ra t i on  i n  u n i t s  o f  days per 

shipment. The second term ca lcu la tes  the  number o f  shipments per year. These 

two terms a r e  then mu1 ti p l  ied  t o  determine the  number of cask-days per year f o r  

each sh ipp ing campaign. Ca lcu la t i ons  a r e  performed separate ly  f o r  LWT, OWT, and 

r a i  I casks t o  determine, on an annual basis, t h e  expected cask usages f o r  each 

t ranspor t  mode. The number of casks of each type needed i n  any g iven year was 

determined by d i v i d i n g  t h e  ca l cu la ted  cask usages (cask-days/year) by a 300 day 

per year maximum cask a v a i l a b i l i t y  f a c t o r  (Wilmot e t  a l .  1983). The r e s u l t  was 

rounded t o  t h e  next  h ighes t  whole number t o  e l i m i n a t e  f r a c t i o n s  o f  sh ipp ing 

casks. By c a l c u l a t i n g  t r u c k  and r a i l  cask requirements separately, t he  number 

and types o f  new shipp ing casks needed could be determined. 

Sane of t h e  values f o r  t he  va r iab les  i n  equat ion 1 (i.e., DIST, NAS, and 

CAP) w i l l  be presented i n  Sect ion 4.0, i n  which each o f  t he  p o t e n t i a l  sh ipp ing  

campaigns a r e  discussed. The remaining va r iab les  a r e  i d e n t i c a l  i n  a l l  

ca I cu I a t i  ons, and a re  d i scussed be I ow. 

LWT shipments were assumed t o  t r a v e l  a t  an average speed o f  1340 km/day 

(840 mi/day; Wilmot e t  a l .  1983). 

r e s t r i c t i o n s  i n  some s ta tes  and thus t r a v e l  a t  lower average speeds. 

speed of 900 km/day (560 mi/day) was assumed. 

OWT shipments must a l low f o r  t ime o f  day 

An average 

Both LWT and OWT shipments were 
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assumed t o  inc lude a two person d r i v e r / e s c o r t  team and t r a v e l  24 hours per day. 

Although OWT shipments do n o t  t y p i c a l l y  t r a v e l  24 hours per day, t ime of day 

r e s t r  i c t  i ons were accounted f o r  i n t h e  af orement I oned average da i I y speed. 

Average r a i l  t r a n s i t  speeds were obtained from a recent  r e p o r t  by Wilmot e t  

a l .  (1983). The average speed used on t h i s  ana lys i s  was 19 km/hr (12 mph). Y 

I n  a d d i t i o n  t o  the  t r a v e l  time, t h e  t o t a l  du ra t i on  o f  each round- t r i p  

shipment inc ludes the  t ime f o r  loading fue l  i n t o  t h e  casks a t  t h e  shipment 

o r i g i n  and f o r  unloading a t  t h e  d e s t i n a t i o n  f a c i l i t y .  

a t .  (19831, a t o t a l  loading p l u s  unloading t ime i s  assumed t o  be f i v e  days fo r  

r a i l  shipments and t h r e e  days for t r u c k  shipments ( i nc ludes  both LWT and OWT 

shipments). 

According t o  Wilmot e t  

As mentioned prev ious ly ,  add i t i ona l  c a l c u l a t i o n s  were performed t o  

determine d e t a i l e d  t r a n s p o r t a t i o n  requirements f o r  two assumed FIS s i t es .  

Shipping cask usage requirements were estimated as we1 I as t o t a l  t r a n s p o r t  

distances. Tota l  t ranspor t  d is tance r e f e r s  t o  t h e  t o t a l  number o f  m i les  t h a t  

spent f ue l  shipments w i l l  t r a v e l  when d e l i v e r i n g  fue l  t o  FIS. Th is  d is tance was 

estimated by m u l t i p l y i n g  approximate round- t r ip  sh ipp ing  d is tances times t h e  

number o f  shipments from each reac to r  i n  each year and then summing t h e  annual 

t r a n s p o r t  d is tances f o r  a l l  reactors. Tota l  t r a n s p o r t  d is tances could then be 

compared between the  two assumed s i tes .  

u 
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4.0 NFAR-TFRM SPFNT FUEL TRANS PORTATION NFTWORK 

Th is  sec t i on  describes the  near-term spent fue l  t r a n s p o r t a t i o n  network. 

Th is  network inc ludes in format ion on the  loca t ions  o f  p o t e n t i a l  o r i g i n  and 

d e s t i n a t i o n  f a c i l i t i e s  and t h e  number and type (BWR or  PWR) o f  fue l  assemblies 

t h a t  a re  planned t o  be shipped. The f o l l o w i n g  I i s t  o f  spent f u e l  shipments was 

used t o  develop t h e  spent fue l  t r a n s p o r t a t i o n  network: 

Transsh i pments 

Return of fue l  from the  former reprocessing p l a n t  a t  West Valley, New York 

t o  the  o r i g i n a t i n g  nuclear power s t a t i o n s  

Shipment o f  the  damaged core from the  Three M i l e  Is land Nuclear Power 

S t a t i o n  t o  the  Idaho Nat ional  Engineering Laboratory ( INEL/)(a) 

Sh i pments from nuc I ear power s t a t  

FIS f a c i l  i t y  

Shipments i n  support o f  spent fue 

Shipments from an unspecif ied nuc 

and Eva lua t ion  F a c i l i t y .  

ons w i t h  near-term storage problems t o  a 

research and development programs 

ear power s t a t i o n  t o  t h e  proposed Test 

The o v e r a l l  t r a n s p o r t a t i o n  network developed i n  t h i s  study i s  i l l u s t r a t e d  i n  

F igu re  4.1 .  

S p e c i f i c  spent f ue l  sh ipp ing  casks have been designated f o r  some sh ipp ing  

campaigns ( f u r t h e r  in fo rmat ion  regard ing the  e x i s t i n g  sh ipp ing casks a r e  

presented i n  Sect ion 5.0). Th i s  in fo rmat ion  was incorporated i n t o  t h e  spent 

fue l  t r a n s p o r t a t i o n  network, where appropriate. A cask t r a n s p o r t  mode was 

assigned f o r  those sh ipp ing  campaigns i n  which no s p e c i f i c  sh ipp ing cask has 

ud i ng 

or  

s ted 

been selected., The 

s t a r t  and end dates, 

t r a n s p o r t  mode of sh 

prev ious ly .  

0 1  I ow i ng subsections prov i de spec i f i c  deta i I s, i nc 

numbers o f  f ue l  assemblies t o  be shipped, and type 

pping cask t o  be used, on t h e  sh ipp ing campaigns I 

( a )  Special r a i l  casks a re  c u r r e n t l y  be ing designed t o  t r a n s p o r t  t h e  damaged 
TMI core. However, i n c l u s i o n  of these shipments does no t  a f f e c t  t h e  
conclus ions der ived i n  t h i s  study. 
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4.1 IRANSSH I P MFNTS 

Transshipments can be def ined as spent fue l  shipments between separate 

spent fue l  storage basins. Two types o f  transshipments a re  expected t o  occur 

over the  next  decade. 

t h e  storage bas in  a t  the  former Midwest Fuel Reprocessing P l a n t  a t  Morris, 

I l l i n o i s  (Mor r i s ) .  Some fue l  t h a t  has been i n  storage a t  Mor r i s  i s  a l s o  being 

re tu rned t o  the  o r i g i n a l  u t i 1  i t i e s .  

between reac to rs  cwned by the  same u t i l i t y  ( i n t r a u t i l i t y  transshipment). 

Typical ly, these shipments invo lve  moving f u e l  between storage basins on t h e  

same s i t e .  

one r e a c t o r )  have interconnected o r  shared storage pools, some have completely 

separate (unconnected) pools  f o r  each u n i t  a t  a s i t e .  

transshipments may a l s o  occur between d i f f e r e n t  s i t es .  

non-connected pools  r e q u i r e  a spent fue l  sh ipp ing cask. 

The f i r s t  type includes transshipments from reac tors  t o  

The second type o f  transshipment occurs 

Although many m u l t i p l e - u n i t  power s t a t i o n s  (one s i t e  w i t h  more than 

Some i n t r a u t i l i t y  

Transshipments between 

Three spent fue l  sh ipp ing  campaigns are  c u r r e n t l y  scheduled i n v o l v i n g  t h e  

Mor r i s  f a c i l i t y .  

shipped t o  Mor r i s  beginning i n  May, 1984. The G.E. IF-300 r a i l  cask w i l  I be 

used t o  make 59 shipments between Cooper and Mor r i s  U w l e o n i c s  Wwk 1983a). 

Th is  campaign w i l l  use two IF-300's and should be completed i n  1985. 

campaign w i l l  c o n s i s t  o f  109 shipments from Mor r i s  t o  t h e  P o i n t  Beach nuc lear  

s t a t i o n  (Nucleonics Week 1983a). 

est imated t o  be approximately 80% complete ( I n g e l s  1984). They a re  a n t i c i p a t e d  

t o  be completed p r i o r  t o  the  end of 1984. One NLI-1/2 t r u c k  cask i s  being used 

f o r  these shipments. The t h i r d  sh ipp ing  campaign i n v o l v i n g  t h e  Mor r i s  f a c i l i t y  

cons i s t s  o f  sh ipp ing  a t o t a l  of 1058 BWR assemblies from t h e  M o n t i c e l l o  nuc lear  

power p l  a n t  (Nuclear  Fue l  1984b). 

cask f o r  t he  shipments and i s  p lanning t o  begin sh ipp ing  i n  l a t e  1984. 

shipments a re  assumed t o  be completed by t h e  end o f  1986. 

Spent fue l  from the  Cooper nuclear s t a t i o n  i s  planned t o  be 

The second 

These shipments have already begun and a re  

The u t i  I i t y  has se lected t h e  IF-300 r a i  I 
The 

I 
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Sane u t i l i t i e s  t h a t  operate m u l t i p l e - u n i t  power s t a t i o n s  a r e  cons ider ing  

transshipments between u n i t s  t o  a l low more e f f i c i e n t  use of a v a i l a b l e  storage 

capaci ty .  

data c o l l e c t i o n  a c t i v i t i e s  f o r  t he  CSFM Program's spent fue l  data base was used 

t o  develop i n t r a u t i l i t y  transshipment data. M u l t i p l e - u n i t  reac to rs  t h a t  a re  no t  

provjded w i t h  interconnected or  shared pools  were i d e n t i f i e d  by rev iewing  data 

from DOE'S 1984 Spent Fuel Storaae Reau_trements Reparf: (DOE 1984). These power 

s t a t i o n s  a re  assumed t o  be candidates f o r  i n t r a u t i l i t y  transshipments. 

A I I t e r a t u r e  review suppl emented by t h e  u t i  I i t y  responses t o  t h e  1983 

The q u a n t i t i e s  o f  spent fue l  t h a t  are a n t i c i p a t e d  t o  be transshipped were 

determined based on data from DOE documents (DOE 1983a and 1984). Current  pool 

inventor ies  and annual discharge data were used t o  determine the  q u a n t i t i e s  o f  

f ue l  t o  be transshipped t o  ma in ta in  a t  l eas t  one f u l l  core  reserve a t  a 

m u l t i p l e - u n i t  s ta t ion .  These transshipments were assumed t o  occur i n  t h e  year 

reserve unless u t i  I i t i e s  s p e c i f i e d  otherwise. preceeding loss  o f  f u l l  core  

F i v e  nuc I ear power s t a t  

i n t r a u t  i I i t y  t ranssh i pments: 

Surry. Shipping d e t a i l s  a re  

ons were i d e n t i f i e d  as p o t e n t i a l  candidates f o r  

San Onofre, Oconee, Brunsw ick, M i  I I stone, and 

presented i n  Table 4.1 f o r  these shipments and f o r  

t h e  Mor r i s  shipments. 

and other  i n t r a u t i l i t y  transshipment d e t a i l s  a r e  discussed below. 

