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ABSTRACT 

T h i s  r e p o r t  c o n t a i n s  a system s tudy  o f  e s t i m a t e d  r a d i a t i o n  doses t o  t h e  

p u b l i c  and workers r e s u l t i n g  f r o m  t h e  t r a n s p o r t  o f  spent f u e l  from commercial 

n u c l e a r  power r e a c t o r s  t o  a g e o l o g i c  r e p o s i t o r y .  A p o s t u l a t e d  r e f e r e n c e  

r a i l / l e g a l w e i g h t  t r u c k  t r a n s p o r t a t i o n  system i s  d e f i n e d  t h a t  would use c u r r e n t  

t r a n s p o r t  technology.  The r e p o r t  c o n t a i n s  a d e t a i l e d  breakdown o f  a c t i v i t i e s  

and a d e s c r i p t i o n  o f  t ime /d i s tance /dose - ra te  es t ima tes  f o r  each a c t i v i t y  w i t h i n  

t h e  system. C o l l e c t i v e  doses a r e  e s t i m a t e d  f o r  each of t h e  major  a c t i v i t i e s  a t  

t h e  r e a c t o r  s i t e ,  i n  t r a n s i t ,  and a t  t h e  r e p o s i t o r y  r e c e i v i n g  f a c i l i t y .  Annual 

i n d i  v i  dua l  doses t o  t h e  maxi mal l y  exposed i n d i  v i d u a l  s o r  groups o f  i n d i  v i  dua l  s 

a r e  a l s o  est imated.  A t o t a l  o f  17 a l t e r n a t i v e s  and s u b a l t e r n a t i v e s  t o  t h e  

p o s t u l a t e d  r e f e r e n c e  t r a n s p o r t a t i o n  system a r e  i d e n t i f i e d ,  concep tua l i zed ,  and 

t h e i r  dose - reduc t i on  p o t e n t i a l s  and c o s t s  est imated.  R e s u l t i n g  r a t i o s  o f  

A c o s t l A c o l l e c t i v e  system dose f o r  each a l t e r n a t i v e  r e l a t i v e  t o  t h e  p o s t u l a t e d  

reference t r a n s p o r t a t i o n  system a r e  given. Most o f  t h e  a l t e r n a t i v e s  e v a l u a t e d  

a r e  e s t i m a t e d  t o  p r o v i d e  bo th  c o s t  and dose reduc t i ons .  

Ma jo r  r e d u c t i o n s  i n  t r a n s p o r t a t i o n  system dose and c o s t  a r e  e s t i m a t e d  t o  

r e s u l t  from u s i n g  h i g h e r - c a p a c i t y  r a i l  and t r u c k  casks, and p a r t i c u l a r l y  when 

rep1 a c i  ng 1 ega l  wei gh t  t r u c k  casks w i t h  "advanced d e s i  gn'l overwei gh t  t r u c k  

casks. The s t u d y  o f  t h e  p o s t u l a t e d  r e f e r e n c e  t r a n s p o r t a t i o n  system i n d i c a t e s  

t h a t  i n d i v i d u a l s  who work c l o s e  t o  t h e  loaded casks on a d a i l y  b a s i s  th roughou t  

t h e  y e a r  (such as those  a t  t h e  r e p o s i t o r y  r e c e i v i n g  f a c i l i t y )  c o u l d  r e c e i v e  an 

annual r a d i a t i o n  dose i n  excess o f  t h a t  p e r m i t t e d  i n  c u r r e n t  r e g u l a t i o n s .  Such 

doses w i l l  n o t  be p e r m i t t e d  by DOE. The g r e a t e s t  annual dose r e d u c t i o n  t o  t h e  

h i g h e s t  exposed i n d i v i d u a l  workers (i.e., a t  t h e  r e p o s i t o r y )  i s  es t ima ted  t o  be 

achieved by u s i n g  remote h a n d l i n g  equipment f o r  t h e  cask h a n d l i n g  o p e r a t i o n s  a t  

t h e  r e p o s i t o r y .  A d d i t i o n a l  s h i e l d i n g  on t h e  p o s t u l a t e d  reference l e g a l w e i g h t  

t r u c k  cask, p a r t i c u l a r l y  on t h e  cask ends, i s  a l s o  e f f e c t i v e  i n  reduc ing  doses 

t o  b o t h  occupa t iona l  r a d i a t i o n  workers a t  t h e  r e a c t o r  and r e p o s i t o r y  and t o  

t r a n s p o r t  workers.  Truck o p e r a t i o n s  w i t h  s h o r t e r  s t o p  t imes  a t  t r u c k  s tops  a r e  

found t o  reduce t h e  c o l l e c t i v e  r a d i a t i o n  dose t o  t h e  p u b l i c .  

iii 



A t r a n s p o r t a t i o n  system i n c o r p o r a t i n g  a combinat ion o f  a l t e r n a t i v e s  i s  

a l s o  d e f i n e d  and eva lua ted  as an example t o  show t h e  p o t e n t i a l  e f f e c t s  and 

i n t e r a c t  i ons o f  combi n i  ng compat i b l  e a1 t e r n a t  i ves. 

The r e s u l t s  o f  t h e  s tudy  can be used t o  p r o v i d e  i n p u t  t o  t h e  Department o f  

Energy i n  i t s  development and o p t i m i z a t i o n  o f  t h e  f e d e r a l  waste management 

t r a n s p o r t a t i o n  system f o r  spent f u e l ,  i n c l u d i n g  s h i p p i n g  and r e c e i v i n g  f a c i l i t y  

designs. 
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1.0 INTRODUCTION 

The f e d e r a l  system f o r  management o f  spent f u e l  and h i g h - l e v e l  r a d i o a c t i v e  

waste i n c l u d e s  t h e  acceptance by t h e  Department o f  Energy (DOE) o f  t h e  spent  

f u e l  o r  waste loaded i n  casks a t  t h e  r e a c t o r  o r  o t h e r  waste genera tors ,  i t s  

t r a n s p o r t a t i o n  t o  a r e p o s i t o r y ,  and i t s  h a n d l i n g  and f i n a l  emplacement i n  t h e  

r e p o s i t o r y .  The DOE p lans  t o  implement a t r a n s p o r t a t i o n  system t h a t  i s  safe,  

secure, e f f i c i e n t  and c o s t - e f f e c t i v e  (DOE 1985; DOE 1986a,b; DOE 1987). T h i s  

system w i l l  be des igned and opera ted  t o  meet a p p l i c a b l e  s a f e t y  and s e c u r i t y  

requ i rements  of t h e  Department o f  T r a n s p o r t a t i o n  (DOT) and t h e  Nuc lear  

Regu la to ry  Commission (NRC) as w e l l  as those of t h e  DOE. 

I n  p l a n n i n g  f o r  imp lementa t ion  o f  a safe and c o s t - e f f e c t i v e  t r a n s p o r t a t i o n  

system, DOE commissioned t h e  P a c i f i c  Nor thwest  Labora tory  (PNL) t o  develop 

es t ima tes  o f  t h e  r a d i a t i o n  doses, bo th  p u b l i c  and occupa t iona l ,  t h a t  would 

r e s u l t  f rom o p e r a t i o n  o f  a system p o s t u l a t e d  u s i n g  c u r r e n t  des igns  and p rac -  

t i c e s .  

i n  r e l a t i v e l y  h i g h  doses, proposed conceptual  a l t e r n a t i v e s  t h a t  would e f fec-  

t i v e l y  reduce such exposures, and eva lua ted  t h e  c o s t - e f f e c t i v e n e s s  o f  such 

a1 t e r n a t  i ves. 

From t h a t  e v a l u a t i o n ,  PNL i d e n t i f i e d  a c t i v i t i e s / o p e r a t i o n s  t h a t  r e s u l t  

T h i s  s tudy  i s  one o f  a s e r i e s  o f  system s t u d i e s  t o  be c a r r i e d  o u t  w i t h i n  

t h e  D O E ' S  O f f i ce  o f  Storage and T r a n s p o r t a t i o n  Systems' (OSTS) o v e r a l l  Trans-  

p o r t a t i o n  System Study P l a n  (TSSP) now b e i n g  developed. The TSSP i s  des igned 

t o  i d e n t i f y ,  schedule and i n t e g r a t e  t h e  r e s u l t s  of numerous system s t u d i e s  

needed t o  suppor t  in fo rmed system des ign  and o p e r a t i o n a l  d e c i s i o n s  a t  t h e  DOE- 

OSTS r e s p o n s i b i l i t y  l e v e l .  Th i s  dose a n a l y s i s  and a l t e r n a t i v e s  s tudy  i n  i t s e l f  

i s  no t  i n tended  t o  s p e c i f y  t h e  r e f e r e n c e  DOE t r a n s p o r t a t i o n  system, no r  fo rm 

t h e  b a s i s  f o r  f i n a l  system design c h a r a c t e r i s t i c s  o r  o p e r a t i o n a l  procedures.  

Whi le  bo th  p u b l i c  and occupa t iona l  r a d i a t i o n  expostires a re  very impor tan t  i n  

system design, r e g u l a t o r y  l i m i t s  must be met. Con t ro l  of doses w i t h i n  (be low)  

r e g u l a t o r y  l i m i t s  r e q u i r e s  c o n s i d e r a t i o n  o f  va r ious  o t h e r  o v e r a l l  system 

impacts  t h a t  may r e s u l t  f rom d e c i s i o n s / a c t i o n s  d i r e c t e d  toward  reduc ing  

exposures. The r e s u l t s  o f  t h i s  s tudy  w i l l  be considered,  a long  w i t h  r e s u l t s  o f  
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o t h e r  system s tud ies ,  i n  making o v e r a l l  system des ign  and o p e r a t i o n a l  d e c i s i o n s  

l e a d i n g  t o  s p e c i f i c a t i o n s  d e s c r i b i n g  an op t ima l  system f o r  deployment i n  t h e  

l a t e  1990s. 

Whi le  r a d i a t i o n  doses t o  t h e  p u b l i c  and t o  workers i n  t h e  t r a n s p o r t a t i o n -  

r e l a t e d ( a )  p a r t  o f  t h e  waste management system w i l l  be w i t h i n  r e g u l a t o r y  

1 i m i  t s ,  ALARA(b) p r i n c i p l e s  w i  11 be cons idered i n  i d e n t i f y i n g  c o s t - e f f e c t i  ve 

changes i n  t h e  system t h a t  c o u l d  reduce exposures below r e g u l a t o r y  l i m i t s .  The 

purpose o f  t h i s  s tudy  i s  t o  assess c o s t  versus r a d i a t i o n  dose r e d u c t i o n  t r a d e -  

o f f s  assoc ia ted  w i t h  p o t e n t i a l  a l t e r n a t i v e s  f o r  t r a n s p o r t a t i o n  system des ign  

and opera t i ons .  These r e s u l t s  a re  expected t o  p r o v i d e  t e c h n i c a l  bases (when 

combined w i t h  numerous o t h e r  f a c t o r s )  f o r  t h e  DOE's value judgments and 

d e c i s i o n s  f o r  t h e  spent f u e l  s h i p p i n g  cask development process, as w e l l  as 

i n p u t  t o  bo th  DOE's cask system des ign  and p l a n n i n g  and t o  t h e  t r a n s p o r t a t i o n  
system o p e r a t i o n a l  p lann ing .  

T h i s  r e p o r t  c o n t a i n s  an a n a l y s i s  o f  r o u t i n e  opera t i ons  and es t ima tes  of 

t h e  p u b l i c  and worker  r a d i a t i o n  doses t h a t  would occur  i n  a p o s t u l a t e d  

( a )  The t e r m  " t r a n s p o r t a t i o n - r e l a t e d "  i n c l u d e s  cask hand1 i n g  and spent  f u e l  
l o a d i n g  and un load ing  a t  r e a c t o r s  and a t  t h e  p o s t u l a t e d  r e f e r e n c e  
r e p o s i t o r y .  For  t h e  remainder  o f  t h i s  r e p o r t ,  t h e  t e r m  i s  shor tened t o  
t h e  'It r a n s p o r t  a t  i on system. 'I 

The t e r m  ALARA i s  d e f i n e d  i n  t h e  proposed 10 CFR 20.3 (Fed. Reg., 
January 9, 1986): 
"'ALARA' (acronym f o r  ''as low as i s  reasonab ly  ach ievab le " )  means making 
every  reasonable e f f o r t  t o  m a i n t a i n  exposures t o  r a d i a t i o n  as f a r  below 
t h e  dose l i m i t s  i n  t h i s  p a r t  as i s  p r a c t i c a l :  

c o n s i s t e n t  w i t h  t h e  purpose f o r  which t h e  l i c e n s e d  a c t i v i t y  i s  
under taken 
t a k i n g  i n t o  account t h e  s t a t e  of technology,  t h e  economics o f  
improvements i n  r e l a t i o n  t o  b e n e f i t s  t o  t h e  p u b l i c  h e a l t h  and 
sa fe ty ,  and o t h e r  s o c i e t a l  and socioeconomic c o n s i d e r a t i o n s  
i n  r e l a t i o n  t o  u t i l i z a t i o n  o f  n u c l e a r  energy i n  t h e  p u b l i c  
i n t e r e s t .  'I 

Guidance on t h e  a p p l i c a t i o n  o f  t h e  ALARA p r i n c i p l e s  i s  found i n  DOE's 
Order 5480.1B (DOE 1986c) and i n  NRC's Regu la to ry  Guide 8.10. 

( b )  

( i )  

( i i )  

( i i i )  
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g e n e r i c  r e f e r e n c e  spent f u e l  t r a n s p o r t a t i o n  system(a’b’c)  u s i n g  b o t h  t r u c k  and 

r a i l  modes. T o t a l  r i s k s  a re  n o t  es t ima ted  (i.e., c o n s i d e r a t i o n  of n o n r a d i o -  

l o g i c a l  o r  a c c i d e n t  r i s k s  t h a t  w i l l  be t h e  s u b j e c t  o f  f u t u r e  s t u d i e s  i n  t h e  

TSSP are  n o t  i n c l u d e d ) .  The a n a l y s i s  encompasses spent f u e l  l o a d i n g  a t  t h e  

r e a c t o r  ( n o t  p a r t  o f  t h e  DOE-OCRWM waste management system), t r a n s p o r t a t i o n  of 

t h e  f u e l  t o  a r e p o s i t o r y ,  and u n l o a d i n g  o f  t h e  f u e l  a t  a r e p o s i t o r y ,  and 

p r o v i d e s  cost /dose t r a d e - o f f  analyses o f  s e l e c t e d  p o t e n t i a l  a l t e r n a t i v e s  t o  t h e  

t r a n s p o r t a t i o n  system. The p o s t u l a t e d  r e f e r e n c e  t r a n s p o r t a t i o n  system 

d e s c r i b e d  i s  one t h a t  i s  e n v i s i o n e d  f o r  s e r v i c e  i n  t h e  l a t e  1990s and i s  based 

on u s i n g  c u r r e n t  technology.  It i s  d e f i n e d  o n l y  f o r  use i n  t h i s  a n a l y s i s .  I n  

o v e r a l l  system development and o p t i m i z a t i o n ,  many design-performance assessment 

i t e r a t i o n s  w i l l  be necessary, and i t  i s  l i k e l y  t h a t  t h e  c e r t a i n  system compo- 

nen ts  i n  t h e  a c t u a l  system deployed i n  t h e  l a t e  1990s w i l l  be d i f f e r e n t  from 

t h e  system desc r ibed  here. 

An a n a l y s i s  o f  t h e  r o u t i n e  r a d i a t i o n  doses t o  t h e  p u b l i c  and t o  t r a n s p o r -  

t a t i o n  workers f o r  each o p e r a t i o n  i n  t h e  p o s t u l a t e d  reference system i s  p r e -  

sented. The des ign f e a t u r e s / o p e r a t i o n s  t h a t  produce t h e  l a r g e s t  c o l l e c t i v e  and 

i n d i v i d u a l  r a d i a t i o n  doses a r e  t h e n  i d e n t i f i e d  and p r o v i d e  t h e  b a s i s  f o r  i d e n t -  

i f i c a t i o n  and a n a l y s i s  o f  dose - reduc t i on  a l t e r n a t i v e s .  I n  some cases, t h e  

es t ima ted  annual i n d i v i d u a l  worker doses exceed t h e  p resen t  r e g u l a t o r y  

l i m i t s .  F i n a l  designs o f  t h e  system and components w i l l  r e q u i r e  t h a t  

r e g u l a t o r y  1 i m i  t s  a r e  no t  exceeded and t h a t  ALARA a1 t e r n a t  i ves a r e  considered. 

( a )  The p o s t u l a t e d  r e f e r e n c e  system i s  d e f i n e d  f o r  use i n  t h i s  s tudy  only .  No 
o f f i c i a l l y  des ignated r e f e r e n c e  r e a c t o r ,  t r a n s p o r t a t i o n  system, o r  r e p o s i -  
t o r y  e x i s t s  a t  t h i s  t ime. The s tudy  has been based on a s i n g l e  s e t  of 
spent f u e l  c h a r a c t e r i s t i c s  and a s i n g l e  s p l i t  (30/70% by w e i g h t )  between 
t r u c k  and r a i l  mode. The impact  o f  o t h e r  bases would r e q u i r e  a d d i t i o n a l  
a n a l y s i s .  
The p o s t u l a t e d  r e f e r e n c e  system d e f i n e d  i n  t h i s  s tudy  i n v o l v e s  u s i n g  s h i p -  
p i n g  casks t h a t  j u s t  meet DOT r e g u l a t o r y  l i m i t s  f o r  e x t e r n a l  r a d i a t i o n  
l e v e l s  f rom t h e  casks (see Appendix E, Sec t i ons  E.2.1-3). Most spent f u e l  
shipped i n  t h e  U.S. t o  d a t e  i s  l e s s  r a d i o a c t i v e  t h a n  tha t  f o r  which t h e  
casks were designed, which r e s u l t s  i n  low e x t e r n a l  r a d i a t i o n  l e v e l s  from 
t h e  casks. Thus, t h e  bases used i n  t h i s  a n a l y s i s  r e s u l t  i n  h i g h e r  doses 
t h a n  g e n e r a l l y  exper ienced i n  recen t  shipments i n  casks designed i n  t h e  
1970s. 
H i g h - l e v e l  waste i s  n o t  i n c l u d e d  i n  t h i s  s tudy  because i t s  f i n a l  volume i s  
u n c e r t a i n .  HLW t r a n s p o r t  would r e s u l t  i n  t r e n d s  s i m i l a r  t o  those  f o r  
spent f u e l  (see Appendix E ,  S e c t i o n  E . l ) .  

( b )  

( c )  

1.3 



The main r e p o r t  i s  comprised of s i x  chapters .  F o l l o w i n g  t h i s  i n t r o d u c -  

t i o n ,  t h e  r e p o r t  i s  summarized i n  Chapter 2. A rev iew o f  t h e  o v e r a l l  s tudy  

bases and approach i s  g i ven  i n  Chapter  3. 

d e s c r i p t i o n  o f  t h e  p o s t u l a t e d  re fe rence  t r a n s p o r t a t i o n  system. Th is  d e s c r i p -  

t i o n  covers t h e  o v e r a l l  system, t h e  casks and t h e i r  veh ic les ,  t h e  spent fue l  

h a n d l i n g  system a t  t h e  r e a c t o r s  (under u t i l i t y  c o n t r o l )  and a t  t h e  r e p o s i t o r y ,  

and t h e  i n - t r a n s i t  ope ra t i ons  (encompassing a l l  a c t i v i t i e s  i n  t h e  p u b l i c  domain 

w h i l e  t h e  v e h i c l e s  a re  moving o r  s topped) .  I n c l u d e d  i n  Chapter 4 a re  e s t i m a t e s  

of r a d i a t i o n  doses t h a t  would r e s u l t  f rom imp lement ing  t h e  p o s t u l a t e d  re fe rence  

t r a n s p o r t a t i o n  system due t o  a t - r e a c t o r  t r a n s p o r t a t i o n  a c t i v i t i e s ,  i n - t r a n s i t  

ope ra t i ons ,  and a t - r e p o s i t o r y  t r a n s p o r t a t i o n  a c t i v i t i e s .  Next, i n  Chapter  5, 

e v a l u a t i o n s  o f  i n d i v i d u a l  a l t e r n a t i v e s  f o r  reduc ing  dose i n  t h e  p o s t u l a t e d  

r e f e r e n c e  t r a n s p o r t a t i o n  system a re  i d e n t i f i e d  and discussed. 

example a l t e r n a t i v e  t r a n s p o r t a t i o n  system i n c o r p o r a t i n g  a combina t ion  o f  

a l t e r n a t i v e s  i s  p resented  t o  i l l u s t r a t e  t o t a l  dose- reduc t ion  p o t e n t i a l s .  

Chapter 4 p rov ides  a d e t a i l e d  

I n  Chapter 6, an 

Four teen appendices p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  on t h e  va r ious  assess- 

ments i n  t h e  main r e p o r t .  I n  Appendix A, c a l c u l a t i o n s  o f  dose r a t e  f i e l d s  

around t h e  p o s t u l a t e d  re fe rence  casks a r e  presented.  T ime/d is tance/dose 

c a l c u l a t i o n s  f o r  a t - r e a c t o r  and a t - r e p o s i t o r y  ope ra t i ons  f o r  t h e  p o s t u l a t e d  

r e f e r e n c e  system a r e  g i ven  i n  Appendices B and C y  r e s p e c t i v e l y .  

a d d i t i o n a l  i n f o r m a t i o n  on t h e  i n - t r a n s i t  dose c a l c u l a t i o n s  i s  p rov ided.  

Assumptions and r e l a t e d  b a s e s / r a t i o n a l e  used i n  t h i s  s tudy f o r  t h e  p o s t u l a t e d  

r e f e r e n c e  system a re  g i ven  i n  Appendix E. D e t a i l e d  o p e r a t i o n a l  impacts  and 

r a d i a t i o n  dose summary t a b l e s  f o r  t h e  dose r e d u c t i o n  a l t e r n a t i v e s  a re  presented  

i n  Appendices F th rough  I ,  w h i l e  c a l c u l a t i o n s  o f  cos t  impacts  f o r  t h e  a l t e r -  

n a t i v e s  a r e  presented  i n  Appendix J .  A d d i t i o n a l  i n f o r m a t i o n  on a system f o r  

remote l y  h a n d l i n g  casks a t  a r e c e i v i n g  f a c i l i t y  i s  p rov ided  i n  Appendix K. 

Appendix L c o n t a i n s  t ime /d i s tance /dose  spreadsheets f o r  t h e  example combina t ion  

o f  a l t e r n a t i v e s  t h a t  i s  analyzed f o r  reduc ing  system dose. The r a t i o n a l e  and 

da ta  f o r  t h e  s e l e c t i o n  o f  t h e  a l t e r n a t i v e s  f o r  a n a l y s i s  i n  t h e  r e p o r t  a r e  

p r o v i d e d  i n  Appendix M. F i n a l l y ,  t h e  c a l c u l a t i o n s  o f  s e l e c t e d  average annual 

i n d i v i d u a l  r a d i a t i o n  doses a re  con ta ined  i n  Appendix N. 

I n  Appendix D, 
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2.0 SUMMARY 

Es t imates  were developed f o r  r o u t i n e  r a d i a t i o n  doses r e s u l t i n g  from opera-  

t i o n  o f  a p o s t u l a t e d  system f o r  t r a n s p o r t i n g  spent f u e l  f rom commercial n u c l e a r  

power r e a c t o r s  t o  a DOE r e p o s i t o r y  f o r  packaging and geo log ic  emplacement. 

p o s t u l a t e d  re fe rence  t r a n s p o r t a t i o n  sys tem(a)  i s  f i r s t  d e f i n e d  and 

t ime /d i s tance /dose  s t u d i e s  a re  performed t o  determine p o t e n t i a l  r a d i a t i o n  

exposures t o  t h e  workers and t h e  pub l i c . (b , c )  

h i g h  dose-producing a c t i v i t i e s  i n  t h e  p o s t u l a t e d  re fe rence  s tudy,  a l t e r n a t i v e s  

t o  t h a t  system a re  i d e n t i f i e d  and eva lua ted  on a conceptual  bas i s .  The a n a l y -  

ses o f  these a l t e r n a t i v e s  w i l l  p r o v i d e  i n p u t  t o  t h e  development of a c o s t -  

e f f e c t i v e  t r a n s p o r t a t i o n  system, i n c l u d i n g  t h e  des ign  and o p e r a t i o n  of t h e  

casks and i n t e r f a c i n g  f a c i l i t i e s .  

A 

With t h e  i d e n t i f i c a t i o n  of t h e  

The r e s u l t s  o f  t h i s  s tudy  a re  summarized i n  t h i s  chapter .  A summary of 

t h e  p o s t u l a t e d  re fe rence  system d e s c r i p t i o n  i s  g i ven  i n  S e c t i o n  2.1, i n c l u d i n g  

i t s  es t ima ted  r a d i a t i o n  doses f rom t h e  t o t a l  system, t o  p o p u l a t i o n  groups, and 

t o  max imal ly  exposed groups o r  i n d i v i d u a l  workers.  A summary of t h e  e v a l u a t i o n  

o f  i n d i v i d u a l  t r a n s p o r t a t i o n  system a 

system i s  g i ven  i n  S e c t i o n  2.2, a long  

cos ts  o f  t h e  i n d i v i d u a l  a l t e r n a t i v e s .  

example a l t e r n a t i v e  system i n c o r p o r a t  

summarized i n  S e c t i o n  2.3. 

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

w i t h  t h e  assoc ia ted  dose r e d u c t i o n s  and 

The es t ima ted  doses and c o s t s  f o r  an 

ng a combinat ion o f  a1 t e r n a t  i ves a r e  

( a )  

( b )  

( c )  

T h i s  i s  a p o s t u l a t e d  r e f e r e n c e  system f o r  use i n  t h i s  s tudy  only .  
o f f i c i  a1 l y  des i  gnated re fe rence  reac to r ,  t r a n s p o r t a t i  on system, o r  
r e p o s i t o r y  e x i s t s  a t  t h e  c u r r e n t  t ime,  nor  i s  one d e f i n e d  i n  DOE (1986a). 
A n a l y s i s  o f  n o n r a d i o l o g i c a l  r i s k s  and o t h e r  r i s k  f a c t o r s  f rom t h e  t r a n s -  
p o r t a t i o n  system a re  n o t  i n c l u d e d  i n  t h i s  study. 
The p o s t u l a t e d  r e f e r e n c e  system d e f i n e d  i n  t h i s  s tudy  i n v o l v e s  u s i n g  s h i p -  
p i n g  casks t h a t  j u s t  meet DOT r e g u l a t o r y  l i m i t s  f o r  e x t e r n a l  r a d i a t i o n  
l e v e l s  f rom t h e  casks. As a r e s u l t ,  i t  i s  assumed t h a t  t h e  p o s t u l a t e d  
re fe rence  casks w i l l  have a dose r a t e  o f  10 mrem/hr a t  2 meters f rom t h e  
edge o f  t h e  t r a n s p o r t  veh ic le .  Most spent f u e l  sh ipped i n  t h e  U.S. t o  
da te  i s  l e s s  r a d i o a c t i v e  than t h a t  f o r  which t h e  casks were designed, 
which r e s u l t s  i n  low r a d i a t i o n  l e v e l s  e x t e r n a l  t o  t h e  casks. Thus, t h e  
bases used i n  t h i s  a n a l y s i s  r e s u l t  i n  h i g h e r  es t ima ted  doses than have 
g e n e r a l l y  been exper ienced i n  recen t  shipments u s i n g  casks des igned i n  t h e  
1970s. 

No 
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2.1 POSTULATED REFERENCE TRANSPORTATION SYSTEM 

The o p e r a t i o n a l  a c t i v i t i e s  eva lua ted  i n  t h i s  s tudy  o f  t h e  p o s t u l a t e d  

r e f e r e n c e  t r a n s p o r t a t i o n  system i n c l u d e  those i n  t h e  f o l l o w i n g  t h r e e  major  

f u n c t i o n a l  s teps  i n  t h e  system: a )  r e c e i v i n g  empty t r a n s p o r t  casks a t  a 

t y p i c a l  commercial nuc lea r  power r e a c t o r  and in -poo l  l o a d i n g  o f  t h e  casks w i t h  

spent f u e l ,  b )  t r a n s p o r t i n g  t h e  spent f u e l  ( d r y )  i n  t h e  casks t o  a r e p o s i t o r y ,  

and c )  r e c e i v i n g  t h e  loaded t r a n s p o r t  casks a t  a r e p o s i t o r y ,  d r y  u n l o a d i n g  o f  

t h e  spent fue l  and p l a c i n g  i t  i n t o  l a g  s torage,  and p r e p a r i n g  and r e t u r n i n g  t h e  

empty casks t o  t h e  r e a c t o r s . ( a )  

system i s  shown s c h e m a t i c a l l y  i n  F i g u r e  2.1 and summarized i n  Tab le  2.1. 

A d e s c r i p t i o n  o f  t h e  p o s t u l a t e d  r e f e r e n c e  

I t  shou ld  be no ted  t h a t  t h e  a c t u a l  system f o r  t r a n s p o r t i n g  spent  f u e l  from 

commercial n u c l e a r  power r e a c t o r s  t o  a g e o l o g i c  r e p o s i t o r y  does n o t  y e t  e x i s t .  

The system p o s t u l a t e d  i n  t h i s  s tudy  i s  a "snapshot"  o f  a system r e p r e s e n t a t i v e  

r 1 
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FIGURE 2.1. P o s t u l a t e d  Reference T r a n s p o r t a t i o n  System 

Repository 
Operations 

( a )  The DOE has proposed t o  i n c l u d e  a mon i to red  r e t r i e v a b l e  s to rage  (MRS)  
f a c i l i t y  i n  t h e  waste management system (DOE 1987a). The MRS f a c i l i t y  
would r e c e i v e  spent f u e l  f rom r e a c t o r s ,  package it, and e v e n t u a l l y  l o a d  i t  
ou t  f o r  shipment by r a i l  t o  a r e p o s i t o r y .  The r e s u l t s  f rom t h i s  s tudy  
would be a p p l i c a b l e  t o  t h e  shipments t o  an MRS f a c i l i t y ,  w i t h  i n - t r a n s i t  
r a d i a t i o n  doses changing because o f  d i f f e r e n t  s h i p p i n g  d i s tances  t o  t h e  
proposed MRS f a c i l i t y .  R a d i a t i o n  doses r e s u l t i n g  f rom shipments f rom t h e  
proposed MRS f a c i l i t y  t o  t h e  r e p o s i t o r y  c o u l d  be eva lua ted  u s i n g  t h e  same 
methodology used i n  t h i s  r e p o r t .  
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TABLE 2.1. Summary D e s c r i p t i o n  o P o s t u l a t e d  Reference 
T r a n s p o r t a t i o n  System f a  1 

Reactor  ( b )  - Contemporary l a r g e  LWR,(C) poo l  
s to rage  and i n - p o o l  cask l o a d i n g  

Repos i to ry  - Spent f u e l  d r y  r e c e i v i n g  and 
h a n d l i n g  f a c i l i t y  s i m i l a r  t o  t h e  
advanced conceptual  des ign  o f  t h e  
MRS f a c i l i t y  (DOE 1987a) 

Transpor t  Casks - Lega lwe igh t  (25 t o n s )  t r u c k  and 
100- ton r a i  1, i n c l u d i n g  spent  
f u e l  

D e s c r i p t i o n  s i m i l a r  t o  DOE f a c t  
sheets  (DOE 1986b); h a n d l i n g  f e a -  
t u r e s  s i m i l a r  t o  e x i s t i n g  casks 

Capac i ty  14/36 PWR/BWR assembl i es 
by r a i l ;  2 /5  PWR/BWR assemblies 
by t r u c k  

S h i e l d i n g  t o  meet DOT r e g u l a t i o n s  

- 

- 

- 
I n - T r a n s i t  Cond i t i ons  - 3,000 MTU/yr shipped; 60 w t %  

PWR/40 w t %  BWR 

p o r t  o f  spent f u e l  

3070/2860 km (1910/1780 m i  ) 

gene r a 1 comme r ce 

- 70 w t %  r a i l / 3 0  w t %  t r u c k  t r a n s -  

- Rai 1 / t r u c k  r o u t e  d i s tances  

- R a i l  by genera l  f r e i g h t ;  t r u c k  by 

Spent Fuel R a d i a t i o n  - Standard PWR, 10 yea rs  o l d ,  
Source 35,000 MWD/MT bu rnup 

( a )  See Chapter 3 and Appendix E f o r  r a t i o n a l e  f o r  s e l e c t i o n  
o f  t h i s  system; see Chapter 4 f o r  d e t a i l s  o f  t h e  system. 

( b )  Spent f u e l  cask l o a d i n g  and s h i p p i n g  opera t i ons  a t  t h e  
r e a c t o r  a r e  p a r t  o f  t h e  spent f u e l  management system. 
Al though these opera t i ons  a re  n o t  p a r t  o f  t h e  f e d e r a l  
system, they  a re  i n c l u d e d  i n  t h i s  s tudy  because des ign  
f e a t u r e s  and opera t i ons  i n  t h e  f e d e r a l  p a r t  o f  t h e  system 
can impact them. 

and f o r  BWRs a re  d iscussed i n  Appendix E, Sec t i on  E.3. 
( c )  C e r t a i n  d i f f e r e n c e s  r e l a t e d  t o  cask h a n d l i n g  among PWRs 
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of c u r r e n t  technology,  i t s  a p p l i c a t i o n s  and o p e r a t i n g  p r a c t i c e s .  I t  c o n t a i n s  

a l l  t h e  f u n c t i o n s  needed i n  any t r a n s p o r t a t i o n  system. 

t h e  new-generat ion t r a n s p o r t a t i o n  system w i l l  app ly  t h e  p r i n c i p l e  o f  ALARA t o  

c o n t r o l  r a d i a t i o n  doses w i t h i n  r e g u l a t o r y  l i m i t s .  

Design and o p e r a t i o n  o f  

Opera t ions  w i t h  t h i s  p o s t u l a t e d  r e f e r e n c e  t r a n s p o r t a t i o n  system were ana- 

l y z e d  t o  develop es t ima tes  o f  p u b l i c  and worker  r a d i a t i o n  doses i f  such a 

system were implemented. 

The o v e r a l l  l o g i s t i c s  and shipment i n f o r m a t i o n  f o r  t h e  p o s t u l a t e d  r e f e r -  

ence t r a n s p o r t a t i o n  system, based on t h i s  s t u d y ' s  system d e f i n i t i o n s  and 

a n a l y s i s  r e s u l t s ,  i s  summarized i n  Tab le  2.2. The number o f  t r u c k  sh ipments 

would be t h r e e  t imes t h e  number o f  r a i l  shipments, b u t  t r u c k  shipments r e q u i r e  

s i g n i f i c a n t l y  s h o r t e r  i n - t r a n s i t  t i m e  t h a n  r a i l  shipments because of t h e  h i g h e r  

average speed. The average d a i l y  r e c e i p t  r a t e  o f  casks a t  t h e  r e p o s i t o r y  would 
be about 3.6 casks/day. The es t ima ted  tu rna round  t imes  f o r  t h e  casks i n c l u d e  

an a l lowance f o r  normal o p e r a t i o n s  and t imes  i n  queues w h i l e  a w a i t i n g  h a n d l i n g  

i n  t h e  r e c e i v i n g  and h a n d l i n g  b u i l d i n g  a t  t h e  r e p o s i t o r y .  