The assumptions used t o  determine the  sh ipp ing  q u a n t i t i e s  

The Oconee shipments a re  l i s t e d  i n  t h e  u t i l i t y - s u p p l i e d  data were used as 
i npu t  t o  the  spent fue l  data base. These shipments a re  assumed i n  t h i s  study t o  

occur according t o  t h e  u t i l i t y ' s  plans. The Brunswick transshipments a r e  a l s o  

I i s t e d  i n  t h e  spent fue l  data base. However, these transshipments a re  assumed 

t o  no t  a f f e c t  t h e  e x i s t i n g  commercial cask f l e e t  because Carol ina Power and 

L igh t ,  t h e  p l a n t ' s  owner, has i t s  own IF-300 r a i l  cask and i s  assumed t o  use it 

f o r  t he  shipments. The o ther  fou r  p l a n t s  must use sh ipp ing casks from t h e  

e x i s t i n g  f l e e t  t o  perform t h e i r  shipments. 
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A representa t ive  from Northeast U t i l i t i e s  Service co. (NUSCO) r e c e n t l y  

ind ica ted  they are  consider ing t ransshipp ing f u e l  from Mi l ls tone-1 and 2 t o  

MiI Istone-3 t o  ma in ta in  f u l l  core reserve (Bishop 1984). The amount o f  spent 

f u e l  assumed t o  be transshipped i s  based on t h e i r  storage requirements i n  DOE 

(1984). I n  addi t ion,  NUSCO i s  c u r r e n t l y  n e g o t i a t i n g  a cooperat ive agreement 

w i t h  DOE t o  demonstrate c o n s o l i d a t i o n  o f  an e n t i r e  storage pool. Consol idat ion 

r e f e r s  t o  disassembling f u e l  elements and p l a c i n g  f u e l  rods i n t o  c a n i s t e r s  i n  a 

more compact array. 

problem a t  Mi l ls tone-2.  The demonstrat ion i s  planned t o  be completed i n  1989. 

However. some fue l  may have t o  be shipped t o  Mi l ls tone-3 i n  t h e  e a r l y  years o f  

t h e  demonstrat ion t o  mainta in  f u l l  core reserve a t  Unit-2. No f u e l  i s  assumed 

t o  be shipped from M i l  Istone-2 a f t e r  t h a t  date. I t  i s  f u r t h e r  assumed t h a t  

NUSCO w i l l  apply f o r  and cons t ruc t  BWR storage racks i n  the Mi l ls tone-3 PWR 

storage pool t o  accommodate the Uni t - 1  BWR f u e l  . The storage requirements f o r  

Uni t -1 are assumed t o  be unaf fected by the  demonstration. 

p l a n t  w i l l  t ranssh ip  t o  Uni t -3 t o  mainta in  i t ' s  f u l l  core reserve. 

Th is  demonstrat ion w i l  I u l t i m a t e l y  so lve the  storage 

I t  i s  assumed t h i s  

VEPCO r e c e n t l y  completed n e g o t i a t i o n  of  a cooperat ive agreement w i t h  DOE t o  

demonstrate dry cask storage. Th is  demonstrat ion w i l l  invo lve spent fue l  from 

t h e  Surry nuclear power s ta t ion .  The demonstrat ion w i  I I be conducted both a t  a 

Federal s i t e  i n v o l v i n g  up t o  about 144 fue l  assemblies and a t  Surry i n v o l v i n g  

about 120 f u e l  assembl ies. The d e t a i l s  o f  the  o f f - s i t e  shipments of  spent f ue l  

t o  t h e  Federal s i t e  are presented i n  Sect ion 4.5. The on-s i te  demonstrat ion i s  

n o t  a n t i c i p a t e d  t o  invo lve  any o f  the  e x i s t i n g  sh ipp ing casks. However, it does 

impact the  storage requirements presented i n  DOE (1984). 

app l ied  f o r  NRC approval t o  t ranssh ip  and s t o r e  Surry fue l  i n  the  North Anna 

VEPCO has prev ious ly  

c storage pool. I t  i s  assumed t h a t  VEPCO w i t  I perform transshipments t o  mainta in  

f u l l  core reserve a t  Surry. The storage requirements f o r  Surry i n  DOE (1984) 

d i d  n o t  consider the  120 assembl i e s  t h a t  w i  I I be used i n  t h e  at - reactor  

demonstration. 

s u b t r a c t i n g  these 120 assemblies from the storage requirements i n  DOE (1984). 

Th is  delays t h e  s t a r t  date o f  the transshipments by one year. 

The amounts a n t i c i p a t e d  t o  be transshipped are  c a l c u l a t e d  by 
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TABLF 4.1 Transshipment Data 

Year0 

1984, 85 
1984, 85 
1984 
1985 
1985 
1985 
1986 
1986 
1 986 
1986 
1986 
1987 
1987 
1988 
1988 
1989 
1989 
1989 
1990 
1990 
1991 
1991 
1991 
1992 

O r i g i n  . .  
I t v  

Cooper 
M o r r i s  
Mont icel  l o  
Oconee-1 
Oconee-2 
Mont icel  l o  
Oconee- 1 
Oconee-2 
M i  I I stone-2 
M i  I I stone-1 
Mont ice l  l o  
Surry-1 ,2 
M i  I I stone-2 
M i l  Istone-1 
Surry-1 .2 
M i l  Istone-2 
San Onofre-1 
Surry-l ,2 
M i  I I stone-2 
Surry-1.2 
San Onofre-1 
Surry-l ,2 
M i  I I stone-2 
Surry-1 ,Z 

Dest i n a t i o n  . .  

M o r r i s  
P o i n t  Beach 
Morr i s 
Oconee-3 
Oconee-3 
Morr i s  
Oconee-3 
Oconee-3 
M i l  Istone-3 
M i  I I stone-3 
M o r r i s  
North Anna 
Mi l l s tone-3  
M i  I I stone-3 
North Anna 
M i l  Istone-3 
San Onofre-2 
North Anna 
Mi l l s tone-3  
North Anna 
San Onofre-2 
North Anna 
M i  I I stone-3 
North Anna 

Type of  Number o f  Fuei Assembl ieJa) 

BWR 
PWR 
BWR 
PWR 
PWR 
BWR 
PWR 
PWR 
PWR 
BWR 
BWR 
PWR 
PWR 
BWR 
PWR 
PW R 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 

1062 
109 

60 
1 40 
4 86 
140 
60 

133 
132 
51 8 

97 
81 

200 
61 
81 
35 
60 
77 

121 
53 
61 
73 
60 

5 4 ( c )  

See t e x t  f o r  s p e c i f i c  sh ipp ing  casks t h a t  w i I I be used. 

b 
b 
d 
e 
e 
d 
e 
e 
f 
f 
d 
9 
f 
f 
9 
f 
h 
9 
f 
9 
h 
9 
f 
g 

t o  be as 
From Nucleonics Week ( 1  983a). 
Annual sh ipp ing  q u a n t i t i e s  f o r  Mont ice l  l o  shipments a re  assumed 
f o l  lows: 1984-one specia l  t r a i n  shipment o f  t h r e e  loaded IF-300 sh ipp ing  
casks; 1985-nine specia l  t r a i n  shipments; and 1986-ten specia l  t r a i n  
shipments. 
Source f o r  t o t a l  number of f u e l  assembl i e s  t o  be shipped was Nuc_lear-&L 
1984b. 
Shipping records suppl led by u t i 1  i t y  f o r  t h e  ;pent f u e l  data base. 
a l s o  DOE (1984). 
Calcu lated from pool i n v e n t o r i e s  and discharge data i n  DOE (1984). 
Account i s  taken f o r  t h e  planned NUSCO rod  consol i d a t i o n  demonstration. 
Number o f  assembl i e s  was c a l c u l a t e d  by s u b t r a c t i n g  120 assembl ies planned 
f o r  use i n  t h e  VEPCO/DOE Demonstrat ion a t  Surry s i t e  from data i n  
DOE (1984). 
Southern C a l i f o r n i a  Edison s t a f f  i n d i c a t e  t h a t  a l l  t h r e e  u n i t s  w i l l  share 
storage space. One f u l l  core  reserve w i l l  be maintained f o r  the  l a r g e s t  
core a t  t h e  s i t e  (217 assemblies). Timing and q u a n t i t i e s  o f  fue l  t o  be 
t ranspor ted  are  based on data i n  DOE (1983) and DOE (1984). 

See 

4 
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4.2. RFTURN OF FUFI CURRFNTI Y I N  STORAGF AT WFST VAl IFY  

I n  June, 1983, a Federal c o u r t  order  was handed down t h a t  requ i res  removal 

o f  spent f ue l  from the  storage pool a t  t he  former Western New York Nuclear 

Serv ice Center a t  West Valley, New York (Nucleonics Week 1983b). 

order  r e s u l t e d  from a law s u i t  brought by t h e  New York S ta te  Energy Research and 

Development Au tho r i t y  (NYSERDA) aga ins t  Nuclear Fuels  Services, Inc. (NFS) ( t h e  

former p l a n t  operator  1 and th ree  u t i  I i t f e s  who Own t h e  spent fue l  (GPU Nuclear 

Corp., Commonwealth Edison Co., and Wisconsin E l e c t r i c  Power Co.). A f o u r t h  

u t i l i t y  (Rochester Gas and E l e c t r i c  Co.) a l s o  Owns fue l  a t  West Va l ley  bu t  was 

n o t  named i n  t h e  s u i t  because NYSERDA cannot sue a New York co rpo ra t i on  i n  

Federal c o u r t  JNucleonics Week 1983b). There i s  a t o t a l  o f  515 BWR and 235 PWR 

assemblies c u r r e n t l y  a t  West Val ley, t o t a l i n g  approximately 169 MTU. O f  these, 

NFS owns 40 PWR and 85 BWR assemblies. 

shipped t o  the  Idaho Nat ional  Engineering Laboratory ( INEL)  i n  a dual-purpose 

t ranspor t /s to rage cask demonstration under a cost -shar ing agreement w i t h  DOE. 

Shipment o f  t h i s  fue l  w i l l  no t  a f f e c t  t h e  a v a i l a b i l i t y  o f  t h e  e x i s t i n g  cask 

f l e e t .  However, t h e  remaining fue l  assemblies w i l l  be t ranspor ted  using t h e  

e x i s t i n g  cask f l e e t .  

Th i s  c o u r t  

The NFS-owned spent fue l  i s  t o  be 

The fou r  nuclear power s t a t i o n s  t h a t  w i l l  be r e c e i v i n g  fue l  back from West 

Va l ley  inc lude Oyster Creek, Dresden-3, P o i n t  Beach-1 and 2,  and Ginna. 

Shipments t o  P o i n t  Beach and Dresden-3 began i n  l a t e  1983 us ing t h e  NLI-1/2 and 

TN-9 sh ipp ing  casks, respec t ive ly .  The shipments t o  Dresden-3, which a re  us ing  

a u t i  I ity-owned cask, were temporar i l y  i n te r rup ted  due t o  an llincidentll dur ing  

t h e  f i r s t  shipment (a  t r a i l e r  uncoupled from the  t ruck  t r a c t o r ,  b u t  d i d  n o t  

ove r tu rn )  ( N u c l e a r ,  1984a). The sh ipp ing campaign was resumed a f t e r  t he  

u t i l i t y  took steps t o  improve the  lock ing  connections on t h e  t r u c k  ( Nvclear 
1984b 1. The Poi n t  Beach sh I pments have occurred w i t h o u t  inc ident .  

Table 4.2 conta ins  t h e  sh ipp ing  in fo rmat ion  regard ing t h e  West Va l ley  

shipments. The Table inc ludes t h e  i ype  of sh ipp ing  cask t h a t  i s  be ing or  w f l  I 

be used and i d e n t i f i e s  s t a r t i n g  and ending dates f o r  t he  sh lpp ing campaigns. 

The bu lk  o f  t he  in fo rmat ion  was obtained from Teer (1984) and Nuclennics We& 

(1983b). 
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l B L L L 2  . D e t a i l s  o f  Shipments from West Val l e y ( a )  

Type o f  Number o f  Type o f  

Years Des t ina t i on  F a c i l i t y  Fue I Assemb I i es  Cask(b) 

1984,85 Oyster Creek BWR 224 TN-9( 2) 

1984 D r es de n-3 BWR 206 TN-9( 1 1 ( c )  

1984,85 G i nna PWR 81 ( d )  

1 984 Poi n t  Beach-1 PW R 104 NL l-1/2(3) 

a. Sources: Teer (1984) and W e o n I c s  Week 1983. 

b. Numbers i n  parentheses i n d i c a t e  the  numbers o f  casks being used. 

c. The cask being used i s  owned by Commonwealth Edison. 

d. S p e c i f i c  cask t o  b e  u s e d  i s  no t  known a t  t h i s  time. However, it i s  

assumed t h a t  Ginna can only  handle a LWT cask. 

4.3 D R F F  MlLF IS1 AND DAMAGFD CO RF SHIP MENTS 

The damaged core  from t h e  Three M i l e  Is land (TMI) nuc lear  s t a t i o n  i s  t o  be 

shipped t o  INEL f o r  examination and storage. McLaughl i n  (1983) est imates t h a t  

approximately 250 c a n i s t e r s  o f  i n t a c t  f u e l  assemblies, f ue l  assembly stubs, 

rubble, and core  debr i s  w i t  I be requ i red  t o  sh ip  t h e  e n t i r e  core. The i n i t i a l  

shipments were p ro jec ted  by McLaughlin t o  be received i n  t h e  l a s t  qua r te r  of 

F i sca l  .Year-1984. However, t h e  TMI cleanup e f f o r t  has su f fe red  sane delays. 