2.1.1 Es t imated R a d i a t i o n  Doses i n  t h e  T o t a l  System 

S h i e l d i n g  analyses were per formed t o  p r o v i d e  i n f o r m a t i o n  f o r  deve lop ing  

t h e  conceptual  c o n f i g u r a t i o n  o f  t h e  p o s t u l a t e d  re fe rence  t r u c k  and r a i l  casks 

(e.g., c a v i t y  s i ze ,  weight ,  s h i e l d  t h i c k n e s s  and m a t e r i a l s ) .  These ana lyses  

conf i rmed t h a t  t h e  DOT e x t e r n a l  dose- ra te  c r i t e r i a  were j u s t  met, and t h a t  t h e  

pay load c a p a c i t y  requ i rements  and gross v e h i c l e  we igh t  r e s t r i c t i o n s  were s a t i s -  

f i e d .  

casks. 

R a d i a t i o n  dose- ra te  maps were then  developed f o r  t h e  areas around t h e  

Opera t ions  w i t h i n  t h e  p o s t u l a t e d  r e f e r e n c e  system were eva lua ted  t o  

e s t i m a t e  t imes and l o c a t i o n s  f o r  a f f e c t e d  members o f  t h e  p u b l i c  and workers f o r  

each a c t i v i t y  w i t h i n  t h e  system. Time es t ima tes  were based l a r g e l y  on rev iew  

o f  a v a i l a b l e  i n f o r m a t i o n ,  w i t h  consensus judgment o f  t h e  au thors  used where 

i n f o r m a t i o n  was u n a v a i l a b l e  o r  c o n f l i c t i n g .  

The t i m e / d i s t a n c e  analyses were combined w i t h  t h e  dose- ra te  f i e l d  i n fo rma-  

t i o n  around t h e  casks and genera l -a rea  background r a d i a t i o n  dose r a t e s  from 

o t h e r  f a c i l i t y  sources t o  e s t i m a t e  r a d i a t i o n  doses t o  people i n  t h r e e  
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TABLE 2.2. Es t ima te  of O v e r a l l  L o g i s t i c s  and Shipment I n f o r m a t i o n  

Pa rameter R a i  1 Truck Tot  a 1 

Bases f o r  T h i s  Study 
M T U / Y r  Shipped 2100 900 3000 

MTU/Cask, PWR/BWR 
Shipments/Yr 

Ave rage Cask s / D ay 
Received a t  R e p o s i t o r y ( a )  

6.47/6.70 0.92/0.93 -- 
320 971 1291 

0.9 2.7 3.6 

O v e r a l l  L o g i s t i c s  R e s u l t s  
f rom Th is  Study 

Avg. Reac Turnaround Days, 2.3/2.5 1.3/1.4 -- 
PWR/BWR ‘cgr 

-- Avg . Round-Tri p T r a n s i t  Days 21.6 5.1 
( t o  and f rom r e p o s i t o r y )  

Days, PWR/BWR 

Shipment, PWR/BWR 

Avg. R e p o s i t o r y  Turnaround ( c , 4  1.7/2.0 1.3/1.4 -- 

Avg . T o t a l  Round-Tri p Days/ ( d )  25.6/26.1 7.7/7.9 -- 

( a )  Repos i to ry  r e c e i v i n g  365 d a y s l y r ,  24 h r l d a y  (DOE 1987a). 
( b )  Reactor  f u e l  l o a d i n g  and s h i p p i n g  o p e r a t i o n s  a r e  n o m i n a l l y  one 

s h i f t / d a y .  C a r r i e r  d r o p - o f f  and p i ck -up  de lays  are  n o t  i nc luded .  
( c )  I n c l u d e s  approx ima t ion  o f  t y p i c a l  queuing t i m e  a t  t h e  r e p o s i t o r y .  
( d )  Wet decontaminat ion o f  every t e n t h  cask, assumed i n  t h i s  study, i s  

n o t  i n c l u d e d  here b u t  i s  es t ima ted  t o  add approx ima te l y  8 h r  and 
7 h r  t o  t h e  r a i l / t r u c k  cask tu rna round  t imes  f o r  each t e n t h  
shipment, r e s p e c t i v e l y .  
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c a t e g o r i e s  t h a t  a re  de f ined s p e c i f i c a l l y  f o r  t h i s  study. These c a t e g o r i e s  

a re :  

r e a c t o r  and a t  t h e  r e p o s i t o r y  r e c e i v i n g  and h a n d l i n g  f a c i l i t y ;  and 3) t r a n s p o r t  

w o r k e r s ( c )  w h i l e  t h e  shipments a r e  i n  t r a n s i t .  

1 )  t h e  a f f e c t e d  p u b l i c , ( a )  2 )  occupa t iona l  r a d i a t i o n  worke rs (b )  a t  t h e  

A summary o f  t h e  es t ima ted  o v e r a l l  c o l l e c t i v e  r a d i a t i o n  doses f o r  t h e  

p o s t u l a t e d  re fe rence  t r a n s p o r t a t i o n  system i s  g i ven  i n  Table 2.3. The t a b l e  

shows t h a t  t h e  c o l l e c t i v e  doses (person-mrem/MTU)(d) t o  t h e  workers a re  h i g h e r  

than  t o  t h e  p u b l i c  f o r  e i t h e r  shipment mode. 

c o l l e c t i v e  doses t o  t h e  p u b l i c  a r e  spread ove r  m i l l i o n s  o f  p u b l i c  members, 

w h i l e  doses t o  t h e  workers a re  spread over  a few hundred. Thus, i n d i v i d u a l  

doses t o  t h e  average a f f e c t e d  members o f  t h e  p u b l i c  a re  a t  l e a s t  one-thousand- 

f o l d  l ower  than  those t o  t h e  average worker .  There i s  e s s e n t i a l l y  no dose t o  

t h e  p u b l i c  f rom t r a n s p o r t a t i o n  a c t i v i t i e s  a t  t h e  r e a c t o r  o r  r e p o s i t o r y  

(DOE 1987a); a l l  t h e  dose t o  t h e  p u b l i c  i s  rece ived  d u r i n g  t h e  i n - t r a n s i t  
a c t i v i t i e s . ( e )  

es t ima ted  t o  be more than  1 0 - f o l d  l ower  than  f o r  t r u c k  shipments, p r i m a r i l y  

It shou ld  be no ted  t h a t  t h e  

P u b l i c  doses p e r  u n i t  o f  spent  f u e l  sh ipped by r a i l  a re  

( a )  I n  t h i s  ana lys i s ,  t h e  a f f e c t e d  members o f  t h e  p u b l i c  a re  those  t h a t  a r e  
near  enough t o  a loaded t r a n s p o r t  cask t h a t  t hey  can r e c e i v e  a measurable 
r a d i a t i o n  dose. These p u b l i c  members do n o t  i n c l u d e  any o f  t h e  r e a c t o r  
o r  r e p o s i t o r y  workers (see f o o t n o t e  b )  o r  t h e  t r a n s p o r t  workers (see 
f o o t n o t e  c ) .  

( b )  I n  t h i s  ana lys i s ,  t h e  r a d i a t i o n  workers a t  t h e  r e a c t o r  and t h e  r e p o s i t o r y  
a r e  those workers a t  those f a c i l i t i e s  t h a t  p a r t i c i p a t e  i n  t h e  h a n d l i n g  and 
l o a d i n g  o r  un load ing  o f  t h e  t r a n s p o r t  casks /veh ic les .  

( c )  I n  t h i s  a n a l y s i s ,  t h e  t r a n s p o r t  worker  ca tegory  i n c l u d e s  a l l  who p l a y  an 
occupa t iona l  r o l e  i n  comp le t i ng  t h e  shipments. Transpor t  workers i n c l u d e  
t r u c k  d r i v e r s ,  s e r v i c e  s t a t i o n  a t tendan ts ,  s t a t e  highway and r a i l r o a d  
i n s p e c t o r s ,  t r a i n  crews, r a i l r o a d  t r a i n  h a n d l i n g  and s e r v i c e  c r a f t s ,  and 
esco r t s .  

( d )  Person-mrem/MTU i s  t h e  sum o f  a l l  t h e  mrem/MTU accumulated by a l l  a f f e c t e d  
persons, rega rd less  o f  t h e  t o t a l  number o f  persons i nvo lved .  For  example, 
100 person-mrem/MTU may r e s u l t  f rom one person exposed t o  100 rnrem/MTU, 
f rom 100 persons exposed a t  an average o f  1 mrem/MTU, f rom 1,000,000 
persons exposed a t  an average o f  0.0001 mrem/MTU, o r  f rom any e q u i v a l e n t  
combi n a t i o n s  t h e r e o f .  

t h e  r e p o s i t o r y .  They occur  i n  t h e  " p u b l i c  domain'' where members o f  t h e  
p u b l i c  "see" t h e  shipments a t  v a r i o u s  d i s tances  and under v a r y i n g  
c i  rcumstances. 

( e )  The i n - t r a n s i t  a c t i v i t i e s  a l l  occur  o u t s i d e  t h e  fences o f  t h e  r e a c t o r s  and 
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TABLE 2.3. Summary o f  Es t imated C o l l e c t i v e  R a d i a t i o n  Doses f rom 
P o s t u l  a ted  Reference Transpor t  a t  i on System Act  i v i  t i es ( a  

L o c a t i o n  
of To P u b l i c  To Worker(e)  

A c t i v i t y  R a i l ( f )  T ruck (g )  Rai 1 ( f )  T ruck (g )  

Doses, Person-mrem/MTU by Shipment Mode (b,c,d) 

Reactor  (h  1 ( h )  62/77 293/314 

I n - T r a n s i t  6/6 495/495 10/10 231 /23 1 

Repos i to ry  - ( h  1 ( h  1 72/70 300/299 

T o t a l  6/6 495/495 144/157 8 2 4 / 8 4 4 

The number o f  s i g n i f i c a n t  f i g u r e s  g i ven  i n  t h i s  and subsequent 
t a b l e s  i n  t h i s  r e p o r t  a r e  g r e a t e r  t han  war ran ted  by t h e  accuracy 
o f  t h e  ana lys i s ,  b u t  t hey  a re  r e t a i n e d  t o  assure cons is tency  o f  
t h e  r e s u l t s  w i t h i n  t h e  r e p o r t .  
These u n i t  doses a re  independent o f  t h e  t i m e  p e r i o d  o f  concern; 
f o r  annual doses, m u l t i p l y  by 3,000 MTU/yr ( t h e  nominal accept -  
ance r a t e  f o r  a r e p o s i t o r y  p e r  DOE 1986a). 
Assumes shipment e i t h e r  by a l l  t r u c k  o r  a l l  r a i l .  For  t h e  
p o s t u l a t e d  r e f e r e n c e  system doses, m u l t i p l y  r a i l  va lues  by 0.7 
(shipment f r a c t i o n ) ,  t r u c k  va lues by 0.3, and sum t h e  two 
resu  1 t s . 
Excludes doses r e s u l t i n g  f rom maintenance o f  casks /veh ic les ,  n o t  
eva lua ted  i n  t h i s  study. 
Repor ted f o r  PWR and BWR f u e l  t ypes  as PWR/BWR. 
14/36 PWR/BWR spent f u e l  assembl i e s / r a i  1 cask. 
2 /5  PWR/BWR spent f u e l  assembl i e s / t r u c k  cask. 
P r e v i o u s l y  shown t o  be i n s i g n i f i c a n t ,  and t h e r e f o r e  n o t  
developed i n  t h i s  s tudy  (DOE 1987a). 

b e c a u s e  of t h e  fewer b u t  l a r g e r ( a )  s h i p m e n t s  made by r a i l  and t h e  fewer p u b l i c  

members near  enough t o  t h e  r a i l  shipments t o  be a f f e c t e d  by them. 

Worker r a d i a t i o n  doses occur  d u r i n g  each o f  t h e  t h r e e  major  s teps  i n  

t h e  t r a n s p o r t a t i o n  a c t i v i t i e s  ( i  .e.’, d u r i n g  a t - r e a c t o r ,  i n - t r a n s i t ,  and 

a t - r e p o s i t o r y  ope ra t i ons ) .  C o l l e c t i v e  worker  doses assoc ia ted  w i t h  t h e  

s m a l l e r - c a p a c i t y  casks sh ipped by t r u c k  a re  es t ima ted  t o  be n e a r l y  5 - f o l d  

h i g h e r  than  t h e  doses assoc ia ted  w i t h  t h e  l a r g e r  casks sh ipped by r a i l .  

C o l l e c t i v e  t r a n s p o r t  worker  doses p e r  u n i t  o f  spent f u e l  sh ipped a r e  es t ima ted  

t o  be lower  than f o r  t h e  workers a t  t h e  r e a c t o r  o r  r e p o s i t o r y .  Doses a re  much 

( a )  R a i l  cask pay load i n  MTU o f  spent f u e l  i s  6 t o  7 t imes g r e a t e r  t han  f o r  
t r u c k  casks i n  t h e  p o s t u l a t e d  r e f e r e n c e  system. 
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h i g h e r  f o r  shipments by t r u c k  than  by r a i l .  Truck shipment doses a re  h i g h e r  

because o f  t h e  p r o x i m i t y  o f  t h e  t r u c k  t r a n s p o r t  workers f o r  s i g n i f i c a n t  t i m e  

p e r i o d s  compared t o  t h e  r a i l  t r a n s p o r t  system. 

shipment a re  es t imated  t o  be about t h e  same a t  t h e  r e a c t o r s  and a t  t h e  

r e p o s i t o r y  p e r  u n i t  of spent f u e l  shipped. 

C o l l e c t i v e  worker  doses pe r  

2.1.2 Es t imated C o l l e c t i v e  R a d i a t i o n  Doses Assoc ia ted  w i t h  S p e c i f i c  

T r a n s p o r t a t i o n  A c t i v i t i e s  

The a c t i v i t i e s  w i t h i n  t h e  t h r e e  s teps  i n  t h e  p o s t u l a t e d  re fe rence t r a n s -  

p o r t a t i o n  system t h a t  would produce t h e  h i g h e s t  c o l l e c t i v e  u n i t  r a d i a t i o n  

doses, i.e., person-mrem/MTU, a re  g i ven  i n  Table 2.4, a long w i t h  t h e  e s t i m a t e d  

doses f rom those a c t i v i t i e s .  A l l  o f  t h e  a c t i v i t i e s  cons idered a re  l i s t e d .  

T r a n s p o r t a t i o n  a c t i v i t i e s  a t  r e a c t o r s  i n c l u d e  r e c e i v i n g  t h e  empty t r a n s -  

p o r t  cask a t  t h e  s i t e  fence, p r e p a r i n g  and moving t h e  cask i n t o  t h e  f a c i l i t y  

l o a d i n g  area, removing t h e  cask f rom t h e  veh ic le ,  p r e p a r i n g  i t  f o r  l o a d i n g  and 

p l a c i n g  i t  i n t o  the  w a t e r - f i l l e d  l o a d i n g  p i t ,  f i l l i n g  i t  w i t h  spent  f u e l  f r o m  
t h e  s to rage  poo l ,  removing t h e  cask f rom t h e  poo l  and p r e p a r i n g  i t  f o r  s h i p -  

ment, p l a c i n g  t h e  cask on t h e  v e h i c l e ,  and moving i t  t o  t h e  s i t e  ga te  where i t  

i s  connected t o  t h e  t r a n s p o r t  c a r r i e r ' s  p r ime mover f o r  shipment t o  t h e  

r e p o s i t o r y .  

T r a n s p o r t a t i o n  a c t i v i t i e s  i n  t r a n s i t  i n c l u d e  those assoc ia ted  w i t h  t h e  

normal movement o f  t h e  l o a d  over  highways o r  r a i l r o a d s ,  and those t h a t  occur  

w h i l e  t h e  v e h i c l e  i s  stopped. A c t i v i t i e s  a t  s tops  i n c l u d e  r e f u e l i n g ,  i nspec -  

t i o n s ,  d r i v e r  r e s t i n g / e a t i n g ,  t r a i n  make-up, and crew changes. R a d i a t i o n  doses 

a r e  r e c e i v e d  by t h e  t r a n s p o r t  workers, and by members o f  t h e  p u b l i c  who may be 

bys tanders  a t  stops, who a r e  t r a v e l i n g  a l o n g  o r  nearby t h e  rou te ,  and who l i v e  

o r  work w i t h i n  t h e  r a d i a t i o n  f i e l d  o f  t h e  cask. 

T r a n s p o r t a t i o n  a c t i v i t i e s  a t  t h e  r e p o s i t o r y  i n c l u d e  r e c e i v i n g  t h e  loaded 

t r a n s p o r t a t i o n  cask a t  t h e  s i t e  gate, i n s p e c t i n g ,  mon i to r i ng ,  and washing of 

t h e  cask, moving t h e  cask i n t o  t h e  f a c i l i t y  r e c e i v i n g  and h a n d l i n g  area, remov- 

i n g  t h e  cask f rom t h e  v e h i c l e ,  p r e p a r i n g  i t  f o r  un load ing ,  ma t ing  i t  t o  t h e  h o t  

c e l l  un load ing  p o r t ,  removing t h e  spent  f u e l  f rom t h e  cask and p l a c i n g  i t  i n  

l a g  s to rage  i n  t h e  h o t  c e l l ,  removing t h e  cask f rom i t s  h o t  c e l l  p o r t  connec- 

t i o n  and p r e p a r i n g  i t  f o r  r e t u r n  shipment, p l a c i n g  t h e  cask on t h e  v e h i c l e ,  and 
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TABLE 2.4. Es t imated C o l l e c t i v e  R a d i a t i o n  Doses f rom Major A c t i v i t i e s  i n  t h e  Pos tu la ted  Reference 
'T ranspor ta t ion  

Activity 
AT-REACTOR 
- Install lids, flush cask interior 

- Install TD. IL, P B ( ~ )  
- Load spent fuel into cask 
- On-vehicle cask decon and 

- Final inspection and 

- All others 

drain, dry and seal cask 

survey 

contamination/radiation survey 

Totals 

IN-TRANSIT 
- Moving enroute 
- Activities at stops 

Totals 

AT-REPOSITORY 
Remove cask lids, prepare 
for unloading 
Remove I L ,  TD(d) 
Wash cask/vehicl e. retract 
PB. mnitor, inspect loaded 
cask 
Receive cask at gate, monitor. 
inspect, unhook 
Remove cask from vehicle, place 
on cask cart 

All others 
Totals (e) 

System 

Workers 

Person- 

MTU(  

25/24 

1019 
11/27 
31 3 

212 

11/12 
62/77 

2.212.2 
7.817.8 

loll0 

54/52 

12/12 
212 

111 

0.710.6 

212 
72/70 

% of 
Dose (b*c) 

40131 

15/12 
17/35 
514 

413 

191 16 
100/100 

20/20 
80180 

100/100 

75/75 

17/17 
313 

111 

111 

31 3 
100/100 

Truck 
Person- 

mrem6 M T U (  1 

1261126 

56/55 
11/27 
18/18 

16/15 

66/73 
2931314 

,4/ 194 
37/37 

2311231 

2021201 

, 58/50 
17/17 

61 6 

414 

13/13 
300/299 

% of  
Dose ( v C )  

43/40 

19/18 
419 
616 

51 5 

23/23 
100/100 

86/86 
14/14 

100/100 

68/68 

191 19 
616 

212 

111 

414 
100/100 

Pub1 i c 
Rail(a) 

-- 

(a) 
(b) Reported for PUR and BWR fuel types as PWRIBWR. 
(c) 
(d) IL = impact limiters, TD = tie-downs, PB = personnel barriers. 
(e) 

Rail cask capacity = 14/36 PWRIBWR assemblies; truck cask capacity = 215 PWRJBWR assemblies. 

% of collective dose at the reactor. in-transit, o r  at the repository. 

Excludes wet decontamination of the internals and seal replacement of each cask after every tenth shipment. 

Truck 
Person- 

13/13 
87/87 

100/100 



moving t h e  v e h i c l e  w i t h  i t s  cask t o  t h e  s i t e  ga te  where i t  i s  connected t o  t h e  

c a r r i e r ' s  p r ime mover. I n  a d d i t i o n ,  wet decontaminat ion of t h e  cask i n t e r n a l ?  

i s  assumed t o  be done a t  t h e  r e p o s i t o r y  on each cask a f t e r  every t e n t h  t r i p .  

T h i s  a c t i v i t y  has e s s e n t i a l l y  no e f f e c t  on t h e  c o l l e c t i v e  doses a t  t h e  r e p o s i -  

t o r y  (because i t  i s  done remote l y  i n  a s h i e l d e d  h o t  c e l l ) ,  b u t  i t  adds an e s t i -  

mated 7 t o  8 hours tu rna round  t i m e  each t i m e  i t  i s  done on every cask. 

As shown i n  Table 2.4, worke rs '  c o l l e c t i v e  r a d i a t i o n  doses a t  t h e  r e a c t o r  

and r e p o s i t o r y  a r e  dominated by a c t i v i t i e s  where t h e  workers a r e  near t h e  cask, 

p a r t i c u l a r l y  when t h e y  a r e  w o r k i n g  around t h e  cask l i d  area. These a c t i v i t i e s  

would r e s u l t  i n  a t  l e a s t  40% o f  t h e  t o t a l  c o l l e c t i v e  worker doses a t  t h e  

r e a c t o r ,  and about 70% a t  t h e  r e p o s i t o r y .  Doses t o  t h e  workers a t  t h e  r e a c t o r  

and t h e  r e p o s i t o r y  f rom t h e  nex t  l a r g e s t  dose-producing a c t i v i t y ,  w o r k i n g  on 

t h e  cask t iedowns, impact l i m i t e r s ,  and personnel  b a r r i e r s ,  would account f o r  

15 to 20% o f  the total collective doses at those facilities. Doses to reactor 
workers r e s u l t i n g  f r o m  i n - p o o l  l o a d i n g  o f  spent f u e l  i n t o  t h e  casks would 

account f o r  4 t o  30% o f  t h e  r e a c t o r  worke rs '  t o t a l  c o l l e c t i v e  doses. The l a s t  

t h r e e  major  dose-producing a c t i v i t i e s  a t  t h e  r e a c t o r  and r e p o s i t o r y ,  cask/  

v e h i c l e  decontaminat ion,  i n s p e c t i o n  and mon i to r i ng ,  and p l a c i n g  t h e  cask on t h e  

v e h i c l e ,  would account f o r  o n l y  1 t o  6% each o f  t h e  t o t a l  c o l l e c t i v e  worker  

doses. Es t ima ted  r a d i a t i o n  doses t o  t h e  workers r e s u l t i n g  f rom a l l  o f  t h e  

rema in ing  19 a c t i v i t i e s  would account f o r  about 20% o f  t h e  t o t a l  c o l l e c t i v e  

worker  doses a t  t h e  r e a c t o r ,  and 3 t o  4% a t  t h e  r e p o s i t o r y .  

R a d i a t i o n  doses t o  t h e  p u b l i c  r e s u l t  f r o m  a c t i v i t i e s  where t h e  peop le  a r e  

near  t h e  cask w h i l e  t h e  shipments a r e  i n  t r a n s i t .  I n  t h i s  case, t h e  m a j o r i t y  

o f  p u b l i c  doses r e s u l t  p r i m a r i l y  f r o m  t h e  a c t i v i t i e s  w h i l e  t h e  v e h i c l e s  a r e  

stopped, e s p e c i a l l y  i n  t r u c k  shipments. (Doses t o  t h e  p u b l i c  t h a t  a r e  a d i r e c t  

r e s u l t  o f  spent f u e l  l o a d i n g  and u n l o a d i n g  a r e  ve ry  low [DOE 1987a1 and a r e  n o t  

developed i n  t h i s  study.) 

2.1.3 Es t ima ted  R a d i a t i o n  Doses t o  Max ima l l y  Exposed Groups o r  I n d i v i d u a l s  

Assoc ia ted  w i t h  T r a n s p o r t a t i o n  A c t i v i t i e s  

The es t ima ted  r a d i a t i o n  doses r e s u l t i n g  f r o m  t r a n s p o r t a t i o n  a c t i v i t i e s  

t h a t  c o u l d  occur  t o  maximal ly  exposed groups o r  i n d i v i d u a l s  a r e  g i ven  i n  
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Table 2.5. 
p o r t  workers, t h e  doses a re  based on u s i n g  crews on each o p e r a t i o n  t h a t  a r e  

assumed t o  be ded ica ted  s o l e l y  t o  p e r f o r m i n g  t h e  cask h a n d l i n g  work. Thus, t h e  

es t ima ted  annual doses(a)  f o r  t h e  workers, g i ven  i n  Table 2.5, a re  averages f o r  

t h e  ded ica ted  crews. S t a f f  r o t a t i o n  f o r  dose d i s t r i b u t i o n  i s  no t  i n c l u d e d  i n  

t h e  e v a l u a t i o n s  i n  t h i s  s tudy.  For  members o f  t h e  un invo lved  p u b l i c ,  t h e  

maximum i n d i v i d u a l  doses(a)  a r e  f o r  un ique persons who may be exposed under 

r a r e  s i t u a t i o n s ,  and a re  b e l i e v e d  t o  be conserva t ive .  

For  worker  exposures a t  t h e  r e a c t o r  and r e p o s i t o r y ,  and f o r  t r a n s -  

I n  a l l  cases, annual average r a d i a t i o n  doses t o  worker  groups o r  t o  maxi -  

m a l l y  exposed i n d i v i d u a l s  r e s u l t i n g  f rom t r u c k  shipments a re  s i g n i f i c a n t l y  

h i g h e r  than  f o r  r a i l  shipments. 

A t  t h e  r e a c t o r ,  average i n d i v i d u a l  worker  doses t o  t h e  max imal ly  exposed 

worker  groups, i .e., maintenance-craftsmen and opera to rs ,  ( b )  a re  es t ima ted  t o  

be about 1000 mremlyear from t r u c k  shipments o r  about 220 mrem/year f rom r a i l  

shipments (330 mremlyear f o r  ope ra to rs  a t  BWRs).  These doses, p a r t i c u l a r l y  

f rom t r u c k  shipments, cou ld  be a s i g n i f i c a n t  f r a c t i o n  o f  t h e  worke rs '  t o t a l  

annual dose f rom a l l  a c t i v i t i e s .  These doses would be approx ima te l y  

p r o p o r t i o n a l  t o  t h e  MTU/year sh ipped f rom each r e a c t o r  (30 MTUlyear assumed i n  

t h i s  s tudy ) .  

I n - t r a n s i t  annual r a d i a t i o n  doses r e s u l t i n g  from t r u c k  shipments a re  a l s o  

much h i g h e r  than  f o r  r a i l  shipments. I n d i v i d u a l  doses t o  t r u c k  d r i v e r s  c o u l d  

reach an es t ima ted  3,000 mrem/year i f  t h e  d r i v e r s  spend a l l  t h e i r  work ing  y e a r  

on t r a n s p o r t i n g  spent f u e l .  It i s  es t ima ted  t h a t  s t a t e  e s c o r t s  f o r  t r u c k  

shipments cou ld  r e c e i v e  up t o  about 140 mrem/year if a l l  shipments were 

esco r ted  i n  t h e  r e p o s i t o r y  s t a t e  by 4 s h i f t s  o f  e s c o r t s  as i s  assumed i n  t h i s  

study. S i m i l a r l y ,  i t  i s  es t ima ted  t h a t  each s e r v i c e  s t a t i o n  a t t e n d a n t  (who 

works one o f  f ou r  s h i f t s )  a t  a t r u c k  s top  near  t h e  r e p o s i t o r y  ( t h a t  s e r v i c e s  

one-hal f  o f  a l l  t r u c k  sh ipments)  c o u l d  r e c e i v e  as much as about 100 mremlyear 

( a )  I n d i v i d u a l  annual doses a re  expressed i n  mremlyr. These doses a re  t h e  
average mrem/yr f o r  each member o f  t h e  max imal ly  exposed worker  groups, o r  
f o r  a p o t e n t i a l  maximal ly  exposed i n d i v i d u a l  member of t h e  p u b l i c .  

( b )  The maintenance-craftsmen a r e  r e s p o n s i b l e  f o r  r o u t i n e  opera t i ons  such as 
removing b o l t s  f rom impact l i m i t e r s  and l i d s .  Th is  f u n c t i o n  shou ld  n o t  be 
confused w i t h  b u i l d i n g  maintenance a c t i v i t i e s .  
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TABLE 2.5. Es t ima ted  Annual Doses t o  Maximal ly  Exposed Groups 
o r  I n d i v i d u a l s  i n  t h e  P o s t u l a t e d  Reference 
T r a n s p o r t a t i o n  System 

Number of I n d i v i d u a l  mrem/yr (a,b) 
Persons T o t a l  Re1 a t e d  

R a i l  pey S e c t i o n  i n  
Truck Chap. 4 

Worker o r  Pub1 i c  i n  
Category Category Rai 1 (') 

AT-REACTOR ( f )  

Ma i n t en an ce -C r a f t  sme n 

Ope r a t  o r s  

R a d i a t i o n  M o n i t o r s  

Qual i t y  C o n t r o l  
I n s p e c t o r s  

Tot  a1 
Workers 

IN-TRANSIT  

T ranspor t  Crew 

S t a t e  I n s p e c t o r s ( i )  

E s c o r t s ( j )  

T r a i n  Hand1 e r s  

S e r v i c e  A t tendan ts  (' 

P u b l i c  Resident  

P u b l i c  Passersby 

AT-REPOSITORY 

Ma i n t e na n ce -Craftsmen 

S e c u r i t y  Guard 

Operators  

R a d i a t i o n  M o n i t o r s  

A l l  Other  Workers 

T o t a l  
Workers 

4 
4 
1 
1 

13 

N A J ~ )  

NAv 

NAv 

NAv 

NAv 

NAv 

NA v 

26 
8 
47 
10 
22 
113 

220/ 220. 

220/330 
84/84 
120/230 

2 
32 

115 

16 
2(m) 

<1 

4,960 
224 
256 
224 
192(0) 

Truck ( d  1 

1010/1010 
900 / 1040 
460/460 
340/440 

3030 
770 
140 

NA 
100 
3 (m) 

2 

8,250(") 
777 
777 
583 
486(') 

N A ( ~ )  

NA 

NA 
NA 

NA v 

NAv 

NA v 
NAv 

NA v 

NAv 

NA v 

13, 
1,000 
1,030 
807 
614(') 

4.2 
4.2 
4.2 
4.2 

4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 

4.4 
4.4 
4.4 
4.4 
4.4 
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TABLE 2.5. ( c o n t d )  

Foo tno te  D e f i n i t i o n s  : 

Given f o r  PWR and BWR spent f u e l  a t - r e a c t o r .  I n - t r a n s i t  va lues a r e  based 
on PWR (worst  case) a n a l y s i s .  Repos i to ry  values a r e  based on a 60% 
PWR/40% BWR s p l  i t  , by wei gh t  . 
Average annual doses f o r  i n d i v i d u a l  c r a f t  workers;  annual doses f o r  hypo- 
t h e t i c a l ,  maximal ly  exposed, se lec ted ,  unusual p o t e n t i a l  cases f o r  i n d i v i -  
dual  p u b l i c  members. 
R a i l  cask c a p a c i t y  i s  14/36 PWR/BWR assemblies. 
Truck cask c a p a c i t y  i s  2/5 PWR/BWR assemblies. 
T o t a l  dose f rom 30 w t %  o f  spent f u e l  shipped by t r u c k  and 70 w t %  by r a i l .  
Assumes 30 MTU/yr shipped f rom each r e a c t o r ;  each r e a c t o r  s h i p s  e i t h e r  a l l  
by t r u c k  o r  a l l  by r a i l .  Reported f o r  PWR and BWR f u e l  t ypes  as PWR/BWR. 
NA = n o t  a p p l i c a b l e ,  s i n c e  each r e a c t o r  w i l l  use t r u c k  o r  r a i l .  
NAv = n o t  a v a i l a b l e ;  i n s u f f i c i e n t  i n f o r m a t i o n  i s  a v a i l a b l e  t o  e s t i m a t e  
these  values. 
Assumes s t a t e  i n s p e c t i o n s  f o r  t r u c k  and/or  r a i l  i n  t h e  o r i g i n a t i n g  and 
d e s t i n a t i o n  s t a t e .  Each i n d i v i d u a l  i n s p e c t o r  i n s p e c t s  1/4 o f  a l l  t r u c k  o r  
a l l  r a i l  shipments a t  t h e  s t a t e  bo rde r  where t h e  r e p o s i t o r y  i s  l oca ted .  
Maximal ly  exposed r a i l  e s c o r t s  a r e  assumed t o  accompany a l l  r a i l  shipments 
f rom t h e  l a s t  r a i l y a r d  t o  t h e  r e p o s i t o r y  gate. Maximal ly  exposed s t a t e  
t r u c k  e s c o r t s  a r e  assumed t o  f o l l o w  1 /4  o f  a l l  t r u c k  shipments from t h e  
b o r d e r  o f  t h e  f i n a l  s t a t e  t o  t h e  r e p o s i t o r y .  Other  s t a t e  e s c o r t s  f o r  
t r u c k  shipments a r e  o n l y  i n  urban areas. 
Assumes a t r a i n  h a n d l e r  t h a t  s e r v i c e s  1 /4  o f  a l l  r a i l  shipments a t  t h e  
l a s t  r a i l y a r d  near t h e  r e p o s i t o r y .  
Assumes a t r u c k  s e r v i c e  s t a t i o n  a t t e n d a n t  a t  t h e  l a s t  s top  near  t h e  
r e p o s i t o r y  t h a t  s e r v i c e s  1/4 o f  1/2 o f  a l l  t r u c k  shipments, 121 t r u c k  
sh ipments/yr .  Assumes a t r a i n  se rv i c ing /ma in tenance  crewman t h a t  s e r v i c e s  
8 t r a i n  shipments/yr .  
Fo r  a r e s i d e n t  l i v i n g  near t h e  r a i l r o a d  o r  highway and exposed t o  a l l  r a i l  
o r  t o  a l l  t r u c k  shipments. For  a h y p o t h e t i c a l  n o n t r a n s p o r t  worker  a t  t h e  
t r u c k  s top  neares t  t o  t h e  r e p o s i t o r y  where one-hal f  o f  a l l  t r u c k  shipments 
a r e  assumed t o  stop, t h e  maximal ly  exposed i n d i v i d u a l  c o u l d  r e c e i v e  55 
mremly r 
Note t h a t  t h i s  dose exceeds t h e  r e g u l a t o r y  l i m i t  o f  5 rem/yr. T h i s  i s  
unacceptable,  and w i l l  be brought  i n t o  compl iance w i t h  t h e  r e g u l a t i o n s  
b e f o r e  t h e  f a c i l i t y  i s  b u i l t  and operated. 
The h i g h e s t  r a i l  dose i s  t o  crane opera to rs ;  t h e  h i g h e s t  t r u c k  dose and 
t o t a l  dose a r e  t o  t h e  s e c u r i t y  guards. 

2.13 



i f  he s e r v i c e s  one-e igh th  of a l l  t h e  t r u c k  sh ipments. (a)  

(e.g., a cook) who works a t  t h i s  same h y p o t h e t i c a l  t r u c k  s top  cou ld  r e c e i v e  an 

e s t i m a t e d  55 mremlyear, which i s  about one -ha l f  o f  t h e  dose f rom n a t u r a l  back- 

ground. N o  p u b l i c  passerby f o r  t r u c k  shipments should rece ive  more t h a n  about 

2 mremlyear, and most would r e c e i v e  annual doses t h a t  a re  o rde rs  o f  magnitude 

lower .  