Removal o f  t he  damaged core  i s  no t  expected t o  begin u n t i l  1986 

1984a). The shlpments a r e  assumed t o  be completed i n  l a t e  calender-year 1987 

based on t h e  scheduled completion o f  t he  o v e r a l l  TMI cleanup e f f o r t  i n  mid-1988 

(Kalman and Wel ler  1984). One-half o f  the  shipments a r e  assumed t o  be made i n  

each year. TMI i s  assumed t o  be provided w i t h  r a i l  c a p a b i l i t y  based on t h e i r  

F i n a l  Safety Analys is  Report. To date, no spent f u e l  shipments have been 

performed a t  TMI. 

4.8 
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The DOE has the  r e s p o n s i b i l i t y  t o  prov ide FIS capac i ty  f o r  spent f ue l  t h a t  

t h e  NRC determines the  u t i l i t i e s  cannot s t o r e  desp i te  t h e i r  bes t  e f f o r t s  (Newman 

and Cole 1984). The CSFM Progrants spent fue l  data base (DOE 1984) prov ides 

est imates o f  t h e  storage requirements t h a t  u t i  I i t i e s  w i l  I have i n  excess o f  

t h e i r  maximum pro jec ted  storage capac i t ies .  The spent fue l  t h a t  could 

p o t e n t i a l l y  be shipped t o  FIS i s  l i s t e d  i n  Table A.5 o f  DOE (1984). Th i s  t a b l e  

i s  reproduced as Table 4.3 o f  t h i s  repor t .  These data p rov ide  the  source terms 

f o r  c a l c u l a t i n g  FIS t r a n s p o r t a t i o n  requirements. 

The storage requirements represent  the  amounts o f  f ue l  t h a t  w i l l  be 

discharged from the  reac to rs  t h a t  i s  i n  excess o f  t h e i r  maximum pro jec ted  

s torage capac i t ies .  

may be a v a i l a b l e  i n  t ime t o  r e l i e v e  many o f  t he  u t i 1  i t i e s '  storage problems. 

However, f o r  t h i s  study, these technologies were assumed no t  t o  be implemented 

u n t i l  a f t e r  1993. 

New technologies such as dry storage and rod  conso l i da t i on  

The NWPA i d e n t i f i e s  a per iod o f  e l  i g i b i l  i t y  f o r  u t i 1  i t i e s  t o  apply f o r  FIS. 

The data i n  Table 4.3 inc lude a l  I e l i g i b l e  nuclear power p l a n t s  and t h e  amounts 

o f  f ue l  t h a t  a re  e l i g i b l e ,  sub jec t  t o  NRC approval. Thus, Table 4.3 represents  

t h e  maximum q u a n t i t i e s  o f  spent f ue l  t h a t  could be shipped t o  FIS. 

these data do no t  consider a l l  o f  t h e  p o t e n t i a l  transshipments discussed i n  

sec t i on  4.1. 

storage requirements t h a t  resu I t from these transsh i pments. 

t o / f r m  M o r r i s  and from West Val ley a re  already included i n  t h e  tab le .  

However, 

The t a b l e  must be mod i f ied  t o  r e f l e c t  t he  changes i n  spent f u e l  

The sh i pments 

To date, no s i t e  has been se lected f o r  a FIS f a c i l i t y .  For t h i s  study, two 
s i t e s  were assumed; one i n  the  Eastern U.S. and one i n  the  Western U.S. The 

eastern FIS es tab l i shes  a lower bound f o r  t he  F I S  t r a n s p o r t a t i o n  requirements 

because most nuclear power p l a n t s  a re  located i n  t h e  East. Th i s  tends t o  
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TABLE 4.3. Spent Fuel Storage Requirements: Potential Users o f  
Federal Interim Storage (DOE 1984) 

REACTOR 

MII Istone-2 
Turkey Pol nt-3 
Pal I sades 
Oconee-3 
Turkey Po I nt-4 
S t  Luc I e-1 
M I  I I stone-1 * 
Surry-1 
Surry-2 
P r a l r i e  Island-1 
P r a l r l e  Island-2 
Roblnson-2 
Brunsw ick-2" 
La Sal l e - l *  
La Sal le-2" 
La Crosse 
Oconee-2 
Oconee-1 
Mon t l ce l l o *  
Peach Bottom-2" 
Peach Bottcm-3* 
Glnna 
P i  Igrlm-1* 
Brunsw Ick - l *  
F I  t z p a t r l c k "  
Ca lve r t  C I  l f f s - 1  
Ca lve r t  C I  I f f s - 2  
Oyster Creek* 
Arkansas Nucl One-1 
Indian Polnt-2 
Coo pe 1- * 
Seq u oy ah- 2 
Dav i s-Besse-1 

1984 1985 

0 3 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 '  0 
0 0 
0 0 
0 0 

19 86 

57 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

ASSEMBLIES 
1987 1988 1989 

73 81 0 
0 68 52 

19 68 0 
12 0 68 
31 64 0 
21 0 88 

132 0 200 
0 0 90 
0 60 61 
0 0 5 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

1990 1991 1992 

81 77 73 
0 58 52 

68 68  0 
68 0 68 
64 64 0 
76 0 88 
0 200 0 

61 0 60 
0 60 61 

40 40 40 
40 40 40 
43 52 52 

179 0 180 
220 232 0 

13 232 0 
64 24 0 

0 0 68 
3 64 0 

206 104 104 
1 %  256 0 
26 256 0 

0 28 28 
0 32 0 
0 179 180 
0 132 200 
0 0 45 
0 0 0 
0 0 136 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

-- 
1993 

0 
0 

68 
0 

64 
76 

200 
61 

0 
40 
40 
52 

1 80 
224 
224 

0 
68 
64 
0 

256 
256 
28 

1 92 
0 
0 
0 

72 
0 
1 

21 
82 
67 
31 

. 
* Aster isk  denotes BWRs; a l l  others a r e  PWRs 
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minimize sh ipp ing d is tances and reduce cask requirements. 

assumes a western FIS which represents an upper bound f o r  FIS t r a n s p o r t a t i o n  

requirements. I t  should be noted t h a t  these a re  hypothe t ica l  cases used on ly  t o  

e s t a b l i s h  minimum and maximum FIS sh ipp ing requirements. 

The second case 

Estimated sh ipp ing  d is tances between reac to rs  t h a t  cou 

t o  FIS and the  assumed F I S  l oca t i ons  a re  presented i n  Table 

The d is tances shown are  f o r  t ruck  shipments. Ra i l  sh ipp ing  

ca l cu la ted  by increas ing t h e  t ruck  d is tances by 10%. Th is  

d p o t e n t i a l l y  sh ip  

4.4 (DOE 1983b). 

d is tances a re  

ac to r  accounts f o r  

the  less d i r e c t  r a i l  routes. A lso presented i n  Table 4.4 are  the  cask hand l ing  

c a p a b i l i t i e s  and l i m i t a t i o n s  o f  reac to rs  t h a t  a re  p o t e n t i a l  users of FIS. The 

t a b l e  shows t h e  s p e c i f i c  t ranspor t  modes o f  sh ipp ing casks t h a t  t h i s  group 

nuc lear  power p l a n t  may rece ive  and handle. I t  should be noted t h a t  t he  cask 

c a p a b i l i t i e s  and l i m i t a t i o n s  represent  t h e  c u r r e n t  s i t u a t i o n  a t  the  p l a n t s  and 

a re  sub jec t  t o  change as u t i l t i e s  begin t o  make d e t a i l e d  p lans f o r  sh ipp ing 

spent fue l  o f f s i t e .  

4.5 S E N T S E A R C H  PM AN D DFVFLB PMFNT PROGRAMS 

There a re  c u r r e n t l y  two major spent fue l  sh ipp ing  campaigns planned i n  

support o f  Federal research and development (RAD) programs. These shipments 

w i l l  i nvo lve  the  e x i s t i n g  commercial sh ipp ing  cask f l e e t .  The two RdD programs 

a re  the  VEPCO/DOE dry storage cask demonstration and a sh ipp ing  campaign 

i n v o l v i n g  t h e  spent fue l  used i n  the  Climax t e s t s  a t  EMAD on t h e  Nevada Test 

S i te .  I t  i s  l i k e l y  t h a t  add i t i ona l  RBD programs i n  t h e  f u t u r e  may r e q u i r e  t h e  

use o f  t h e  e x i s t i n g  cask f l e e t .  However, these shipments a re  a n t i c i p a t e d  t o  

invo lve  only  a few assemblies a t  a t ime and thus a re  assumed t o  not  

s i g n i f i c a n t l y  increase the  demand f o r  sh ipp ing  casks. 

I n  March, 1984, DOE signed a cooperat ive agreement w i t h  VEPCO t o  

demonstrate dry s torage concepts f o r  PWR spent fue l .  

t h e  t e s t i n g  o f  f ou r  metal storage casks a t  a Federal s i t e  as we l l  as a l icensed 

The program w i l l  i nvo lve  
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14.4. One-way Sh i pp i ng D i stances t o  Assumed F IS Locat i  ons(a)  

Approximate Distance (km) 
e n t  O r  l a i n  

M i  I l s tone 

Turkey P o i n t  

Pal i sades 

Oconee 

S t .  Luc ie  

Surry 

P r a i r i e  Is land 

Rob i nson 

Brunsw ick  

LaSal I e 

Monticel l o  

Peach Bot tan  

G i nna 

P i l g r i m  

F i t z p a t r  ick 

C a l v e r t  C l i f f s  

Oyster Creek 

Eastern 

1600 

1500 

900 

500 

1300 

90 0 

1500 

6 00 

80 0 

90 0 

1600 

1100 

1500 

1700 

1500 

1000 

1300 

Western 

3600 

43 00 

2400 

3300 

41 00 

3300 

1700 

3400 

3600 

2200 

1700 

3200 

3300 

3700 

3400 

3200 

3500 

( a )  Based on data i n  DOE (1983b). 
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demonstration w i t h  f i v e  metal casks a t  VEPCO's Surry power s ta t i on .  

s i t e  program w i l  I r e q u i r e  t h a t  spent f ue l  be shipped from Surry t o  a Federal 

s i t e .  The s p e c i f i c  s i t e  has no t  been selected. The Surry progran w i  I I be 

conducted a t  t h e  reac to r  s i t e  and w i  I I no t  r e q u i r e  the  use o f  e x i s t i n g  sh ipp ing 

casks. 

The Federal 

For the  Federal s i t e  program, VEPCO w i l l  sh ip  up t o  about 144 PWR fue l  

assembl ies  t o  a Federal s i t e ,  assumed t o  be located i n  the  West. For t h i s  

study, t h e  sh ipp ing d is tance shown on Table 4.4 w i  I I be used. Due t o  t h i s  long 

sh ipp ing  distance, t h i s  i s  considered t o  be a conservat ive assumption. VEPCO 

has ind ica ted  they w i  I I use two TN-8L (OWTI sh ipp ing  casks t o  perform these 

shipments. The at -Federa l -s i te  demonstration w i l l  i nvo lve  two phases; t h e  f i r s t  

w i l  I r e q u i r e  96 assembl ies  (s to rage o f  i n t a c t  f ue l  1 and an add i t i ona l  48 

assemblies w i t  I be needed f o r  t he  second phase (conso l ida ted  fue l  s torage) .  The 

i n i t i a l  shipments a r e  scheduled t o  occur i n  l a t e  1984 and cont inue through 1985. 

The add i t i ona l  assemblies fo r  the  second phase are assumed t o  be shipped t o  the  

Federal s i t e  i n  1986. 

The second sh ipp ing campaign i n  support of Federal RBD programs involves 

t h e  spent fue l  from the  C I  imax t e s t s  a t  EMAD. These assembl i es  have been placed 

i n  deep and sur face drywel I s ,  a s i  Io, and an a i r -cooled v a u l t  dur ing  dry s torage 

demonstrations. A t o t a l  o f  17 PWR spent fue l  assemblies were used i n  t h e  Climax 

tes ts .  These assemblies a re  assumed t o  be shipped t o  t h e  western s i t e  I n  1986. 

The estimated sh ipp ing  d is tance i s  about 1600 km (1000 m i l e s ) .  I t  i s  assumed 

t h a t  a LWT cask w i l l  be used because EMAD i s  no t  provided w i t h  d i r e c t  r a i l  

access. Th is  does no t  preclude use o f  a r a i l  cask t h a t  i s  capable o f  be ing 

t ranspor ted  sho r t  d is tances i n  a heavy-haul t r u c k  conf igura t ion .  