A p u b l i c  " r e s i d e n t "  

It i s  es t ima ted  t h a t  i n d i v i d u a l  t r a i n  crew members would r e c e i v e  o n l y  

about 2 mremlyear. I n d i v i d u a l  s t a t e  i n s p e c t o r s ,  where i n s p e c t i o n  i s  done on 

each shipment i n  t h e  r e p o s i t o r y  s t a t e  by 4 s h i f t s  o f  i nspec to rs ,  can r e c e i v e  

about 770 mremlyear f rom t r u c k  shipments and about 30 mremlyear f rom r a i l  s h i p -  

ments. Max imal ly  exposed t r a i n  hand e rs ,  r a i l  y a r d  crewmen, and r a i l  e s c o r t s  

c o u l d  r e c e i v e  about 16, 1.3, and 115 mremlyear, r e s p e c t i v e l y .  The max imal ly  

exposed member o f  t h e  p u b l i c  who r e s  des near  t h e  f i n a l  t r a i n  s top  en rou te  t o  

t h e  r e p o s i t o r y  could r e c e i v e  about 2 mrernlyear. A l l  o t h e r  persons a f f e c t e d  by 

r a i l  shipments a re  es t ima ted  t o  r e c e i v e  l e s s  than  about 1 mrem/year f rom t h e  

r a i l  shipments. 

A t  t h e  r e p o s i t o r y ,  average annual r a d i a t i o n  doses t o  i n d i v i d u a l s  i n  t h e  

max imal ly  exposed worker group (13,000 mremlyear t o  each mai n tenance-cra f tsman)  

a re  es t ima ted  t o  be more t h a n  2.5 t imes  t h e  annual doses a l l owed  by NRC f o r  

such workers. DOE g u i d e l i n e s  (DOE 1986c) s t a t e  t h a t  new f a c i l i t i e s  shou ld  have 

a des ign  o b j e c t i v e  such t h a t  maximum i n d i v i d u a l  doses a re  l e s s  than  

1000 mremlyear. The maintenance-craf tsman dose w i l l  be reduced by DOE t o  

conform t o  r e g u l a t i o n s .  The annual doses t o  o t h e r  i n d i v i d u a l  cask h a n d l i n g  

workers a t  t h e  r e p o s i t o r y  (400 t o  1,000 mremlyear) a re  w e l l  w i t h i n  NRC 

r e g u l a t i o n s  b u t  p resen t  o p p o r t u n i t i e s  f o r  dose reduc t i on .  More t h a n  60% o f  

these annual doses t o  i n d i  v i  dual  r e p o s i t o r y  workers would r e s u l t  f rom hand1 i ng 

t r u c k  casks, and l e s s  than  40% would r e s u l t  f rom h a n d l i n g  r a i l  casks. 

( a )  The t r u c k  d r i v e r s  a re  expected t o  do e s s e n t i a l l y  a l l  o f  t h e i r  own r e f u e l -  
i n g  and t h e  d r i v e r  doses i n c l u d e  those f rom a l l  r e f u e l i n g s .  However, t h i s  
max imal ly  exposed s e r v i c e  a t t e n d a n t  i s  assumed t o  pe r fo rm t h e  r e f u e l i n g  a t  
t h e  l a s t  t r u c k  s top  en rou te  t o  t h e  r e p o s i t o r y ,  a t  which one-ha l f  o f  t h e  
t r u c k s  s top  and a t  which 4 s h i f t s  of workers a re  used. 
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2.2 ALTERNATIVES TO THE POSTULATED REFERENCE TRANSPORTATION SYSTEM 

The a n a l y s i s  o f  t h e  p o s t u l a t e d  re fe rence  system i d e n t i f i e d  t h e  s i g n i f i c a n t  

dose-generat ing a c t i v i t i e s  and i n d i v i d u a l s  r e c e i v i n g  those doses. Wi th t h e s e  

a c t i v i t i e s  determined, a l a r g e  number of a l t e r n a t i v e s  was conceived t h a t  may 

reduce t h e  dose f rom these  a c t i v i t i e s .  These a l t e r n a t i v e s  were screened t o  t h e  

f o l l o w i n g  17 t h a t  were eva lua ted :  

0 

0 uranium-shie lded r a i l  cask 

0 i nc reased  end s h i e l d i n g  f o r  t r u c k  and r a i l  casks 

0 i nc reased  s i d e  s h i e l d i n g  f o r  t r u c k  casks 

0 i nc reased  s i d e  s h i e l d i n g  f o r  r a i l  casks 

0 

0 

0 advanced d e s i g n ( a )  r a i l  cask 

0 s p e c i a l  impact-wrench t o o l  

0 s i n g l e - a c t i o n  cask l i d  fasteiners 

0 b u i l t - i n  cask l i d - l i f t i n g  f i K t u r e  

0 i n t e g r a l  cask impact l i m i t e r ( ;  

0 q u i c k - r e l e a s e  cask impact l i m i t e r s  

0 q u i c k - r e l e a s e  cask t iedowns 

0 t o t a l  remote h a n d l i n g  a t  t h e  r e p o s i t o r y  
0 remote cask l i d  o p e r a t i o n s  a t  t h e  r e p o s i t o r y  (cask h a n d l i n g  area o n l y )  

0 

overweight  t r u c k  cask ( r e p l a c e s  l e g a l w e i g h t  t r u c k  cask)  

advanced d e s i g n ( a )  l e g a l w e i g h t  t r u c k  cask 

advanced d e s i g n ( a )  overweight  t r u c k  cask ( rep laces  l e g a l w e i g h t  t r u c k  

cask) 

improved t r u c k  opera t  i ons. 

Each o f  t hese  a l t e r n a t i v e s  was e v a l u a t e d  i n d i v i d u a l l y  f o r  o p e r a t i o n a l  t imes,  

r a d i a t i o n  exposures, and cos t  impacts.  These e v a l u a t i o n s  are  d e s c r i b e d  and 

d iscussed i n  Chapter 5, and t h e  d e t a i l s  o f  t h e  analyses are  g i ven  i n  Appendices 

F t h rough  K. Th is  s e c t i o n  desc r ibes  t h e  a l t e r n a t i v e s  i n  general  terms and 

summarizes t h e  r e s u l t s  o f  e v a l u a t i o n s  o f  impacts  on doses and costs .  

( a )  "Advanced des ign"  casks i n  t h i s  s tudy  a r e  casks t h a t  use uranium 
s h i e l d i n g ,  t h inne r -wa l  l e d  separators ,  and c l o s e r  spacing between t h e  
assembl ies,  t a k i n g  advantage o f  t h e  burnup o f  f i s s i l e  m a t e r i a l s  i n  t h e  
spent f u e l .  These f e a t u r e s  r e s u l t  i n  s i g n i f i c a n t  p o t e n t i a l  i nc reases  i n  
cask c a p a c i t i e s .  
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2.2 

r a d  

t o  

1 Dose-Reduction P r i n c i p l e s  f o r  t h e  Se lec ted  A l t e r n a t i v e s  

The s e l e c t e d  a l t e r n a t i v e s  u t i l i z e  t h e  t h r e e  general  methods f o r  r e d u c i n g  

a t i o n  doses: s h i e l d i n g ,  t ime,  and d i s tance .  The f i r s t  general  method i s  
ncrease t h e  s h i e l d i n g  around t h e  r a d i o a c t i v e  m a t e r i a l .  The a l t e r n a t i v e s  

u s i n g  i nc reased  s h i e l d i n g  i n c l u d e  inc reased  cask end s h i e l d i n g  and i n c r e a s e d  

cask s i d e  s h i e l d i n g .  

The second genera l  method f o r  r e d u c i n g  dose i s  t o  decrease t h e  t i m e  t h a t  

an i n d i v i d u a l  i s  exposed t o  t h e  r a d i a t i o n .  Th is  can r e s u l t  f rom i n c r e a s i n g  t h e  

speed o f  t h e  a c t i v i t y  o r  r e d u c i n g  t h e  number o f  t imes  t h a t  t h e  a c t i v i t y  must be 

repeated. An example o f  t h i s  i s  an improved t r u c k  o p e r a t i o n s  t h a t  reduces 

scheduled s t o p  t imes and t r a v e l s  a t  h i g h e r  average speeds. 

reduc ing  work t i m e  around t h e  cask a r e  u s i n g  s i n g l e - a c t i o n  f a s t e n e r s  f o r  

removing cask t iedowns, impact l i m i t e r s ,  and cask l i d s .  Severa l  a c t i v i t i e s  

c o u l d  a l s o  be e l i m i n a t e d  by des igns such as i n c l u d i n g  t h e  l i d - l i f t i n g  adaptor  

as a p a r t  of t h e  i n n e r  l i d  and by b u i l d i n g  t h e  impact l i m i t e r s  as p a r t  o f  t h e  

casks so t h a t  t hey  do n o t  have t o  be i n d i v i d u a l l y  i n s t a l l e d  o r  removed f o r  each 

shipment. 

( p r i m a r i l y  t h rough  reduc ing  t h e  number o f  shipments) a l s o  can s i g n i f i c a n t l y  

reduce doses. A l t e r n a t i v e s  t h a t  can reduce t h e  number o f  shipments i n c l u d e  t h e  

use o f  h i g h e r - c a p a c i t y  casks th rough  use o f  overweight  t r u c k  shipments, use of 

uranium r a t h e r  t h a n  s t e e l  s h i e l d i n g  i n  r a i l  casks, and a l l o w i n g  c r e d i t  f o r  

burnup o f  t h e  spent f u e l  t o  reduce neu t ron  po ison  requi rements and a l l o w  f o r  

c l o s e r  spent f u e l  spac ing i n  t h e  des ign  o f  t h e  cask basket.  

A l t e r n a t i v e s  f o r  

Reducing t h e  number o f  t imes  t h a t  an a c t i v i t y  must be per formed 

The t h i r d  general  way t o  reduce r a d i a t i o n  dose i s  t o  keep t h e  casks and 

people f a r t h e r  a p a r t  ( r a d i a t i o n  dose r a t e s  decrease r a p i d l y  w i t h  d i s t a n c e )  

w i t h o u t  i n c r e a s i n g  t h e  exposure t imes  t o  p e r f o r m  t h e  a c t i v i t i e s .  A l t e r n a t i v e s  

u t i l i z i n g  t h i s  p r i n c i p l e  i n c l u d e :  p a r k i n g  t r u c k  casks f a r t h e r  away f rom s e r -  

v i c e  f a c i l i t i e s  a t  t r u c k  s tops  t o  reduce t h e  p u b l i c  exposure d u r i n g  t h e  s tops  

f o r  crew e a t i n g ,  r e s t ,  and t r u c k  r e f u e l i n g ;  p e r f o r m i n g  a c t i v i t i e s  i n  h i g h  dose- 

r a t e  areas w i t h  s p e c i a l  t o o l s  t o  enable workers t o  pe r fo rm work i n  lower  dose 

f i e l d s ;  and pe r fo rm ing  a c t i v i t i e s  w i t h  remote-automated equipment (e.g., 
r o b o t s ) ,  which removes workers f rom r a d i a t i o n  f i e l d s .  The r e p o s i t o r y  receiving 

f a c i l i t y  i s  t h e  pr ime cand ida te  f o r  a p p l i c a t i o n  o f  remote-automated h a n d l i n g  
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t echno logy  because o f  t h e  l a r g e  number o f  casks t h a t  must be handled. 

remote-handl ing a l t e r n a t i v e s  have been i n c l u d e d  i n  t h e  study. 

a l t e r n a t i v e ,  n e a r l y  a l l  cask h a n d l i n g  o p e r a t i o n s  a t  t h e  r e p o s i t o r y  r e c e i v i n g  

f a c i l i t y  a r e  assumed t o  be done Iiy robo ts .  I n  t h e  second a l t e r n a t i v e ,  remote 

h a n d l i n g  i s  done o n l y  f o r  t h e  work around t h e  cask l i d s  i n  t h e  r e p o s i t o r y  cask 

hand1 i ng rooms. 

Two 

I n  t h e  f i r s t  

Some a l t e r n a t i v e s  eva lua ted  (e.g., t h e  use o f  a s p e c i a l  impact wrench 

t o o l )  a c t u a l l y  i n c o r p o r a t e  two of' t h e  ALARA p r i n c i p l e s  ( t i m e  and d i s t a n c e ) ,  

because t h e  e n v i s i o n e d  t o o l s  may accompl ish t h e  a c t i v i t y  f a s t e r  t h a n  conven- 

t i o n a l  manual methods, and a l s o  keep t h e  i n d i v i d u a l s  ou t  of t h e  h igher-dose 

f i e l d s .  

2.2.2 Reduct ions i n  T o t a l  System Annual R a d i a t i o n  Dose f rom 

Imp1 ement a t  i on o f  I nd i v i  diia 1 A1 t e rna  t i ves 

T ime/d is tance s t u d i e s  and r a d i a t i o n  dose - ra te  maps f rom t h e  p o s t u l a t e d  

re fe rence  system were m o d i f i e d  t o  account f o r  t h e  c o n d i t i o n s  i n  t h e  v a r i o u s  

a l t e r n a t i v e s  i d e n t i f i e d  f o r  e v a l u a t i o n .  These m o d i f i c a t i o n s  were made t o  t h e  

spreadsheet models used i n  t h e  e v a l u a t i o n  o f  t h e  p o s t u l a t e d  r e f e r e n c e  system t o  

a l l o w  c a l c u l a t i o n  o f  t h e  new dose es t ima tes  and o f  t h e  dose r e d u c t i o n s  p o s s i b l e  

t o  workers and t o  t h e  p u b l i c  front imp lemen ta t i on  o f  t h e  a l t e r n a t i v e s .  

A summary o f  t h e  e s t i m a t e d  c . o l l e c t i v e  r a d i a t i o n  doses t h a t  would r e s u l t  

from t h e  use o f  each major  a l t e r n a t i v e  i s  g i v e n  i n  Table 2.6. 

c o n t a i n s  t h e  es t ima ted  t o t a l  annuial c o l l e c t i v e  doses f rom t h e  combinat ion o f  
t r u c k  and r a i l  t r a n s p o r t a t i o n  o f  3000 MTU o f  spent f u e l  f rom l o a d i n g  a t  t h e  

r e a c t o r ,  d u r i n g  i n - t r a n s i t ,  and u n l o a d i n g  a t  t h e  r e p o s i t o r y .  The i n f o r m a t i o n  

i n  Table 2.6 i s  developed u s i n g  t h e  p o s t u l a t e d  r e f e r e n c e  system, excep t  f o r  t h e  

i n d i v i d u a l  changes noted t o  implement t h a t  i n d i v i d u a l  a l t e r n a t i v e .  

The t a b l e  

F i g u r e  2.2 i l l u s t r a t e s  g r a p h i c a l l y  t h e  es t ima tes  o f  annual c o l l e c t i v e  dose 

r e d u c t i o n  f o r  each o f  t h e  a l t e r n a t i v e s  compared t o  t h e  p o s t u l a t e d  system. 

t o t a l  dose r e d u c t i o n  f o r  each o f  t h e  a l t e r n a t i v e s  can be no ted  by t h e  t o t a l  

l e n g t h  o f  t h e  bars i n  F i g u r e  2.2 and can be compared t o  t h e  f i n a l  column i n  

Table 2.6. The segments o f  t h e  b'ars r e p r e s e n t  t h e  dose r e d u c t i o n  w i t h i n  

v a r i o u s  modes, l o c a t i o n s  and groups. 

The 

For example, w i t h  t h e  overweight  t r u c k  
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TABLE 2.6. Summary o f  Est imated C o l l e c t i v e  Annual Rad ia t i on  Doses R e s u l t i n g  f rom Use o f  Each 
Major A1 t e r n a t i v e  (person-rem) ( a )  

I d e n t i f i c a t i o n  

P o s t u l a t e d  r e f e r e n c e  system 

Overweight  t r u c k  cask 

Uran ium-sh ie lded  r a i l  cask (b )  

I n c r e a s e d  cask end s h i e l d i n g  

I n c r e a s e d  cask s i d e  

I n c r e a s e d  cask s i d e  

Advanced d e s i g n ( c )  - 

Advan e des ign  - 

Advanced des ign  - 
Spec ia l  impact  wrench t o o l  

S i n g l e - a c t i o n  cask l i d  

B u i l t - i n  cask l i d  f i x t u r e s  

I n t e g r a l  cask impact  l i m i t e r s  

Q u i c k - r e l e a s e  cask impact  

Quick - re1  ease cask t iedowns 

T o t a l  remote h a n d l i n g  a t  

Remote cask l i d  h a n d l i n g  a t  

Improved t r u c k  o p e r a t i o n s  

s h i e l d i n g  - t r u c k  o n l y  

s h i e l d i n g  - r a i l  o n l y  

LWT(d) cask 

OWTtes cask 

u ran ium r a i l  c a s k ( f )  

f a s t e n e r s  

1 i m i  t e r s  

r e p o s i t o r y  

r e p o s i t o r y  

Annual 
Truck Rai 1 T o t a l  System 

__- P u b l i c  System Dose Worker Pub1 i c  Worker 
Reactor  I n - T r a n s i t  R e p o s i t o r y  I n - T r a n s i t  Reactor I n - T r a n s i t  R e p o s i t o r y  I n - T r a n s i t  Dose Reduc t ion  

271 

143 

271  

166 

246 

271 

149 

93 

271 

246 

253 

264 

253 

266 

259 

271  

271 

271 

200 

103 

200 

23 

197 

200 

104 

62 

200 

200 

200 

200 

200 

200 

200 

200 

200 

155 

269 

135 

269 

91 

246 

269 

141 

82 

269 

162 

158 

234 

246 

258 

248 

3 

83 

269 

444 

256 

444 

444 

311 

444 

231 

155 

444 

444 

444 

444 

444 

444 

444 

444 

444 

110 

144 

144 

97 

95 

144 

135 

144 

144 

90 

125 

130 

142 

135 

137 

140 

144 

144 

144 

21 

21 

11 

10 

21 

18 

21 

21 

10 

21 

21  

21 

21 

21 

21 

21  

21 

21 

149 

149 

83 

38 

149 

141 

149 

149 

75 

62 

62 

139 

139 

143 

138 

2 

36 

149 

12 

12 

7 

1 0  

12 

9 

12 

12 

6 

12 

12 

12 

12 

12 

12 

12 

12 

12 

1510 

964 

1382 

877 

1326 

1487 

951  

718 

1365 

1272 

1280 

1456 

1450 

1481 

1462 

1097 

1211 

1131 

0 

546 

128 

633 

184 

23 

559 

792 

145 

238 

230 

54 

6 0  

29 

48 

413 

299 

379 

( a )  Tab le  based on 900 MTU of spent  f u e l  sh ipped by t r u c k  and 2100 MTU sh ipped by r a i l  w i t h  60% PWR and 40% BWR by each mode. 
( b )  Standard d e s i g n  u ran ium r a i l  cask has c a p a c i t y  o f  27/58 PWR/BWR assembl ies.  
( c )  Advanced d e s i g n  i n c l u d e s  burnup c r e d i t .  
( d )  Lega lwe igh t  t r u c k  cask w i t h  c a p a c i t y  of 4 /9  PWR/BWR assembl ies.  
( e )  Overweight  t r u c k  cask w i t h  c a p a c i t y  o f  7/15 PWR/BWR assembl ies.  
( f )  Uran ium-sh ie lded  r a i l  cask w i t h  c a p a c i t y  o f  30/66 PWR/BWR assembl ies.  
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FIGURE 2.2. Es t imated System Dose Reduct ions f rom A l t e r n a t i v e s  
R e l a t i v e  t o  t h e  P o s t u l a t e d  Reference System 

cask a l t e r n a t i v e ,  s i g n i f i c a n t  r e d u c t i o n s  can be no ted  f o r  a l l  f o u r  c a t e g o r i e s  

o f  t r u c k  dose, a t - r e a c t o r ,  i n - t r a n s i t ,  and a t - r e p o s i t o r y  f o r  t h e  workers and 

f o r  t h e  p u b l i c  i n - t r a n s i t  doses, b u t  no dose reduc t i ons  a re  no ted  f rom t h e  r a i l  

p a r t  of t h e  system, because i t  i s  n o t  changed i n  t h i s  a l t e r n a t i v e .  The t o t a l  

e s t i m a t e d  dose r e d u c t i o n  i s  546 person-rem/year. A d d i t i o n a l  d e t a i l s  can be 

determined by comparing t h e  c o l l e c t i v e  annual doses i n  Table 2.6 f o r  i n d i v i d u a l  

a l t e r n a t i v e s  t o  t h e  p o s t u l a t e d  r e f e r e n c e  system. A s  shown i n  F i g u r e  2.2, t h e  

a l t e r n a t i v e s  w i t h  t h e  h i g h e s t  system dose r e d u c t i o n  are:  

i nc reased  cask c a p a c i t y  (i.e., us~e o f  OWT casks and "advanced des ign"  casks) ,  

2 )  i nc reased  end s h i e l d i n g  on caslcs, and 3) use o f  remote h a n d l i n g  a t  t h e  

repos i t o r y  . 

1) those w i t h  

Inc reased  cask c a p a c i t y  reduces doses th roughout  t h e  system because of t h e  

reduced number o f  cask shipments. The t r u c k  cask c a p a c i t y  i s  s i g n i f i c a n t l y  

i nc reased  by use o f  bo th  overwe igh t  t r u c k  o r  ''advanced des ign"  casks. L i k e -  

1 ciisks and/or  "advanced des ign"  r a i l  casks 

due t o  r a i l  t r a n s p o r t .  However, doses f rom r a i l  

wise, t h e  uranium-sh 

s i g n i f i c a n t l y  reduce 

e lded  r a  

t h e  dose 
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t r a n s p o r t  a r e  r e l a t i v e l y  low, even f o r  t h e  p o s t u l a t e d  r e f e r e n c e  case. 

I nc reased  cask end s h i e l d i n g  i s  e f f e c t i v e  i n  reduc ing  t h e  o p e r a t i o n a l  doses a t  

b o t h  t h e  r e a c t o r  and a t  t h e  r e p o s i t o r y  r e c e i v i n g  f a c i l i t y .  Remote h a n d l i n g  a t  

t h e  r e p o s i t o r y  r e c e i v i n g  f a c i l i t y  i s  very  e f f e c t i v e  i n  reduc ing  doses a t  t h a t  

l o c a t i o n  b u t  has no e f f e c t  on o t h e r  p a r t s  o f  t h e  system. 

and p a r k i n g  f a r t h e r  away f rom s e r v i c e  f a c i l i t i e s  a r e  e f f e c t i v e  i n  r e d u c i n g  the  

dose a t  t r u c k  stops, which cause t h e  major  dose t o  t h e  p u b l i c  f rom t r u c k  

Reduced s t o p  t imes  

I opera t i ons .  

Other  a l t e r n a t i v e s  t h a t  can r e s u l t  i n  s i g n i f i c a n t  dose r e d u c t i o n  i n  t h e  

system a r e  s p e c i a l  impact wrench t o o l s ,  s i n g l e - a c t i o n  f a s t e n e r s  on cask l i d s ,  

and inc reased  s i d e  s h i e l d i n g  on t r u c k  casks. 

e v a l u a t e d  a r e  es t ima ted  t o  have o n l y  smal l  impacts  on t h e  o v e r a l l  system dose, 

b u t  c o u l d  s t i l l  be c o s t - e f f e c t i v e .  

The rema in ing  a l t e r n a t i v e s  

The most e f f e c t i v e  a l t e r n a t i v e  f o r  r e d u c i n g  system doses, use o f  "advanced 

des ign "  overweight  t r u c k  casks, reduces t h e  t o t a l  system dose by about an e s t i -  

mated 800 person-rem/year, o r  ove r  one -ha l f  o f  t h e  e s t i m a t e d  c o l l e c t i v e  dose i n  

t h e  p o s t u l a t e d  r e f e r e n c e  system. No s i n g l e  a l t e r n a t i v e  reduces t h e  doses by 

b o t h  t r u c k  and r a i l  f o r  each worker  ca tegory  as w e l l  as t o  t h e  p u b l i c .  T h i s  

suggests t h a t  s e l e c t e d  a l t e r n a t i v e s  shou ld  be combined t o  m in im ize  t h e  system 

doses. T h i s  p o s s i b i l i t y  i s  d i scussed  f u r t h e r  i n  S e c t i o n  2.3. 

2.2.3 Reduct ions i n  I n d i v i d u a l  Annual R a d i a t i o n  Doses from 

Imp1 ementat i on o f  I n d i  v i  dua l  A1 t e r n a t  i ves 

As no ted  i n  S e c t i o n  2.1, s e v e r a l  groups o f  workers i n  t h e  p o s t u l a t e d  

r e f e r e n c e  system would r e c e i v e  doses a t  o r  above t h e  1 remlyear  l e v e l ,  which i s  

t h e  DOE des ign  o b j e c t i v e  f o r  a new f a c i l i t y  (DOE 1 9 8 6 ~ ) .  

c r a f t s m e n ( a )  a t  t h e  r e p o s i t o r y  r e c e i v i n g  f a c i l i t y  a r e  es t ima ted  t o  r e c e i v e  t h e  

h i g h e s t  annual i n d i v i d u a l  doses o f  any group. As shown i n  F i g u r e  2.3, s e v e r a l  

o f  t h e  a l t e r n a t i v e s  can reduce t h e  a n t i c i p a t e d  annual i n d i v i d u a l  doses t o  t h i s  

worker  group. 

annual i n d i v i d u a l  dose t o  t h e  r e p o s i t o r y  maintenance-craf tsmen by an e s t i m a t e d  

78%, t o  2.9 remlyear,  which i s  s t i l l  n o t  w i t h i n  t h e  DOE'S design o b j e c t i v e s  

The rnaintenance- 

The i n c r e a s e d  cask end s h i e l d i n g  a l t e r n a t i v e  would reduce t h e  

( a )  The maintenance-craf tsmen remove and i n s t a l l  b o l t s  and p e r f o r m  o t h e r  
mechanical work on t h e  cask i n  h i g h  dose - ra te  areas. 
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Postulated Reference 

Overweight Truck Cask 
Uranium-Shielded Rail Cask 

Increased Cask End Shielding 
Increased Cask Side Shielding - Truck 

Increased Cask Side Shielding - Rail 
Advanced Design LWT Cask 
Advanced Design OWT Cask 
Advanced Design Rail Cask 
Special ImpactJNrench Tool 

Single-Action Cask Lid Fasteners 
Built-In Cask Lid Fixtures 

Integral Cask Impact Limiters 
Quick-Release Cask Impact Limiters 

Quick-Release Cask Tiedowns 
Total Remote Handling at Repository 

Remote Cask Lid Handling at Repository 
Improved Truck Operations 

Alternative 

0 2 4 6 8 10 12 14 
Annual Individual Dose, rem 

(a) Doses beyond the NRC regulatory limit will not be permitted by DOE. 
@) The number of workers is assumed to be reduced from the postulated reference system because of the reduced 

labor requirements 

F IGURE 2.3. Comparison o f  Es t imated Annual Average Dose t o  I n d i v i d u a l  
Maintenance-Craftsmen a t  t h e  Repos i to ry  f o r  Se lec ted  
A1 t e r n a t  i ves 

(DOE 1986c), b u t  i s  a major  improvement. 

a c t i o n  f a s t e n e r s  would a l s o  reduce t h e  annual i n d i v i d u a l  dose t o  t h e  
maintenance-craf tsmen by over  50%. The o t h e r  a l t e r n a t i v e s  t h a t  i n c r e a s e  t h e  

speed o f  ope ra t i ons  (e.g., qu i ck - re lease  ‘cask’. i’mpact 1 i m i t e r s  and t iedowns)  

would a1 so reduce t h e  annual dose t o  t h e  mai ntenance-craftsmen, b u t  t h e  amount 

o f  dose r e d u c t i o n  f o r  each a l t e r n a t i v e - i s  r e l a t i v e l y  smal l .  I n c r e a s i n g  t h e  

c a p a c i t y  o f  t h e  casks would decrease t h e  c o l l e c t i v e  dose t o  t h e  maintenance- 

craf tsmen,  bu t  because t h i s  would a l s o  a l l o w  a r e d u c t i o n  i n  t h e  t o t a l  s t a f f ,  

t h e  i n d i v i d u a l  doses would n o t  decrease t o  t h e  same degree (as i n d i c a t e d  by t h e  

f o o t n o t e d  a l t e r n a t i v e s  i n  F i g u r e  2!.3). The remote-handl ing a l t e r n a t i v e  i s  t h e  

o n l y  s i n g l e  a l t e r n a t i v e  s t u d i e d  t h a t  would b r i n g  t h e  maximum annual i n d i v i d u a l  

worker  dose a t  t h e  r e p o s i t o r y  i n t o  compliance w i t h  f a c i l i t y  des ign o b j e c t i v e s .  

(However, i t  may be p o s s i b l e  t o  b r i n g  these  doses t o  w i t h i n  f a c i l i t y  des ign  

The use of s p e c i a l  t o o l s  and s i n g l e -  
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o b j e c t i v e s  by combining a l t e r n a t i v e s  i n  an o p t i m a l  system.) T h i s  a l t e r n a t i v e  

r e q u i r e s  fewer o p e r a t i n g  workers a t  t h e  r e p o s i t o r y ,  and they  do n o t  n o r m a l l y  

need t o  work d i r e c t l y  on t h e  casks. Annual i n d i v i d u a l  doses t o  t h e  

mai ntenance-craf tsmen a t  t h e  r e a c t o r s  a r e  n o t  expected t o  change w i t h  remote 

h a n d l i n g  a t  t h e  r e p o s i t o r y  un less  t h i s  a l t e r n a t i v e  i s  implemented a t  r e a c t o r s .  

As no ted  i n  S e c t i o n  2.1, t h e  i n d i v i d u a l  dose t o  a ded ica ted  t r u c k  d r i v e r  

i s  es t ima ted  t o  be r e l a t i v e l y  high, a t  about 3 remlyear.  

reduces t h i s  dose most s i g n i f i c a n t l y  i s  t h e  i nc reased  cask end s h i e l d i n g .  

a l t e r n a t i v e  reduces t h e  dose t o  about 0.23 r e d y e a r .  The improved t r u c k  

o p e r a t i o n s  a l t e r n a t i v e  reduces t h e  es t ima ted  d r i v e r  dose p e r  shipment, b u t  each 

d r i v e r  c o u l d  move a d d i t i o n a l  shipments p e r  yea r ,  r e s u l t i n g  i n  an i n c r e a s e  i n  

t h e  d r i v e r ' s  annual dose t o  about 3.3 remlyear.  

The a l t e r n a t i v e  t h a t  

T h i s  

2.2.4 Cost Impacts o f  Se lec ted  A l t e r n a t i v e s  

Costs were e s t i m a t e d  on a l i f e - c y c l e  b a s i s  w i t h  a t o t a l  o p e r a t i n g  t i m e  of 

21 y e a r s  (62,000 MTU handled a t  t h e  r a t e  o f  3,000 MTUlyear [DOE 1987b1). 

e s t i m a t e d  c o s t s  ( c a p i t a l  and o p e r a t i n g )  o f  t h e  p o s t u l a t e d  r e f e r e n c e  system were 

f i r s t  der ived,  f o l l o w e d  by e s t i m a t e s  o f  t h e  changes t o  those c o s t s  f rom imp le -  

men t ing  each o f  t h e  a l t e r n a t i v e s .  

c o s t s  i n  d i f f e r e n t  ways. 

f e a t u r e s  o f  t h e  casks, t h e  o p e r a t i o n a l  t imes,  and t h e  equipment t o  handle t h e  

casks a r e  a l l  a f f e c t e d  by t h e  a l t e r n a t i v e s .  

The 

Each o f  t h e  a l t e r n a t i v e s  a f f e c t s  system 

The number o f  casks, t h e  comp lex i t y  of s p e c i a l  

The p resen t  wor th  o f  t h e  c o s t  d i f f e r e n c e s  was c a l c u l a t e d  u s i n g  0% and 3% 

d i s c o u n t  r a t e s .  Table 2.7 p r o v i d e s  a summary o f  t hese  es t ima ted  d i f f e r e n t i a l  

l i f e - c y c l e  c o s t s  f o r  each o f  t h e  a l t e r n a t i v e s .  

p a r e n t h e s i s  i n  Table 2.7) a r e  e s t i m a t e d  t o  occu r  i n  most o f  t h e  a l t e r n a t i v e s  

evaluated.  The a l t e r n a t i v e s  where sav ings a r e  e s t i m a t e d  a r e  g e n e r a l l y  t hose  

f o r  which t h e  number o f  casks i s  reduced and those  where l a b o r  hours a r e  

reduced by f a s t e r  ope ra t i ons .  The a l t e r n a t i v e s  w i t h  es t ima ted  c o s t  sav ings 

deserve c a r e f u l  c o n s i d e r a t i o n  even w i t h o u t  ALARA c o n s i d e r a t i o n s .  Cask l i f e -  

t imes  i n  excess o f  t h e  21 y e a r s  a r e  expected (DOE 1986d), and use o f  l o n g e r  

cask l i f e t i m e s  would decrease t h e  e f f e c t i v e  annual and t h e  t o t a l  l i f e - c y c l e  

costs .  

$200 m i l l i o n  ( a t  0% d i s c o u n t  r a t e )  o u t  o f  an es t ima ted  $900 m i l l i o n  may 

Cost sav ings (shown i n  

I t  i s  s i g n i f i c a n t  t h a t  an e s t i m a t e d  l i f e - c y c l e  c o s t  sav ings o f  about 
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TABLE 2.7. Summary o f  Es t ima ted  System L i f e - C y c l e  Cost D i f f e r e n c e s  
f o r  Each A l t e r n a t i v e  R e l a t i v e  t o  t h e  P o s t u l a t e d  
Reference System 

Cost D i f f e r e n c e ,  d Thousands - 

A l t e r n a t i v e  

Overweight  t r u c k  cask 

Uran ium-sh ie lded  r a i l  cask 

I n c r e t g d  cask end s h i e l d -  
i ng 

I n c r e a s e d  cask s i d e  
s h i e l d i n g  - t r u c k  o n l y  

I n c r e a s e d  cask s i d e  
s h i e l d i n g  - r a i l  o n l y  

Advanced d e s i g n  - LWT(c) 
cask 

Advanced d e s i g n  - OWT(C) 
cask 

Advanced d e s i g n  - R a i l ( d )  
cask 

S p e c i a l  impact  wrench t o o l  

S i n g l e - a c t i o n  cask l i d  

B u i l t - i n  cask l i d  f i x t u r e s  

I n t e g r a l  cask impact  l i m i t e r s  

Q u i c k - r e l e a s e  cask impac t  

Q u i c k - r e l e a s e  cask t i edowns  

T o t a l  remote hand1 i n g  

Remote cask l i d  h a n d l i n g  

Improved t r u c k  o p e r a t i o n s  

f a s t e n e r s  

1 i m i t e r s  

a t  r e p o s i t o r y  

a t  r e p o s i t o r y  

C,ip i t a1 
c o s t s  

(1'1,000) 

(9,000) 

-- 

:! ,670 

1. ,000 

800 

( It : ,  100) 

(21,000) 

(IC ,000) 

(110) 
440 

2,800 

62 

( 4  1 

0 

18,500 

5,200 

(6,900) 

P r e s e n t  
Val u e ( a )  

a t  0% 

(107,600) 
(215,000) 

34,900 

5,070 

12,900 

(166,000) 

(195,000) 

(249,000) 

(580) 
. (1 ,980)  

2,430 

(2,710) 
(1,400) 

(1,000) 
(9,360) 

( 9 , 2 9 0 )  

(12,300) 

Prese  t 
ValueTa)  

a t  3% 
(81,900) 

(160,000) 
26,100 

3,990 

9,700 

(127,000) 

(149,000) 

(186,000) 

(472) 
(1 ,340)  

2,530 

(1,970)  
( 1,030) 

(734) 
(1,940) 

(5,440) 

(10,600) 

P a r e n t h e s i s  denote a c o s t  sav ings .  
( a )  

( b )  I n c l u d e s  b o t h  t r u c k  and r a i l  casks.  
( c )  I n  comb ina t ion  w i t h  s t e e l  r a i l  cask.  
( d )  I n  comb ina t ion  w i t h  r e f e r e n c e  ILWT cask. 