4.6 5 3 J '  

The NWPA conta ins  p rov i s ions  f o r  s i t i n g  and cons t ruc t i on  o f  a Test and 

The TBE f a c i l i t y  

Eva lua t ion  (TBE) f a c i l i t y .  Th i s  f a c i l i t y ,  i f  constructed, would be an 

underground r e p o s i t o r y  research and development f a c i l i t y .  
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would be used f o r  the  co l  l e c t i o n  o f  data re1 ated t o  t h e  safe hand1 ing  and 

disposal o f  r a d i o a c t i v e  wastes. Const ruc t ion  o f  t h e  T8E f a c i l  i t y  would r e q u i r e  

a u t h o r i z a t i o n  by Congress. No dec is ion  has y e t  been made whether such a 

f a c i  I i t y  should be constructed. However, f o r  conservatism, it was assumed t h a t  

a T8E f a c i l i t y  would be included i n  t h e  spent fue l  t r a n s p o r t a t i o n  network. 

Sane p rov i s ions  o f  t h e  NWPA he lp  t o  de f i ne  the  t r a n s p o r t a t i o n  requirements 

f o r  t he  T8E f a c i l  i t y .  

f a c i l i t y  i s  l i m i t e d  t o  no more than 100 c a n i s t e r s  o f  high-level waste o r  spent 

fue l .  Under Sect ion 217(c), opera t ion  o f  the  f a c i l i t y  must begin no l a t e r  than 

88 months a f t e r  enactment o f  t he  NWPA. This  means the  T8E f a c i l  i t y  should begin 

conducting i n s i t u  t e s t s  w i t h  these m a t e r i a l s  i n  about May, 1990. These 

p rov i s ions  form the  bas i s  f o r  t he  f o l  lowing assumptions regard ing t h e  p o t e n t i a l  

T8E f a c i  I i t y :  

Sect ion 217(a) ind ica tes  t h a t  t he  capaci ty  o f  t h e  

0 100 PWR spent fue l  assembl i es  a re  assumed t o  be shipped t o  t h e  T8E 

from an unspecif led reac to r  located 4000 km (2500 m i  I es) from t h e  

f a c i  I ity. 

0 These shipments a r e  assumed t o  begin i n  l a t e  1989 and w i l l  be comp 

e a r l y  19%. 

0 Since t h e  TBE f a c i l i t y  i s  planned t o  c o l l e c t  data on safe handl ing 

f a c i  I i t y  

&E 

eted i n  

as we1 I 

as sa fe  disposal o f  wastes, both t r u c k  and r a i l  vers ions of spent fue l  

sh ipp ing  cask a re  assumed t o  be used. 

of t h e  assemblies w i l l  be t ranspor ted  i n  r a i l  casks and one-half i n  t r u c k  

casks. 

I t  i s  f u r t h e r  assumed t h a t  one-half 

4.7 ASSIGNMFNT OF SPFClFlC TRANSPORT MODFS TO NFAR -TFRM SHIPMFNTS 

As mentioned previously, 

type o f  sh ipp ing  cask t h a t  w i  

r e s u l t s  o f  a concurrent  study 

handl ing c a p a b i l i t i e s  and I i m  

FIS c a p a b i l i t y  (Konzek and Da 

t r a n s p o r t a t i o n  

t h e  spent fue l  t r a n s p o r t a t i o n  network i nc l  udes t h e  

I be used i n  .near-term spent fue l  shipments. The 

t h a t  analyzed t h e  spent fue l  sh ipp ing  cask 

t a t i o n s ” o f  reac to rs  t h a t  a re  p o t e n t i a l  users o f  

fng 1984) were incorporated i n t o  the  
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network. The r e s u l t s  a re  summarized i n  Table 4.5. Th is  t a b l e  shows t h e  cask 

types t h a t  can be received and loaded a t  reac to rs  t h a t  a re  assumed t o  perform 

spent fue l  shipments i n  t h e  near fu ture.  A l l  of t h e  reac to rs  mentioned i n  

Sections 4.1 through 4.6 a re  I i s t e d  on Table 4.5. Sane sh ipp ing cask 

assignments were made based on in fo rmat ion  i n  t h e  l i t e r a t u r e .  These a re  noted 

on the  tab le.  
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TAB1 F 4.5. Assignment o f  Spec i f i c  Transpor t  Modes t o  Reactors 
That a re  Performing Near-Term Spent Fue I Sh i pments 

S h i m  C x k  Handling C a p a b i l i t v  ( a )  
P I  a n t  Name LWT OWT Rai I 

Brunsw i c k  1,2 
Ca lve r t  C l i f f s  1,2 
Cooper 
Dav i s-Bes se 
Dresden 2,3 
F i t z p a t r  i c k  
Ind ian P o i n t  2 
La Crosse 
La Sal l e  1,2 
M i l l s t o n e  1,2,3 
M o n t i c e l l o  
Oconee 1,2,3 
Oyster Creek 
Pa I i sades 
Peach Bottcm 2,3 
Pilgrim 
P o i n t  Beach 
P r a i r i e  Is land 1,2 
Robinson 2 
San Onofre 1,2,3 
Sequoyah 2 
S t .  Luc ie  1 
Surry 1,2 
Turkey P o i n t  3,4 

X 
X 

X 
X 
x ( c )  

X 

X 
X 
X 

X X 
X 
X 

~ ( d )  
X X 

X ( b )  

,(e) 
' ( f )  

X 

X X 
X 
X 

X 
X 

X 
X 

X 

X 
X 

( a )  Source: Konzek and Da l i ng  (1984) unless s ta ted  otherwise. LWT = Legal 

( b )  Data was no t  c o l l e c t e d  f o r  Cooper; however, Cooper i s  us ing r a i l  casks 

( c )  

weight t ruck;  OWT = Overweight t ruck.  

t o  make the  shipments t o  Morris. 
I n s u f f i c i e n t  data was received t o  assign s p e c i f i c  sh ipp ing  cask 
t r a n s p o r t  modes t o  these reactors .  
these reac to rs  a re  l i m i t e d  t o  LWT shipments. 

t h e  lN-9 (Teer 1984). 

handle the  r a i l  casks. I t  was assumed t h a t  La S a l l e  I s  capable o f  
r e c e i v i n g  and hand1 ing  t h e  OWT cask t h a t  i s  owned by t h e  u t i 1  i t y .  

conserva t ive ly  assumed t h a t  M i l l s t o n e  can handle on ly  LWT casks 
separate. 

I t  was conserva t ive ly  assumed thaP 

( d )  P o i n t  Beach i s  c u r r e n t l y  us ing t h e  NLI-1/2 and Dresden i s  using 

( e )  I n s u f f i c i e n t  data was received i n  t ime t o  determine i f  La S a l l e  can 

( f )  I n s u f f i c i e n t  data was obta ined t o  eva lua te  M i l l s tone .  I t  i s  
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5.0 

This  sec t ion  presents in fo rmat ion  on the  s i z e  o f  t he  e x i s t i n g  commercial 

spent fue l  sh ipp ing  cask f l e e t .  Some o f  t he  e x i s t i n g  casks a re  c u r r e n t l y  n o t  i n  

serv ice  f o r  reasons t h a t  w i l l  be discussed l a t e r .  Consequently, unce r ta in t y  

e x i s t s  regard ing  t h e  number of e x i s t i n g  sh ipp ing casks t h a t  w i l l  be a v a i l a b l e  t o  

perform t h e  requ i red  shipments. To account f o r  t h i s ,  two sh ipp ing  cask supply 

cases were developed t h a t  represent  upper and lower l i m i t s  o f  sh ipp ing  cask 

a v a i l a b i l i t y .  A lso presented a r e  assumptions r e l a t e d  t o  designs of new sh ipp ing  

cask systems t h a t  a re  assumed t o  be added t o  the  e x i s t i n g  f l e e t  i f  t h e  demand 

exceeds the  supply i n  any g iven year. 

5.1 FXlSTlNG CO MMFRCIAL SHI F'PING CASK FLEFT 

The number of e x i s t i n g  commercial spent f ue l  sh ipp ing  casks was determined 

through d iscuss ions w i t h  suppl i e r  companies. The companies c u r r e n t l y  p rov id ing  

spent fue l  t r a n s p o r t a t i o n  casks are: 

0 Nuclear Assurance Corp. (NAC) 

0 Transnuclear, Inc. (TN) 

0 General E l e c t r i c  Company (GE). 

The e x i s t i n g  f l e e t  can be separated i n t o  th ree  types o f  casks: legal -weight  

t r u c k  (LWT), overweight t r u c k  (OWTI and r a i l  casks. LWT casks a re  those which 

can be t ranspor ted  a t  a gross v e h i c l e  weight (GVW)(a) less than 36,400 kg 

(80,000 Ibs.). OWT casks a re  de f ined as casks t h a t  must be shipped a t  a GVW i n  

excess o f  t h i s  weight. Except f o r  r e q u i r i n g  specia l  overweight permi ts  for each 

s t a t e  a shipment passes through, OWT t r u c k  casks operate i n  much t h e  same manner 

as LWT shipments; e.g., p re -no t i f  i c a t i o n  o f  s t a t e  o f f i c i a l s ,  safeguards, and 

c 

? s e c u r i t y  requirements. Rai I casks are  more massive than t h e  t r u c k  vers ions  and 

a r e  general l y  deslgned f o r  r a i  I service, only. However, p rov i s ions  can be made 

~ 

( a )  Gross v e h i c l e  weight includes the  weight o f  t he  t r a c t o r ,  t r a i l e r ,  cask, 
cargo, and a n c i l l a r y  equipment. 
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f o r  a specia l  sho r t  distance, heavy hau l (a )  t r a n s f e r  by t r u c k  o f  a r a i l  cask ~ 

t o  a r a i l  s i d i n g  or  dock, where t h e  cask can be loaded on to  a r a i l c a r  o r  barge. 

Th is  has n o t  been performed i n  t h i s  country f o r  spent f ue l  shipments although 

some nucl ear-re1 ated equi pment such as steam generators and reac to r  vesse I s, 

have been moved i n  t h i s  manner. 

Th is  sec t i on  presents the  t o t a l  numbers of t h e  var ious LWT, OWT, and r a i  I 

sh ipp ing  casks t h a t  have been fab r i ca ted  and t h e  number t h a t  i s  c u r r e n t l y  

a v a i l a b l e  and/or c e r t i f i e d  by t h e  NRC. Summaries o f  t he  cask a v a i l a b i l i t y  

in fo rmat ion  a re  discussed i n  t h e  f o l l o w i n g  subsections f o r  each supp l ie r .  

summary o f  sane important fea tures  o f  the  e x i s t i n g  spent fue l  sh ipp ing cask 

f l e e t  i s  presented i n  Table 5.1. Add i t iona l  d e t a i l s  regard ing usage o f  sane of 

t he  e x i s t i n g  casks were presented i n  Sect ion 4.0 f o r  sh ipp ing campaigns f o r  

which t h e  s p e c i f i c  cask has already been selected. 

A 

WF 5.1, E x i s t i n g  Commercial LWR Spent Fuel Shipping Cask F l e e t  

Pes i g n a t i a  

NAC-1 

NFS-4 

NL 1-1 / 2  

NL 1-1 0/24 

TN-8 

TN-9 

I F-300 

Pr imary 

Trans p o r t  

Mode ( a )  

LWT 

LWT 

LWT 

Rai I 

OW T 

OW T 

Rai I 

Capac i t y  

WR/BWR 

1 / 2  

1 / 2  

1/2 

10/24 

3 PWR 

8 BWR 

7/18 

Number 

o f  Casks 

ComDleted 
5 ( b )  

2 

Number 

Cur ren t ly  

C e r t i f i e d  . .  
0 

0 

5 

0 

2 

2 

4 

i 

m 
( a )  LWT = Legal weight t ruck;  OWT = Overweight t r u c k  

( b )  I nc l  udes two casks t h a t  a re  owned by a u t i  I i t y  company and a re  no t  
a v a i l a b l e  for lease from NAC. .; 

( c )  There a re  no i n t e r n a l  baskets f o r  these casks. Therefore, they cannot be 

used u n t i l  new baskets a r e  fabr ica ted .  

( d )  I nc l  udes one lN-9 cask owned by a u t i  I i t y  company. 

( e )  Includes one IF-300 cask owned by a u t i  I i t y  company. 

( a )  Heavy Haul i s  t he  t ranspor t  o f  overs ized and/or overweight ob jec ts  by t r u c k  
where special equipment i s  required. 
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Nuclear  Assurance Corp. ( N A U  

NAC suppl ies  a v a r i e t y  o f  legal-weight t r u c k  and r a i l  sh ipp ing  casks. 

The i r  t r u c k  cask f l e e t  inc ludes t h e  NFS-4, NAC-1 (same design as t h e  NFS-41, and 

NLI- /2  sh ipp ing casks. The r a i l  cask suppl ied by NAC i s  t h e  NLI-10/24 model. 

Sane o f  t he  important fea tures  as we1 I as t h e  t o t a l  number o f  completely 

fab r  cated casks a re  presented i n  Table 5.1. 

NAC e i t h e r  owns or has long term leases on a l l  o f  t he  equipment l i s t e d  

above. A I  I seven of the  NAC-1 and NFS-4 casks were temporar i I y suspended f rom 

use by the  NRC i n  1979. Two o f  t h e  NAC-1 casks (one owned by NAC and one owned 

by a u t i  I i t y )  were declared n o t  I icensed pending resubmi t ta l  o f  t h e i r  Safety 

Analys is  Report f o r  Packaging (SARPI. These casks were mod i f ied  s l i g h t l y  (sane 

copper patches were added) du r ing  t h e  manufacturing process and t h e  NRC had n o t  

reviewed and approved the  mod i f i ca t ion .  As a resu l t ,  these two casks can n o t  be 

used u n t i l  NRC has reviewed and approved updated SAR's. 

The remaining NAC-1 and NFS-4 sh ipp ing casks can no t  be used f o r  spent f ue l  

shipments due t o  an agreement between t h e  NRC and NAC. NAC has agreed no t  t o  

use these casks because NRC bel ieves the re  i s  a p o t e n t i a l  f o r  buck1 ing of t he  

i n te rna l  c a v i t y  t h a t  could cause the  lead s h i e l d i n g  t o  change pos i t ion .  Th is  

could cause the  r a d i a t i o n  sh ie ld tng  t o  lose e f fec t i veness  a t  sane loca t i ons  on 

t h e  casks. Subsequent inspect ions of t h e  casks have shown no evidence o f  

buck l i ng  or loss o f  o v a l i t y .  However, because NRC be l ieves  t h e r e  i s  p o t e n t i a l  

f o r  t h i s  type o f  f a u l t ,  they have asked NAC n o t  t o  use these casks f o r  spent 

fue l  shipments pending f u r t h e r  analyses. According t o  NAC, a l  I o f  t he  NAC-1 and 

NFS-4 sh ipp ing  casks wlll u l t i m a t e l y  be r e c e r t i f i e d .  

NAC possesses long-term lease agreements f o r  the  NLI-10/24 r a i l  casks and 

These casks were prev ious ly  supp l ied  by t h e  NLI-1/2 legal-weight t r u c k  casks. 

NL Indust r ies,  Inc., which leased t h e  casks t o  NAC i n  1980. A l l  f i v e  o f  t h e  

NLI-1/2 casks are  c e r t i f i e d  and operat ional .  

no t  avai I ab le  due t o  a lack o f  i n te rna l  baskets. New baskets would have t o  be 

fab r i ca ted  f o r  these casks. 

Both completed NLI-10/24 casks a re  

I f  new baskets a re  fab r i ca ted  us ing t h e  o r i g i n a l  
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design t h a t  was approved by t h e  NRC, I i t t l  e d i f f  i c u l  t y  i s  expected i n  

r e a c t i v a t i n g  the  casks. However, ana lys i s  and t e s t i n g  o f  t he  new design w i l  I be 

requ i red  i f  the  new baskets a re  designed d i f f e ren t l y , .  Submission o f  t h e  safety  

ana lys i s  o f  a new basket design and subsequent review and approval by t h e  NRC 

would a l s o  be required. These casks a re  c u r r e n t l y  considered t o  be unavai lab le.  

. 

Transnuclear, Inc. (TN) suppl i es  t h e  TN-8L and TN-9 overweight t r u c k  

.shipping casks. 

TN-9 has a design capaci ty  o f  seven BWR assemblies. 

t he re  a re  c u r r e n t l y  two TN-8Ls and two TN-9s i n  t h i s  country. 

casks has been so ld  t o  a u t i  I i t y  company, Commonwealth Edison, bu t  i s  assumed t o  

be a v a i l a b l e  f o r  use by TN i f  it i s  no t  be ing used by t h e  u t i 1  i t y .  The o ther  

th ree  casks a re  owned by TN and are  c e r t i f i e d  and operat ional .  

The TN-8L i s  designed t o  t r a n s p o r t  t h ree  PWR assemblies; t h e  

As shown on Table 5.1, 

One o f  t h e  TN-9 

t r i c  Co, 

General E l e c t r i c  Co. (G.E.) supp l ies  t h e  IF-300 r a i l  sh ipp ing  system. 

Cur ren t ly  t he re  a r e  fou r  completed IF-300 casks; one i s  owned by a u t i l i t y  and 

t h r e e  a re  owned by G.E., as shown i n  Table 5.1. A I  I of  these casks a re  

c u r r e n t l y  opera t ing  on ly  w i t h  dry i n te rna l  c a v i t i e s  a t  reduced thermal 

capac i t ies .  Consequently, on ly  long-cooled f u e l  may be shipped i n  t h e  IF-300 as 

a f u l  I load which reduces some o f  t he  f l e x i b i l  i t y  of t he  sh ipp ing  casks. 

However, s ince  most of the  fue l  expected t o  be shipped i n  t h e  near f u t u r e  i s  

r e l a t i v e l y  old, t h i s  i s  n o t  a n t i c i p a t e d  t o  r e s t r i c t  t h e  use o f  t he  cask i n  most 

instances. 

5.2 SHIPPING CASK SUPPlY CASFS 

Due t o  uncer ta in ty  regard ing  t h e  avai I ab i  I i t y  o f  sane sh ipp ing casks (;.e., 

y cases have been developed t h a t  

The lower I i m i t  of a v a i l a b i l  i t y  

assuming t h e  NL 1-1 0/24, NAC-1 and 

NLI-10/24, NAC-1, and NFS-4 models), two supp 

bound t h e  near-term sh ipp ing  cask f l e e t  size. 

i s  represented by the  c u r r e n t  s i t u a t i o n ;  ].e. 
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NFS-4 casks w i l l  n o t  be ava i lab le .  The upper l i m i t  of a v a i l a b i l i t y  i s  obta ined 

by assuming t h a t  t h e  NAC-1 and NFS-4 casks w i I I be r e c e r t i  f ied and avai I ab1 e f o r  

use i n  1985. I n  addi t ion,  t h e  maximum f l e e t  s i z e  includes t h e  two NLI-10/24 

r a i l  casks. A two year delay i n  t h e i r  a v a i l a b i l i t y  (i.e., they a re  assumed t o  

be unava i lab le  u n t i l  ea r l y  1987) a1 lows f o r  analysis, const ruct ion,  and approval 

J of new in te rna l  baskets. The u t i l i t y -owned  IF-300 cask i s  assumed t o  be 

unava i lab le  due t o  i t s  planned ex tens ive  use f o r  t h e  Brunswick transshipments 

and t h e  Carol ina Power and L i g h t  dry storage demonstration (Newman and Cole 

1984). 

TN as long as it would n o t  i n t e r f e r e  w i t h  the  u t i l i t y ' s  sh ipp ing  plans. The 

r e s u l t i n g  range o f  cask f l e e t  s izes  i s  summarized i n  Table 5.2. 

t The TN-9 owned by Commonwealth Edison i s  assumed t o  avai I ab1 e f o r  use by 

Cask 

Des i gnat  I on 

NAC-1 

NFS-4 

NL 1-1/2 

NL l-10/24 

TN-8L 

TN-9 

I F-300 

Spent Fuel Shipping Cask F l e e t  Supply Cases 

Number of Casks Avai I ab1 e 
. .  . .  Upper I i m i  t 

( a )  Does no t  inc lude two u t i l i t y -owned  NAC-1 casks. 

( b )  

( c )  Does no t  inc lude one u t i l i t y -owned  IF-300 cask. 

I nc l  udes one u t i  I ity-owned TN-9 cask. 

The data i n  Table 5.2 can be converted t o  t h e  number o f  days per year t h a t  

a cask f o r  each t ranspor t  mode i s  ava i lab le .  Th is  i s  done us ing t h e  assumption 

t h a t  sh ipp ing casks may be used up t o  300 days per year (Wilmot e t  at.  1983). 

Th is  a l lows s u f f i c i e n t  t ime fo r  p e r i o d i c  inspec t ion  and maintenance of the  
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casks. The r e s u l t i n g  number o f  a v a i l a b l e  cask-days per year for each t ranspor t  

mode under t h e  two supply scenarios i s  presented i n  Table 5.3. The data i n  

Table 5.3 w i l l  be compared w i t h  t h e  number o f  cask-days requ i red  t o  complete the  

sh ipp ing  programs described i n  Sect ion 5.2. 

TABLF 5.3 . A v a i l a b i l i t y  o f  Shipping Casks for  Each Supply Scenario 

Avai I ab i  I i t y  (cask-days/yr) 

Trans Dor t Mode - - 
Legal-weight t ruck  1500 3 000 ( a 

Overweight t r u c k  

BWR 6 00 600 

PW R 600 600 

Rai I 900 1500(b) 

( a )  Assumed t o  be a v a i l a b l e  beginning i n  1985. 

( b )  The add i t i ona l  600 cask-days/yr i s  assumed t o  be 

a v a i l a b l e  beginning i n  1987. 

5.3 CHARACTFRISTICS OF FUTURE S PFNT FUFI SHIP PING CASKS 

When t h e  ca l cu la ted  sh ipp ing  cask demand exceeds t h e  supply i n  any g iven 

year, add i t i ona l  t r a n s p o r t a t i o n  hardware w i  I I be needed. 

c a p a b i l i t i e s  can be provided i n  two ways; 1 )  load leve l ing,  or 2 )  b u i l d i n g  

add i t i ona l  sh ipp ing  casks. Load l e v e l i n g  at tempts t o  reduce t h e  demand f o r  

t r a n s p o r t a t i o n  casks by per forming shipments when t h e  demand i s  low t h a t  would 

otherwise be performed i n  years when the  demand i s  high. I t  i s  no t  known 

whether it i s  f e a s i b l e  f o r  DOE t o  p r a c t i c e  load level ing,  s ince it would r e q u i r e  

sune u t i l i t i e s  t o  sh ip  f u e l  t o  FIS several years p r i o r  t o  l os ing  f u l l  core 

reserve discharge c a p a b i l i t y .  Load l e v e l i n g  was considered t o  be an o p t i o n  i n  

t h i s  study. 

The add i t i ona l  
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Addi t iona l  t r a n s p o r t a t i o n  c a p a b i l i t i e s  would a l s o  be provided by 

cons t ruc t i ng  a d d i t i o n a l  t r a n s p o r t a t i o n  hardware. Designs o f  t h e  e x i s t i n g  Spent 

fue l  ,shipping casks may be considered t o  be i n e f f i c i e n t  f o r  t ranspor t i ng  

long-cooled spent fue l .  Fu ture  designs a re  expected t o  be s u b s t a n t i a l l y  

d i f f e r e n t .  Dry shipment of spent f ue l  (i.e., no i n te rna l  water coo lan t )  has 

been es tab l i shed as a more c o s t - e f f e c t i v e  method than wet shipments f o r  sh ipp ing 

aged spent fue l .  

casks i n  comparison w i t h  the  e x i s t i n g  designs. Dry casks w i l l  be designed t o  

sh ip  o lde r  and co lder  fue l  ( 5  t o  10 years a f t e r  reac to r  discharge compared w i t h  

3 t o  6 months). Since the  ol der fue l  has been a l  I owed t o  decay i n  storage 

bas ins f o r  several years, it emits less  rad ia t i on .  Therefore, gamma and neutron 

s h i e l d i n g  thicknesses can be reduced on t h e  new designs. Th is  reduc t i on  i n  

s h i e l d i n g  requirements a l lows t h e  cask c a v i t y  t o  be enlarged which increases t h e  

payload. The o v e r a l l  r e s u l t  i s  t h a t  f u t u r e  cask designs a re  expected t o  have 

la rge r  payload capac i t i es  than t h e  e x i s t i n g  designs. 

conceptual i n  nature and thus t h e i r  c h a r a c t e r i s t i c s  a re  sub jec t  t o  uncer ta in ty .  

The pro jec ted  design capac i t i es  o f  new spent fue l  sh ipp ing casks are  obtained 

from Wilmot e t  a l .  (1983) and a re  shown i n  Table 5.4.  

This  concept reduces t h e  heat  t r a n s f e r  c a p a b i l i t i e s  o f  new 

E 

These designs a re  

JARLF 5.4 ,  Assumed Design Capaci t ies o f  Fu ture  

Spent Fuel Shipping Casks 

Payload Capacity (Assemblies) 

BWR 

Legal-weight t ruck  2 

Overwe i gh t tr uc k 4 

Rai I 12 

5 
9 

32 
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6.0 SPENT FUFl SHIPPING CASK REOUIRFMFNTS 

Th is  s e c t i o n  presents t h e  r e s u l t s  o f  t h e  spent f u e l  t r a n s p o r t a t i o n  hardware 

requirements ca lcu la t ions .  Th is  in format ion represents t h e  near-term demand f o r  

commercial LWR spent fue l  sh ipp ing casks. Shipping cask requirements f o r  each 

t r a n s p o r t  mode ( i.e., LWT, OWT, and r a i  I )  were c a l c u l a t e d  on an annual bas is  

through 1993. 

discussed prev ious ly  i n  Sect ion 3.0. Since p o t e n t i a l  FIS t r a n s p o r t a t i o n  

requirements represent  t h e  grea tes t  demand f o r  spent f u e l  sh ipp ing casks i n  t h e  

near-future, they w i l l  be discussed separately. 