C a p i t a l  c o s t s  a r e  assumed t o  o.ccur a t  y e a r  1 and have a u s e f u l  l i f e  o f  21 years ,  
excep t  f o r  s p e c i a l  t o o l s ,  w h i c l i  have a 5 -yea r  l i f e t i m e .  

r e s u l t  f rom 3 i n d i  v i  dual  a1 t e r n a t  i ves w i t h  i nc reased  cask c a p a c i t i e s  and fewer 

number o f  casks and cask shipments. 

save even more money. 

Combinations o f  some a l t e r n a t i v e s  c o u l d  

2.2.5 Cost E f f e c t i v e n e s s  o f  t h e  A l t e r n a t i v e s  i n  Reducing R a d i a t i o n  Doses 

The es t ima ted  dose i n f o r m a t i o n  i n  S e c t i o n  2.2.2 and t h e  es t ima ted  c o s t  

i n f o r m a t i o n  i n  S e c t i o n  2.2.3 have been combined t o  determine t h e  Acost/Adose 

r a t i o s  (on c o s t  e f f e c t i v e n e s s )  o f  t h e  a l t e r n a t i v e s .  Table 2.8 p resen ts  a 

2.23 



TABLE 2.8. Overview Comparison of A l t e r n a t i v e s  Based on E s t  
ACost/ADose R a t i o  and T o t a l  Dose Reduct ion 

P resen t  Annual 
Value Dose 
a t  3% Reduct ion 

A1 t e r n a t i  ve ($1000) (person-rem) 

Advanced des ign OWT cask ( 149,000) ( b )  792 

Overwei y h t  t r u c k  cask (81,000) 546 
T o t a l  remote hand1 i ng a t  r e p o s i t o r y  (1,940) 413 

Remote cask l i d  h a n d l i n g  a t  r e p o s i t o r y  (5,436) 299 
Spec ia l  impact wrench t o o l  (472 1 238 
S i n g l e - a c t i o n  cask l i d  f a s t e n e r s  ( 1,340) 230 
Advanced des ign  r a i l  cask (186,000) 145 

I n t e g r a l  cask impact l i m i t e r s  ( 1  , 970) 60 

Q u i c k - r e l e a s e  cask impact l i m i t e r s  (1,030 1 29 
Inc reased  cask s i d e  s h i e l d i n g  - t r u c k  3,990 184 
Inc reased  cask end s h i e l d i n g  26,000 633 

Inc reased  cask s i d e  s h i e l d i n g  - r a i l  9,700 23 

Advanced des ign LWT cask ( 127,000) 559 

Improved t r u c k  o p e r a t i o n s  (10,620) 379 

Uranium-shie lded r a i l  cask (160,000) 128 

Quick-release cask tiedowns (734) 48 

B u i l t - i n  cask l i d  f i x t u r e s  2,530 54 

mated 

( a )  
( b )  Paren thes i s  denote a c o s t  savings. 
( c )  

P resen t  va lue  d i v i d e d  by 21 t i m e s  t h e  annual dose reduc t i on .  

Negat ive ACOSt/AdOSe r a t i o  i s  n o t  meaningful .  

l i s t i n g  o f  t h e  a l t e r n a t i v e s  i n  dec reas ing  o r d e r  o f  c o s t - e f f e c t i v e n e s s ;  however, 

t h e  r a t i o  o f  c o s t  t o  dose i s  n o t  meaningfu l  f o r  t hose  a l t e r n a t i v e s  t h a t  r e s u l t  i n  

a c o s t  savings, so those  a l t e r n a t i v e s  a r e  l i s t e d  i n  dec reas ing  o r d e r  o f  dose 

r e d u c t i o n .  

s i d e r e d  i n d i v i d u a l l y  a r e  e s t i m a t e d  t o  be c o s t - e f f e c t i v e .  

The l i s t i n g  i n  Table 2.8 shows t h a t  most o f  t h e  a l t e r n a t i v e s  con- 

The e s t i m a t e d  Acost/Adose f o r  most o f  t h e  i n d i v i d u a l  a l t e r n a t i v e s  a r e  i n  t h e  

range where a l t e r n a t i v e s  a r e  u s u a l l y  cons ide red  f o r  f u r t h e r  s tudy and 

imp lemen ta t i on . (a )  No s p e c i f i c  g u i d e l i n e s  e x i s t  f o r  s e l e c t i o n  of  c o s t - e f f e c t i v e  

o r  n o n - c o s t - e f f e c t i v e  a l t e r n a t i v e s  f o r  t r a n s p o r t a t i o n  a c t i v i t i e s .  An e a r l y  

( a )  The c o s t  e f f e c t i v e n e s s  o f  t h e  a l t e r n a t i v e s  may be a f f e c t e d  by t h e  
c o n s e r v a t i v e  p o s t u l a t e d  r e f e r e n c e  system u t i l i z e d  i n  t h e  s tudy.  
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g u i d e l i n e  f o r  p u b l i c  doses from n u c l e a r  power r e a c t o r  ope ra t i ons  suggested 

a d o p t i n g  a l t e r n a t i v e s  w i t h  a cost-dose r a t i o  o f  l e s s  than  $lOOO/person-rem (NRC 

1987). DOE has a l s o  p u b l i s h e d  s i m i l a r  genera l  guidance (Kathryn  1980). Fo r  

h i g h l y  t r a i n e d  workers t h a t  r e c e i v e  h i g h  i n d i v i d u a l  doses, t h e  va lue  o f  a u n i t  of 

dose a v e r t e d  may be h i g h e r  than  f o r  l e s s - s k i l l e d  workers. For  example, if 

a d d i t i o n a l  a t - r e p o s i t o r y  maintenance-craftsmen c o u l d  be used (which i s  a g a i n s t  

DOE p r a c t i c e )  t o  reduce i n d i v i d u 4 a l  dose t o  l e s s  than  5 rem/year (NRC r e g u l a t i o n )  

o r  t o  1 rem/year (DOE des ign o b j t ? c t i v e ) ,  t h e  a d d i t i o n a l  annual l a b o r  c o s t  would 

p l a c e  t h e  va lue  o f  dose a v e r t e d  3 t  about $8,000/person-rem o r  $40,000/person-rem, 

r e s p e c t i v e l y .  

2.2.6 A d d i t i o n a l  Cons ide ra t i ons  o f  A l t e r n a t i v e s  

I n  c o n s i d e r i n g  t h e  a l t e r n a t i v e s ,  i t  i s  impor tan t  t h a t  f a c t o r s  o t h e r  than  

j u s t  t h e  Acost/Adose r a t i o  need t o  be cons idered b e f o r e  imp lementa t ion  of any 

concept. 

i n d i v i d u a l  doses i d e n t i f i e d  i n  S i x t i o n  2.2.2 t o  be i n  compliance w i t h  

r e g u l  a t  i ons o r  p o l  i cy. 

Some a l t e r n a t i v e s  may iieed t o  be cons idered t o  reduce t h e  maximum 

I n  t h e  s e l e c t i o n  o f  a l t e r n a t i v e s ,  i t  i s  a l s o  impor tan t  t o  cons ide r  t h e  

p o t e n t i a l  problems i n  . l i c e n s i n g  o f  t h e  a l t e r n a t i v e ,  t h e  amount o f  RAD o r  t e s t -  

i n g  t h a t  w i l l  be needed t o  ga in  acceptance o f  t h e  a l t e r n a t i v e ,  t h e  impacts  on 

o t h e r  p a r t s  o f  t h e  o p e r a t i o n a l  s:ystem (e.g., f a c i l i t y  c a p a b i l i t i e s ,  highways, 

and r a i l r o a d s ) ,  and t h e  e f f e c t s  on n o n r a d i o l o g i c a l  r i s k s  due t o  acc iden ts  o r  

o t h e r  f a c t o r s .  Each cand ida te  a l t e r n a t i v e  shou ld  be eva lua ted  w i t h  respec t  t o  
these  o t h e r  c o n s i d e r a t i o n s  b e f o r e  imp lementa t ion .  

2.3 EXAMPLE ALTERNATIVE SYSTEM [NCORPORATING A COMBINATION OF ALTERNATIVES 

Whi le  each o f  t h e  a l t e r n a t i v e s  i n  t h i s  r e p o r t  has been analyzed as though 

i t  was were implemented separa te l y ,  i t  i s  recogn ized t h a t  severa l  of t h e  

a l t e r n a t i v e s  cou ld  be combined t o g e t h e r  t o  more e f f e c t i v e l y  reduce dose than  

any s i n g l e  a l t e r n a t i v e .  A l though i t  i s  n o t  t h e  purpose of t h i s  r e p o r t  t o  

s e l e c t  t h e  a l t e r n a t i v e s  f o r  o p t i m i z i n g  t h e  t r a n s p o r t a t i o n  system, t o  i l l u s t r a t e  

t h e  p o t e n t i a l  o f  combining a l t e r n a t i v e s  i n t o  a system, an example a l t e r n a t i v e  

system has been analyzed i n  Chapter 6. The example a l t e r n a t i v e  system t h a t  was 

eva lua ted  i nc luded :  
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t h e  use o f  advanced des ign  overwe igh t  t r u c k  casks ( w i t h  a c a p a c i t y  of 

7 PWR o r  15 BWR assembl ies)  f o r  a l l  t r u c k  shipments and advanced 

des ign  r a i l  (30 PWR/66 BWR) casks, b u t  w i t h  inc reased end s h i e l d i n g  

f o r  bo th  t r u c k  and r a i l  casks 

0 t h e  use o f  a s p e c i a l  impact  wrench t o o l  f o r  cask l i d  work 

0 t h e  use o f  b u i l t - i n  cask l i d - l i f t i n g  f i x t u r e s  

0 t h e  use o f  q u i c k - r e l e a s e  cask impact  l i m i t e r s  and qu ick - re lease  cask 

t i  edowns 

0 improvements i n  o p e r a t i o n s  f o r  t r u c k  shipments t h a t  e l i m i n a t e  

c o n s e r v a t i  sm and r e f l e c t  c u r r e n t  exper ience.  

These a l t e r n a t i v e s  would each reduce system doses i n  d i f f e r e n t  ways and t o  

d i f f e r e n t  p o p u l a t i o n  groups, so t h a t  t h e i r  combined e f f e c t s  would be much 
g r e a t e r  t han  f r o m  any s i n g l e  a l t e r n a t i v e .  I n  t h e  example a l t e r n a t i v e  system 

ana lyzed i n  t h i s  s tudy,  r a d i a t i o n  dose r e d u c t i o n s  a t  t h e  r e a c t o r  would r e s u l t  

f rom inc reased  c a p a c i t y  in t h e  casks, by hav ing  improved end s h i e l d i n g  on t h e  

casks, and by f a s t e r  ope ra t i ons .  The r e d u c t i o n s  i n  dose f rom i n - t r a n s i t  

a c t i v i t i e s  would r e s u l t  f rom improved t r u c k  opera t i ons ,  i nc reased  cask end 

s h i e l d i n g ,  e l i m i n a t i o n  o f  LWT Shipments, and use o f  i nc reased-capac i t y  OWT 

shipments. The r e d u c t i o n s  i n  dose f rom r e p o s i t o r y  a c t i v i t i e s  would r e s u l t  f rom 

t h e  i nc reased-capac i t y  casks, i nc reased  cask end s h i e l d i n g ,  use o f  s p e c i a l  

t o o l s ,  and use of q u i c k - r e l e a s e  cask impact  l i m i t e r s  and t iedowns. The 

es t ima ted  annual c o l l e c t i v e  doses f rom t h e  example a l t e r n a t i v e  system a r e  

compared t o  t h e  p o s t u l a t e d  r e f e r e n c e  system i n  Tab le  2.9. 

As shown i n  Table 2.9, u s i n g  t h i s  a l t e r n a t i v e  system, t h e  annual c o l l e c -  

t i v e  r a d i a t i o n  dose t o  t h e  r e a c t o r  workers i s  es t ima ted  t o  be reduced by about 

73%,  t o  t r a n s p o r t  workers and t h e  p u b l i c  f rom i n - t r a n s i t  ope ra t i ons  by about  

92%, and t o  t h e  r e p o s i t o r y  workers by about 93%. The o v e r a l l  system c o l l e c t i v e  

dose i s  reduced by about 87% compared t o  t h e  p o s t u l a t e d  re fe rence  system. Wi th  

t h e  h i g h - c a p a c i t y  OWT casks, o n l y  10 o r  11 t r u c k  shipments would be needed f o r  

t r a n s p o r t i n g  30 MTUlyear of spent  f u e l  f rom each r e a c t o r ,  and o n l y  296 t r u c k  

shipments would be needed f o r  t r a n s p o r t i n g  t h e  900 MTU/year o f  spent f u e l  
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TABLE 2.9. Comparison of Es t imated Annual C o l l e c t i v e  Doses f o r  t h e  
P o s t u l a t e d  Reference and Example A l t e r n a t i v e  System 
Us ing  a Combination o f  A l t e r n a t i v e s  

p e r s on - r e  m /y e a r 
P o s t u l a t e d  Example 
Reference A1 t e r n a t  i ve 

System System 

A t  -Redctors 415 112 

I n - t r a n s i t  67 7 53 
30 At-Reposi t o r y  418 

Tot  a 1 1510 195 
- 

shipped by t r u c k .  The h i g h - c a p a c i t y  r a i l  casks would o n l y  r e q u i r e  t h r e e  

sh ipmen ts l yea r  f o r  30 MTU o f  spent f u e l  f rom each r e a c t o r ,  and 160 sh ipments/  

y e a r  f o r  t h e  2100 MTU o f  spent f u e l  t r a n s p o r t e d  annua l l y  by r a i l  

number o f  shipments (averag ing  l . l / d a y  f o r  t r u c k  p l u s  r a i l )  i s  t h e  p r imary  

cause o f  t h e  reduced system doses. 

The reduced 

A t  t h e  r e a c t o r ,  t h e  reduced number o f  shipments p l a y s  t h e  major  r o l e  i n  

reduc ing  doses t o  t h e  workers. 

The reduced number o f  shipments, improved cask end s h i e l d i n g ,  and improved 

t r u c k  opera t i ons  i n  t h e  a l t e r n a t i v e  system a l l  c o n t r i b u t e  s i g n i f i c a n t l y  t o  

reduc i  ng t h e  i n - t  r a n s i  t worker  and pub1 i c doses. 

A t  t h e  r e p o s i t o r y ,  t h e  fewer number o f  shipments and t h e  i nc reased  cask 
end s h i e l d i n g  i n  t h e  a l t e r n a t i v e  system would reduce t h e  dose t o  t h e  i n d i v i d u a l  

worker  as w e l l  as reduce t h e  number o f  workers needed. 

The r e d u c t i o n  i n  t o t a l  system dose i n  t h e  a l t e r n a t i v e  system would a l s o  

r e s u l t  i n  t h e  r e d u c t i o n  o f  i n d i v i d u a l  annual doses. A t  t h e  r e a c t o r ,  i t  i s  

es t ima ted  t h a t  t h e  annual i n d i v i d u a l  dose o f  about 1 rem/year t o  t h e  opera to rs  

and mai n tenance-craf tsmen i n  t h e  p o s t u l a t e d  r e f e r e n c e  system would be reduced 

t o  about 0.2 rem/year f o r  t h e  opera to rs  and about 0.1 remlyear  t o  t h e  

maintenance-craf tsmen i n  t h e  system w i t h  t h e  example combinat ion o f  a l t e r n a -  

t i v e s .  For  i n - t r a n s i t  opera t ions ,  t h e  annual dose t o  i n d i v i d u a l  d r i v e r s  i s  

e s t i m a t e d  t o  be reduced f rom about 3 remlyear  in t h e  p o s t u l a t e d  re fe rence  

system t o  about 0.2 rem/year f o r  t h e  combina t ion  a l t e r n a t i v e  system. A t  t h e  
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r e p o s i t o r y ,  i t  i s  e s t i m a t e d  t h a t  t h e  annual dose t o  i n d i v i d u a l  maintenance- 

c ra f t sman  would be reduced from ove r  13 remlyear  i n  t h e  p o s t u l a t e d  re fe rence  

system t o  about 0.9 rem/year i n  t h e  combinat ion a l t e r n a t i v e  system, which i s  

w i t h i n  t h e  DOE des ign o b j e c t i v e  f o r  new f a c i l i t i e s .  

The reduced s i z e  o f  t h e  cask f l e e t  w i t h  t h e  example system 

combinat ion o f  a l t e r n a t i v e s  would p r o v i d e  major  sav ings i n  bo th  
( e s t i m a t e d  a t  about $28 m i l l i o n )  and i n  annual o p e r a t i n g  c o s t s  

$19 m i l l i o n l y e a r ) .  The t o t a l  l i f e - c y c l e  c o s t  sav ings f o r  t h e  a 
system i s  es t ima ted  a t  $314 m i l l i o n ,  u s i n g  a 3% annual d i s c o u n t  

va lue o f  t h e  r a t i o  o f  ACOSt/AdOSe would be negat ive.  

w i t h  a 

c a p i t a l  c o s t s  

e s t i m a t e d  a t  

t e r n a t i  ve 

r a t e .  The 

There a r e  o b v i o u s l y  numerous a d d i t i o n a l  combinat ions o f  a l t e r n a t i v e s  and 

e v a l u a t i o n  f a c t o r s  t h a t  need t o  be cons ide red  i n  t h e  imp lemen ta t i on  of a safe, 

c o s t - e f f e c t i v e ,  and t i m e l y  t r a n s p o r t a t i o n  system f o r  commercial spent f u e l .  

These w i l l  be t h e  s u b j e c t  o f  f u t u r e  s t u d i e s .  
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3.0 - STUDY APPROACH AND BASES 

The analyses conta ined i n  t h i s  r e p o r t  a re  an impor tan t  s tep  i n  t h e  evo lu -  

t i o n  o f  t h e  spent f u e l  t r a n s p o r t a t i o n  subsystem i n  DOE'S c i v i l i a n  r a d i o a c t i v e  

waste management system. 

t o  r e s u l t  i n  improvements i n  t h e  t r a n s p o r t a t i o n  system r e l a t i v e  t o  t h e  pos tu-  

1 a ted  r e f e r e n c e  system. 

They p r o v i d e  i n p u t  t o  DOE d e c i s i o n s  t h a t  a re  expected 

The s tudy  approach and bases a r e  presented  i n  t h i s  chapter .  I n  S e c t i o n  3.1, 

t h e  o v e r a l l  ALARA a n a l y s i s  approach i s  descr ibed.  The approach t o  t h e  a n a l y s i s  

o f  t h e  p o s t u l a t e d  re fe rence  systlem i s  g i ven  i n  S e c t i o n  3.2, w h i l e  t h e  a l t e r n a -  

t i v e s  a n a l y s i s  approach i s  o u t l i n e d  i n  S e c t i o n  3.3. The major  s tudy  bases and 

assumptions a re  g i ven  i n  S e c t i o n  3.4. 

3.1 OVERALL ALARA ANALYSIS APPROACH - 
The o v e r a l l  ALARA s tudy  has i n v e s t i g a t e d  t h e  e f f e c t s  o f  conceptual  t r a n s -  

p o r t a t i o n  system des ign  and o p e r l i t i n g  changes and t h e  c o s t  e f f e c t i v e n e s s  o f  

t hose  changes f o r  reduc ing  t h e  r o u t i n e  p u b l i c  and worker r a d i a t i o n  doses. I n  

a d d i t i o n ,  t h e  s tudy  has eva lua ted  t h e  e f f e c t s  o f  t h e  p o s t u l a t e d  changes on t h e  

t o t a l  t r a n s p o r t a t i o n - r e l a t e d  aspects  o f  t h e  waste management system: 

a t - r e a c t o r  handl i n - t r a n s l t  opera t ions ,  and a t - r e p o s i t o r y  handl ing.  

The approach t o  t h e  ALARA s tudy  i s  summarized i n  F i g u r e  3.1. F i r s t ,  t h e  

o v e r a l l  s tudy  bases a re  developed, i n c l u d i n g  d e f i n i t i o n  o f  t h e  scope of t h e  
s tudy,  d e f i n i t i o n  of a gener i c  p c s t u l  a ted  r e f e r e n c e  t r a n s p o r t a t i o n  system and 

i t s  assoc ia ted  i n t e r f a c e s  t h a t  a re  used f o r  comparison o f  p o t e n t i a l  a l t e r n a -  

t i v e s ,  and i d e n t i f i c a t i o n  o f  t h e  parameters t o  be considered. Work done i n  

o t h e r  areas o f  t h e  DOE-OCRWM program (e.g., r e p o s i t o r y  i n t e r f a c e  and eng ineer -  

i ng ,  waste system c h a r a c t e r i z a t i o n ,  systems i n t e g r a t i o n ,  t r a n s p o r t a t i o n  systems 

ana lyses)  a l s o  p rov ides  impor tan t  i n p u t s  t o  t h e  analyses i n  t h i s  study. 

( a )  A l though opera t i ons  a t  t h e  r e a c t o r s  a r e  n o t  p a r t  of t h e  f e d e r a l  system, 
r a d i a t i o n  doses t h e r e  can be s i g n i f i c a n t ,  and can be impacted by t h e  
des ign  and o p e r a t i o n  o f  t h e  f e d e r a l  p a r t  o f  t h e  system. They, and t h e  
opera t i ons  a t  t h e  r e p o s i t o r y ,  a re  cons idered as p a r t  o f  t h e  t r a n s p o r t a t i o n  
system i n  t h i s  study. 
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FIGURE 3.1. ALARA Study Approach 

Next, analyses o f  t h e  r a d i a t i o n  doses i n  t h e  p o s t u l a t e d  r e f e r e n c e  t r a n s -  

p o r t a t i o n  system a re  per formed and documented i n  Chapter 4 o f  t h i s  r e p o r t .  

Rased on t h e  dose a n a l y s i s  o f  t h e  p o s t u l a t e d  re fe rence  t r a n s p o r t a t i o n  

system, t h e  a l t e r n a t i v e s  hav ing  t h e  most p o t e n t i a l  f o r  dose r e d u c t i o n  were 

i d e n t i f i e d  f o r  a n a l y s i s  i n  t h e  t h i r d  s tudy  phase. 

r e l a t i v e  t o  expected c o s t - e f f e c t i v e n e s s  f o r  r a d i a t i o n  dose r e d u c t i o n  t o  

c o l 1  e c t i  ve popul a t i o n s  and t o  maximal l y  exposed groups o r  i n d i v i d u a l s  were used 

as t h e  p r imary  b a s i s  f o r  s e l e c t i n g  t h e  a l t e r n a t i v e s  s tud ied .  

System c h a r a c t e r i s t i c s  

Other  f a c t o r s  
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(such as s t a t u s  of technology,  l i c e n s a b i l i t y ,  R&D needs, e tc . )  were a l s o  

cons idered i n  t h e  sc reen ing  of t h e  a l t e r n a t i v e s  t o  be s tud ied ,  b u t  on a 

q u a l i t a t i v e  bas is .  (See Appendix M f o r  a d d i t i o n a l  d e t a i l  .) 

The a l t e r n a t i v e  concepts have been d e f i n e d  s u f f i c i e n t l y  t o  a1 low f o r  

development of o p e r a t i n g  procedures and c o s t  es t imates .  It shou ld  be no ted  

t h a t  t h e  s tudy  does n o t  e v a l u a t e  s p e c i f i c  des igns,  b u t  i n v e s t i g a t e s  concepts 

on ly .  

concepts, and r a d i a t i o n  doses anal cos ts  th roughout  t h e  t o t a l  system were 

c a l c u l a t e d  and compared w i t h  those i n  t h e  p o s t u l a t e d  r e f e r e n c e  case. 

i n f o r m a t i o n  i s  be ing  developed i n  concer t  w i t h  i n f o r m a t i o n  developed i n  t h e  

r e p o s i t o r y  p r o j e c t s ,  i n  o t h e r  DOE t r a n s p o r t a t i o n  and system s t u d i e s ,  and by t h e  

e l e c t r i c  u t i l i t i e s .  

The r e v i s e d  o p e r a t i n g  proc.edures were developed f o r  t h e  a l t e r n a t i v e  

T h i s  

The a l t e r n a t i v e s ,  a f t e r  be ing  i n d i v i d u a l l y  eva lua ted  f o r  cos t  and dose- 

r e d u c t i o n  p o t e n t i a l  , were combined w i t h  o t h e r  a l t e r n a t i v e s  i n t o  l o g i c a l  groups 

f o r  f u r t h e r  e v a l u a t i o n .  

of t h e  o t h e r  a l t e r n a t i v e s  when they  a re  combined. 

a l t e r n a t i v e s  was a l s o  s e l e c t e d  and eva lua ted  t o  i n d i c a t e  some genera l  e f f e c t s  

of combin ing compat ib le  a l t e r n a t i v e s .  

Many o f  t h e  a l t e r n a t i v e s  can impact t h e  dose r e d u c t i o n  

An example combina t ion  o f  

3.2 APPROACH TO ANALYSIS OF THE POSTULATED REFERENCE TRANSPORTATION SYSTEM 

The approach t o  t h e  a n a l y s i s  o f  t h e  p o s t u l a t e d  re fe rence  t r a n s p o r t a t i o n  

system, summarized i n  t h e  p r i o r  sec t i on ,  i s  expanded i n  F i g u r e  3.2. The pos- 
t u l a t e d  r e f e r e n c e  t r a n s p o r t a t i o n  system was d e f i n e d  i n  broad terms based on 

c u r r e n t  t r a n s p o r t a t i o n  system requ i rements  (DOE 1986a), and on c o n f i g u r a t i o n s ,  

ope ra t i ons ,  and some c h a r a c t e r i s t i c s  o f  t h e  waste management system when imp le -  

mented. No a c t u a l  system c u r r e n t l y  e x i s t s .  The p o s t u l a t e d  re fe rence system i s  

a "snapshot"  o f  c u r r e n t  techno logy  as i t  might  be a p p l i e d  t o  f u n c t i o n s  o f  t h e  

waste management system. It i s  a bas i s  f o r  e v a l u a t i n g  p o t e n t i a l  system 

a l t e r n a t i v e s .  (The a c t u a l  system implemented i n  t h e  l a t e  1990s i s  expected t o  
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be improved f rom t h e  p o s t u l a t e d  re fe rence  system analyzed here.) 

parameters t o  be cons ide red  were de f i ned  based on a v a i l a b l e  i n f o r m a t i o n  on 
c o n t r i b u t i o n s  t o  r a d i a t i o n  doses i n  t h e  system. A graph ic  i l l u s t r a t i o n  o f  t h e  

The o v e r a l l  

Perform Time/Distance 
Analyses of Postulated 

Reference Transportation 
System Operations 

A 

p o s t u l a t e d  r e f e r e n c e  t r a n s p o r t a t i o n  system p o s t u l a t e d  f o r  t h i s  s tudy  i s  g i v e n  

i n  F i g u r e  3.3. 
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I n  p a r a l l e l  w i t h  t h e  d e f i n i t i o n  o f  s tudy  bases, a v a i l a b l e  i n f o r m a t i o n  o f  

p o t e n t i a l  use and a p p l i c a t i o n  t o  t h i s  s tudy  was sought, rev iewed and summar- 

i zed .  Th is  i n f o r m a t i o n  i n c l u d e d  t ime /d i s tance /dose  s tud ies ,  cos t  and r a d i a t i o n  

dose analyses, system requirement!; and des igns and assoc ia ted  o p e r a t i n g  p r o -  

cedures, and models f o r  a n a l y s i s  o f  components o f  t h e  system. 

A d d i t i o n a l  d e t a i  1s o f  t h e  p o s t u l a t e d  r e f e r e n c e  t r a n s p o r t a t i o n  system were 

d e f i n e d  t o  t h e  e x t e n t  necessary f o r  c a r r y i n g  ou t  t h e  subsequent dose analyses.  

These i n c l u d e d  development o f  a p o s t u l a t e d  re fe rence map of t h e  r a d i a t i o n  dose 
r a t e s  around t h e  o u t s i d e  o f  t h e  p o s t u l a t e d  re fe rence  t r a n s p o r t  casks. 

The p h y s i c a l  and o p e r a t i o n a l  c h a r a c t e r i s t i c s  o f  t h e  t r a n s p o r t a t i o n  system 

components (i.e., t h e  cask and veh ic les ,  t h e  r e a c t o r  and i t s  h a n d l i n g  system, 

t h e  i n - t r a n s i t  opera t ions ,  and t h e  r e p o s i t o r y  and i t s  h a n d l i n g  system) were 

d e f  i ned. ( a )  

T ime/d is tance/dose analyses were per formed f o r  ope ra t i ons  i n  t h e  pos tu -  

l a t e d  re fe rence  t r a n s p o r t a t i o n  sys,tem. These opera t i ons  i n c l u d e  l o a d i n g  o f  

( a )  T h i s  i s  a p o s t u l a t e d  r e f e r e n c e  system f o r  t h i s  s tudy  on ly .  No o f f i c i a l l y  
des ignated  re fe rence  r e a c t o r ,  t r a n s p o r t a t i o n  system, o r  r e p o s i t o r y  e x i s t s  
a t  t h e  c u r r e n t  t ime.  
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spent  f u e l  casks a t  reac to rs ,  t r a n s p o r t i n g  t h e  spent f u e l  i n  t h e  p o s t u l a t e d  

r e f e r e n c e  casks i n  t h e  p u b l i c  domain of highways and r a i l r o a d s ,  and un load ing  

t h e  spent fue l  casks a t  t h e  r e p o s i t o r y .  

From t h e  t ime /d i s tance /dose  a n a l y s i s  and t h e  d e f i n i t i o n  o f  t h e  p o s t u l a t e d  

r e f e r e n c e  t r a n s p o r t a t i o n  system, r a d i a t i o n  doses due t o  r o u t i n e  t r a n s p o r t a t i o n  

a c t i v i t i e s  were estimated. These doses were es t imated  f o r  t h e  p u b l i c  and f o r  

i n d i v i d u a l  occupat iona l  and t r a n s p o r t  workers,  and f o r  each a c t i v i t y  w i t h i n  

each element o f  t h e  system. I n d i v i d u a l  occupat iona l  and t r a n s p o r t  worker  doses 

were a l s o  aggregated t o  g i v e  t o t a l  c o l l e c t i v e  occupat iona l  and t r a n s p o r t  worker  

doses. These doses were then summarized and documented i n  t h i s  r e p o r t .  

3.3 APPROACH TO ANALYSIS OF ALTERNATIVES TO THE POSTULATED REFERENCE 

TRANSPORTATION SYSTEM 

The approach t o  t h e  a n a l y s i s  o f  t h e  a l t e r n a t i v e s  t o  t h e  p o s t u l a t e d  r e f e r -  

ence t r a n s p o r t a t i o n  system, summarized i n  S e c t i o n  3.1, i s  expanded i n  

F i g u r e  3.4. From t h e  p o s t u l a t e d  r e f e r e n c e  s tudy,  t h e  most p romis ing  concepts 

and opera t i ons  f o r  dose r e d u c t i o n  were i d e n t i f i e d  and documented. W i th  these  

as a guide, a " b r a i n s t o r m i n g "  sess ion  was h e l d  and 24 a l t e r n a t i v e s  were i d e n t i -  

f i e d .  The 24 p o t e n t i a l  a l t e r n a t i v e s  were g i ven  a p r e l i m i n a r y  e v a l u a t i o n  f rom 

b o t h  cos t  and dose p e r s p e c t i v e s  and t h e  b e t t e r  a l t e r n a t i v e s  were s e l e c t e d  f o r  

d e t a i l e d  eva lua t i on .  The s e l e c t i o n  o f  t h e  a l t e r n a t i v e s  f o r  d e t a i l e d  a n a l y s i s  

was rev iewed by a peer group t o  avo id  i n d i v i d u a l  b i a s  i n  t h e  s e l e c t i o n  process 

and t o  i d e n t i f y  a l t e r n a t i v e s  n o t  p r e v i o u s l y  cons dered. 

W i th  t h e  s e l e c t i o n  o f  t h e  a l t e r n a t i v e s ,  t h e  d e t a i l e d  e v a l u a t i o n  was 

s ta r ted .  es igned t o  p r o v i d e  t h e  needed 

f u n c t i o n .  The des ign  was n o t  d e t a i l e d  nor  op t im ized  f o r  t h e  subsequent ana ly -  

s i s .  

implemented i n  f u t u r e  systems. The same methodology as developed f o r  t h e  

p o s t u l a t e d  r e f e r e n c e  s tudy  was used t o  eva lua te  t h e  a l t e r n a t i v e s .  When changes 

i n  t h e  s h i e l d i n g  were p a r t  o f  t h e  a l t e r n a t i v e ,  new dose r a t e s  were prepared. 

The spreadsheets developed f o r  t h e  p o s t u l a t e d  r e f e r e n c e  s tudy  were m o d i f i e d  

w i t h  t h e  r e v i s e d  procedure and w i t h  t h e  new va lues  o f  exposure d i s tances ,  dose 

An ALARA a l t e r n a t i v e  was c o n c e p t u a l l y  

Se lec ted  a l t e r n a t i v e s  shou ld  be op t im ized  b e f o r e  they  a re  des igned and 
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FIGURE 3.4 .  Approach t o  Analysis  o f  A l t e r n a t i v e s  t o  Postu la ted  
Reference Transpor ta t ion  System 
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r a t e s ,  and a c t i v i t y  t imes t o  c a l c u l a t e  t h e  reduced doses f rom each of t h e  

a l t e r n a t i v e s .  Each o f  t h e  a l t e r n a t i v e s  was e v a l u a t e d  as i f  i t  were t h e  o n l y  

a l t e r n a t i v e ,  t h u s  maximiz ing i t s  p o t e n t i a l  dose reduc t i ons .  

Wi th  t h e  p e r s p e c t i v e  o f  c o s t  and dose - reduc t i on  o f  t h e  i n d i v i d u a l  a l t e r -  

n a t i v e s ,  an example combinat ion o f  t h e  a l t e r n a t i v e s  was prepared and evaluated.  

The e v a l u a t i o n  o f  numerous combinat ions w i  11 even tua l  l y  be necessary before 

d e v e l o p i n g  an o p t i m i z e d  t r a n s p o r t a t i o n  system, because o f  t h e  i n t e r a c t i o n s  of 

t h e  v a r i o u s  a l t e r n a t i v e s .  For  example, an i n c r e a s e  i n  t h e  end s h i e l d i n g  

reduces t h e  dose r a t e s  f rom t h e  casks and reduces t h e  b e n e f i t  f r om t h e  use of 

spec i  a1 t o o l s  o r  remote o r  r o b o t i c  o p e r a t i o n s .  

a t e d  i n  t h i s  s tudy  was s e l e c t e d  t o  use many o f  t h e  i n d i v i d u a l l y  j u s t i f i a b l e  and 

compat i b l  e a 1 t e  r n a t  i ves . 
The example combi n a t i o n  e v a l  u -  

F o l l o w i n g  t h e  e v a l u a t i o n  o f  t h e  example combinat ion o f  a l t e r n a t i v e s ,  t h e  

r e s u l t s  o f  t h e  s tudy  have been summarized and documented i n  t h i s  r e p o r t .  

3.4 MAJOR BASES FOR ANALYSIS OF THE POSTULATED REFERENCE TRANSPORTATION SYSTEM 

The ma jo r  bases and assumptions used f o r  t h i s  a n a l y s i s  a r e  g i ven  i n  t h e  

f o l l o w i n g  subsect ions.  Supplementary r a t i o n a l e  f o r  t h e  bases a r e  g i v e n  i n  t h e  

p o s t u l a t e d  re fe rences  c i t e d  and/or i n  Appendix E. 