4 

Separate c a l c u l a t i o n s  were performed f o r  each t r a n s p o r t  mode as 

* 

6.1 FIS TRANSPORTATION RFOUIRFMFNTS 

Transpor tat ion requirements f o r  the two assumed l o c a t i o n s  f o r  t h e  p o t e n t i a l  

FIS s i t e  a r e  presented i n  Tables 6.1 and 6.2 f o r  the  western and eastern s i tes,  

respec t ive ly .  Transpor tat ion requirements genera l ly  increase w i t h  each 

successive year which r e f l e c t s  t h e  increas ing spent f u e l  storage r e q u i r m e n t s  i n  

l a t e r  years. As shown, r a i l  cask u t i  I i z a t i o n  i s  general l y  much lower than t r u c k  

cask u t i  I i z a t i o n .  

Transpor ta t ion  schedul ing i n  indus t ry  i s  more f l e x i b l e  than t h e  assumptions 

used i n  t h i s  study t o  develop a sh ipp ing schedule. Th is  i n f l e x i b i l i t y  caused a 

subs tan t ia l  i d l e  per iod f o r  one or more sh ipp ing casks i n  sane years. For 
example, OWT-PWR shipp ing cask usage i s  est imated t o  be about 610 cask-days i n  

1991 on Table 6.1. Three sh ipp ing casks a r e  needed, based on assumptions used 

i n  t h i s  study, t o  prov ide these services. As a resu l t ,  t h e  equ iva len t  of one 

OWT-BWR shipp ing cask i s  used less  than 105 o f  t h e  a v a i l a b l e  t ime i n  1991. Th is  

small percentage o f  a cask-year could e a s i l y  be accommodated i n  1990, which 

would negate the  need f o r  t h e  t h i r d  OWT-FWR shipp ing cask. 

sh ipp ing schedule could p o t e n t i a l l y  reduce t h e  requ i red  number o f  sh ipp ing casks 

i n  sane years. 

L 

.I  A more optimum 

FIS t r a n s p o r t a t i o n  requirements a r e  a f f e c t e d  t o  a large e x t e n t  by t h e  

l o c a t i o n  o f  t h e  storage f a c i l i t y .  Th is  can be i l l u s t r a t e d  by comparing Tables 

6.1 



* I  , 
6.1 and 6.2. Approximate distances t r a v e l e d  a r e  about two t o  t h r e e  t imes l a r g e r  

i n  each year f o r  the western FIS s i t e  compared t o  t h e  eastern FIS s i t e .  

highway d is tance t rave led  f o r  t h e  assumed western F I S  s i t e  i s  approximately 13.5 

m i l  l i o n  km (8.5 m i l  l i o n  m i l e s )  compared w i t h  about 4.5 m i l  l i o n  km (2.8 m i l  l i o n  

m i l e s )  f o r  an eastern FIS s i t e .  Th is  i l l u s t r a t e s  t h a t  s e l e c t i n g  an eastern FIS 

s i t e  may be des i rab le  due t o  i t s  r e l a t i v e  p rox imi ty  t o  a large number of  t h e  

commercial nuclear reactors.  

Total  

A s e n s i t i v i t y  case was analyzed t o  determine t h e  e f f e c t  o f  l i m i t i n g  highway 

sh ipments t o  I egal weight; i .e. , no OWT sh ipments were assumed t o  be made t o  

FIS. The r e s u l t s  o f  t h i s  s e n s i t i v i t y  case are  shown i n  Table 6.3. As shown on 

t h e  table,  t h e  assumption t h a t  on ly  LWT t r u c k  casks w i l l  be used causes a 

subs tan t ia l  increase i n  LWT cask requirements. Addi t ional  LWT casks w i l l  be 

needed by 1987 f o r  the western F I S  case and by 1989 f o r  the  eastern F I S  case 

(assuming t h e  lower cask a v a i l a b i l i t y  case). 

designs), or 20 more than the existing fleet, will be needed by 1992. This 

capabi I i t y  cou ld  be provided by t h e  f i v e  e x i s t i n g  LWT casks and t e n  new shipp ing 

casks ( f u t u r e  designs). The e x i s t i n g  f l e e t  becomes inadequate i n  1989 f o r  both 

F I S  s i t e  assumptions, assuming t h e  upper I i m i t  o f  LWT cask a v a i l a b i l  i t y .  

Up t o  25 LWT casks ( e x i s t i n g  

A comparison was made o f  t h e  r e s u l t s  i n  Tables 6.1 and 6.2 w i t h  Table 6.3. 

As discussed above, 20 a d d i t i o n a l  LWT casks ( e x i s t i n g  designs) w i l l  be needed by 

1992 f o r  t h e  LWT-only case ( o r  ten  a d d i t i o n a l  LWT casks o f  f u t u r e  designs). 

Th is  can be compared w i t h  t h e  requirement f o r  one a d d i t i o n a l  OWT-PWR and two 

a d d i t i o n a l  OWT-BWR casks o f  e x i s t i n g  designs ( o r  one OWT-PWR and one OWT-BWR of 

f u t u r e  designs) i f  OWT shipp ing i s  used. Therefore, FIS t r a n s p o r t a t i o n  

requirements (and t h e  number of  add i t iona l  sh ipp ing casks needed) w i l l  be 

s i g n i f i c a n t l y  increased i f  highway shipments a r e  l i m i t e d  t o  LWT casks. 

A f u r t h e r  c a l c u l a t i o n  was performed t o  determine t h e  percentage of  spent 

f ue l  t h a t  w i  I I be shipped t o  F I S  using each t r a n s p o r t  mode. Th is  was done by 
summing t h e  quant i  t i e s  o f  f u e l  t h a t  w i I I be shipped by LWT, OWT, o r  r a i  I and 

d i v i d i n g  by t h e  t o t a l  m o u n t  of fue l  t h a t  w i l l  be shipped t o  FIS. The 

c 
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TABLE 6.1. Transpor tat lon Requlrements for Federal ln te r l rn  Storage 
S i t e  Assumed t o  be Located i n  Western U.S. 

Approximate Dlstance Cask Usage Number of Shlpplng 
Traveled (lo3 krn) (days/year) (a )  (b )  Casks Needed (c )  

YEAR HIGHWAY RAIL LWT OWT-P OWT-B RAIL LWT OWT-P OWT-B RAIL 
- - - - - - _ I - - -  

1985 77 0 90 0 0 0 1 0 0 0 

1986 440 0 632 40 0 0 3 1 0 0 

1987 1,500 0 1796 0 0 0 6 0 0 0 

1988 1,600 3.4 1312 230 0 22 5 1 0 1 

1989 2,400 44 2050 450 606 156 7 2 2 1 

1990 2,400 120 2092 220 88 1 6 22 7 1 3 3 

1991 1,900 140 1536 610 200 738 6 3 1 3 

1992 3,200 56 2490 630 1110 324 9 3 4 2 

(a )  LWT = Legal-welgt t ruck ;  OWT-P = Overwelght Truck-PWR; OWT-B = Overwelght Truck-BWR. 
(b )  Numbers conta ln  excess s l g n l f i c a n t  f l g u r e s  for c a l c u l a t i o n  purposes. 
( c )  Based on sh lpp ing capacity of e x l s t l n g  casks. Future cask deslgns may be more e f f l c l e n t .  



TABLE 6.2. Transpor ta t ion  Requirements f o r  Federal I n t e r i m  Storage 
S i t e  Assumed t o  be Located i n  Eastern U.S. 

Approximate Dis tance Cask Usage Number of Shipping 
Traveled ( l o 3  km) (days/year) (a) (b)  Casks Needed (c )  

YEAR HIGHWAY RAIL LWT OWT-P OWT-B RAIL LWT OWT-P OWT-B RAIL 
- - - - - - - - - -  
1985 27 0 54 0 0 0 1 0 0 0 

1986 150 0 386 16 0 0 2 1 0 0 

1987 520 0 1132 0 0 0 4 0 0 0 

1988 590 3.0 7 52 92 0 20 3 1 0 1 

1989 7 90 40 1295 180 373 156 5 1 2 1 

P 1990 870 82 1360 88 544 286 5 1 2 1 
0, 

1991 6 00 93 920 259 100 496 4 1 1 2 

1992 1,000 56 1460 296 690 355 5 1 3 2 

(a )  LWT = Legal-weight t ruck;  OWT-PWR = Overweight Truck-PWR; OWT-BWR = Overweight Truck-BWR 
(b )  Numbers con ta in  excess s i g n i f i c a n t  f i g u r e s  for c a l c u l a t i o n  purposes. 
(c)  Based on sh ipp ing capaci ty  of e x i s t i n g  casks. Future cask designs may be more e f f i c i e n t .  

-, ,J 41 C’ 



-P,RI F 6.3, FIS Transpor ta t lon  Requl rments:  Ra i l  and LWT Only 

Cask Usage (days /y r ) (a ) (b )  Number of Shipping Casks Needed 

Western FIS Eastern FIS Western FIS Eastern FIS 

YEAR LWT Ra i l  LWT Rai I LWT Rai I LWT Rai I 

1985 

1 986 

1987 

1988 

1989 

1990 

1991 

1992 

90 

728 

17% 

1856 

4902 

51 80 

3528 

7362 

0 

0 

0 

22 

1 56 

622 

738 

324 

54 

43 4 

1132 

1024 

3148 

3377 

2029 

4549 

0 

0 

0 

20 

156 

286 

4% 

355 

1 

3 

6 

7 

17 

18 

12 

26 

0 

0 

0 

1 

1 0 

2 0 

4 0 

4 1 

1 1  1 

12 1 

7 2 

16 2 

( a )  LWT = Legal-weight t r u c k  

( b )  Numbers conta ln  excess s i g n i f l c a n t  f i g u r e s  f o r  c a l c u l a t i o n  purposes. 

( c )  Based on sh ipp ing capaci ty  o f  e x i s t l n g  casks. 

be more e f f i c i e n t .  

Future cask designs may 
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q u a n t i t i e s  o f  spent f ue l  t h a t  w i l  I be shipped by LWT and OWT a r e  added t o  ob ta in  

an overal I t r uck  percentage. The r e s u l t i n g  t r u c k  and r a i  I percentages were 

determlned t o  be 75% and 25% (on an MTU bas is ) .  

The t o t a l  near-term spent fue l  t r a n s p o r t a t i o n  requirements a re  presented i n  

t h i s  subsection. These data inc lude the  FIS t r a n s p o r t a t i o n  hardware 

requirements as we l l  as requirements f o r  t he  other  shipments discussed i n  

Sect ion 4.0. The data presented i n  these tab les  assume t h e  sh ipp ing capac i t i es  

o f  t he  e x i s t i n g  cask designs. Therefore, t h e  numbers o f  casks requ i red  are  

based on the  designs o f  t h e  e x i s t i n g  sh ipp ing  cask f l e e t .  

spent f ue l  sh ipp ing  casks a re  expected t o  have la rge r  cargo capac i t i es  (by 

approximately a f a c t o r  of two), fewer new casks would have t o  be b u i l t  t o  

prov ide a sh ipp ing  cask f l e e t  equ iva len t  t o  t h e  e x i s t i n g  f l e e t .  

Since new designs o f  

P ro jec t i ons  o f  t he  t o t a l  near-term spent fue l  sh ipp ing cask usage and f l e e t  

requirements a re  presented i n  Tables 6.4 and 6.5. Table 6.4 was prepared f o r  an 

assumed western FIS l oca t ion .  Table 6.5 assumes an eastern FIS locat ion.  

I n  general, commercial sh ipp ing  cask f l e e t  requirements a re  expected t o  

g radua l ly  increase i n  t h e  next  several years. LWT cask requirements increase 

from four  i n  1984 t o  n ine  i n  1989 f o r  t h e  case i n  which the  FIS s i t e  i s  assumed 

t o  be located i n  t h e  West. For an eastern FIS s i te ,  LWT cask requirements 

increase from four  i n  1984 t o  seven i n  1990. OWT and r a i l  cask requirements a re  

a l s o  pro jec ted  t o  have s i m i l a r  increases. 

these increases a r e  a r e s u l t  o f  shipments t o  FIS (see Tables 6.1 and 6.2). 