3.4.1 O v e r a l l  Study Scope and Approach Bases 

The major  bases and assumptions t h a t  r e l a t e  t o  t h e  scope o f  and approach 

t o  t h e  dose analyses are :  

C o l l e c t i v e  r a d i a t i o n  doses t o  t h e  p u b l i c ,  t o  t h e  occupa t iona l  

r a d i a t i o n  workers (i.e., a t  t h e  r e a c t o r  and r e p o s i t o r y ) ,  and t o  i n -  

t r a n s i t  t r a n s p o r t  workers f rom t y p i c a l  a c t i v i t i e s  a r e  e v a l u a t e d  and 

p resen ted  i n  u n i t s  o f  person-mrem/MTU. R a d i a t i o n  doses and nonrad io -  

l o g i c a l  i n j u r i e s  o r  f a t a l i t i e s  due t o  p o t e n t i a l  a c c i d e n t s  a re  n o t  

cons ide red  i n  these  analyses b u t  w i l l  need t o  be considered i n  l a t e r  

s t u d i e s .  R a d i a t i o n  doses t o  t h e  p u b l i c  r e s u l t i n g  f rom spent f u e l  

l o a d i n g  a t  t h e  r e a c t o r  and spent f u e l  u n l o a d i n g  a t  t h e  r e p o s i t o r y  a r e  

sma l l  (DOE 1987) and a r e  n o t  i n c l u d e d  i n  t h e  analyses i n  t h i s  study. 
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0 Annual r a d i a t i o n  doses t o  i n d i v i d u a l  worker  c a t e g o r i e s  and t o  

h y p o t h e t i c a l  maximal ly  exposed i n d i v i d u a l  members o f  t h e  p u b l i c  a r e  

eva l  uated. 

0 R a d i a t i o n  doses a re  c a l c u l a t e d  based on c u r r e n t  procedures, r e g u l a -  

t i o n s ,  and r e l a t e d  a v a i l a b l e  data.  The t ime/d is tance/dose ana lyses  

a l l o w  f o r  minor  p e r t u r b a t i o n s  t o  o p e r a t i o n s  and a re  b e l i e v e d  t o  

rep resen t  va lues t h a t  a re  s u s t a i n a b l e  over  l o n g  t i m e  per iods ,  w i t h  

t h e  excep t ion  t h a t  t h e r e  a re  no a l lowances f o r  major  breakdowns. 

dose c a l c u l a t i o n s  a re  based on t h e  es t ima ted  s t a f f i n g  r e q u i r e d  t o  

p e r f o r m  t h e  work u s i n g  reasonable numbers o f  workers, w i t h  a c t i v i t i e s  

be ing  done i n  p a r a l l e l  where p r a c t i c a b l e .  The es t ima tes  do n o t  a l l o w  

f o r  nonessen t ia l  e x t r a  persons such as onlookers.  ( I t  shou ld  be 

no ted  t h a t  r e s u l t s  f rom p r i o r  analyses g e n e r a l l y  vary  by a f a c t o r  of 

about  4 f rom minimum t o  maxiinnurn c o l l e c t i v e  doses a t  r e a c t o r s  and 

r e p o s i t o r i e s  [see Tables 4.4 and 4.15 i n  Chapter 41, f o r  a number o f  

reasons. The dose va lues f rom t h e  p o s t u l a t e d  re fe rence  a n a l y s i s  a re  

g e n e r a l l y  a t  t h e  upper end o f  t h e  range o f  t h e  va lues f rom p r i o r  

s tud ies ,  p r i m a r i l y  because o f  t h e  bas i s  o f  t h e  dose r a t e  f rom t h e  

The 

loaded cask be ing  a t  t h e  r e g u l a t o r y  l i m i t  and because des igns and 

o p e r a t i o n s  have n o t  been op t  imized w i t h  respec t  t o  occupa t iona l  

exposure f a c t o r s .  

0 Average annual r a d i a t i o n  dosc2s f o r  i n d i v i d u a l s  i n  v a r i o u s  worker  
groups ( o r  c r a f t s )  a re  es t ima ted  based on r o u t i n e l y  u s i n g  t h e  same 

s t a f f  f o r  g i ven  s i m i l a r  a c t i v i t i e s .  

a c t i v i t i e s  i n  t h e  f a c i l i t i e s  t o  reduce i n d i v i d u a l  doses i s  n o t  

cons idered i n  t h i s  ana lys i s .  

R o t a t i o n  o f  workers t o  o t h e r  

0 Time/d is tance/dose analyses a re  done s e p a r a t e l y  f o r  t r u c k  and r a i l  

cask systems t o  account f o r  d i f f e r e n c e s  i n  these  a c t i v i t i e s .  

0 R a d i a t i o n  doses t o  workers at: t h e  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  

a re  t h e  sum o f  those rece ived  d i r e c t l y  f rom t h e  t r a n s p o r t  cask and 

those  f rom genera l  area background r a d i a t i o n  f rom o t h e r  sources 

( e x c l u d i n g  n a t u r a l  background) expected t o  e x i s t  a t  t h e  f a c i l i t i e s .  
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These background dose r a t e s  a r e  based on those  e x i s t i n g  a t  a t y p i c a l  

r e a c t o r  (Sec t i on  4.2) and those es t ima ted  f o r  a r e p o s i t o r y  

( S e c t i o n  4.4). 

e Dose c a l c u l a t i o n s  assume an unobs t ruc ted  pa th  between t h e  source and 

t h e  r e c e i v e r .  Th is  makes t h e  c a l c u l a t e d  exposures h i g h e r  than  w i l l  
occur  i n  many cases because of t h e  presence of o b s t r u c t i o n s  between 

t h e  i n d i v i d u a l s  and t h e  source. 

3.4.2 O v e r a l l  System Bases 

The major  bases and assumptions t h a t  r e l a t e  t o  t h e  o v e r a l l  p o s t u l a t e d  

r e f e r e n c e  system a r e  g iven below. (See a l s o  Chapter 4 f o r  a d e s c r i p t i o n  of t h e  

p o s t u l a t e d  r e f e r e n c e  system, i n c l u d i n g  opera t i ons ,  and Appendix E f o r  

supplementary r a t i o n a l e  f o r  many bases.) Those t h a t  r e l a t e  t o  t h e  s p e c i f i c  

e lements o f  casks /veh ic les ,  r e a c t o r  f a c i l i t i e s ,  and r e p o s i t o r y  f a c i l i t i e s  a re  
g i ven  i n  l a t e r  subsect ions.  

e The system under c o n s i d e r a t i o n  c o n s i s t s  o f  spent f u e l ( a )  l o a d i n g  a t  a 

t y p i c a l  b u t  h y p o t h e t i c a l  r e a c t o r ;  t r a n s p o r t  o f f - s i t e  th rough t h e  

p u b l i c  domain i n  a gener i c  t r u c k  and r a i l  system; and un load ing  a t  a 

h y p o t h e t i c a l  deep geo log ic  r e p o s i t o r y .  T h i s  system i s  r e f e r r e d  t o  i n  

t h i s  r e p o r t  as t h e  " t r a n s p o r t a t i o n  system." 

0 The a t - r e a c t o r  a c t i v i t i e s  i n c l u d e  r e c e i p t  o f  t h e  empty t r a n s p o r t  cask 

a t  t h e  s i t e  ga te  and p rocess ing  t h e  cask u n t i l  i t  i s  ready t o  r e c e i v e  

spent f u e l ,  removi ng p r e v i  o u s l y - i  dent  i f i ed spent fue l  from i n-pool  

s to rage  and l o a d i n g  i t  i n t o  t h e  cask, p r e p a r i n g  t h e  loaded cask f o r  

shipment, and moving t h e  cask t o  t h e  r e a c t o r  s i t e  ga te  f o r  DOE 

acceptance and t r a n s p o r t .  

e The i n - t r a n s i t  a c t i v i t i e s  i n c l u d e  a l l  o p e r a t i o n s  w h i l e  t h e  loaded 

t r a n s p o r t  cask i s  t r a v e l i n g  o r  s topped o u t s i d e  t h e  gates o f  t h e  

o r i g i n  and d e s t i n a t i o n  f a c i  1 i t i e s .  

( a )  H i g h - l e v e l  waste i s  n o t  i n c l u d e d  i n  t h i s  s tudy  because i t s  f i n a l  volume i s  
u n c e r t a i n .  HLW t r a n s p o r t  would r e s u l t  i n  s i m i l a r  t r e n d s  t o  those f o r  
spent f ue l  (see Appendix E ) .  
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e The a t  - repos i  t o r y  a c t  i v i  t i es i n c l  ude r e c e i  p t  o f  t h e  1 oaded t r a n s p o r t  

cask a t  t h e  r e p o s i t o r y  gate, p r e p a r i n g  t h e  cask f o r  un loading,  

u n l o a d i n g  t h e  spent fue l  i n t o  l a g  s to rage , (a )  p r e p a r i n g  t h e  empty 

cask f o r  shipment, and moving t h e  cask t o  t h e  r e p o s i t o r y  s i t e  ga te  

f o r  i t s  r e t u r n  j o u r n e y  t o  a r e a c t o r .  Decontaminat ion o f  t h e  

i n t e r n a l s  and seal  replacement o f  each cask a r e  a l s o  assumed t o  be 

per formed here a f t e r  eve ry  t e n t h  shipment w i t h  t h a t  cask. 

e T o t a l  system h a n d l i n g  and t r a n s p o r t  c a p a c i t y  i s  3,000 MTU/year o f  

spent f u e l ,  based on t h e  amount o f  i n i t i a l  uranium i n  t h e  f r e s h  

f u e l .  Th i s  i s  t h e  nominal c a p a c i t y  f o r  a waste management system 

w i t h  one r e p o s i t o r y  (DOE 1986a). 

e The p o s t u l a t e d  r e f e r e n c e  spent f u e l  source t e r m  f o r  dose - ra te  

c a l c u l a t i o n s  i s  PWR f u e l  t h a t  has been i r r a d i a t e d  t o  35,000 MWd/MTU 

and t h a t  i s  10 y e a r s  o u t - o f - r e a c t o r .  (Note: t h i s  i s  c o n s i s t e n t  w i t h  

t h e  b a s i s  i n  t h e  cask procurement RFP [DOE 1986b1.) Note t h a t  i n  a 

r e a l  system a range o f  c o n d i t i o n s  would occur, which would r e s u l t  i n  

a range o f  r e s u l t s  f o r  i n d i v i d u a l  shipments. (See Appendix E f o r  

a d d i t i o n a l  d i scuss ion . )  

e Each p o s t u l a t e d  reference PWR and BWR spent f u e l  assembly i s  assumed 

t o  c o n t a i n  0.462 and 0.186 Mr o f  i n i t i a l  uranium before i r r a d i a t i o n ,  

r e s p e c t i v e l y  (DOE 1987). Th(2 p o s t u l a t e d  r e f e r e n c e  PWR f u e l  source 

t e r m  i s  c o n s e r v a t i v e l y  assumed t o  be a p p l i c a b l e  t o  BWR f u e l .  Only 

h a n d l i n g  o f  s tandard spent f u e l  i s  cons ide red  (see Appendix E f o r  

d i  scuss i  on on hand1 i ng o f  non-standard f u e l  ). 

e Shipments a r e  approx ima te l y  ?860 km (1780 m i l e s )  l o n g  (one-way) by 

t r u c k  and 3070 km (1910 mile!;) by r a i l  on g e n e r i c  r o u t e s  based on 

t y p i c a l  d i s t a n c e  between r e a c t o r s  and t h e  t h r e e  f i n a l  r e p o s i t o r y  

s i t e s  i n  t h e  western p a r t  o f  t h e  U.S. The p o p u l a t i o n  d i s t r i b u t i o n s  

( a )  N e i t h e r  l a g  s to rage  o p e r a t i o n s  no r  impact  o f  l a g  s to rage  c a p a c i t y  on 
queuing t i m e  a t  r e p o s i t o r y  a r e  cons ide red  i n  t h i s  study. 
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enrou te  a r e  taken from t y p i c a l  d i s t r i b u t i o n s  g iven i n  t h e  Env i ron -  

mental  Assessments ( E A s )  f o r  t h e  t h r e e  f i n a l  r e p o s i t o r y  s i t e s  

(DOE 1 9 8 6 ~ ) .  

0 70% o f  t h e  spent f u e l  (i.e., 2100 MTU/year by weight  o f  o r i g i n a l  f u e l  

m a t e r i a l )  i s  t r a n s p o r t e d  by t h e  p o s t u l a t e d  re fe rence  r a i l  casks and 

30% (900 MTUlyear) i s  t r a n s p o r t e d  by t h e  p o s t u l a t e d  r e f e r e n c e  t r u c k  

casks (DOE 1986a). 

0 Truck shipments a r e  c a r r i e d  o u t  by genera l  commerce; r a i l  shipments 

a r e  by genera l  f r e i g h t  (DOE 1986d). 

0 Truck and r a i l  shipments a r e  assumed t o  be i n s p e c t e d  by s t a t e  o f f i -  

c i a l s  a t  t h e  o r i g i n a t i n g  and d e s t i n a t i o n  s t a t e s  upon e n t r y  i n t o  t h e  

p u b l i c  environment i n  t h e  r e s p e c t i v e  s t a t e s .  Truck shipments a r e  

assumed t o  be e s c o r t e d  by s t a t e  p a t r o l  o n l y  i n  urban areas.(a) 

shipments a r e  accompanied by e s c o r t s  i n  a separa te  r a i l c a r  on t h e  

t r a i n .  

R a i l  

Casks a r e  loaded i n  r e a c t o r  p o o l s  and d r i e d  b e f o r e  sh ipp ing .  Casks 

a r e  unloaded d r y  a t  t h e  r e c e i v i n g  f a c i l i t y  by ma t ing  t o  a h o t  c e l l  

p o r t .  Dry t r a n s p o r t  i s  r e q u i r e d  and c u r r e n t  exper ience and s a f e t y  

s t u d i e s  i n d i c a t e  t h a t  d r y  u n l o a d i n g  i s  p r e f e r r e d  (DOE 1986b). 

0 Empty casks be ing  r e t u r n e d  t o  t h e  r e a c t o r s  a r e  assumed t o  be s u f f i -  

c i e n t l y  f r e e  o f  r a d i o a c t i v e  con tamina t ion  t h a t  these r e t u r n  shipments 

a r e  cons ide red  t o  be "empty" i n  accordance w i t h  DOT r e g u l a t i o n s .  

Thus, dose a n a l y s i s  i s  n o t  i n c l u d e d  i n  t h i s  s tudy  f o r  t h e  t r a n s p o r t  

o f  empty s h i p p i n g  casks. However, t h e  t i m e  r e q u i r e d  f o r  t h e  empty 

r e t u r n  t r i p  i s  accounted f o r  i n  e s t i m a t i n g  t o t a l  r o u n d - t r i p  t imes  and 

c a s k / v e h i c l e  f l e e t  requirements.  (See Appendix E.5 f o r  a d d i t i o n a l  

d i scuss ion .  ) 

( a )  I n s p e c t i n g  and e s c o r t i n g  o f  shipments i n  each s t a t e  (except  e s c o r t s  i n  
h i g h  p o p u l a t i o n  areas)  a r e  a t  t h e  p r e r o g a t i v e  of each s t a t e .  
p r a c t i c e ,  many s t a t e s  e l e c t  n o t  t o  e x e r c i s e  t h i s  p r e r o g a t i v e  t o  a v o i d  
unnecessary exposure. T h i s  comment shou ld  n o t  be viewed as DOE p o l i c y .  

I n  c u r r e n t  
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3.4.3 Cask/Vehic le  Bases 

The o v e r a l l  bases and assumptions r e l a t e d  p r i m a r i l y  t o  t h e  s h i p p i n g  casks 

and v e h i c l e s  i n  t h e  p o s t u l a t e d  r e f e r e n c e  case a r e  i t e m i z e d  below. 

0 Shipment i s  by p o s t u l a t e d  relference l e g a l w e i g h t  t r u c k  casks ( l oaded  

we igh t  app rox ima te l y  25 tons  w i t h  a gross v e h i c l e  weight  of no more 

t h a n  40 t o n s )  o r  by p o s t u l a t e d  r e f e r e n c e  conven t iona l  - s i z e d  r a i  1 

casks ( loaded weight  app rox ima te l y  100 t o n s  w i t h  a gross v e h i c l e  

we igh t  o f  no more t h a n  263,ClOO pounds, o r  131.5 t o n s ) .  

a l l o w  f o r  u n r e s t r i c t e d  t r a v e l  o f  t h e  loaded casks /veh ic les  

(DOE 1986a). 

t r a i l e r  o r  r a i l c a r .  

These we igh ts  

Each cask i s  t r a n s p o r t e d  on i t s  r e s p e c t i v e  d e d i c a t e d  

0 The p o s t u l a t e d  r e f e r e n c e  t r a n s p o r t  casks a r e  s i m i l a r  t o  those  

d e s c r i b e d  i n  t h e  Systems Requi rements and D e s c r i p t i o n  Document 

(DOE 1986a) and i n  t h e  DOE r e f e r e n c e  f a c t  sheets,  w i t h  h a n d l i n g  

c h a r a c t e r i s t i c s  s i m i l a r  t o  p resen t -genera t i on  l ower -capac i t y  casks 

( p r i m a r i l y  t h e  NLI 1 / 2  t r u c k  cask and t h e  N L I  10/24 r a i l  cask).  

Hand l i ng  procedures f o r  t hese  casks have been v e r i f i e d  and documented 

and a r e  a v a i l a b l e .  The r a i l  cask has s t e e l - o n l y  f o r  gamma s h i e l d -  

and t h e  t r u c k  cask has s t e e l  p l u s  dep le ted  uranium f o r  gamma 

s h i e l d i n g .  Both  have s o l i d  [ma te r ia l  f o r  neu t ron  s h i e l d i n g .  The 

casks have no c o o l i n g  f i n s  ( s u r f a c e  temperatures a r e  expected t o  be 

l ow  enough t o  a l l o w  r o u t i n e  Icontact o p e r a t i o n s ) ,  t h e y  each have a 
r e l a t i v e l y  t h i n  s t r u c t u r a l  o u t e r  l i d  and a heavy s h i e l d i n g  i n n e r  l i d ,  

t h e y  have removable impact l i m i t e r s  and f u e l  baskets,  and redundant 

l i f t i n g  t runn ions .  

0 The spent f u e l  c a p a c i t i e s  o f  t h e  p o s t u l a t e d  r e f e r e n c e  t r a n s p o r t  casks 

a r e  2 PWR o r  5 BWR f u e l  assernbl ies i n  t h e  t r u c k  cask and 14 

36 BWR assembl ies i n  t h e  p o s t u l a t e d  r a i l  cask (DOE 1986a). 

PWR o r  

These 

( a )  Use o f  s t e e l - o n l y  f o r  r a i l  cask s h i e l d i n g  tends t o  i nc rease  doses t o  t h e  
p u b l i c  and workers. T h i s  i s  because use o f  more dense s h i e l d i n g  m a t e r i a l s  
(such as l e a d  o r  dep le ted  uranium) w i l l  a l l o w  f o r  g r e a t e r  pay loads and 
fewer  shipments w i t h  t h e  same s h i e l d i n g  e f f e c t i v e n e s s .  (Th is  o p t i o n  was 
e v a l u a t e d  i n  t h e  s tudy  on a l t e r n a t i v e s . )  
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c a p a c i t i e s  a re  es t imated ,  u s i n g  t h e  r e f e r e n c e  spent f u e l ,  t o  a l l o w  

f o r  comply ing w i t h  DOT cask e x t e r n a l  dose r a t e  r e g u l a t i o n s ( a )  and 

w i t h  highway and r a i l r o a d  l i m i t a t i o n s  f o r  u n l i m i t e d  t r a n s p o r t .  

0 Each cask can t r a n s p o r t  PWR o r  BWR spent f u e l  assemblies, u s i n g  

approp r i  a t e  removable baskets  and 1 ong i  t u d i  n a l  spacers . 
0 An i n e r t  gas atmosphere i s  p r o v i d e d  i n  t h e  cask c a v i t y  f o r  s h i p p i n g  

spent  fue l .  

0 S h i e l d i n g  on t h e  casks i s  based on t h e  maxinum r a d i a t i o n  l e v e l s  s e t  

by t h e  DOT. The c o n t r o l l i n g  l i m i t s  a r e  10 mrem/hour a t  2 meters away 

f rom t h e  edges o f  t h e  v e h i c l e ,  and 2 mrem/hour i n  t h e  neares t  rou-  

t i n e l y  occupied p o s i t i o n  (i.e., t h e  t r u c k  cab)  (49 CFR 173.441 1985). 

0 The s h i e l d i n g  e f f e c t  o f  t h e  impact  l i m i t e r s  on t h e  e x t e r n a l  dose 

r a t e s  f rom t h e  casks i s  n o t  cons idered i n  t h i s  s t u d y .  

0 Casks a re  equipped w i t h  connect ions  f o r  temperature,  p ressu re  and gas 

a c t i v i t y  measurements. 

necessary t o  f a c i l i t a t e  s a t i s f y i n g  s h i p p i n g  and r e c e i v i n g  r e q u i r e -  

ments. 

These connect ions  a re  cons idered t o  be 

0 Casks and con ten ts  r e q u i r e  no p r e - c o o l i n g  be fore  un load ing .  ( T h i s  

remains t o  be con f i rmed  f o r  c o n t a c t  ope ra t i ons . )  

0 C r i t i c a l i t y  c o n t r o l  f s a t u r e s  o f  t h e  casks and t h e i r  components 

r e q u i r e  o n l y  i n f r e q u e n t  v e r i f i c a t i o n  of e f f e c t i v e n e s s .  Thus, doses 

f rom such v e r i f i c a t i o n  need n o t  be i n c u r r e d  i n  r o u t i n e  o p e r a t i o n s  and 

a re  n o t  i n c l u d e d  i n  t h e  p o s t u l a t e d  re fe rence system study.  

( a )  The p o s t u l a t e d  r e f e r e n c e  system d e f i n e d  i n  t h i s  s tudy  i n v o l v e s  u s i n g  
s h i p p i n g  casks t h a t  j u s t  meet DOT r e g u l a t o r y  l i m i t s  f o r  e x t e r n a l  r a d i a t i o n  
l e v e l s  f rom t h e  casks. Most spent  f u e l  sh ipped i n  t h e  U.S. t o  da te  i s  
l e s s  r a d i o a c t i v e  than  t h a t  f o r  which t h e  casks were designed, which 
r e s u l t s  i n  low e x t e r n a l  r a d i a t i o n  l e v e l s  f rom t h e  casks. Thus, t h e  bases 
used i n  t h i s  a n a l y s i s  r e s u l t  i n  h i g h e r  doses than g e n e r a l l y  exper ienced i n  
recen t  shipments u s i n g  casks des igned i n  t h e  1970s. 
r a d i a t i o n  dose r a t e s  f rom t h e  casks l a r g e l y  c o n t r o l  a l l  r o u t i n e  r a d i a t i o n  
doses rece ived  by t h e  p u b l i c  and by workers f rom o p e r a t i o n  of t h e  system. 

The e x t e r n a l  
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0 Doses r e s u l t i n g  from major  cask and v e h i c l e  s e r v i c i n g  and maintenance 

a t  e i t h e r  t h e  o r i g i n ,  d e s t i n a t i o n ,  o r  separa te  f a c i l i t i e s  a r e  

exc luded f rom c o n s i d e r a t i o n  i n  t h e  study. Replacement o f  cask c l o -  

sure  sea ls  i s  assumed t o  occur  a t  t h e  r e p o s i t o r y  as p a r t  o f  t h e  cask 

and basket  decontaminat ion  a c t i v i t y  every t e n t h  shipment. 

0 Casks /veh ic les  a r e  assumed t o  be i n  t h e  o p e r a t i n g  c i r c u i t  f o r  

300 days l yea r  (DOE 1986b). 

o p e r a t i n g  f o r  a v a r i e t y  o f  reasons, i n c l u d i n g  major  maintenance and 

s e r v i c i n g  and compliance i n s p e c t i o n / t e s t i n g .  Doses r e s u l t i n g  f rom 

these  opera t i ons  a re  n o t  cons idered i n  t h i s  study. 

The r e s t  o f  t h e  t i m e  t h e  casks a re  no t  

3.4.4 Rases f o r  At -Reactor  Fuel Loading 

The o v e r a l l  bases and assumptions r e l a t e d  p r i m a r i l y  t o  a t - r e a c t o r  f ue l  

l o a d i n g  a c t i v i t i e s  i n  t h e  p o s t u l a t e d  re fe rence  system a re  g i v e n  below. 

0 Cask h a n d l i n g  a c t i v i t i e s  a t  t h e  r e a c t o r  a re  t y p i c a l  of t hose  a t  a 

contemporary l a r g e  PWR o r  BWR power s t a t i o n ,  

arrangement and procedures a r e  used t h a t  a re  f u n c t i o n a l l y  representa-  

t i v e  o f  t hose  a t  LWRS.(~) 

d i f f e r e n c e s  occur  a t  PWRs and RWRs, t hey  a re  analyzed and r e p o r t e d  

i n d i v i d u a l l y .  (See Appendix E.3 f o r  a d d i t i o n a l  d iscuss ion . )  

A gener i c  f a c i l i t y  

Where s i g n i f i c a n t  t ime /d i s tance /dose  

0 A t - r e a c t o r  procedures a1 low immersion o f  crane hooks/b locks i n t o  t h e  

poo ls  d u r i n g  l o w e r i n g  and r a i s i n g  o f  t h e  casks i n  t h e  pools .  

0 S t a f f i n g  f o r  f u e l  l o a d i n g  i n t o  casks i s  based on pe r fo rm ing  t h e  work 

i n  a reasonably  s h o r t  t i m e  pe r iod ,  u t i l i z i n g  p a r a l l e l  a c t i v i t i e s  

where p r a c t i c a b l e .  S t a f f i n g  and t i m e  requi rements a re  based on 

pe r fo rm ing  t h e  work on a r o u t i n e  and s u s t a i n a b l e  r a t e ,  assuming minor  

p e r t u r b a t i o n s  b u t  no major  breakdowns. I t  i s  recogn ized t h a t  cask 

h a n d l i n g  a c t i v i t i e s  a t  each r e a c t o r  a r e  expected t o  be i n f r e q u e n t  and 

w i l l  r e q u i r e  r e l e a r n i n g  o f  s k i l l s  f o r  each s h i p p i n g  campaign. 

( a )  I t  i s  recognized t h a t  each f a c i l i t y  and i t s  o p e r a t i n g  p r a c t i c e s  a re  
d i f f e r e n t  f rom others.  Those s e l e c t e d  i n  t h i s  s tudy  a re  in tended t o  be 
f u n c t i o n a l l y  r e p r e s e n t a t i v e  o f  most f a c i l i t i e s .  
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Spent f u e l  i s  assumed t o  be loaded i n  campaigns o f  30 MTUlyear f rom 

t h e  t y p i c a l  r e a c t o r .  Loading a c t i v i t i e s  w i l l  be w i t h  one s h i f t  t h a t  

works nomina l l y  8 hours lday ,  bu t  c o u l d  ex tend t o  as l o n g  as 

12 hours lday .  No work i s  done on cask h a n d l i n g  d u r i n g  t h e  remain ing  

two s h i f t s .  R e s u l t a n t  average cask w a i t i n g  t imes are  es t ima ted  based 

on d e t e r m i n i s t i c  t i m e / l o c a t i o n  a n a l y s i s .  

I n t e r n a l  su r faces  o f  empty casks rece ived  a t  t h e  r e a c t o r  a re  s u f f i -  

c i e n t l y  c lean  t h a t  t r a n s f e r  o f  con tamina t ion  f rom t h e  casks t o  t h e  

r e a c t o r  poo ls  i s  i n s i g n i f i c a n t .  

Spent f u e l  c l a s s i f i c a t i o n  and i d e n t i f i c a t i o n  f o r  l o a d i n g  (as r e q u i r e d  

i n  10 CFR 961) a re  per formed b e f o r e  a r r i v a l  o f  t h e  empty t r a n s p o r t  

cask. Doses r e s u l t i n g  f rom these  a c t i v i t i e s  a re  no t  cons idered i n  

t h i s  a n a l y s i s .  

Exposures a re  n o t  assessed t o  personnel  do ing  o t h e r  work i n  t h e  

l o c a t i o n s  a f f e c t e d  by f u e l  l o a d i n g  work a t  t h e  reac to rs .  

Only one cask a t  a t i m e  i s  processed w i t h i n  t h e  s i t e  o f  t h e  r e a c t o r .  

3.4.5 Rases f o r  A t -Repos i to ry  Cask Hand l i ng  

The o v e r a l l  bases and assumptions r e l a t e d  p r i m a r i l y  t o  a t - r e p o s i t o r y  cask 

h a n d l i n g  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system a re  g iven below. 

0 Cask hand1 i ng a c t i v i t i e s  and f a c i  1 i t y  arrangements a t  t h e  r e p o s i t o r y  

a re  p o s t u l a t e d  t o  be g e n e r a l l y  t y p i c a l  o f  those i n  t h e  advanced con- 

cep tua l  des ign o f  t h e  mon i to red  r e t r i e v a b l e  s to rage  (MRS) f a c i l i t y  as 
d e f i n e d  i n  t h e  MRS p roposa l  t o  Congress (DOE 1987). 

des ign  uses p r i m a r i l y  hands-on opera t i ons  except  f o r  t h e  a c t u a l  d r y  

un load ing  o f  spent f u e l  i n t o  a h o t  c e l l .  The concept d i f f e r s  f rom 

t h e  evo l  v i  ng r e p o s i t o r y  r e c e i  v i  ng f a c i  1 i t y  des i  gns, b u t  it embodies 

t h e  f u n c t i o n a l  c a p a b i l i t i e s  r e q u i r e d  a t  a r e p o s i t o r y .  

T h i s  conceptual  

0 N e i t h e r  l a g  s to rage  opera t i ons  downstream f rom h o t  c e l l  no r  impact o f  

l a g  s to rage c a p a c i t y  on r e c e i v i n g  opera t i ons  a re  cons idered i n  t h i s  

study. 
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0 The r e c e i v i n g  o f  shipments f rom c a r r i e r s  and d i scha rge  o f  spent f u e l  

casks /veh ic les  t o  t h e  c a r r i e r s  a t  t h e  f a c i l i t y  ga te  i s  done 24 hours /  

day, 7 dayslweek. The o p e r a t i o n s  w i t h i n  t h e  un load ing  f a c i l i t y  a r e  

g e n e r a l l y  c a r r i e d  o u t  24 hours/day, 5 days/week (DOE 1957). These 

bases a re  c o n s i s t e n t  w i t h  t h e  es t ima tes  f o r  t h e  MRS f a c i l i t y  

o p e r a t i n g  c a p a c i t y  f o r  h a n d l i n g  3,000 MTUlyear (DOE 1987). 

0 S t a f f i n g  i s  based on t h e  number o f  people es t ima ted  t o  per form t h e  

work on a r o u t i n e  and s u s t a i n a b l e  bas i s ,  assuming t y p i c a l  m ino r  

p e r t u r b a t i o n s  b u t  no major  breakdowns, and has n o t  been a d j u s t e d  t o  

reduce i n d i  v i  dual doses. 

0 The a n a l y s i s  i n c l u d e s  p l a c i n g  t h e  incoming casks i n  a queue a f t e r  

e n t r y  i n t o  t h e  s i t e .  The queuing t i m e  r e s u l t s  i n  i nc reased  f l e e t  

s i z e ,  b u t  i n  very  low r a d i a t - i o n  doses t o  t h e  workers, which a r e  

assumed t o  be z e r o  i n  t h i s  study. However, f u t u r e  MRSl repos i to ry  

o p e r a t i o n a l  s t u d i e s  w i  11 need t o  i n c l u d e  such c o n s i d e r a t i o n s .  

0 Average queuing t imes  a r e  es t ima ted  f o r  a w a i t i n g  h a n d l i n g  a t  t h e  

r e p o s i t o r y  , based on de termi  r i i  s t i  c t i m e l l  o c a t i  on es t ima tes  on-s i  t e  

and random a r r i v a l  o f  casks a t  t h e  s i t e .  

0 Recause seve ra l  casks a re  be ing  processed i n  t h e  f a c i l i t y  a t  one 

t ime, doses t o  workers f rom area background i n c l u d e  d i  r e c t  r a d i a t i o n  

f rom o t h e r  casks and s c a t t e r i n g  f rom c e i l i n g s ,  w a l l s ,  and f l o o r s  t h a t  

i s  expected t o  be i n  a l l  arei is where work on a s p e c i f i c  cask i s  b e i n g  

c a r r i e d  ou t .  Background a n a l y s i s  i n c l u d i n g  s c a t t e r i n g  i s  f a c i l i t y  

des i  gn-dependent and shou ld  be cons ide red  on a f a c i  1 i t y - s p e c i  f i c 

b a s i s  i n  t h e  f u t u r e .  T h i s  i r t c ludes  areas o u t s i d e  and i n s i d e  t h e  cask 

hand1 i ng b u i  1 d i  ng. 

0 Each cask i s  r o u t i n e l y  vacuum-cleaned i n t e r n a l l y  and spot-decontami-  

na ted  e x t e r n a l l y  a f t e r  each un load ing  (DOE 1987). A f t e r  every  t e n  

shipments, each cask i s  taker1 o f f  t h e  cask-handl ing l i n e  f o r  wet 

i n t e r n a l  decontaminat ion and replacement o f  c l o s u r e  sea ls .  D u r i n g  

wet decontaminat ion,  t h e  f u e l  basket  i s  removed and i s  rep laced  w i t h  

3.17 



a decontaminated basket.  T h i s  work i s  done i n  a remote ly  ope ra ted  

h o t  c e l l .  A l l  o t h e r  cask ma in tenance / repa i r  i s  assumed t o  be done 

elsewhere (wh ich  c o u l d  be i n  ano the r  f a c i l i t y  a t  o r  away f rom t h e  

r e p o s i t o r y  s i t e ) .  

management o f  wastes f rom maintenance and decontaminat ion a r e  n o t  

es t ima ted  i n  t h i s  study. Doses r e s u l t i n g  f rom queuing o f  empty casks 

a w a i t i n g  wet decontaminat ion w i l l  be low, and a r e  n o t  cons idered i n  

t h i s  study. S i m i l a r l y ,  cask u n a v a i l a b i l i t y  w h i l e  a w a i t i n g  i n  queue 

f o r  decontaminat ion shou ld  be low, and i s  n o t  cons idered i n  t h i s  

study. 

Cask h a n d l i n g  cranes a r e  assumed t o  have a usab le  c a p a c i t y  of 

150 tons. These cranes w i l l  handle b o t h  t r u c k  and r a i l  casks 

(DOE 1987). 

Doses t h a t  r e s u l t  f rom t h i s  maintenance and f r o m  

0 

3.5 MAJOR BASES FOR ALTERNATIVE EVALUATIONS 

I n  a d d i t i o n  t o  t h e  bases g i v e n  p r e v i o u s l y  f o r  t h e  p o s t u l a t e d  r e f e r e n c e  

study, t h e  o v e r a l l  bases and assumptions r e l a t e d  t o  t h e  s tudy  o f  a l t e r n a t i v e  

a r e  g i  ven b e l  ow. 

0 A l t e r n a t i v e s  a r e  based on concepts t h a t  have n o t  been des igned o r  

o p t  i m i  zed. 

0 For  overweight  t r u c k  shipments, one o v e r n i g h t  s t o p  i s  i n c l u d e d  f o r  

each one-way t r i p  t o  account f o r  some s t a t e  l i m i t a t i o n s  on t h e  t r a v e l  

o f  overweight  v e h i c l e s  d u r i n g  n o n - d a y l i g h t  hours  o r  due t o  o t h e r  

r e s t r i c t i o n s .  T h i s  l o n g e r  s top ,  r e p l a c e s  one o f  t h e  food and r e s t  

s tops  i n c l u d e d  i n  t h e  p o s t u l a t e d  r e f e r e n c e  study. I nc reased  t i m e  has 

been a l l owed  a t  s t a t e  i n s p e c t i o n  s tops  t o  account f o r  i n c r e a s e d  

p e r m i t t i n g  and i n s p e c t i o n  t ime.  

e A c t i v i t y  t imes  a r e  n o t  i nc reased  f o r  l a r g e r - c a p a c i t y  casks except  f o r  

spent f u e l  hand l i ng .  

cons ide red  t o  be independent o f  c a p a c i t y  f o r  a s p e c i f i c  c l a s s  o f  

casks (i.e., t r u c k  o r  r a i l ) .  

The t i m e s  f o r  removing b o l t s  and h a n d l i n g  a r e  

3.18 



0 

0 

0 

0 

0 

e 

0 

A d d i t i o n a l  end and s i d e  s h i e l d i n g  can be added t o  t h e  p o s t u l a t e d  

r e f e r e n c e  casks and t h e  cask(; w i l l  remain w i t h i n  t h e  nominal we igh t  

l i m i t s .  T h i s  assumes t h a t  t h e  p o s t u l a t e d  r e f e r e n c e  cask s h i e l d i n g  

t h i c k n e s s e s  a r e  1 i m i t e d  by dose - ra te  and n o t  weight  (an assumption 

suppor ted by p r e l i m i n a r y  c a l c u l a t i o n s ) .  

It i s  assumed t h a t  t h e  a l t e r n a t i v e s  can be implemented w i t h  e i t h e r  no  
e f f e c t  on, o r  w i t h  improvements i n  t h e  r e s u l t a n t  r i s k s  due t o  a c c i -  

den ts  o r  abnormal events ,  Siich e f f e c t s  w i l l  o b v i o u s l y  need t o  be 

e v a l u a t e d  i n  d e t a i l  f o r  any concepts t h a t  a r e  considered f o r  

implementat ion.  

F o r  some a l t e r n a t i v e s  t h e r e  i s  a need f o r  s p e c i a l  t o o l s  f o r  l o a d i n g  

and unloading.  It i s  assumed t h a t  t h e  t o o l s  a r e  p rocu red  f o r  each 

r e a c t o r  and f o r  t h e  r e p o s i t o r y ,  and t h a t  t h e  t r u c k s  o r  t r a i n s  would 

n o t  c a r r y  t h e  t o o l s  f o r  use ,it a l l  l o c a t i o n s .  Th is  assumption tends 

t o  y i e l d  somewhat i n f l a t e d  c o s t s  f o r  a p p l i c a b l e  a l t e r n a t i v e s .  

A Dose i s  c a l c u l a t e d  f o r  b o t h  p u b l i c  and worker doses. 

Cost analyses c o n s i d e r  a l l  p o t e n t i a l  r e d u c t i o n s  i n  t i m e  a t  t h e  

r e a c t o r  as hav ing  monetary v(i1ue; however, a t  t h e  r e p o s i t o r y  r e c e i v -  

i n g  f a c i l i t y ,  monetary value<; change o n l y  when t h e  number o f  workers 

can be reduced by one f u l l  clrew o r  s h i f t .  

Cost analyses consider.  a1 1 components o f  t h e  p o s t u l a t e d  re fe rence  
system. 

Cost analyses e s t i m a t e  t h e  d i f f e r e n c e s  between t h e  p o s t u l a t e d  

r e f e r e n c e  system and t h e  a1 t e r n a t i  ves. 

Costs a re  i n  1987 d o l l a r s .  

C a p i t a l  c o s t s  i n c l u d e  t h e - c o s t  o f  p r o c u r i n g  t h e  cask f l e e t .  

I n  combining t h e  c a p i t a l  c o s t s  and t h e  annual cos ts ,  r e a l  d i s c o u n t  

r a t e s  o f  0% and 3% a re  considered. No i n f l a t i o n  i n  annual c o s t s  i s  

cons idered.  I n  c a l c u l a t i n g  c o s t s  and doses, i t  i s  assumed t h a t  t h e  

system operates f o r  21  yea rs ,  which r e s u l t s  f rom c o n s i d e r i n g  a t o t a l  

o f  62,000 MTU w i t h  an annual p rocess ing  r a t e  o f  3000 MTUlyear. 
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Yore d e t a i l e d  bases and assumptions f o r  t h e  s p e c i f i c  analyses i n  t h i s  

s tudy  a r e  presented i n  t h e  r e s p e c t i v e  chap te rs  where t h e  analyses a r e  

discussed. A d d i t i o n a l  d e t a i l s  and r a t i o n a l e  f o r  t h e  major bases i n  t h i s  s tudy  

a r e  given., i n  Appendix E .  
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4.0 DEFINITION AND ANALYSIS OF THE POSTULATED REFERENCE - 
TRANSPORTATION SYSTEM 

The p o s t u l a t e d  r e f e r e n c e  t r a n s p o r t a t i o n  system i s  desc r ibed  and analyzed 

i n  t h i s  chapter .  S e c t i o n  4.1 p r o v i d e s  a general  d e s c r i p t i o n  of t h e  p o s t u l a t e d  

reference system. F o l l o w i n g  t h i s  d e s c r i p t i o n ,  es t ima ted  r a d i a t i o n  doses 

r e s u l t i n g  f rom a t - r e a c t o r ,  i n - t r a n s i t ,  and a t - r e p o s i t o r y  ope ra t i ons  a r e  

p resen ted  and analyzed i n  Sec t i ons  4.2, 4.3, and 4.4, r e s p e c t i v e l y .  

4.1 GENERAL DESCRIPTION OF THE POSTULATED REFERENCE TRANSPORTATION SYSTEM 

I n  t h i s  s e c t i o n ,  t h e  p o s t u l a t e d  r e f e r e n c e  system i s  descr ibed.  The system 

i s  d e f i n e d  i n  terms o f  f i v e  elements: 1 )  system c h a r a c t e r i s t i c s  and parame- 

t e r s ,  2 )  casks and t r a n s p o r t  veh ic les ,  3 )  r e a c t o r  f a c i l i t y  and o p e r a t i o n s ,  

4 )  i n - t r a n s i t  ope ra t i ons ,  and 5 )  r e p o s i t o r y  f a c i l i t y  a,nd opera t i ons .  

4.1.1 System C h a r a c t e r i s t i c s  and Parameters 

The p o s t u l a t e d  r e f e r e n c e  system analyzed i n  t h i s  s tudy  i n c l u d e s  t h e  mate- 

r i a l s ,  equipment, f a c i l i t i e s ,  operat ions,  and personnel  i n v o l v e d  w i t h  t h e  move- 

Dent of spent f u e l  f rom i n d i v i d u a l  r e a c t o r  s i t e s  t o  a g e o l o g i c  r e p o s i t o r y ,  as 

shown p r e v i o u s l y  i n  F i g u r e  3.3. 'The system t r a n s f e r s  3000 MTU o f  spent f u e l  

p e r  y e a r  (wh ich  i s  60 w t %  PWR and 40 w t %  BWR f u e l s )  f rom r e a c t o r  s i t e s  t o  t h e  

r e p o s i t o r y  and i s  assumed t o  s h i p  30% (by w e i g h t )  o f  t h e  spent f u e l  by t r u c k  

and 70% by r a i l .  The average one-way d i s t a n c e  between a l l  r e a c t o r s  and t h e  
t h r e e  r e p o s i t o r y  s i t e s  i s  app rox ima te l y  2860 k i l o m e t e r s  (1780 m i l e s )  by road  

and 3070 k i l o m e t e r s  (1910 m i l e s )  by r a i l .  

The number of shipments p e r  y e a r  i s  g i ven  i n  Tab le  4.1. Both  t h e  r a i l  and 

t r u c k  casks a r e  designed t o  accommodate 10-year-o ld  PWR spent f u e l  w i t h  a burn-  

up of 35,000 MWd/MTU. The t r u c k  cask w i l l  t r a n s p o r t  2 PWR o r  5 BWR spent f u e l  

assembl ies w h i l e  t h e  r a i l  cask w i l l  t r a n s p o r t  14 PWR o r  36 BWR spent f u e l  

assembl i es. 

D e t a i l s  o f  t h e  p o s t u l a t e d  r e f e r e n c e  casks and t r a n s p o r t  v e h i c l e s  a r e  g i ven  

i n  S e c t i o n  4.1.2. The f a c i l i t i e s  and o p e r a t i o n s  a t  i n d i v i d u a l  r e a c t o r  s i t e s  

a r e  chosen t o  s i m u l a t e  c u r r e n t l y  a v a i l a b l e  equipment and procedures b e i n g  
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TABLE 4.1. Annual Spent Fuel Shipments i n  t h e  P o s t u l a t e d  
Reference System 

Spent Fue l  
Type 

Shipments lyear  
Rai 1 Truck T o t a l  

PWR 195 584 779 

38 7 512 

T o t a l  3 20 971 1291 
- 125 - BWR 

u t i l i z e d  a t  o p e r a t i n g  r e a c t o r s . ( a )  

and o p e r a t i o n s  i s  g i ven  i n  S e c t i o n  4.1.3. 

system, i n c l u d i n g  t r u c k  and r a i l  ope ra t i ons ,  i s  desc r ibed  i n  S e c t i o n  4.1.4. 

The p o s t u l  a ted  r e f e r e n c e  r e p o s i t o r y  r e c e i  v i  ng f a c i  1 i t y  and o p e r a t i o n s  a r e  

s i m i l a r  t o  t h e  conceptual  des ign  o f  t h e  proposed MRS r e c e i v i n g  and h a n d l i n g  

f a c i l i t y  (Parsons 1985) . (b )  
S e c t i o n  4.1.5. A d d i t i o n a l  i n f o r m a t i o n  on t h e  r a t i o n a l e  f o r  s e l e c t i o n  o f  t h e  

p o s t u l a t e d  r e f e r e n c e  t r a n s p o r t a t i o n  system i s  g i ven  i n  S e c t i o n  3.4 and i n  

Appendix E. 

A d e t a i l e d  d e s c r i p t i o n  o f  t hese  f a c i l i t i e s  

The i n - t r a n s i t  p o r t i o n  of t h e  

A d e s c r i p t i o n  o f  t h i s  f a c i l i t y  i s  g i ven  i n  

4.1.2. Cask and T ranspor t  V e h i c l e  D e s c r i p t i o n s  

T h i s  s e c t i o n  c o n t a i n s  d e s c r i p t i o n s  o f  t h e  p o s t u l a t e d  r e f e r e n c e  t r u c k  and 

r a i l r o a d  spent f u e l  t r a n s p o r t  casks used i n  t h i s  dose a n a l y s i s ,  t h e  r e l a t e d  

f e a t u r e s  o f  t h e  t r a n s p o r t  v e h i c l e s ,  and t h e  r a d i a t i o n  dose r a t e s  around t h e  

loaded and empty casks. 

These p o s t u l a t e d  r e f e r e n c e  cask and v e h i c l e  concepts a r e  based on 

exper ience  w i t h  casks c u r r e n t l y  used f o r  spent f u e l  shipments. 

p o r a t e  t y p i c a l  h a n d l i n g  f e a t u r e s  i d e n t i f i e d  by t h a t  exper ience w i t h  mod i f i ca -  

t i  ons t o  accommodate 10-year-cooled s tandard  PWR spent f u e l  w i t h  35,000 MWd/MTU 

They i n c o r -  

( a )  A l though each n u c l e a r  power s t a t i o n  i s  d i f f e r e n t  f rom t h e  o t h e r s  and t h e i r  
cask h a n d l i n g  o p e r a t i o n s  d i f f e r  somewhat, t h e  f u n c t i o n s  tha t  must be 
performed a r e  s i m i l a r  and a r e  u t i l i z e d  i n  t h i s  study. 
procedures used i n  t h i s  s tudy  t y p i f y  t hose  a t  most LWRs i n  t h e  U.S. 

( b )  I n  a d d i t i o n ,  t h e  MRS concept rep resen ts  one t h a t  uses proven manual 
o p e r a t i o n s ;  r e p o s i t o r y  r e c e i v i n g  and h a n d l i n g  concepts, which a r e  
f u n c t i o n a l l y  s i m i l a r  t o  t h e  MRS r e c e i v i n g  and h a n d l i n g  concept,  a r e  s t i l l  
evo l  v ing.  

The f a c i l i t y  and 
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exposure. The casks a re  based on t h e  " f a c t  sheet "  

DOE (1986a). S p e c i f i c a l l y ,  t h e  cask concepts were 

f o l l o w i n g  f e a t u r e s :  

0 r a d i a t i o n  dose r a t e s  a t  t h e  r e g u l a t o r y  maxima 

r e f e r e n c e  spent f u e l  sou rce )  

0 smooth e x t e r n a l  su r faces  w i t h o u t  f i n s  

0 smooth i n t e r n a l  su r faces  

casks presented  i n  

a d j u s t e d  t o  have t h e  

( f o r  t h e  p o s t u l a t e d  

0 bo l ted -on  i n n e r  s h i e l d i n g  l i d  w i t h  double sea ls  

0 bo l ted -on  o u t e r  p r o t e c t i v e  l i d  w i t h  double sea ls  

0 sampling, d r a i n ,  and s e a l - t e s t i n g  connect ions  th rough i n n e r  l i d  

0 bo l ted-on  removable t iedowns 

0 bo1 ted-on removable impact  1 i m i  t e r s  

0 r e t r a c t a b l e  l ouve red  meta l  personnel  b a r r i e r s .  

A s i n g l e  gener i c  des ign  concept w i t h  rega rd  t o  h a n d l i n g  f e a t u r e s  i s  

p resented  f o r  bo th  t h e  t r u c k  and r a i l r o a d  casks. 

between these two t ypes  o f  casks are  d i f f e r e n c e s  i n  dimensions, we igh ts ,  and 

f u e l  assembly c a p a c i t i e s .  

The p r imary  d i f f e r e n c e s  

T h i s  s e c t i o n  i s  d i v i d e d  i n t o  f o u r  a d d i t i o n a l  p a r t s .  The f i r s t  p a r t  con- 

t a i n s  a genera l  d e s c r i p t i o n  o f  bo th  types  o f  t r a n s p o r t  casks. The second 
c o n t a i n s  a l i s t  o f  t h e  s p e c i f i c  c h a r a c t e r i s t i c s  t h a t  d i f f e r  between t h e  t r u c k  

and r a i l r o a d  casks. I n  t h e  t h i r d  p a r t ,  t hose  f e a t u r e s  o f  t h e  casks t h a t  i n f l u -  

ence t h e  t ime,  costs ,  and r a d i a t i l o n  doses assoc ia ted  w i t h  spent f u e l  shipments 

a r e  descr ibed.  D e s c r i p t i o n s  o f  t l i e  r e l a t e d  cask t iedowns and personnel  b a r r i e r  

c h a r a c t e r i s t i c s  o f  t h e  t r a n s p o r t  v e h i c l e  a re  inc luded.  

t a i n s  t h e  c a l c u l a t e d  r a d i a t i o n  dose r a t e s  around t h e  casks. 

The f o u r t h  p a r t  con- 

The d e s c r i p t i v e  i n f o r m a t i o n  p r o v i d e d  here  i s  developed o n l y  t o  t h e  e x t e n t  

needed f o r  t h e  ALARA ana lys i s .  No at tempt  i s  made t o  p r o v i d e  s u f f i c i e n t  i n f o r -  

mat ion  f o r  cask des ign o r  c o n s t r u c t i o n .  
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4.1.2.1 General D e s c r i p t i o n  of t h e  T ranspor t  Casks 

The s h i p p i n g  casks a r e  ho l l ow ,  smooth-surface, r i g h t  c y l i n d e r s  w i t h  a 

c l o s e d  bot tom end and two c l o s u r e  l i d s  on t h e  upper end. 

c o n t a i n s  a l a y e r  o f  dep le ted  uranium s h i e l d  m a t e r i a l .  

s o l i d  a u s t e n i t i c  s t a i n l e s s  s t e e l .  Bo th  casks have an o u t e r  neu t ron  s h i e l d  o f  

s o l  i d  o r g a n i c  m a t e r i  a1 . 

The t r u c k  cask w a l l  

The r a i l  cask w a l l s  a r e  

The casks c o n t a i n  removable baskets  f o r  s u p p o r t i n g  t h e  spent f u e l  assem- 

b l i e s  and waste c o n t a i n e r s .  The baskets  a r e  designed t o  p r o v i d e  c r i t i c a l i t y  

c o n t r o l  and t o  a i d  heat  r e j e c t i o n .  Baskets o f  v a r i o u s  designs a r e  assumed t o  

be i nte rchangab le  t o  p e r m i t  t r a n s p o r t a t i o n  o f  spent f u e l  assembl ies and h i g h -  

l e v e l  waste c a n i s t e r s  o f  v a r i o u s  des igns and heat  genera t i on  r a t e s .  

The cask c l o s u r e  l i d s  a r e  c i r c u l a r  s t e e l  p l a t e s  t h a t  b o l t  t o  t h e  upper 

The o u t e r  l i d  p r o v i d e s  p r o t e c t i o n  f o r  t h e  i n n e r  l i d  and i t s  pene t ra -  end. 

t i o n s .  A spacer i s  b o l t e d  t o  t h e  i n n e r  f a c e  o f  t h e  i n n e r  l i d  t o  h o l d  t h e  f u e l  

assembl ies i n  p o s i t i o n  d u r i n g  shipment and t o  a l l o w  f o r  accommodations of spent 

f u e l  f rom d i f f e r e n t  r e a c t o r s  hav ing  d i f f e r e n t  l e n g t h s .  The i n n e r  l i d  c o n t a i n s  

l i d  sea ls ,  p e n e t r a t i o n s  f o r  p ressu re  t e s t i n g ,  gas t e s t i n g ,  and f l u s h i n g  and 

d r a i n i n g  o f  t h e  i n n e r  c a v i t y .  

The casks have f o u r  e x t e r n a l  t r u n n i o n s  a t  90" i n t e r v a l s  a t  t h e  upper end 

f o r  l i f t i n g ,  u s i n g  t h e  redundant yoke equipment r e q u i r e d  a t  many r e a c t o r  

f a c i l i t i e s .  

4.1.2.2 C h a r a c t e r i s t i c s  o f  t h e  P o s t u l a t e d  Reference Truck and R a i l r o a d  

Casks 

The p o s t u l a t e d  r e f e r e n c e  t r u c k  and r a i l r o a d  casks d i f f e r  p r i m a r i l y  i n  

dimensions, we igh ts  and payloads. The t r u c k  cask uses s t e e l  and d e p l e t e d  

uranium f o r  gamma s h i e l d i n g ,  whereas o n l y  s t e e l  i s  used i n  t h e  r a i l  cask. Th 

p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  two cask t ypes  a r e  g i v e n  i n  Table 4.2. 

4.1.2.3 D e s c r i p t i o n s  o f  S p e c i f i c  Cask and T ranspor t  Veh ic le  Features 

D e s c r i p t i o n s  o f  t h e  cask f e a t u r e s  and r e l a t e d  suppor t  mechanisms t h a t  

i n f l u e n c e  t h e  h a n d l i n g  t imes,  c o s t s  and r a d i a t i o n  doses assoc ia ted  w i t h  spent 

f u e l  and waste shipments f o l l o w .  General r a t i o n a l e  f o r  each f e a t u r e  i s  

i nc luded .  
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TABLE 4.2. T y p i c a l  C h a r a c t e r i s t i c s  o f  P o s t u l a t e d  Reference Truck 
and R a i l r o a d  Casks and T h e i r  Veh ic les  

C h a r a c t e r i s t i c s  

Length ( i n . )  

Outs ide  Diameter ( i n . )  

Nominal Empty Weight ( t o n s )  

Nomi n a l  Loaded Weight ( t ons  ) 

Pay1 oad 
BWR Assembl i es 
PWR Assemblies 

I n n e r  C a v i t y  Length ( i n . )  

I n n e r  C a v i t y  Diameter ( i n . )  

Neutron S h i e l d s  
M a t e r i  a1 
Thickness ( i n . )  

M a t e r i  a1 
Th i  ckness ( i  n .) 

C a v i t y  L i n e r  
M a t e r i  a1 
Thickness ( i n . )  

Cask Bot tom 
M a t e r i  a1 
Thickness ( i n . )  

D i ame t e r ( i n . ) 
Thickness ( i n . )  
Wei g h t  ( 1 b ) 

Outer  L i d  
D i  ameter ( i n .  ) 
Th ickness ( i n . )  
Weight ( i n . )  

Personnel  B a r r i e r  Wei gh t  (1 b )  

Cask Wall  

I n n e r  L i d  (gamma & neu t ron  s h i e l d )  

T i  edown, Impact L i m i t e r ,  and 

Veh ic le  Weight Wi thout  Cask ( l b ) ( ” )  

V e h i c l e  Weight Loaded ( l b )  
( i n c l u d i n g  a1 1 hardware) 

Truck Cask 

215 

44 

24(a)  

2 6 ( a )  

5 
2 

180 

22.7 

Sol i d  Boron-Si 1 i cone 
3 .O 

S t a i n l e s s  S tee l  
2.9 

Clad Uranium 
2.1 

S t a i  n l  ess S tee l  
9.5 

38 
6.5 + 3.0 
2,000 

44 
1.5 
600 

3,000 

25 , 000 

80,000 

Rai 1 road Cask 

235 

85 

87 ( a  

98(a)  

36 
14 

180 

57.0 

Sol i d  Boron-Si 1 i cone 
3.0 

S t a i n l e s s  S tee l  
10.0 

None 
None 

S t a i  n l  ess S tee l  
10.5 

79 
7.5 + 3.0 
11,000 

85 
1.5 
2,500 

6 , 000 

60,000 

263,000 

( a )  

( b )  T o t a l  v e h i c l e  we igh t  i n c l u d i n g  personnel  b a r r i e r .  

T o t a l  cask we igh t  i n c l u d i n g  l i d s ,  t iedowns and impact l i m i t e r  ( g i v e n  
s e p a r a t e l y  near t h e  bot tom o f  t h e  t a b l e ) .  
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General C o n f i g u r a t i o n  ( F i g u r e  4.1) 

The genera l  cask c o n f i g u r a t i o n  i s  a r i g h t  c y l i n d e r .  T h i s  des ign  

was s e l e c t e d  because i t  i s  t h e  most common des ign  f o r  casks, t h e  

e a s i e s t  t o  f a b r i c a t e  and t h e  e a s i e s t  t o  ana lyze  f o r  bo th  s t r u c t u r a l  

s t r e n g t h  and r a d i a t i o n  doses. 

0 Surfaces 

The cask su r faces  a r e  smooth w i t h  a minimum o f  c rev i ces .  Heat 

t r a n s f e r  s t u d i e s  have shown t h a t  casks f o r  s h i p p i n g  spent f u e l  t h a t  

has been coo led  f o r  ove r  3 y e a r s  a f t e r  d i scha rge  f rom a r e a c t o r  have 

adequate heat d i s s i p a t i o n  w i t h  a smooth e x t e r n a l  s u r f a c e  (Bucholz 

1983). 

spent f u e l  p o o l s  i s  g e n e r a l l y  p r o p o r t i o n a l  t o  t h e  s u r f a c e  area  of t h e  

o b j e c t ,  t h e  s u r f a c e  area o f  t h e  cask shou ld  be as smal l  as p o s s i b l e .  

I n  a d d i t i o n ,  a smooth s u r f a c e  i s  e a s i e r  t o  decontaminate than  an 

i r r e g u l  a r  sur face.  

Because t h e  r a d i o a c t i v e  con tamina t ion  o f  o b j e c t s  p l a c e d  i n  

o L i d  Design ( F i g u r e  4.2) 

The cask has two l i d s  on t h e  upper  end. The i n n e r  l i d  p r o v i d e s  

t h e  p r imary  sea l  and s h i e l d i n g  f o r  t h e  i n n e r  c a v i t y ,  and c o n t a i n s  t h e  

upper neu t ron  s h i e l d .  I t  has t h r e e  p e n e t r a t i o n s ,  each w i t h  va l ves  

and quick-connect ,  s h u t - o f f  coup l i ngs .  

Lid Bolts 

$ for Rings Impact Ltmitzrs Bolt Lifting Hales 04 id  

1, Outer Lid 

FIGURE 4.1. P o s t u l a t e d  Reference Spent Fuel T ranspor t  Cask 
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Bolt Holes for Lifting 
Rings and linpact Limiters 

J 
Outer Lid 

Therrnoc 
We1 ..i 

- 0 Ring Seal 

Trunnion 

Note Test. flush and drain lines have capped valves 

FIGURE 4.2. P o s t u l a t e d  Reference Spent Fuel  T ranspor t  Cask 
L i d  Design ( S e c t i o n  A-A o f  F i g u r e  4.1). 

The p r imary  p e n e t r a t i o n  p e r m i t s  p ressu re  t e s t i n g  and f l u s h i n g  o f  

t h e  i n n e r  c a v i t y .  The o t h e r  two p e n e t r a t i o n s  a r e  a d r a i n  connec t ion  

f o r  sampling, f l u s h i n g  and d r y i n g  t h e  c a v i t y ,  and a sma l l -d iamete r  
t u b e  f o r  t e s t i n g  t h e  i n t e g r i t y  o f  t h e  i n n e r  l i d  sea l .  The i n n e r  l i d  

i s  h e l d  i n  p l a c e  by 36 b o l t s  f o r  r a i l  casks and 12 b o l t s  f o r  t r u c k  

casks. 

The o u t e r  l i d  i s  a c i r c u l a r  s t e e l  p l a t e  1 1 /2  inches  t h i c k  t h a t  

p r o v i d e s  p r o t e c t i o n  a g a i n s t  impact damage t o  t h e  connectors  on t h e  

i n n e r  l i d .  The o u t e r  l i d  i s  h e l d  i n  p l a c e  by 12 b o l t s  f o r  r a i l  casks 

and 8 b o l t s  f o r  t r u c k  casks. 

A l l  connect ions i n t o  t h e  cask i n n e r  c a v i t y  a r e  th rough  t h e  i n n e r  

l i d .  A minimum number o f  cask p e n e t r a t i o n s  i s  d e s i r a b l e  t o  reduce 

t h e  p o t e n t i a l  f o r  r e l e a s e  of con tamina t ion  t o  t h e  environment and t o  

m in im ize  t h e  amount o f  c r e v i c e s  i n  t h e  cask s u r f a c e  t h a t  can become 
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contaminated when t h e  cask i s  i n  a spent f u e l  s to rage  poo l .  P l a c i n g  1 

t h e  p ressu re  t e s t  and gas sample p e n e t r a t i o n s  i n  t h e  l i d s  makes those  

p e n e t r a t i o n s  a v a i l a b l e  f o r  decontaminat ion w h i l e  t h e  l i d s  a r e  removed 

f rom t h e  casks. 

Thermocouples a r e  i n s t a l l e d  i n  t h e  cask w a l l  f o r  temperature 

measurements. The e x t e r n a l  thermocouple connect ions a r e  made th rough  

t h e  t o p  edge o f  t h e  cask. 

0 L i d  Seals ( F i g u r e  4.2) 

Each cask l i d  has two e las tomer  O- r i ng  seals.  Us ing double 

sea ls  reduces s i g n i f i c a n t l y  t h e  p o t e n t i a l  f o r  leakage and a l s o  

p e r m i t s  t e s t i n g  t h e  i n t e g r i t y  o f  t h e  sea l  s by p r e s s u r i  z i n g  o r  evac- 

u a t i n g  t h e  space between t h e  sea ls .  

0 L i d - L i f t i n g  Attachments ( F i g u r e  4.2) 

The i n n e r  l i d  has s h a l l o w  th readed  h o l e s  f o r  f o u r  eye b o l t s  f o r  

a t t a c h i n g  t h e  l i d - l i f t i n g  dev i ce .  The i n n e r  l i d  on a loaded cask 

must n o t  be removed u n t i l  t h e  cask i s  i n  a poo l  o r  coupled t o  a h o t  

c e l l  and must be i n s t a l l e d  b e f o r e  t h e  cask i s  removed f rom t h e  poo l  

o r  h o t  c e l l .  

i s  p laced  i n  a pool  exped i tes  t h e  l i d  removal and replacement.  

Connect ing a l i f t i n g  dev i ce  t o  t h e  i n n e r  l i d  b e f o r e  i t  

The o u t e r  l i d  has sha l l ow  th readed  h o l e s  f o r  t h r e e  r i n g  suppor t s  

for l i f t i n g  t h e  l i d  and a d d i t i o n a l  s h a l l o w  threaded h o l e s  f o r  a t t a c h -  

i n g  t h e  impact l i m i t e r s .  

0 Fuel Spacers ( F i g u r e  4.2) 

The f u e l  placement spacers a r e  b o l t e d  t o  t h e  i n n e r  sur face of 

t h e  i n n e r  l i d .  I n s t a l l a t i o n  o f  t h e  f u e l  spacers on t h e  l i d  must 

occur  b e f o r e  t h e  i n n e r  l i d  i s  i n s t a l l e d  on t h e  cask. 

Cask R o t a t i o n  ( F i g u r e  4.3) 

A t i l t i n g  c r a d l e  i s  used f o r  cask r o t a t i o n  on t h e  t r a n s p o r t  

v e h i c l e .  Dur ing  removal o f  t h e  cask f rom t h e  t r a n s p o r t  v e h i c l e  and 
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Tiedown Band Tilt i rig 
Cradle 

Cradle - 4( support 

1 
Axial Restraint Bracket 

End View 
of Vehicle Side View 

Note: Impact limiters not shown 

Tr 

1 .  Release Position for Cask Lifting 2. Final Position for Transportation 

FIGURE 4.3. Veh ic le  Supports f o r  Postu la ted  Reference 
Spent Fuel l r a n s p o r t  Cask 
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l o a d i n g  o f  t h e  cask on to  t h e  v e h i c l e ,  t h e  cask must he r o t a t e d  90" 

between t h e  h o r i z o n t a l  and v e r t i c a l  p o s i t i o n s .  

0 Cask Support on T ranspor t  V e h i c l e  ( F i g u r e  4.3) 

The ends o f  t h e  cask a re  suppor ted on t h e  t r a n s p o r t  v e h i c l e  by a 

sadd le  a t  t h e  c l o s u r e  end and w i t h i n  a h o l l o w  c y l i n d r i c a l  t i l t i n g  

c r a d l e  a t  t h e  bot tom end. These a re  designed so t h a t  about one- 

q u a r t e r  o f  t h e  cask c i r cumfe rence  i s  i n  c o n t a c t  w i t h  these suppor ts  

d u r i n g  t r a n s p o r t .  

o f  t h e  cask s u r f a c e  and avo ids  p l a c i n g  concen t ra ted  loads on t h e  

t r u n n i o n s  d u r i n g  t r a n s p o r t a t i o n .  The sadd le  suppor t  i s  des igned t o  

r e s i s t  a x i a l  movement o f  t h e  cask r e l a t i v e  t o  t h e  t r a n s p o r t  v e h i c l e  

d u r i n g  a r a p i d  v e h i c l e  d e c e l e r a t i o n .  

T h i s  arrangement d i s t r i b u t e s  t h e  suppor t  over  much 

0 Cask Tiedowns ( F i g u r e  4.4) 

The cask t iedowns a r e  des igned f o r  r a p i d  i n s t a l l a t i o n  and 

removal. The cask t iedowns c o n s i s t  of  a band p laced over  t h e  cask 

and then p inned i n  p lace.  They a re  des igned such t h a t  a l l  ope ra t i ons  

can he performed r a p i d l y  w i t h o u t  t h e  use o f  overhead cranes. 

keeper b o l t s  a re  used t o  h o l d  t h e  p i n s  i n  p lace.  

Small 

0 Impact L i m i t e r s  ( F i g u r e  4.5) 

Impact l i m i t e r s  a r e  b o l t e d  t o  each end o f  t h e  cask. The impact 

l i m i t e r s  a r e  l a r g e  c y l i n d r i c a l  s t r u c t u r e s  designed t o  p r o t e c t  t h e  

cask body and c l o s u r e  a g a i n s t  impacts. 

0 Personnel B a r r i e r  ( F i g u r e  4.6) 

The personnel  b a r r i e r  i s  a t e l e s c o p i n g  b a r r i e r  t h a t  enc loses t h e  

cask, suppor ts ,  and impact  l i m i t e r s  and p r o t e c t s  aga ins t  i n a d v e r t e n t  

i n t r u s i o n  and road grime. The genera l  des ign  c o n s i s t s  o f  a metal 

f raine s u p p o r t i n g  a sol i d  sheet-metal t o p  and 1 ouvered sheet-metal 

s ides.  The b a r r i e r  c o n s i s t s  o f  movable s e c t i o n s  t h a t  can be 

r e t r a c t e d  toward each r e s p e c t i v e  end o f  t h e  veh ic le .  I t  i s  designed 

so t h a t  i t  can be e a s i l y  r e t r a c t e d  manua l ly  by p u l l i n g ,  w i t h o u t  t h e  

use o f  overhead cranes, o r  o t h e r  power-operated equipment and can be 

r a p i d l y  p inned and locked  i n t o  p lace.  
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TOD View Cask Saddle 

-Band Around 
Cask 

\ 

Tiedown - Notch 
Band Around 

Threaded Rod 

19estraint End View 
of Cask Saddle 

Side View 
of Cask Saddle 

FIGURE 4.4. Cask Tiedowns f o r  P o s t u l a t e d  Reference 
Spent Fuel T ranspor t  Cask 

Utmer End Impact Limiter 

Lower End Impact Limiter 

l-6 

4 0  

End View 

0 
Side View Section A-A 

u Tilting & f 
Cradle 

Side View Section B-B 

FIGURE 4.5. Impact L i m i t e r s  f o r  P o s t u l a t e d  Reference 
Spent Fuel T ranspor t  Cask 
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Normal Transportation Position 

\ 
\ 

I 
Lock and Seal 

Retracted Position 

FIGURE 4.6. Personnel  B a r r i e r s  f o r  P o s t u l a t e d  Reference 
Spent Fue l  T r a n s p o r t  V e h i c l e  

0 Fue l  Assembly Baskets  

The fue l  assemb,ly baskets  a r e  r i g h t - c i  r c u l  a r  cy1 i n d e r s  

i n g  an arrangement o f  square l o n g i t u d i n a l  channels s i z e d  t o  

i r r a d i a t e d  f u e l  assemblies. The p r i m a r y  s t r u c t u r e  i s  s t a i n  

s t e e l .  Other  m a t e r i a l s  t o  p r o v i d e  s h i e l d i n g ,  hea t  t r a n s f e r  

n e u t r o n  absorpt  i on may be i n c l  uded . 

cask, 

p o s t u  

con ta in -  

c o n t a i n  

ess 
and 

0 T r a n s p o r t  V e h i c l e s  

The t r a n s p o r t  v e h i c l e s  a r e  ded ica ted  t o  c a r r y i n g  one t y p e  o f  

They a re  s tandard  t r u c k  t r a i l e r s  o r  r a i l r o a d  f r a t b e d  c a r s  cask. 

designed t o  c a r r y  t h e  maximum des ign  we igh t  l oads  f o r  u n r e s t r i c t e d  

t r a v e l .  The v e h i c l e  beds a r e  permanent ly m o d i f i e d  as a p p r o p r i a t e  f o r  

t h e  cask and personnel  b a r r i e r  suppor t  mechani sms. 