Note t h a t  t h e  g rea tes t  p o r t i o n  o f  
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TABLE 6.4. Total  Near-Term Spent Fuel Shipping Cask Usage 
and F l e e t  Requirements--Western FIS 

YEAR 
- 
1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

Cask Usage 
(days/year)(a) (b )  

LWT 
- 
1012 

57 1 

1331 

2039 

1612 

2506 

2665 

1914 

2490 

OWT-P 
- 

80 

324 

302 

132 

31 4 

530 

384 

694 

760 

(a )  

(b )  

( C )  

OWT-B 

27 0 

70 

0 

0 

0 

6 06 

88 1 

200 

1110 

RAIL 
- 

43 

306 

682 

682 

22 

202 

760 

738 

324 

LWT; Legal-Weight t ruck;  OWT-P = Overweight t r u c k  - PWR; 
OWT-B = Overweight t r u c k  - BWR. 
Numbers conta in  excess s i g n i f i c a n t  f i g u r e s  for c a l c u l a t i o n  
pur poses. 
Based on shipping capac i ty  o f  e x i s t i n g  casks. Fu ture  cask 
designs may be more e f f i c i e n t .  

Number of Shipping 
Casks Needed (c) 

LWT 
_I 

4 

2 

5 

7 

6 

9 

9 

7 

9 

OWT-P OWT-B RAIL 
- - -  

1 1 1 

2 1 2 

2 0 3 

1 0 3 

2 0 1 

2 3 2 

2 3 3 

3 1 3 

3 4 2 
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TABLE 6.5 Tota l  Near-Term Spent Fuel Shipping Cask Usage 
and F l e e t  Requirements--Eastern FIS 

Cask Usage Number of Shipping 
(days/year) (a) (b)  Casks Needed (c)  

YEAR LWT OWT-P OWT-B RAIL LWT OWT-P OWT-B RAIL 
- - - - - - - - -  
1984 1012 64 27 0 43 4 1 1 1 

1985 535 294 70 306 2 1 1 2 

1986 1085 278 0 682 4 1 0 3 

1987 1375 132 0 682 5 1 0 3 

1988 1052 176 0 20 4 1 0 1 

1989 1751 26 0 373 202 6 1 2 1 

1990 1933 252 544 424 7 1 2 2 

1991 1298 343 100 496 5 2 1 2 

1992 1460 376 690 355 5 2 3 2 

(a )  LWT; Legal-Weight t ruck;  OWT-P = Overweight t r u c k  - PWR; 
OWT-B = overweight t ruck  - BWR. 

( b )  Numbers conta in  excess s i g n i f i c a n t  f i g u r e s  f o r  c a l c u l a t i o n  
purposes. 

( c )  Based on sh ipp ing capaci ty  of e x i s t i n g  casks. Future cask 
designs may be more e f f i c i e n t .  

. 
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7 .O FVAl UAT ION OF THE ADEOUA CY OF THF EXIST ING CO MMERC I AI. 

i 

The adequacy o f  t he  e x i s t i n g  commercial spent fue l  sh ipp ing  cask f l e e t  t o  

perform needed near-term shipments i s  evaluated i n  t h i s  section. The 

eva lua t ions  a r e  performed by comparing t h e  sh ipp ing cask supply and demand 

in fo rmat ion  presented i n  Sections 5.0 and 6.0, respec t i ve l y .  The important 

r e s u l t s  from these two sec t ions  a re  s e t  f o r t h  i n  F igures 7.1'and 7.2 f o r  assumed 

western and eastern FIS s i tes ,  respec t ive ly .  

The r e s u l t s  i n  F igure  7.1 (western FIS case) i n d i c a t e  that ,  assuming t h e  

lcwer e x i s t i n g  f l e e t  a v a i l a b i l i t y ,  t h e  pro jec ted  LWT sh ipp ing  cask requirements 

w i I I exceed t h e  supply o f  LWT casks i n  1987. By 1989, up t o  n ine o f  t h e  

e x i s t i n g  casks w i l l  be needed. These annual requirements exceed LWT cask 

c a p a b i l i t i e s  ( lower  l i m i t )  by two and fou r  casks, i n  those years. I f  new LWT 

sh ipp ing  cask systems a re  brought i n t o  service, they are  a n t i c i p a t e d  t o  have 

approximately tw ice  t h e  cargo capaci ty  o f  t he  e x i s t i n g  designs; i.e., one new 

cask i s  equ iva len t  t o  two e x i s t i n g  casks (see Table 5.4). Using t h i s  f a c t o r  o f  

two d i f fe rence,  one LWT cask o f  t he  new design w i l l  be needed by 1987 and a 

second by 1989 ( i n  a d d i t i o n  t o  the  e x i s t i n g  f l e e t ) .  

LWT shipp ing cask requirements do no t  exceed the  upper I i m i t  of t h e i r  

avai I ab i  I i t y  ( t e n  cask-years per year) .  However, s ince the  maximum annual 

G requirement (n ine  cask-years) i s  on ly  one less than the  maximum LWT cask f l e e t  

size, any s i g n i f i c a n t  delays i n  r e c e r t i f i c a t i o n  o f  t h e  NAC-1 and NFS-4 casks 

could cause a shortage as e a r l y  as 1989. 

cask systems i s  delayed, t h e  add i t i ona l  new LWT casks discussed above would be 

I f  t h e  reapproval o f  these sh ipp ing 1 

. needed. 

Re fe r r l ng  back t o  Table 6.1, FIS t r a n s p o r t a t i o n  requirements f o r  a western 

s i t e  may r e q u i r e  a l l  o f  t h e  a v a i l a b l e  LWT spent fue l  sh ipp ing  casks. The 

7 . 1  
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FIGURE 7.1 Comparison of Annual Shipping Cask Requirement (Western F I S )  

With the  Lower L i m i t  Cask A v a i l a b i l i t y .  
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* P ,  

pro jec ted  demand f o r  t r a n s p o r t a t i o n  serv ices  f o r  FIS w i l l  exceed t h e  lower l i m i t  

of LWT sh ipp ing  cask avai I abi I i t y  as e a r l y  as 1987. Th is  shortage o f  LWT casks 

could be delayed by two years i f  DOE and t h e  u t i l i t i e s  agree t o  a load l e v e l i n g  

operation; i.e., agree t o  sh ip  fue l  t o  FIS i n  1986 assumed t o  be shipped i n  

1987. 

casks; i.e., h igher  cask u t i l i z a t i o n  i n  1986 cou ld  compensate f o r  a p o t e n t i a l  

shortage i n  1987. Even i f  t h i s  could be done, add i t i ona l  LWT c a p a b i l i t y  w i l  I be 

needed by 1989. S i g n i f i c a n t  delays i n  r e c e r t i f i c a t i o n  o f  t he  NAC-1 and NFS-4 

casks could cause a shortage by t h a t  year. I f  these delays appear l i k e l y  and i f  

u t i l i t i e s  begin large-scale a p p l i c a t i o n s  f o r  FIS ( s u b j e c t  t o  NRC approval),  new 

LWT sh ipp ing  casks w i l l  be needed by 1989. 

Th is  assumption a1 lows more e f f i c i e n t  use of the  e x i s t i n g  c e r t i f  ied  LWT 

The number o f  new LWT casks requ i red  f o r  shipments t o  a western FIS s i t e  

can be estimated by sub t rac t i ng  t h e  LWT cask usage requirements i n  Table 6.1 

from the  LWT cask a v a i l a b i l  i t y  ( lower  I i m i t )  presented i n  Table 5.3. These 

values a re  d i v ided  by the  cask a v a i l a b i l  i t y  f r a c t i o n  (300 days per year)  and 

then by t h e  f a c t o r  o f  two increase i n  cargo capac i ty  f o r  new cask designs 

discussed above. The r e s u l t  i s  t h a t  one a d d i t i o n a l  LWT cask o f  t he  new design 

w i I I be needed by 1987 and a second by 1 992. 

I n  F igu re  7.2 (eas tern  FIS case), maximum annual LWT cask requirements w i l l  

exceed t h e  e x i s t i n g  c e r t i f i e d  LWT cask f l e e t  s i z e  i n  1989. Th is  represents  

about a two year delay compared w i t h  the  case i n  which the  F I S  s i t e  i s  assumed 

t o  be located i n  t h e  West. E i t h e r  the  NAC-1 or NFS-4 casks must be re tu rned t o  

se rv i ce  or, a l t e r n a t i v e l y ,  new LWT casks must be a v a i l a b l e  by t h a t  date or a 

shortage w i l l  occur. Load l e v e l i n g  could poss ib ly  achieve near-maximum 

u t i 1  i z a t i o n  o f  t h e  f i v e  c u r r e n t l y  c e r t i f i e d  LWT casks from 1985 through 1992 so 

t h a t  no shortage would occur. Th i s  assumes t h a t  DOE would be ready t o  accept 

f u e l  a t  FIS i n  1985 and t h a t  no opera t iona l  problems occur w i t h  one or more o f  

t he  e x i s t i n g  LWT casks. Again, t h i s  assumes t h a t  u t i l i t i e s  begin large-scale 

a p p l i c a t i o n s  f o r  FIS i n  t h e  next  year and t h a t  NRC agrees t h a t  they are  

e l  i g i b l e .  As o f  September, 1984, no u t i 1  i t y  had appl ied  f o r  F IS.  

e 

."* 

7.4 



. 
Pro jec ted  OWT-PWR shipp ing cask requirements (see F igu re  7.1) w i l l  exceed 

t h e  e x i s t i n g  c e r t i f i e d  f l e e t  s i z e  by 1991. One add i t i ona l  OWT-PWR cask i s  

needed i n  t h a t  year. However, r e f e r r i n g  back t o  Table 6.3, t h e  t h i r d  cask w i I I 
be used only  about one- th i rd  o f  t he  a v a i l a b l e  t ime i n  1991 (694 cask-days 

d i v ided  by 300 cask-days a v a i l a b l e  per year r e s u l t s  i n  about 2.3 cask-years) and 

one-half i n  1992. These f r a c t i o n s  o f  OWT cask usage could be accommodated i n  

e a r l i e r  years. With advance p lanning and proper dispatching, t h e  e x i s t i n g  

OWT-PWR cask f l e e t  could be adequate t o  perform t h e  needed shipments. 

f u r t h e r  assumes DOE can p r a c t i c e  load l e v e l i n g  by agreeing t o  rece ive  spent fue l  

a t  FIS several years be fore  a p a r t i c u l a r  reac tor  i s  est imated t o  lose f u l  I core  

reserve d i  scharge capabi I i t y .  

i n s u f f i c i e n t .  

Th i s  

The ex i  s t i  ng OWT-PWR casks w i I I otherwise be 

The number of e x i s t i n g  c e r t i f  led OWT-PWR casks i s  s u f f i c i e n t  t o  perform the  

assumed shipments f o r  t he  eastern F IS  s i t e .  I n  t h e  year w i t h  the  h ighes t  

p ro jec ted  OWT-PWR cask usage (see Table 6.41, on ly  a small f r a c t i o n  i n  excess o f  

one cask-year i s  needed. These shipments could s u f f e r  sane s i g n i f i c a n t  delays 

and s t i l  I be completed before 1992. A l t e r n a t i v e l y ,  t he  unused p o r t i o n  o f  t h e  

cask-year could be used f o r  o ther  shipments i f  sane u t i  I i t i e s  were t o  modify 

t h e i r  p l a n t s  t o  handle these sh ipp ing casks. Th is  could reduce the  p o t e n t i a l l y  

h igh  u t i 1  i z a t i o n  o f  t h e  e x i s t i n g  LWT casks, p a r t i c u l a r l y  i f  t he  NAC-1 and NFS-4 

casks were no t  avai I ab I e. 

The BWR vers ions  of t h e  OWT sh ipp ing  casks are a n t i c i p a t e d  t o  be i n  use for  

on ly  a f r a c t i o n  o f  t h e i r  a v a i l a b l e  t ime over the  next  several years. A f t e r  

1989, these sh ipp ing casks a re  expected t o  be used more f requent ly .  

western FIS case assumptions, OWT-BWR cask w I I I requirements exceed t h e  

near-term supply i n  1990. Up t o  two addi t i o n a  I OWT-BWR casks w i I I be needed by 

1992. 

cou ld  a l s o  be provided by th ree  LWT casks o f  t h e  new designs described i n  Table 

5.4. 

Under the  

The add it iona I t r anspor t  capab i I i t y  prov ided by these two OWT-BWR casks 

. .  
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. # I  

I n  the  eastern FIS case, t h e  supply o f  OWT-BWR sh ipp ing  casks w i I I be 

adequate through 1991. One add i t i ona l  OWT-BWR cask w i t  I be needed i n  1992. 