4.1.2.4 Cask Dose Rate Maps 

he genera l  c o n f i g u r a t i o n s  o f  a l e g a l w e i g h t  t r u c k  cask and a l a r g e  r a i l  

as shown on t h e  DOE f a c t  sheets  ( F i g u r e  4.7)(DOE 1986a), were used as t h e  

a t e d  r e f e r e n c e  casks f o r  t h e  a n a l y s i s  o f  t h e  p o s t u l a t e d  r e f e r e n c e  
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FIGURE 4.7. DOE F a c t  Sheet Cask I l l u s t r a t i o n s  
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t r a n s p o r t a t i o n  system. 

r a t e s  a t  t h e  r e g u l a t o r y  l i m i t s  a t  2 meters r a d i a l l y  f rom t h e  s i d e  o f  t h e  t r a n s -  

p o r t  v e h i c l e  and a t  t h e  neares t  occupied l o c a t i o n  a x i a l l y  f rom t h e  ends o f  t h e  

casks. 

The s h i e l d i n g  i n  t h e  casks was ad jus ted  t o  y i e l d  dose 

The two-dimensional t r a n s p o r t  t heo ry  code DOT-4 (Rhoades 1982) was used t o  

c a l c u l a t e  t h e  d i r e c t i o n a l  (R-Z)  dose ra tes .  The source m a t e r i a l  f o r  these dose 

c a l c u l a t i o n s  was assumed t o  be two Westinghouse 17 x 17 PWR f u e l  assemblies i n  

t h e  t r u c k  cask and 14 fue l  assembl ies i n  t h e  r a i l  cask. The f u e l  assembl ies 

were assumed t o  have a c y l i n d r i c a l  geometry t h a t  had t h e  same volume as t h e  sum 

o f  t h e  volumes o f  t h e  square assemblies. 

t a i n e d  w i t h i n  t h e  f u e l  assemblies were c a l c u l a t e d  u s i n g  t h e  computer code 

0RIGEN2 ( C r o f f  1980) f o r  exposures o f  35,000 MWd/MTU and 10 yea rs  coo l i ng .  The 

a x i a l  shape o f  t h e  f i s s i o n  produc t  and s t r u c t u r a l  a c t i v a t i o n  produc t  source was 

based  on a c t u a l  p r o f i l e s  f rom spent f u e l  assemblies. 

The r a d i o n u c l i d e  i n v e n t o r i e s  con- 

The gamma and neu t ron  f l  ux- to -dose- ra te  convers ion  f a c t o r s  used i n  t h i s  

a n a l y s i s  were taken f rom A N S / A N S I  6.1.1 (ANSI 1977). 

da ta  s u p p o r t i n g  these f a c t o r s  have suggested t h a t  t h e  neu t ron  convers ion  

f a c t o r s  shou ld  be inc reased by about a f a c t o r  o f  2, which would i nc rease  t h e  

aggregate dose r a t e  a t  t h e  cask s u r f a c e  by about 30%. However, these r e v i s e d  

neu t ron  f a c t o r s  have no t  y e t  been u n i v e r s a l l y  accepted and were n o t  used i n  

t h i s  ana lys i s .  A more complete d i s c u s s i o n  of t h e  cask dose r a t e  c a l c u l a t i o n s  

i s  p resented  i n  Appendix A. 

Recent rev iews o f  t h e  

The r e s u l t s  o f  t h e  c a l c u l a t i o n s  f o r  d r y  casks a re  i l l u s t r a t e d  i n  

F i g u r e  4.8 i n  t h e  fo rm o f  i so-dose r a t e  maps. 

t h a t  workers engaged i n  a c t i v i t i e s  c l o s e  t o  t h e  s ides  o f  t h e  cask body (such as 

manual decontaminat ion)  would be work ing  i n  f i e l d s  averag ing  30-40 mremjhour 

over  most o f  t h e  l e n g t h  o f  t h e  cask. Yorkers  engaged i n  ope ra t i ons  a t  t h e  t o p  

o f  t h e  cask would be i n  r e l a t i v e l y  h i g h  dose r a t e  f i e l d s  w h i l e  t h e  o u t e r  l i d  i s  

i n  p lace ,  averag ing  as much as 80 mrem/hour. Once t h e  o u t e r  l i d  i s  removed, 

average dose r a t e s  t o  t h e  workers a re  as h i g h  as 200 mrem/hour. However, when 

a cask i s  removed from t h e  spent f u e l  pool f o l l o w i n g  l oad ing ,  t h e  no rma l l y  v o i d  

space i n  t h e  cask c a v i t y  i s  f i l l e d  w i t h  water ,  and t h e  s h i e l d i n g  and neut ron-  

modera t ing  p r o p e r t i e s  o f  t h e  water  reduces t h e  e x t e r n a l  dose ra tes .  F o r  PWR 

I t  can be seen f rom t h e  maps 
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spent f u e l s  t h i s  i s  about a f a c t o r  o f  120 i n  t h e  c l o s u r e  r e g i o n  and about a 

f a c t o r  o f  40 a long  t h e  s i d e s  o f  t h e  cask. 

l ower  f o r  BWR spent f u e l s .  

t h e  e x t e r n a l  dose r a t e s  around a loaded cask a r e  very  low (see Appendix A). 

These dose r a t e  p r o f i l e s ,  c a l c u l a t e d  f o r  t h e  p o s t u l a t e d  r e f e r e n c e  casks, were 

used as t h e  b a s i s  f o r  e s t i m a t i n g  t h e  personnel  exposures ( p u b l i c  and occupa- 

t i o n a l  ) r e c e i v e d  d u r i n g  t r a n s p o r t a t i o n  a c t i v i t i e s .  

The dose-rate r e d u c t i o n  f a c t o r  i s  

Thus, u n t i l  t h e  wa te r  i s  removed f rom t h e  c a v i t y ,  

L i  ne- and d i  sk-source c a l  c u l  a t i  ons u s i  ng t h e  fo rmu la  g i ven  by Rockwel l  

(1956) were employed t o  e s t i m a t e  t h e  dose r a t e s  a t  l o c a t i o n s  a t  l a r g e r  

d i s t a n c e s  f rom t h e  cask than  a r e  shown i n  t h e  iso-dose r a t e  maps, u s i n g  t h e  

dose r a t e s  a t  2.7 meters ( s i d e ,  10 mrem/hour) and 2.3 meters (bo t tom end, 

4 mrem/hour; t o p  end, 12 mrem/hour) f rom t h e  cask su r faces  as t h e  n o r m a l i z a t i o n  

p o i n t s  f o r  t h e  t r u c k  cask. 
f o r  s e l e c t e d  d i s t a n c e s  f rom t h e  cask su r faces .  Dose r a t e s  f r o m  t h e  ends of t h e  

r a i l  cask a r e  somewhat h i g h e r  b u t  a r e  s t i l l  w i t h i n  r e g u l a t o r y  l i m i t s ,  s i n c e  t h e  

neares t  occupied l o c a t i o n  f o r  a r a i l  shipment i s  a t  a g r e a t e r  d i s t a n c e  f rom t h e  

cask ends. 

The c a l c u l a t e d  dose r a t e s  a r e  g i ven  i n  Table 4.3 

TABLE 4.3. Dose Rates a t  S e l e c t e d  D is tances  f rom Cask Sur faces 

Dose Rates, mrem/hr, a t  D is tance  Shown 
D i s t a n c e  ( m )  5 10 20 

S ide  (Truck & R a i l )  3.2 0.76 0.18 

Bot tom End (T ruck )  0.8 0.2 0.05 

Top End ( T r u c k )  2.5 0.60 0.15 

Bottom End ( R a i l )  8.1 2.0 0.46 

Top End ( R a i l )  2.8 0.69 0.16 

30 50 
0.07 0.02 
0.02 0.006 

0.06 0.019 

0.19 0.06 

0.07 0.02 

4.1.3 Reactor  P l a n t  Fuel  Shipment F a c i l i t i e s  

100 

0.005 
0.001 

0.004 

0.01 

0.004 

T h i s  s e c t i o n  c o n t a i n s  a d e s c r i p t i o n  o f  t h e  p o s t u l a t e d  r e f e r e n c e  concept 

f o r  t h e  spent f u e l  shipment f a c i l i t i e s  a t  t h e  r e a c t o r  p l a n t s  where spent f u e l  

i s  loaded i n t o  t r a n s p o r t  casks and t h e  casks a r e  prepared f o r  c ross -coun t ry  

shipment. 
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Most o f  t h e  r e a c t o r  p l a n t  spent f u e l  shipment f a c i l i t i e s  expected t o  be 

used d u r i n g  t h e  nex t  15-20 yea rs  a l ready  have been designed and cons t ruc ted .  

Review o f  t hose  des igns shows a wide v a r i a t i o n  i n  f a c i l i t y  c h a r a c t e r i s t i c s  and 

dimensions such t h a t  a t y p i c a l  des ign  cannot be s e l e c t e d  t h a t  i s  r e p r e s e n t a t i v e  

o f  a l l  r e a c t o r  p l a n t s .  As a r e s u l t ,  t h e  p o s t u l a t e d  r e f e r e n c e  concept desc r ibed  

h e r e i n  was s e l e c t e d  t o  rep resen t  the t y p i c a l  f a c i l i t i e s  expected t o  be a v a i l -  

a b l e  a t  l a r g e  r e a c t o r  p l a n t s .  T h i s  d e s c r i p t i o n  shou ld  no t  be i n t e r p r e t e d  as 

be ing  r e p r e s e n t a t i v e  o f  any spec i  f i c  p l a n t ,  a l t hough  i t  i s  c o n c e p t u a l l y  c o r r e c t  

f o r  a m a j o r i t y  o f  r e a c t o r  p l a n t s  (grid f u n c t i o n a l l y  c o r r e c t  f o r  a l l  r e a c t o r  

p l a n t s .  F o r  a d d i t i o n a l  r a t i o n a l e  on s e l e c t i o n  o f  t h e  p o s t u l a t e d  re fe rence  

f a c i l i t y ,  see Appendix E. 

One p o s t u l a t e d  r e f e r e n c e  concept i s  presented f o r  t h e  shipment f a c i  1 i t i e s -  

separa te  des igns a r e  no t  presented f o r  BWR and PWR f a c i l i t i e s .  The cask 

h a n d l i n g  f a c i l i t i e s  f o r  BWRs a r e  ‘ located on t h e  r e f u e l i n g  f l o o r  f a r  above t h e  

ground l e v e l  , whereas t h e y  a re  g e n e r a l l y  near ground l e v e l  f o r  PWRs. T h i s  

d i f f e r e n c e  r e s u l t s  p r i m a r i l y  i n  a somewhat l o n g e r  t i m e  f o r  moving a cask 

between t h e  t r a n s p o r t  v e h i c l e  and t h e  cask s e r v i c e  pad a t  BWRs. Because o f  t h e  

s t r u c t u r a l  s h i e l d i n g  and i s o l a t i o r i  o f  t h e  t r a n s p o r t  p a t h  w i t h i n  BWR p l a n t s ,  and 

because o f  o p e r a t i o n a l  and p rocedura l  c o n t r o l s ,  t h e  l o n g e r  t imes  a s s o c i a t e d  

w i t h  i n t e r n a l  t r a n s p o r t  a t  BWRs do n o t  r e s u l t  i n  a s i g n i f i c a n t  i n c r e a s e  i n  

r a d i a t i o n  dose t o  t h e  p l a n t  workers no r  i n  a s i g n i f i c a n t  i n c r e a s e  i n  cask 

tu rna round  t imes. 

T h i s  f a c i l i t y  d e s c r i p t i o n  i s  presented i n  two pa r t s .  The f i r s t  p a r t  con- 

t a i n s  a d e s c r i p t i o n  o f  t h e  pos tu la l ted  r e f e r e n c e  p l a n t  f a c i l i t i e s  r e l a t e d  t o  

movements o f  t h e  cask t r a n s p o r t  v e h i c l e s  f rom t h e  p l a n t  o u t e r  gatehouse t o  t h e  

v e h i c l e  l o a d i n g  area w i t h i n  t h e  f u e l  h a n d l i n g  b u i l d i n g .  The second c o n t a i n s  a 

d e s c r i p t i o n  o f  t h e  f a c i l i t i e s  i n s i d e  t h e  process b u i l d i n g  f o r  moving t h e  cask 

between t h e  t r a n s p o r t  v e h i c l e  and t h e  spent  f u e l  l o a d i n g  p i t  i n  o r  near  t h e  

spent f u e l  pool  . Each p a r t  l eads  o f f  w i t h  a genera l  n a r r a t i v e  d e s c r i b i n g  t h e  

v e h i c l e  and cask a c t i v i t i e s  r e l a t e d  t o  t h e  f a c i l i t i e s  b e i n g  descr ibed.  

4.1.3.1 T r a n s p o r t a t i o n  V e h i c l e  F a c i l i t i e s  Ou ts ide  t h e  B u i l d i n g s  

The t r a n s p o r t  v e h i c l e  c a r r y i n g  an empty cask a r r i v e s  a t  t h e  p l a n t  o u t e r  

guardhouse a t  t h e  p l a n t  p e r i m e t e r  fence, i s  d isconnected from t h e  commercial 
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c a r r i e r ,  mon i to red  f o r  r a d i o a c t i v i t y ,  i nspec ted  f o r  f o r e i g n  o b j e c t s ,  connected 

t o  an o n s i t e  d r i v e  u n i t  and p u l l e d  th rough  t h e  o u t e r  ga te  t o  an i n s p e c t i o n  and 

washdown area between t h e  p e r i m e t e r  fence and t h e  i n n e r  s e c u r i t y  fence. 

o n s i t e  d r i v e  u n i t  i s  a s tandard  y a r d  t r u c k  des igned f o r  e i t h e r  road o r  r a i l r o a d  

use. 

The 

The t r a i l e r  o r  r a i l r o a d  c a r  and cask personnel  b a r r i e r  a re  washed u s i n g  

The personnel b a r r i e r  i s  hand-held hoses and inspec ted  f o r  f o r e i g n  ob jec ts .  

r e t r a c t e d  and t h e  equipment and v e h i c l e  t h a t  was under t h e  cover  i s  washed and 

inspec ted ,  as app rop r ia te .  The t r a i l e r  o r  r a i l r o a d  ca r  i s  then p u l l e d  th rough  

t h e  i n n e r  s e c u r i t y  fence, moved t o  and parked i n s i d e  t h e  process b u i l d i n g  i n  

t h e  v e h i c l e  l o a d i n g  area underneath t h e  process crane. 

A f t e r  t h e  cask i s  loaded w i t h  spent f u e l  assemblies and p laced back on t h e  

t r a n s p o r t  v e h i c l e ,  t h e  o n s i t e  d r i v e  u n i t  p u l l s  t h e  v e h i c l e  t o  t h e  p l a n t  o u t e r  
guardhouse where i t  i s  t r a n s f e r r e d  t o  t h e  commercial c a r r i e r .  

A genera l  diagram o f  t h e  p l a n t  f a c i l i t i e s  r e l a t e d  t o  t h e  t r a n s p o r t a t i o n  

v e h i c l e  a c t i v i t i e s  i s  p resented  i n  F i g u r e  4.9. 

e s s e n t i a l l y  anywhere between t h e  p e r i m e t e r  fence and i n s i d e  t h e  process 

The washdown area can be 
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FIGURE 4.9. Cask Rece iv ing  and Sh ipp ing  F a c i l i t i e s  f o r  t h e  
P o s t u l a t e d  Reference Nuc lear  Power P l a n t  
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b u i l d i n g s .  I t  c o n s i s t s  o f  a concre te  pad where t h e  v e h i c l e  can be washed and 

t h e  wash water  w i l l  f l o w  i n t o  a mon i to red  c o l l e c t i o n  system. S ince  o n l y  road 

d i r t  i s  be ing  washed o f f  t h e  veh ic le ,  s p e c i a l  t rea tmen t  o f  t h e  e f f l u e n t  

no rma l l y  i s  no t  necessary. I f ,  however, r a d i a t i o n  m o n i t o r i n g  r e v e a l s  abnormal 

c o n d i t i o n s ,  s p e c i a l  hand l i ng  w i l l  be necessary. 

4.1.3.2 Cask and Spent Fuel  Movement F a c i l i t i e s  I n s i d e  t h e  B u i l d i n g s  

A b r i e f  d e s c r i p t i o n  o f  cask I i and l i ng  and f u e l  l o a d i n g  opera t i ons  w i t h i n  

t h e  spent  f u e l  l o a d i n g  area a t  t h e  nuc lea r  power s t a t i o n  i s  g i ven  below. 

D e t a i l e d  s tep-by-s tep  d e s c r i p t i o n s  a re  g iven i n  Sec t i on  4.2.2 and i n  

Appendix B. 

area i n  t h e  f u e l  hand l i ng  b u i l d i n g ,  t h e  impact l i m i t e r s  a re  detached and 

t iedowns a re  removed, r e l e a s i n g  t h e  cask f rom t h e  veh ic le .  The cask i s  t hen  

l i f t e d  f rom t h e  v e h i c l e  and p laced on a s e r v i c e  pad where i t  i s  prepared f o r  

l oad ing ,  and i s  t hen  p laced 'in t h e  underwater  l o a d i n g  p i t  where i t  i s  loaded 

w i t h  spent f u e l  assemblies. I t  i(; l i f t e d  back t o  a s e r v i c e  pad, prepared f o r  

shipment, decontaminated, and p laced back on t h e  t r a n s p o r t  veh ic le .  

connected t o  t h e  veh ic le ,  t h e  impdct l i m i t e r s  a re  i n s t a l l e d  and a thorough 

i n s p e c t i o n  i s  made. 

Wi th  t h e  cask r e s t i n g  on t h e  t r a n s p o r t a t i o n  v e h i c l e  i n  t h e  l o a d i n g  

I t  i s  then  

A p l a n  view o f  t h e  p o s t u l a t e d  re fe rence  f a c i l i t i e s  f o r  cask h a n d l i n g  i s  

p resented  i n  F i g u r e  4.10 and a c ross  s e c t i o n  o f  these f a c i l i t i e s  i s  p resented  

i n  F i g u r e  4.11. These i l l u s t r a t i o n s  bes t  represent  PWR f a c i l i t i e s .  A t  BWRs, 

t h e  v e h i c l e  l o a d i n g  area i s  a t  ground l e v e l  and t h e  o t h e r  h a n d l i n g  areas a re  on 
t h e  e l e v a t e d  r e f u e l i n g  f l o o r .  

The gener ic  cask hand l i ng  f a c i l i t i e s  c o n s i s t  o f  a v e h i c l e  l o a d i n g  area, a 

cask s e r v i c e  pad, and a cask 1oad.ing p i t .  

The v e h i c l e  l o a d i n g  area i s  ii l a r g e  bay i n  t h e  f u e l  h a n d l i n g  b u i l d i n g  i n  

which a t r u c k  t r a i l e r  o r  a r a i l r o a d  c a r  c o n t a i n i n g  a cask i s  parked. I t  i s  

s e r v i c e d  by an overhead crane o f  s u f f i c i e n t  c a p a c i t y  t o  handle t h e  casks. The 

c rane a l s o  has a u x i l i a r y  hooks f o r  l i g h t e r  l oads  and i s  opera ted  by pendant 

c o n t r o l s  from t h e  o p e r a t i n g  f l oo r , ,  

The cask s e r v i c e  pad i s  a r e i n f o r c e d  conc re te  s t r u c t u r e  surrounded by a 

sha l low c u r b i n g  upon which t h e  cask i s  prepared f o r  placement i n  t h e  l o a d i n g  
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p i t  o r  prepared f o r  placement on the t r a n s p o r t  veh ic le .  

m i t  decontaminat ion  o f  t h e  cask and has a movable s e r v i c e  p l a t f o r m  t o  p r o v i d e  

an e l e v a t e d  work ing  l e v e l  f o r  personnel work ing  on t h e  head o f  t h e  cask. The 

pad i s  designed such t h a t  wash waters  f rom cask decontaminat ion  f l o w  i n t o  

d r a i n s  connected t o  t h e  p l a n t  r a d i o a c t i v e  l i q u i d  waste t rea tmen t  system. 

I t  i s  des igned t o  per -  

The cask l o a d i n g  p i t  i s  connected t o  t h e  spent f u e l  poo l ,  and i s  s e r v i c e d  

by t h e  f u e l  pool b r i d g e  crane. A t  some l o c a t i o n s ,  i t  a l s o  c o n t a i n s  an impact 

l i m i t e r  a t  t h e  bo t tom t o  reduce t h e  impact  on t h e  p i t  s t r u c t u r e  i n  t h e  event  o f  

a dropped cask. 

4.1.4 I n - t r a n s i t  T r a n s p o r t a t i o n  Opera t ions  

The opera t i ons  t h a t  occur  wh.ile t h e  shipment i s  i n  t r a n s i t  between t h e  

o r i g i n  and d e s t i n a t i o n  t e r m i n a l s  a re  d iscussed i n  t h i s  subsect ion.  D u r i n g  

these  opera t i ons ,  t h e  casks and vt!hicles a re  i n  l o c a t i o n s  t h a t  a r e  a c c e s s i b l e  

t o  t h e  genera l  p u b l i c .  Truck opera t i ons  a re  desc r ibed  i n  t h e  f i r s t  subsec t i on  

and r a i l  ope ra t i ons  i n  t h e  second,, These d e s c r i p t i o n s  e s t a b l i s h  t h e  bases f o r  

t h e  d e t a i l e d  assessment o f  i n - t r a n s i t  ope ra t i ons  presented  i n  S e c t i o n  4.3. 

A d d i t i o n a l  r a t i o n a l e  f o r  t h e  base:; i s  g i ven  i n  Sec t i on  3.4 and i n  Appendix E. 

4.1.4.1 Truck Opera t ions  

Truck shipments a re  assumed t o  be made by commercial c a r r i e r s  i n  genera l  

commerce u s i n g  l e g a l w e i g h t  t r u c k s  ( t o t a l  gross v e h i c l e  we igh t  l e s s  t h a n  

80,000 l b s ) .  

c a p a b i l i t i e s ,  shipment d i s a b l i n g  equipment used i n  case o f  an a t tempted h i j a c k -  

i n g  o r  d i v e r s i o n ,  and a s leeper  cab f o r  one person s leep ing .  The shipment i s  

p laca rded  i n  accordance w i t h  DOT r e g u l a t i o n s  (49 CFR 172.500 1986). The cask 

and v e h i c l e  a re  descr ibed more f u l l y  i n  Subsec t ion  4.2.1. 

T r a c t o r s  a r e  equipped w i t h  two-way rad ios ,  te lecommunica t ion  

The t r a n s p o r t  r o u t e  i s  2,860 km (1,780 m i l e s )  one-way and passes th rough  

r u r a l ,  suburban, and urban areas f o r  79, 20 and 1% o f  t h e  rou te ,  respec- 

t i v e l y .  

t r a v e l  i n  each p o p u l a t i o n  zone for. spent f ue l  t r u c k  shipments from f i v e  repre-  

s e n t a t i v e  r e a c t o r s  t o  t h r e e  p o t e n t i a l  r e p o s i t o r y  l o c a t i o n s ,  g i ven  i n  t h e  

r e p o s i t o r y  Envi ronmenta l  Assessments, Appendix A (DOE 1986b) . I n  accordance 

w i t h  DOT r o u t i n g  r e g u l a t i o n s  (49 CFR 177.825), t r a n s p o r t  i s  e n t i r e l y  on 

These f r a c t i o n s  were determined by c a l c u l a t i n g  average f r a c t i o n s  o f  
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i n t e r s t a t e  highways, except  when go ing  f rom t h e  o r i g i n  t o  an i n t e r s t a t e  highway 

and f rom an i n t e r s t a t e  highway t o  t h e  d e s t i n a t i o n .  Bypass rou tes  around major  

c i t i e s  a re  a l s o  assumed t o  be taken, where a v a i l a b l e .  

Truck shipments can be d i v i d e d  i n t o  a c t i v i t i e s  t h a t  occur  when moving and 

those t h a t  occur  a t  stops. A c t i v i t i e s  a t  t r u c k  s tops i n c l u d e  r e f u e l i n g  and 

ea t ing .  

n u c l e a r  power s t a t i o n  and upon en t rance i n t o  t h e  hos t  r e p o s i t o r y  s t a t e .  

s tops  a re  f o r  v e h i c l e  s a f e t y  i n s p e c t i o n s ,  cask r a d i a t i o n  i n s p e c t i o n s ,  and t o  be 

weighed. These i n s p e c t i o n s  a r e  c u r r e n t l y  n o t  performed by each s t a t e  b u t  c o u l d  

p o t e n t i a l l y  be r e q u i r e d  by t h e  s t a t e s  i n  t h e  f u t u r e .  

f o r  example, has e x t e n s i v e  i n s p e c t i o n  requ i rements  on some t ypes  o f  r a d i o a c t i v e  

m a t e r i a l  shipments. The e n t i r e  procedure,  acco rd ing  t o  t h e  Washington S t a t e  

P a t r o l ,  i n c l u d e s  a v e h i c l e  underca r r i age  i n s p e c t i o n  f o r  s t r u c t u r a l  de fec ts ,  

b rake  and t i r e  i n s p e c t i o n s ,  check ing  t h e  shipment m a n i f e s t  and d r i v e r ' s  creden- 

t i a l s ,  and a r a d i a t i o n  i n s p e c t i o n  o f  t h e  cask. I n  a d d i t i o n ,  d r i v e r s  a re  

r e q u i r e d  t o  n o t i f y  each P o r t  o f  E n t r y  a t  l e a s t  4 hours i n  advance o f  a r r i v a l  a t  

t h e  P o r t ,  which reduces w a i t i n g  t ime. 

Stops a re  a l s o  assumed t o  be made a t  t h e  i n i t i a l  v e h i c l e  e x i t  f rom t h e  

These 

The S t a t e  o f  Washington, 

It i s  a l s o  assumed i n  t h i s  s tudy  t h a t  each s t a t e  w i l l  p r o v i d e  two armed 

e s c o r t s  i n  a f o l l o w i n g  v e h i c l e  th roughou t  t r a v e l  i n  urban areas w i t h i n  t h e  

s t a t e .  Such e s c o r t s  a re  r e q u i r e d  o n l y  f o r  h i g h - p o p u l a t i o n  zones, b u t  s t a t e s  

may p r o v i d e  e s c o r t s  i f  they  des i re .  The requi rement  f o r  armed e s c o r t s  i n  

c i t i e s  has been proposed by t h e  NRC t o  be e l i m i n a t e d  (49 FR 112 1984) f o r  

shipments o f  f u e l  t h a t  has coo led  f o r  more than  150 days b u t  i s  r e t a i n e d  i n  

t h i s  study. (Note t h a t  t h i s  requ i rement  i s  i n  a d d i t i o n  t o  t h e  second d r i v e r  

who a l s o  serves as an e s c o r t  when he i s  n o t  d r i v i n g . )  

D r i v e r s  a re  r e q u i r e d  t o  r e s t  f o r  a t  l e a s t  8 hours a f t e r  d r i v i n g  f o r  a 

10-hour per iod .  There fore ,  two d r i v e r s  a re  needed i n  o r d e r  f o r  t h e  shipment t o  

t r a v e l  around- the-c lock.  One d r i v e r  s leeps w h i l e  t h e  o t h e r  d r i v e s  f o r  t e n  

hours ( i n c l u d i n g  s tops )  and then  t h e  second d r i v e r  d r i v e s  w h i l e  t h e  f i r s t  

sleeps. T h i s  reduces t h e  amount o f  s top - t ime  because t h e r e  i s  no need f o r  

o v e r n i g h t  s tops  f o r  d r i v e r ' s  r e s t .  

Yore d e t a i l s  o f  i n - t r a n s i t  o p e r a t i o n s  a r e  p rov ided  i n  S e c t i o n  4.3.2. 
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4.1.4.2 R a i l  Opera t ions  

R a i l  shipments a r e  assumed t o  be made by commercial c a r r i e r  companies 

u s i n g  genera l  f r e i g h t  r a i l  se rv i ce .  Spec ia l  p recau t ions  a re  made f o r  t h e  

s h i p p i n g  cask because i t  i s  car ry - ing  r a d i o a c t i v e  m a t e r i a l .  These p recau t ions  

i n c l u d e  n o t  p l a c i n g  t h e  c a s k / r a i l c a r  nex t  t o  t h e  l ocomot i ve  o r  caboose (one o r  
more ca rs  i s  p laced between t h e  cask c a r  and these r a i l  c a r s ) ,  and d i s a l l o w i n g  

"humping" o r  " k i c k i n g "  t h e  r a i l c a i .  a t  r a i l  t e rm ina ls .  

t h e  processes used t o  s o r t  r a i l c a r s  and assemble t r a i n s  acco rd ing  t o  t h e i r  nex t  

d e s t i n a t i o n .  Thus, spent fue l  r a i l  shipments a re  assumed t o  be "shoved t o  

r e s t "  a t  r a i l  t e rm ina ls .  Each t r i i i n  w i t h  a spent f u e l  cask i s  p rov ided  w i t h  a 

two-way v o i c e  communication system (e.g., rad io te lephone)  b u t  i s  n o t  r e q u i r e d  

by regu l  a t  i on t o  have sh i  pment-di :;ab1 i ng capabi 1 i t  i es. 

Humping o r  k i c k i n g  a r e  

The r a i l  t r a n s p o r t  r o u t e  i s  assumed t o  be 3,070 km (1,910 m i l e s )  one-way 

and t r a v e l s  th rough  r u r a l ,  suburbitn, and urban areas f o r  81, 18 and 1% o f  t h e  

rou te ,  r e s p e c t i v e l y .  

by averag ing  t h e  f r a c t i o n s  o f  t r a v e l  i n  each p o p u l a t i o n  zone f o r  a s e t  o f  

r e p r e s e n t a t i v e  r a i l  shipments t o  it r e p o s i t o r y  t h a t  a r e  desc r ibed  i n  DOE 
(1986b) . 
(49 CFR 172.403 1986). 

As w i t h  t r u c k  shipments, these f r a c t i o n s  were determined 

The t r a n s p o r t  v e h i c l e  i!; placarded i n  accordance w i t h  DOT r e g u l a t i o n s  

R a i l  ope ra t i ons  a re  somewhat more complex than t r u c k  o p e r a t i o n s  b u t  can 

a l s o  be d i v i d e d  i n t o  a c t i v i t i e s  w h i l e  moving and a c t i v i t i e s  w h i l e  a t  stops. 

R a i l  shipments s top  f o r  a number I o f  reasons, such as f o r  c l a s s i f i c a t i o n ,  t r a i n  
makeup, r e f u e l i n g ,  and crew changi:. The b a s i c  o p e r a t i n g  sequence was e x t r a c t e d  

f rom Wooden (1986), which was a l s o  t h e  b a s i s  f o r  s i m i l a r  i n f o r m a t i o n  on t h e  

r e p o s i t o r y  E A s ,  and i s  d iscussed below. 

The f i r s t  o p e r a t i o n  i n  a r a i l  shipment i s  t o  p i c k  up t h e  r a i l c a r  and cask 

a t  t h e  o r i g i n  f a c i l i t y .  T h i s  i s  t y p i c a l l y  done by a l o c a l  t r a i n  o r  i n d u s t r i a l  

l lswitcher, l '  depending on t h e  l o c a t i o n  o f  t h e  o r i g i n  f a c i l i t y .  

crew a s c e r t a i n s  t h a t  t h e  c a r  i s  rleady and s a f e  t o  be moved, t h e  l o c a l  t r a i n  o r  

s w i t c h e r  w i l l  proceed t o  a c l a s s i f i c a t i o n  t e r m i n a l ,  o f t e n  s topp ing  t o  p i c k  up 

o r  s e t  o f f  o t h e r  ca rs  a long t h e  w3y. 

A f t e r  t h e  r a i l  
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Upon a r r i v a l  a t  t h e  c l a s s i f i c a t i o n  t e r m i n a l ,  t h e  c a r  i s  i n s p e c t e d  and, i f  

necessary, repa i red .  C l a s s i f i c a t i o n ,  o r  marsha l i ng ,  i s  t h e  process o f  s o r t i n g  

c a r s  acco rd ing  t o  t h e  nex t  h a n d l i n g  and r o u t i n g  t h e y  a r e  t o  rece ive .  I n  

essence, t h e  r a i l c a r / c a s k  i s  moved t h r o u g h  t h e  t e r m i n a l  so i t  can be j o i n e d  t o  

a " b l o c k "  o r  group o f  c a r s  hav ing  t h e  same d e s t i n a t i o n ,  which a r e  b e i n g  

assembled t o  make up an outbound t r a i n .  

i t  i s  moved t o  a " d e p a r t u r e  y a r d "  where a i r  hoses a r e  connected, c a r  inspec-  

t i o n s  a r e  performed, brakes a r e  checked, and t h e  l o c o m o t i v e  and caboose a r e  

at tached.  The completed t r a i n  then  depar t s  f o r  t h e  nex t  t e r m i n a l .  A s i m i l a r  

o p e r a t i o n ,  o n l y  i n  reverse ,  occurs  a t  t h e  f i n a l  c l a s s i f i c a t i o n  t e r m i n a l  p r i o r  

t o  d e l i v e r y  t o  t h e  d e s t i n a t i o n  f a c i l i t y .  

A f t e r  t h e  outbound t r a i n  i s  assembled, 

I n t e r m e d i a t e  s tops  between t h e  o r i  g i  n and d e s t i  n a t i o n  t e r m i n a l  s a r e  t y p i  - 
c a l l y  n o t  as complex. However, when t h e  r a i l c a r / c a s k  i s  t o  be t u r n e d  over t o  a 

di f fe ren t  c a r r i e r  enroute ( c a r r i e r  exchange), a procedure s imilar  t o  c l a s s i f i -  

c a t i o n  i s  performed. At i n t e r m e d i a t e  s tops ,  t h e  r a i l c a r / c a s k  u s u a l l y  undergoes 

a "b lock  exchange'' i n  which t h e  b lock  o f  c a r s  hav ing  t h e  same d e s t i n a t i o n  a r e  

h e l d  as a b l o c k  t o  be p i c k e d  up by ano the r  t r a i n .  B lock  exchanges may occur  a t  

c l a s s i f i c a t i o n  t e r m i n a l s  o r  even a t  s t a t i o n s  o r  s i d i n g s  a long t h e  r a i l  l i n e .  

Normal ly ,  t h e  c a r s  r e c e i v e  no 

shipment i s  moving between t e r m i n a  

c a r s  i n  a t r a i n  every 1,000 m i l e s ,  

t e r m i n a l s ,  where i n s p e c t i o n s  a r e  a 

t h i s  d i s tance ,  so t h i s  requi rement  

s p e c i a l  a t t e n t i o n  d u r i n g  t h e  t i m e  when t h e  

s. There i s  a requi rement  t o  nspec t  t h e  

b u t  t h e  d i s t a n c e  between c l a s s  f i c a t i o n  

most always performed, i s  usua l y  l e s s  t h a n  

i s  n o t  u s u a l l y  a c o n s t r a i n t .  

The number o f  crewmen on a shipment, u n t i l  r e c e n t l y ,  was e i t h e r  f o u r  o r  

f i v e .  A f ive-man crew i s  assumed here, which i s  c o n s i s t e n t  w i t h  t h e  assump- 

t i o n s  used i n  t h e  EAs (DOE 1986b). Wooden (1986) i n d i c a t e s  t h a t  t h e  crew s i z e  

w i l l  e v e n t u a l l y  be no more t h a n  t h r e e  crew members, and may become as l i t t l e  as 

two. I n  a d d i t i o n  t o  t h e  crewmen, two e s c o r t s  a r e  assumed t o  accompany t h e  

t r a i n  th roughou t  t h e  shipment. 