However, i f  DOE can implement load leve l  ing, sane shipments scheduled f o r  1992 

cou ld  be completed i n  1991. Th is  would reduce the  pro jec ted  OWT-BWR cask usage 

be needed i n  1992 and t h e  two 

e n t  capabi I i t y  through a t  I east  t h a t  

i n  1992. Only two OWT-BWR 

e x i  s t  i ng OWT-BWR casks wou 

year. 

casks would then 

d prov ide s u f f i c  

The r e s u l t s  o f  a s e n s i t i v i t y  case i I  l u s t r a t e d  t h e  e f f e c t s  of I i m i t i n g  

highway shipments t o  FIS t o  LWT casks. 

add i t i ona l  LWT casks t h a t  w i  I I be needed (i.e., t o  rep lace  the  OWT casks) was 

s i g n i f i c a n t l y  h igher  than the  add i t i ona l  OWT casks t h a t  w i l l  be needed. The 

cos t  of t en  new LWT casks ( o f  new designs) w i l l  more than o f f s e t  t he  cos t  o f  two 

add i t i ona l  OWT casks (see Sect ion 6.1). 

I t  was determined t h a t  t he  number of 

I n  a l l  cases, t h e  e x i s t i n g  c e r t i f i e d  r a i l  cask f l e e t  i s  adequate t o  perform 

the  pro jec ted  r a i  I shipments. The I a rges t  r a i  I cask annua I usage p r o j e c t i o n  i s  

about 760 cask-days per year i n  1990 (see Table 6.3).  Th is  r a i l ,  cask usage 

va lue represents  t h e  equ iva len t  o f  f u l l  u t i l i z a t i o n  o f  two r a i l  casks and 

f r a c t i o n a l  u t i  I i z a t i o n  o f  a t h i r d .  Consequently, p ro jec ted  r a i l  shipments could 

undergo subs tan t ia l  delays w i thou t  causing a shortage of r a i l  cask a v a i l a b i l  i t y .  

Th i s  may r e q u i r e  t h a t  appropr ia te  m o d i f i c a t i o n s  t o  the  FIS sh ipp ing schedule be 

made i f  delays a re  expected. A f u r t h e r  i m p l i c a t i o n  i s  t h a t  it may n o t  be 

necessary t o  r e a c t i v a t e  the  NL l-10/24 r a i  I casks t o  prevent a near-term shortage 

o f  r a i l  c a p a b i l i t y .  Th i s  i s  no t  t o  say t h a t  t he  NLI-10/24 casks should n o t  be 

reac t iva ted .  I t  simply imp1 ies  t h a t  t h e  th ree  c u r r e n t l y  opera t iona l  IF-300 r a i  I 
casks a re  pro jec ted  t o  be ab le  t o  prov ide a l  I o f  t h e  r a i  I t r anspor t  capabi I I t y  

needed through a t  I east  1 992. 

The primary use o f  t h i s  document i s  a p lanning and decision-making t o o l .  

Since the  r e s u l t s  and conclus ions presented a r e  s p e c i f i c  t o  the  assumptions used 

i n  t h i s  study, t h e r e  i s  s i g n i f i c a n t  unce r ta in t y  r e l a t i v e  t o  what w i l l  a c t u a l l y  

occur i n  t h e  near-term. Thus, it i s  necessary t o  indicate, i n  a q u a l i t a t i v e  

manner, t he  a f f e c t s  on t h e  cask requirements o f  vary ing  each o f  t he  assumptions. 

t 
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These e f fec ts  a re  shown i n  Table 7.1. The arrows i n  the  t a b l e  i n d i c a t e  e i t h e r  

number o f  an increase ( + 1, decrease ( + 1 or  no e f f e c t  ( -1 on the  addltronal 
sh ipp ing  casks needed r e l a t i v e  t o  a base case. 

e f f e c t s  are compared i s  the  case were the  hypothe t ica l  FIS s i t e  i s  located i n  

t h e  western Un i ted  States. 

. .  
The base case t o  which the  

The f i r s t  row o f  Table 4.1 shows t h e  add i t i ona l  numbers o f  each type o f  

sh ipp ing  cask t h a t  w i  I I be needed i n  the  near-term according t o  t h e  base case 

assumptions (see F igu re  7.1). The lower l i m i t  o f  sh ipp ing cask a v a i l a b i l i t y  was 

assumed. These va l  ues are  shown f o r  compar ison purposes. The remai nder of t he  

t a b l e  ind ica tes  the  e f f e c t s  on these values o f  changing t h e  l i s t e d  assumptions. 

The e f f e c t s  shown on the  t a b l e  a re  due t o  changing only  t h e  assumption shown; 

;.e., t he  e f f e c t s  a re  no t  compounded as t h e  reader proceeds down t h e  tab le.  

The f i r s t  assumption t h a t  was va r ied  was the  hypothe t ica l  l oca t i on  o f  t he  

FIS s i t e .  As shown, i f  the  FIS s i t e  i s  located i n  the  eastern Uni ted States, 

t he  numbers o f  add i t i ona l  casks o f  each type t h a t  a re  needed decreases. Th is  

was due t o  the  f a c t  t h a t  sh ipp ing  d is tances are  minimized when the  F I S  s i t e  i s  

located i n  the  East where most o f  t he  reac to rs  a re  located. Note t h a t  no e f f e c t  

on t h e  r a i  I cask f l e e t  i s  shown. Th is  i s  because the  e x i s t i n g  r a i  I cask f l e e t  

i s  p ro jec ted  t o  be s u f f i c i e n t ,  and even though the re  would be a reduc t ion  i n  

r a i l  u t i 1  i za t ion .  Ifno e f f e c t "  i s  shown because there  would be no reduc t i on  o f  

r a i  I casks needed. the  number of aQd it i o n d  . .  

The e f f e c t  o f  us ing assumed cask capac i t i es  o f  f u t u r e  casks i s  a l s o  a 
decrease i n  t h e  number o f  add i t i ona l  sh ipp ing  casks needed. Th is  e f f e c t  was 

eval uated quant I t a t  i v e l y  ea r l  i e r  i n  t h  i s r e p o r t  and w i I I no t  be repeated here. 

Again, "no e f f e c t "  i s  shown f o r  r a i  I casks because o f  t he  reason discussed 
L 

U t i  

t h e  

wou 

above. 

The next  

i t i e s  cou 

r u t i  I i t y  

d cause a 

assumption t h a t  was changed was r e l a t e d  t o  the  u t i 1  i z a t i o n  o f  FIS. 

d p o t e n t i a l l y  t ranssh ip  fue l  t o  less f u l l  storage bas ins w i t h i n  

systems r a t h e r  than make large-scale u t i l i z a t i o n  o f  FIS. Th is  

reduc t i on  o f  the  number of add i t i ona l  LWT and OWT casks needed 
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Q u a l i t a t i v e  E f f e c t  On the  Need f o r  Addi t ional  
Shipping Casks o f  Changing Various Assumptions L ' ,  . 

E f f e c t  on Numbers of A d i nal 
Shipping Casks Needed f a  1 tb?  

A q s w t i o n  

Base Case ( c )  

CWT OWT RAlL 

4 0 

- Use hypothet ica l  Eastern F I S  s i t e  4. G 

Use f u t u r e  cask capab i I i ti es 4 

Transship t o  minimum poss ib le  ex ten t  G 

Use r a i  I ( intermoda 1 )  t o  maximum ex ten t  G G - . E  

- Load i ng I eve I G G 

- Exclude OWT shipments from FIS 4 G 

Exc I u d e  TMI sh i pments - - - 

( a )  LWT = Legal-Weight Truck; OWT = Overweight Truck 
( b )  Symbols a r e  def ined as f o l  lows: 

assumption i s  an increase i n  the  number o f  a d d i t i o n a l  sh ipp ing casks 
needed; ( = A decrease i n  t h e  number of  d d  i t i o n a  L sh ipp ing casks 
needed; ( - 1  = No e f f e c t  on the  number o f  add i t i o n d  sh i pp i ng casks 
needed. I f  the  ( -1  i s  shown, cask u t i 1  i z a t i o n  may increase or decrease - 
s l i g h t l y  b u t  the number of add i t iona l  casks needed .. i s  not expected t o  
change. 
The base case assumes a hypothet ica l  western s i t e  f o r  the F I S ;  see Table 
6.4 f o r  sh ipp ing cask requirements. 

( 4 1 = The e f f e c t  of changing t h e  

( c )  

( d )  One PWR vers ion  and two a d d i t i o n a l  BWR vers ions a r e  needed. 

\ 
I 

'f 
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because o f  sho r te r  sh ipp ing d is tances requ i red  t o  perform most i n t r a u t i l i t y  

transhipments r e l a t i v e  t o  shipments t o  FIS. According t o  DOE (19841, 

i n t r a u t i l i t y  transshipments could reduce FIS u t i l i z a t i o n  up t o  a fac to r  of s i x  

(on the  bas i s  o f  t h e  m o u n t  i n  u n i t s  o f  MTU o f  f ue l  t o  be s to red) .  Therefore, a 

la rge  p o r t i o n  o f  the  fue l  assumed t o  be shipped t o  FIS i n  the  base case could 

p o t e n t l a l l y  be transshipped over s i g n i f i c a n t l y  shor te r  distances. 

The next  assumption t h a t  was changed was t h a t  intermodal shipments using 

r a i l  casks would be used f o r  reac to rs  t h a t  could handle a r a i l  cask i n -p lan t  bu t  

were no t  provided w i t h  r a i l  access. I n  comparison, t he  base case assumed t h a t  

reac to rs  w i thou t  r a i l  access would sh ip  by e i t h e r  LWT o r  OWT, depending upon 

t h e i r  in -p lan t  l i m i t a t i o n s .  A review of t he  data presented by Konzek and Dat ing  

(1984) ind ica tes  t h a t  1 1  p l a n t s  t h a t  were assumed t o  sh ip  by LWT o r  OWT i n  the  

base case cou I d po ten t i a  I ly use r a i  I casks f o r  i ntermoda I sh i pments ( i. e. 9 heavy 

haul t r u c k  shipment o f  a r a i l  cask between the  reac tor  and the  nearest r a i l  

access poi n t )  . 
and OWT f l e e t  bu t  would a l s o  increase the  pressure on the  e x i s t i n g  r a i l  casks. 

Th i s  wou I d s ign  i f i c a n t  I y reduce the  pressure on the  ex i  s t i  ng LWT 

The next assumption examined was the  p o t e n t i a l  use o f  load leve l  ing  t o  

reduce pressure on c e r t a i n  cask types i n  sane years. The r e s u l t s  o f  the  base 

case ind i ca te  t h a t  one add i t i ona l  OWT-FWR cask i s  needed i n  the  near term. 

There i s  s i g n i f i c a n t  u n d e r u t i l i z a t i o n  o f  the  two e x i s t i n g  OWT-PWR casks i n  ea r l y  

years (see Table 6.41, which means t h a t  these casks would be i d l e  f o r  a la rge  

p o r t i o n  o f  those years. The need f o r  the  add i t i ona l  OWT-FWR cask would be 

del  ayed i f  sane shipments t h a t  were p r o j e c t e d  to be made i n  1991 or 1992 cou I d 

be made e a r l i e r .  Load l e v e l i n g  would a l s o  delay t h e  need f o r  add i t i ona l  LWT 

casks. Load l e v e l i n g  would reduce the  need for add i t i ona l  LWT casks bu t  t o  a 

lesser  extent ;  i.e., add i t i ona l  LWT casks would s t i l  I be needed bu t  fewer casks 

would be needed t o  meet the  near-term demand. Load l e v e l i n g  would a l s o  reduce 

t h e  need f o r  add i t i ona l  OWT-BWR casks and has the  p o t e n t i a l  f o r  negating t h e  

need for any new OWT-BWR casks. 

As shown on Figure  7-18  t h e  e f f e c t  o f  exc lud ing  OWT shipments from FIS 

would increase the  demand f o r  LWT casks and decrease the  demand f o r  OWT casks. 

The r e s u l t s  of a s e n s i t i v i t y  study ind ica ted  t h a t  a large number o f  addi tonal  
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LWT casks would be needed i f  t h i s  assumptlon i s  made (see Table 6.3). Th is  1 * 

e f f e c t  was discussed prev ious ly  and w i l l  no t  be repeated here. 

The f i n a l  assumption t h a t  was examined was t h e  assumption t h a t  t he  

shipments of the  damaged core  from TMI would be made i n  e x i s t i n g  r a i l  casks. 

There i s  t h e  possib i I i t y  t h a t  spec ia l  sh ipp ing  casks w l I I be designed and 

const ructed t o  perform these shipments. As shown on Table 7.1, t h e  e f f e c t  would 

be i n s i g n i f i c a n t  although a s l i g h t  reduc t i on  o f  r a i l  u t i l i z a t i o n  would r e s u l t .  

Th i s  S I  l g h t  reduc t i on  o f  r a i l  u t i 1  i z a t i o n  would no t  reduce the  near-term 

casks 1. base-case demand f o r  a t o t a l  o f  t h ree  r a l  I casks ( i .e., no add i t  i o n d  

Th is  assumption has no e f f e c t  on the  demand f o r  LWT or OWT casks. 

F . .  
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