D e t a i l e d  t ime /d i s tance /dose  e s t i m a t e s  f o r  a r e p r e s e n t a t i v e  3,070-km one- 

way r a i l  shipment a re  p resen ted  i n  S e c t i o n  4.3.3. 
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4.1.5 R e p o s i t o r y  R e c e i v i n g  and H(3ndling System 

T h i s  s e c t i o n  c o n t a i n s  a d e s c r i p t i o n  of t h e  p o s t u l a t e d  r e f e r e n c e  spent f u e l  

r e c e i v i n g  f a c i l i t i e s  a t  t h e  r e p o s i t o r y  where t r a n s p o r t  casks a r e  unloaded and 

t h e  empty casks a r e  prepared f o r  r e t u r n  shipment. 

The cask h a n d l i n g  c h a r a c t e r i s t i c s  o f  t h e  advanced conceptua l  des ign  of t h e  

MRS r e c e i v i n g  and h a n d l i n g  b u i l d i n g  were s e l e c t e d  t o  rep resen t  t h e  p o s t u l a t e d  

r e p o s i t o r y  cask hand l  i ng f a c i  1 i ty des i  gn. 

(Parsons 1985, DOE 1987) was s e l e c t e d  t o  rep resen t  t h e  p o s t u l a t e d  r e p o s i t o r y  

system, because 1 )  i t  i s  r e p r e s e n t a t i v e  o f  c u r r e n t  technology f o r  d r y  u n l o a d i n g  

f a c i l i t i e s ,  and 2 )  t h e  MRS des ign  p r o v i d e s  more d e t a i l  i n  d e s c r i b i n g  cask 

hand l  i ng f a c i  1 i t i e s  than  o t h e r  conceptua l  cask handl  i ng f a c i  1 i ty designs,  

i n c l u d i n g  e v o l v i n g  r e p o s i t o r y  designs. A d d i t i o n a l  r a t i o n a l e  f o r  s e l e c t i o n  of 

t h i s  f a c i l i t y  i s  g i ven  i n  S e c t i o n  3.4 and i n  Appendix E. 

The MRS conceptual  des i  gn 

The cask h a n d l i n g  f a c i l i t i e s  c o n s i s t  o f  f o u r  h o t  c e l l s ,  each h o t  c e l l  con- 

t a i n i n g  two spent f u e l  u n l o a d i n g  p o r t s  t o  which t h e  casks a r e  mated f o r  spent 

f u e l  l oad ing .  Each p o r t  i s  served by one c a r t  t o  t r a n s f e r  t h e  cask from t h e  

t r a n s p o r t  v e h i c l e  t o  t h e  p o r t .  Two a d d i t i o n a l  h o t  c e l l s  a r e  assumed t o  be 

p r o v i d e d  f o r  p e r i  o d i  c cask decontami n a t i o n .  

The genera l  p l a n  o f  t h e  p o s t u l a t e d  r e f e r e n c e  r e p o s i t o r y  s i t e  and i t s  

r e c e i v i n g  and h a n d l i n g  f a c i l i t y  i s  shown i n  F i g u r e  4.12. The f a c i l i t i e s  o f  

i n t e r e s t  i n  t h i s  s tudy  a r e  an i n s p e c t i o n  gatehouse, p r o t e c t e d  area gate, and a 
r e c e i v i n g , a n d  h a n d l i n g  b u i l d i n g  t h a t  c o n t a i n s  two washdown areas and two cask 

r e c e i  v i  ng and handl  i ng areas. 

Spent f u e l  a r r i v e s  a t  t h e  r e p o s i t o r y  f a c i l i t y  i n  t r a n s p o r t  casks c a r r i e d  

by e i t h e r  t r u c k  o r  r a i l .  F o l l o w i n g  i n i t i a l  i n s p e c t i o n  and check ing  of docu- 

ments a t  t h e  i n s p e c t i o n  gatehouse, t h e  t r a n s p o r t  v e h i c l e  and cask a r e  t r a n s -  

p o r t e d  t o  t h e  p r o t e c t e d  area gate. A t  t h e  p ro tec ted -a rea  gate, t h e  ove r - the -  

road t r a n s p o r t  p r ime mover i s  released, a y a r d  t r a c t o r  i s  hooked up, and a 

thorough s e c u r i t y  search and r a d i a t i o n  m o n i t o r i n g  i s  performed o f  t h e  cask and 

i t s  v e h i c l e .  The cask i s  t hen  t r a n s p o r t e d  t h r o u g h  t h e  p ro tec ted -a rea  ga te  i n t o  

t h e  p r o t e c t e d  area where i t  w a i t s  i n  queue f o r  un loading.  
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When t h e  r e c e i v i n g  and h a n d l i n g  b u i l d i n g  i s  ready t o  accept  t h e  cask, t h e  

cask i s  t r a n s p o r t e d  from t h e  queue i n  t h e  t h e  p r o t e c t e d  area t o  one o f  t h e  two 

washdown s t a t i o n s  i n s i d e  t h e  r e c e i v i n g  and h a n d l i n g  b u i l d i n g .  Each washdown 

s t a t i o n  s e r v i c e s  two r e c e i v i n g  h o t  c e l l s ,  as shown i n  t h e  r e c e i v i n g  and hand- 

l i n g  b u i l d i n g  l a y o u t  i n  F i g u r e  4.13. 

Each cask v e h i c l e  i s  washed a t  t h e  washdown s t a t i o n .  The tamper - i nd i ca t -  

i n g  sea ls  a re  removed, t h e  personnel  b a r r i e r  i s  r e t r a c t e d ,  and t h e  cask i s  

manua l ly  spot-washed ( i f  necessary) ,  and a l lowed t o  d r i p -d ry .  The cask i s  t hen  

t r a n s p o r t e d  t o  t h e  ad jacent  cask r e c e i v i n g  and h a n d l i n g  area, shown i n  

F i g u r e  4.14. Both  t h e  washdown ai-ea and r e c e i v i n g  and h a n d l i n g  area a re  

enc losed w i t h  doorways s e r v i n g  as v e n t i l a t i o n  c o n t r o l  b a r r i e r s .  

Each r e c e i v i n g  and h a n d l i n g  drea i s  served by a 150- ton crane f o r  cask 

h a n d l i n g  and a 40- ton crane f o r  h , i nd l i ng  s m a l l e r  items. 

r e c e i v i n g  h o t  c e l l s  i s  served w i t h  two e l e c t r i c a l l y - d r i v e n  cask c a r t s  on t h e i r  

own r a i l s ,  one cask c a r t  f o r  each o f  t h e  two p o r t s  pe r  h o t  c e l l  . 
Each o f  t h e  fou r  

A t  t h e  r e c e i v i n g  and h a n d l i n g  area, t h e  cask impact  l i m i t e r s  and t iedowns 

a re  removed u s i n g  manual t o o l s .  Then a cask l i f t i n g  yoke i s  a t tached  and t h e  

150- ton crane upends and t r a n s p o r t s  t h e  cask t o  t h e  cask c a r t .  

A r o l l - u p ,  v e n t i l a t i o n - c o n t r o l  door i s  t hen  opened and t h e  c a r t  and cask 

a r e  moved i n t o  t h e i r  r e s p e c t i v e  cask h a n d l i n g  and un load ing  rooms, shown i n  

F i g u r e  4.15. The r o l l - u p  door  i s  c losed  and a movable work ing  p l a t f o r m  i s  

re1  i e v i n g ,  o u t e r  1 i d  removal, i n n e r  1 i d  b o l t  removal, con tamina t ion  b a r r i e r  

adapter  i n s t a l l a t i o n  and i n n e r  l i d  l i f t i n g  adapter  i n s t a l l a t i o n  a re  a l l  com- 

p l e t e d  i n  t h e  cask h a n d l i n g  room. The con tamina t ion  b a r r i e r  adapter  c o n s i s t s  

o f  a l a r g e  r i n g  t h a t  f i t s  around t h e  t o p  o f  t h e  cask t o  a s s i s t  i n  p roper  cask 

ma t ing  w i t h  t h e  v e r t i c a l  t e l e s c o p i n g  con tamina t ion  b a r r i e r  b u i l t  i n t o  t h e  h o t  

c e l l  po r t .  The i n n e r  l i d  l i f t i n g  adapter  i s  a l i f t i n g  frame t h a t  b o l t s  on to  

t h e  i n n e r  l i d  t o  f a c i l i t a t e  l i d  removal by t h e  h o t  c e l l  crane. 

moved i n t o  p o s i t i o n  around t h e  t o p  o f  t h e  cask. Gas sampl ing and p r e s s u r e  

A s h i e l d i n g  door i s  t hen  opened, and t h e  cask i s  moved i n t o  t h e  un load ing  

room beneath t h e  h o t  c e l l  po r t .  

extended downward from t h e  c e l l  p o r t  and mated w i t h  t h e  con tamina t ion  b a r r i e r  

The t e l e s c o p i n g  con tamina t ion  b a r r i e r  i s  
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adapter  on t h e  cask. 

extended f rom t h e  r o o f  o f  t h e  un load ing  room, t h e  personnel  l eave  t h e  un load ing  

room, and t h e  s h i e l d i n g  door i s  c losed.  

A shadow s h i e l d  near  t h e  t o p  o f  t h e  cask i s  remote ly  

The remote ly  opera ted  20-ton overhead crane w i t h i n  t h e  h o t  c e l l  i s  used t o  

remove t h e  p o r t  p lugs  i n  t h e  f l o o r  o f  t h e  h o t  c e l l ,  t hen  t o  remove t h e  i n n e r  

cask l i d  and f u e l  spacer. Spent f u e l  assemblies a re  then  grapp led  and removed 

one a t  a t i m e  and p laced i n t o  h o t  c e l l  l a g  s to rage.  A f t e r  removal o f  a l l  spent 

f u e l ,  t h e  cask c a v i t y  and f u e l  ba!;ket a re  decontaminated by vacuuming, and t h e  

fue l  spacer, i n n e r  cask l i d ,  and ho t  c e l l  p o r t  p lugs  a re  r e i n s t a l l e d .  

The t e l e s c o p i n g  con tamina t ion  b a r r i e r  i n  t h e  cask un load ing  room i s  

r e t r a c t e d ,  t h e  shadow s h i e l d  i s  r e t r a c t e d ,  and t h e  s h i e l d i n g  door i s  opened t o  

a l l o w  t h e  empty cask t o  be moved back i n t o  t h e  h a n d l i n g  room f o r  manual l i d  

r e i  n s t a l  1 a t i  on and e x t e r n a l  decontaminat ion.  The r o l l  -up hand1 i n g  room door  i s 

then  opened and t h e  empty cask i s  moved o u t  t o  t h e  r e c e i v i n g  and h a n d l i n g  

area. I f  t h e  i n - c e l l  i n s p e c t i o n  o f  t h e  cask i n t e r i o r  shows t h a t  an i n t e r i o r  

decontaminat ion  i s  requ i red ,  t h e  cask i s  moved t o  t h e  cask decontaminat ion  h o t  

c e l l  where t h e  basket  i s  removed, t h e  c a v i t y ,  l i d s ,  and f u e l  spacers a re  decon- 

taminated,  a c lean  basket  i s  i n s t a l l e d ,  and t h e  cask l i d  sea ls  a re  r e f u r b i s h e d  

as needed. F o l l o w i n g  t h i s  e f f o r t , ,  t h e  cask i s  p laced back on t h e  t r a n s p o r t  

v e h i c l e ,  i s  p repared f o r  shipment ( i  .e., impact  l i m i t e r s ,  t iedowns, and person-  

ne l  b a r r i e r  a re  r e i n s t a l l e d ) ,  and i s  moved t o  t h e  p r o t e c t e d  area gatehouse f o r  

r e l e a s e  t o  t h e  over - the- road c a r r i e r  and r e l e a s e  f rom t h e  f a c i l i t y .  

4.2 ANALYSIS OF DOSES FROM AT-REACTOR OPERATIONS 

Es t imated worker  r a d i a t i o n  doses r e s u l t i n g  f rom r o u t i n e  a t - r e a c t o r  opera-  

t i o n s  a re  presented  i n  t h i s  sec t i on .  These es t ima tes  a re  based on t h e  o v e r a l l  

s tudy  bases and r a t i o n a l e  g i ven  i n  S e c t i o n  3.4 and Appendix E, and on t h e  des- 

c r i p t i o n  o f  t h e  p o s t u l a t e d  re fe rence  r e a c t o r  p l a n t  p rov ided  i n  Sec t i on  4.1. 

The bases f o r  t h e  dose es t imates  f o r  t r a n s p o r t  cask hand l i ng  and t h e  approach 

used a re  presented  i n  Sec t i on  4.2.1. A t - r e a c t o r  cask h a n d l i n g  a c t i v i t i e s  a r e  

summarized i n  Sec t i on  4.2.2, and presented  i n  d e t a i l  i n  Appendix B. A summary 

o f  t h e  dose a n a l y s i s  i s  p resented  i n  S e c t i o n  4.2.3. 
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4. 2.1 Approach , Bases, and Met hodol  ogy 

R a d i a t i o n  doses r e s u l t i n g  f rom cask h a n d l i n g  o p e r a t i o n s  a t  t h e  p o s t u l a t e d  

r e f e r e n c e  r e a c t o r  p l a n t s  were es t ima ted  by  a s tandard  process a n a l y s i s  o f  t h e  

p o s t u l a t e d  p l a n t  f a c i l i t i e s .  

F i g u r e  4.16. 

A f l o w  c h a r t  o f  t h e  approach i s  p resen ted  i n  

The genera l  s teps  i n  t h a t  process a n a l y s i s  a r e  l i s t e d  below: 

0 O b t a i n  o p e r a t i n g  procedures and d e s c r i p t i o n s  o f  r e l a t e d  equipment and 

f a c i l i t i e s  f o r  spent  f u e l  assembly shipments a t  seve ra l  r e a c t o r  

p l a n t s  t h a t  have sh ipped assembl ies,  and f r o m  e n g i n e e r i n g  analyses i n  

t h e  l i t e r a t u r e .  (General  E l e c t r i c  Co. 1986; S c o t t  1986; N o r t h e r n  

S t a t e s  Power Co. 1985; R a f f e r t y  1986; Bray 1986; NLI 1979; Lambert 

1981a; McCreery 1979, 1980 and 1981.) 

0 Review a v a i l a b l e  t ime /d i s tance /dose  s t u d i e s ,  dose analyses and 

r e l a t e d  i n f o r m a t i o n .  

0 O b t a i n  t h e  d e s c r i p t i o n  and c h a r a c t e r i s t i c s  o f  t h e  p o s t u l a t e d  r e f e r -  

ence system t r a n s p o r t  casks and r e a c t o r  p l a n t  f a c i l i t i e s  (see Sec- 

t i o n  4.1). 

0 Develop a process f l o w  a c t i v i t y  l i s t  f o r  r e a c t o r  p l a n t  cask h a n d l i n g  

opera t i ons .  T h i s  l i s t i n g  shows a ma jo r  process a c t i v i t y  f o r  each o f  

t h e  process s teps  t h a t  occur  as t h e  cask i s  moved t h r o u g h  t h e  s h i p -  

ment process. 

0 Complete a d e t a i l e d  a c t i v i t y  a n a l y s i s  f o r  each process step. The 

a c t i v i t y  a n a l y s i s  i n c l u d e s  e s t i m a t i n g  personnel  requi rements,  p e r -  

f o r m i n g  a t ime /d i s tance /dose  a n a l y s i s ,  d e t e r m i n i n g  w o r k i n g  d i s t a n c e s  

f rom t h e  cask, and e s t i m a t i n g  r a d i a t i o n  dose r a t e s  f o r  each cask 

h a n d l i n g  opera t i on .  

o Compare t h e s e  a c t i v i t y  analyses and personnel  and t i m e  es t ima tes  w i t h  

i n f o r m a t i o n  f rom p r e v i o u s  a n a l y s i s  and cask h a n d l i n g  exper ience. I f  

t h e s e  es t ima tes  seem u n r e a l i s t i c ,  based on p r i o r  i n f o r m a t i o n ,  rev iew  

and r e c o n c i l e  t h e  d e t a i l e d  a c t i v i t y  a n a l y s i s .  

0 C a l c u l a t e  r a d i a t i o n  exposure f o r  each s t a f f  member f o r  each t y p e  o f  

cask load. 
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0 Summarize f i n a l  r a d i a t i o n  exposure es t imates  u s i n g  annual f a c i l i t y  

th roughput  r e q u i  rements. 

Cur ren t  con tac t  h a n d l i n g  techn iques  were assumed i n  e s t i m a t i n g  personnel  

needs, personnel  l o c a t i o n s ,  and t i m e  requirements. Personnel requ i rements  f o r  

each o p e r a t i o n  were based on t y p i c a l  crew s i z e s  r e p r e s e n t a t i v e  o f  c u r r e n t  cask 

h a n d l i n g  experience. 

crew members d u r i n g  h a n d l i n g  a c t i v i t i e s  were a l s o  based on c u r r e n t  cask han- 

d l i n g  p r a c t i c e s .  

a i  r - d r i  ven to rque-1  i m i  t e d  impact wrenches w i t h o u t  ex tens i  on hand1 es. 

o f  s i m i l a r  a c t i v i t i e s  by o t h e r s  were found t o  vary  s i g n i f i c a n t l y .  

mates i n  t h i s  s tudy  a re  based on work ing  procedures and t imes t h a t  a re  b e l i e v e d  

t o  be s u s t a i n a b l e  f o r  l o n g  t i m e  pe r iods ,  b a r r i n g  major  breakdowns. 

es t ima tes  are  n e i t h e r  minimum nor  maximum, b u t  a r e  b e l i e v e d  t o  be r e a l i s t i c  f o r  

t h e  bases used. The d e t a i l e d  r e s u l t s  of t h e  a c t i v i t y  a n a l y s i s  a re  g i v e n  i n  

Appendix B. 

D i s tance  es t ima tes  between t h e  cask s u r f a c e  and o p e r a t i n g  

For example, a l l  b o l t  removal was assumed t o  be completed by 

Es t ima tes  

The e s t i -  

The 

The t ime/d is tance/dose es t ima tes  and t h e i r  r e s p e c t i v e  bases developed f o r  

t h e  system p o s t u l a t e d  f o r  t h i s  s tudy  r e s u l t  f rom seve ra l  i n t e r n a l  workshops 

w i t h  s e n i o r  s t a f f  where each cask a c t i v i t y  was rev iewed i n  d e t a i l .  

S p e c i f i c  bases and assumptions, i n  a d d i t i o n  t o  those i n  Chapter  3 and 

Appendix E, f o r  t h e  a n a l y s i s  o f  doses f rom a t - r e a c t o r  ope ra t i ons  a re  as 

f o l 1  ows: 

0 The personnel  a re  w e l l - t r a i n e d  and exper ienced i n  t h e  a c t i v i t i e s  as 

p rov ided  f o r  i n  u t i l i t y l D O E  con t rac ts .  

0 The casks a r e  we l l -ma in ta ined.  

0 Personnel w i t h  t h e  a p p r o p r i a t e  s k i l l s  a r e  a v a i l a b l e  when needed. 

0 The a c t i v i t i e s  proceed i n  an o r d e r l y  manner w i t h o u t  major  

i n t e r r u p t i o n s .  

0 Equipment and s u p p l i e s  a r e  a v a i l a b l e  as needed. 
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0 I n  e s t i m a t i n g  doses f rom o t h e r  sources i n  t h e  genera l  work area, crew 

members i d e n t i f i e d  as p a r t i c i p a t i n g  i n  an a c t i v i t y  a r e  assumed t o  be  

i n  t h e  genera l  a rea  f o r  t h e  complete d u r a t i o n  o f  t h e  a c t i v i t y ,  even 

wh,en t h e y  a r e  n o t  work ing  on t h e  cask. 

0 Doses r e c e i v e d  by workers when t h e y  a r e  n e i t h e r  near  t h e  cask no r  i n  

t h e  area  where t h e  cask a c t i v i t i e s  a r e  be ing  performed a r e  n o t  

i n c l u d e d  i n  t h i s  study. 

0 Work on shipments d u r i n g  a campaign i s  on one s h i f t / d a y  b a s i s  w i t h  

a l l  work accompl ished by one d e d i c a t e d  crew t h a t  i s  p a r t  o f  t h e  

normal p l a n t  o p e r a t i n g  crew. 

b u t  can be extended t o  up t o  12 hours t o  complete a shipment w i t h i n  a 

s h i f t .  

The s h i f t s  a r e  n o m i n a l l y  8 hours long,  

0 Only one cask i s  a t  t h e  f a c i l i t y  and b e i n g  processed a t  one t ime. 

0 Time and s t a f f i n g  requi rements a r e  based on p e r f o r m i n g  c e r t a i n  a c t i v -  

i t i e s  i n  p a r a l l e l  where p r a c t i c a b l e .  

t i v e  (i.e., c r i t i c a l  p a t h  t i m e s )  a r e  i n c l u d e d  i n  t h e  tu rna round  t i m e s  

f o r  casks. 

Only  t h e  t imes  t h a t  a r e  a d d i -  

0 Personnel  r a d i a t i o n  dose f o r  each a c t i v i t y  i s  c a l c u l a t e d  by t h e  

exp ress ion :  

R a d i a t i o n  Dose = R a d i a t i o n  Dose + R a d i a t i o n  Dose 
f rom Ac t  i v i  t y  f rom Cask f rom General Area 

Where 

R a d i a t i o n  Dose = Dose Rate x Time t o  
f rom Cask ( f rom Cask) (Act  i v i  ty  

Radi a t  i on Dose 
From General Area 

0 The normal (genera l  a rea )  dose r a t e s  used i n  t h i s  s tudy  f o r  t h e  

r e a c t o r  areas i d e n t i f i e d  i n  Subsect ion 4.1.3 ( e x c l u d i n g  n a t u r a l  

background) a r e  as f o l l  ows: 
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1 

I 
I 

General Are 
Dose Rate (a3 Re1 a t e d  

( mr em / h r ) Locat  i on F i g u r e  No. 

Ou ts ide  process b u i l d i n g s  0 4.9 

I n  v e h i c l e  l o a d i n g  area 0.5 4.10 

Around s e r v i c e  pad 2.0 4.10 

Near spent f u e l  pool  4 .O 4.10 

( a )  Based on dose measurements taken a t  Sur ry  nuc lea r  
s t a t i o n  d u r i n g  cask h a n d l i n g  opera t i ons .  

0 The work t imes i n c l u d e  an a l lowance t o  cover  normal de lays  due t o  

minor  equipment ma l func t i ons ,  r o u t i n e  personnel  e r r o r s  and personnel  

e n t r y l d e p a r t u r e  f rom t h e  work area. 

o f  10-20% o f  t h e  work t ime.  There fore ,  a l l  t i m e  es t ima tes  a re  n o t  
minimum o r  maximum expected t imes,  bu t  a re  es t ima ted  t o  be s u s t a i n -  

ab1 e hand1 i ng t imes.  

T h i s  a l lowance i s  i n  t h e  o r d e r  

0 Spent f u e l  shipments w i l l  be done i n  campaigns o f  30 MTU d u r i n g  each 

y e a r  o f  shipments. (See Appendix E.3 f o r  a d d i t i o n a l  d iscuss ion . )  

0 An empty, decontaminated cask has a s u r f a c e  dose r a t e  of l e s s  than  

0.5 mrem/hour as r e q u i r e d  by DOT r e g u l a t i o n s .  The dose r a t e  a t  

2 f e e t  f rom t h e  s u r f a c e  i s  es t ima ted  t o  be 0.2 mrem/hour and a t  

5 f e e t  i s  0.1 mrem/hour. (See Appendix E.3 f o r  a d d i t i o n a l  

d i s c u s s i o n  .) 

0 The a c t i v i t i e s  were assumed t o  be accomplished by use o f  equipment 

no rma l l y  expected t o  be a v a i l a b l e  a t  t h e  r e a c t o r  p l a n t s  (e.g., 
s ing le -head t o r q u e - l i m i t e d  impact  wrenches). No c o n s i d e r a t i o n  was 

g i ven  t o  use o f  improved equipment (e.g., m u l t i p l e - h e a d  impact  

wrenches). 

The a c t i v i t y  t ime /d i s tance /dose  es t ima tes  f o r  o t h e r  r e a c t o r  cask h a n d l i n g  

f a c i l i t i e s  and cask h a n d l i n g  exper ience were reviewed. 

General E l e c t r i c  Co. (Lambert 1981), A1 1 ied-Genera l  Nuclear  Se rv i ces  

(Anderson 1978a, b, c ) ,  and pas t  es t ima tes  by s t a f f  a t  PNL, were i n c l u d e d  i n  

t h e  rev iews.  

I n f o r m a t i o n  f rom 

I n  a d d i t i o n ,  t ime /d i s tance /dose  a c t i v i t i e s  were observed f o r  
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t r u c k  cask l o a d i n g  a t  a PWR r e a c t o r  (Su r ry  n u c l e a r  s t a t i o n )  and f o r  d r y  cask 

un load ing  a t  t h e  Tes t  Area Nor th  (TAN) h o t  c e l l  a t  t h e  Idaho N a t i o n a l  Engineer-  

i n g  Labora to ry  ( INEL) . (a)  

f rom p r i o r  s t u d i e s  i s  g iven  i n  Table 4.4. T ime/d is tance/dose es t ima tes  f o r  t h e  

p o s t u l a t e d  r e f e r e n c e  system i n  t h i s  s tudy  a re  g e n e r a l l y  h i g h e r  than  p r e v i o u s  

es t imates ,  p r i m a r i l y  because some o f  t h e  p rev ious  es t ima tes  were s t a t e d  as 

minimum t imes  and because t h e  systems analyzed were sometimes d i f f e r e n t .  

A summary o f  some o f  t h e  r e l e v a n t  t i m e  es t ima tes  

4.2.2 Summary o f  Reactor  P l a n t  Opera t i ng  Procedures 

Cask h a n d l i n g  a c t i v i t i e s  a t  t h e  r e a c t o r  p l a n t s  a re  represented  by 24 major  

a c t i v i t i e s ,  shown i n  Table 4.5. The major  a c t i v i t i e s  a re  b r i e f l y  summarized 

below. 

Cask h a n d l i n g  a c t i v i t i e s  1 through 4 (Tab le  4.5) cover  t h e  movements of 

t h e  cask f rom t h e  t i m e  o f  a r r i v a l  a t  t h e  r e a c t o r  p l a n t  pe r ime te r  fence u n t i l  

t h e  t r a n s p o r t  v e h i c l e  i s  parked i n  t h e  process b u i l d i n g  v e h i c l e  l o a d i n g  area 

under t h e  process crane. 

The t r a n s p o r t  v e h i c l e  c a r r y i n g  an empty cask a r r i v e s  a t  t h e  guardhouse a t  

t h e  p l a n t  pe r ime te r  fence, i s  d isconnected  f rom t h e  commercial d r i v e  u n i t ,  

mon i to red  f o r  r a d i o a c t i v i t y ,  and inspec ted  f o r  f o r e i g n  ob jec ts .  I t  i s  then  

connected t o  an o n s i t e  d r i v e  u n i t  and p u l l e d  th rough t h e  o u t e r  gates t o  an 

i n s p e c t i o n  and washdown area between t h e  p e r i m e t e r  fence and t h e  i n n e r  s e c u r i t y  

fence. 
a r e  washed. The personnel  b a r r i e r  i s  r e t r a c t e d  and t h e  equipment and v e h i c l e  

t h a t  was under t h e  cover  i s  washed and inspec ted  as approp r ia te .  The t r a i l e r  

o r  r a i l c a r  i s  t hen  p u l l e d  th rough  t h e  i n n e r  s e c u r i t y  fence and parked i n s i d e  

t h e  process b u i l d i n g  i n  t h e  v e h i c l e  l o a d i n g  area underneath t h e  process crane. 

A t  t h e  washdown area t h e  t r a i l e r  o r  r a i l c a r  and cask personnel  b a r r i e r  

A c t i v i t i e s  5 t o  9 cover  t h e  movement o f  t h e  cask f rom t h e  t r a n s p o r t  

v e h i c l e  t o  t h e  cask l o a d i n g  p i t .  The impact  l i m i t e r s  a re  removed and t h e  cask 

( a )  The r e s u l t s  o f  these obse rva t i ons  a re  t o  be pub l i shed  i n  a document t i t l e d  
"Time/Motion Observat ions and Dose A n a l y s i s  of Reactor Loading, Transpor-  
t a t i o n  and Dry Un load ing  o f  an Overweight Truck Spent Fuel Shipment," by 
C. J.  Hos t i ck ,  J .  C. Lavender, and B. H. Wakeman, P a c i f i c  Nor thwest  
Labora tory ,  Rich land,  Washington. 
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TABLE 4.4. Comparison o f  Some P r i o r  Analyses o f  Cask and Spent Fuel  Hand l ing  
Es t imates  a t  Wet Hand l i ng  F a c i l i t i e s  

T o t a l  
P e r s o n - m r em No. and T o t a l  

Cask Type C a r r i e d  Source Turnaround ( h r )  Turnaround 
Type o f  SF AS(^) Time f o r  Cask f o r  Cask 

Truck  TN-8 
Truck TN-9 

Truck TN-9 

Truck TN-9 
Truck TN-8 
Truck NLI-1 
Truck NLI-2 
Truck NAC-1 
Truck NAC-1 

Truck NAC-1  
Truck 
Truck (OWT) 

R a i l  IF-300 
R a i l  IF-300 
Rai  1 NLI-10/24 
R a i l  NLI-10/24 

R a i l  IF-300 
R a i l  IF-300 
Rai 1 NLI-10/24 
R a i l  NLI-10/24 

R a i l  IF-300 
Ra i  '1 

3 PWR 
7 RWR 

7 RWR 

7 RWR 
3 PWR 
1 PWR 
2 RWR 
1 PWR 
2 BWR 

1 PWR 
2 PWR 
4 PWR 

7 PWR 
18 RWR 
10 PWR 
24 RbIR 

7 PWR 
18 RWR 
10 PUR 
24 RWR 

7 PWR 
14 Pb!R 

Anderson 1978b 
Anderson 1978b 

McC r e e r y  1981 

Lambert 1981a 
Lambert 1981a 
Lambert 1981 a 
Lambert  1981a 
Lambert 1981 a 
Lambert 1981a 

Sc hne i d e r  1986 
Schneider  1986 
Sc h ne i der  1986 

Anderson 1978c 
Anderson 1978c 
Anderson 1978a 
Anderson 1978a 

Lambert  1981a 
L ambert 1981 a 
Lambert  1981a 
Lambert 1981a 

Schneider  1986 
Schneider  1986 

15.8 
15.8 

14.8 

21.2 
20.1 
16.4 
16.6 
14.4 
14.6 

12.8 
13.0 
13.5 

35.5 ( 4  
35.5 ( c )  
27.7 [') 
27.7 e )  

25.8 
28.5 
35.9 
39.4 

22.9 
24.6 

( a )  SFAs = Spent Fuel  Assemblies. 
( b )  
( c )  

( d )  
( e )  

Not g i ven  o r  n o t  a v a i l a b l e .  
A con tamina t ion  b a r r i e r  was n o t  used when p l a c i n g  t h e  cask i n t o  a spent 
f u e l  pool  . 
Des ign  b a s i s  fue l  app rox ima te l y  5 months c o o l i n g  t i m e  p r i o r  t o  shipment. 
Assuming t h e  a v a i l a b i l i t y  o f  a con tamina t ion  b a r r i e r  on t h e  cask w h i l e  
immersed i n  t h e  pool .  
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TABLE 4.5. Ma jo r  Cask and Spent Fuel  Hand l i ng  A c t i v i t i e s  a t  t h e  
P o s t u l a t e d  Reference Reactor  P l a n t  

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

A c t i v i t y  

Receive t r a n s p o r t  veh ic le  and empty cask, mon i to r ,  
inspec t ,  unhook over-the-road c a r r i e r ' s  d r i ve  u n i t  
and a t t a c h  u t i l i t y  d r i v e  u n i t  

Move t ranspor t  veh ic le  and cask t o  inspec t ion  and 
washdown area 

Wash t ranspor t  veh ic le  and cask, monitor and 
inspec t  

Move t ranspor t  veh ic le  and cask t o  veh ic le  load- 
i n g  area 

Prepare cask f o r  removal from t ranspor t  vehic le,  
remove impact l i m i t e r s  and tiedowns 

Remove cask from veh ic le  and place on cask 
se rv i ce  pad 

Remove t ranspor t  veh ic le  from load ing  area 

Prepare cask f o r  placement i n  l oad ing  p i t ,  
remove ou ter  l i d  and remove a l l  but  4 inner  
l i d  b o l t s  

Move cask t o  load ing  p i t ,  remove remaining 
i n n e r  l i d  b o l t s ,  and place cask i n  l oad ing  p i t  

Prepare cask f o r  loading, remove inne r  l i d ,  
inspec t  and remove any f o r e i g n  ob jec ts  i n  
i n n e r  c a v i t y  

Move spent fue l  assemblies from storage pool t o  
t h e  l oad ing  p i t ,  p lace  spent f u e l  assemblies i n  
cask 

I n s t a l l  f ue l  spacers and inner  l i d  on the  cask 

L i f t  cask f rom load ing  p i t ,  i n s t a l l  4 i nne r  l i d  
b o l t s  and place on serv ice  pad 

Decontaminate cask e x t e r i o r  

Prepare cask f o r  shipment, i n s t a l l  l i d s ,  f lush .  
d ra in ,  d r y  cask, and seal  cask 

Move cask t o  veh ic le  load ing  area 

Ebve t ranspor t  veh ic le  t o  l oad ing  area 

Place cask on the t ranspor t  veh ic le  

Perform contaminat ion survey and decontaminate 
cask e x t e r i o r  

Prepare loaded veh ic le  f o r  shipment, i n s t a l l  cask 
tiedowns, impact l i m i t e r s  and personnel b a r r i e r  

F ina l  inspec t ion  and contaminat ion/ rad iat ion 
survey, monitor,  inspec t  and document 

Move t ranspor t  veh ic le  out o f  secu r i t y  area 

Release cask and t r a n s p o r t  veh ic le  t o  c a r r i e r  f o r  
OCRWM acceptance and t ranspor ta t i on  

N o t i f y  appropr ia te o rgan iza t ions  o f  t he  shipnent 
departure.  
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Locat ion 

h t e r  guardhouse 

F a c i l i t y  grounds 

Washdown pad 

F a c i l i t y  grounds 

Loading area 

Loading area 

F a c i l i t y  grounds 

Service pad 

Service pad t o  
l oad ing  p i t  

Loading p i t  

Spent fue l  pool 
and load ing  p i t  

Loading p i t  

Loading p i t  t o  
serv ice  pad 

Service pad 

Service pad 

Service pad t o  
l oad ing  area ' 

F a c i l i t y  grounds 

Loading area 

Loading area 

Loading area 

Loading area 

Faci  1 i t y  grounds 

h t e r  guardhouse 

Supervi sor  ' s o f f  i ce 



i s  d isconnected from t h e  t r a n s p o r t  v e h i c l e ,  l i f t e d  f rom t h e  v e h i c l e  and p laced 

on a s e r v i c e  pad, where t h e  o u t e r  l i d  i s  removed and t h e  cask i s  p repared f o r  

placement i n  t h e  cask l o a d i n g  p i t .  From t h e r e  i t  i s  moved t o  t h e  l o a d i n g  p i t .  

A c t i v i t i e s  10 t o  12 cover  t h e  a c t i v i t i e s  i n  and around t h e  l o a d i n g  p i t ,  

namely, removal o f  t h e  cask i n n e r  l i d ,  i n s p e c t i o n  and p r e p a r a t i o n  o f  t h e  cask 

i n t e r n a l s ,  l o a d i n g  o f  f u e l  assemblies, and replacement o f  t h e  cask i n n e r  l i d .  

A c t i v i t i e s  13 t o  18 cover  movement o f  t h e  cask f rom t h e  l o a d i n g  p i t  t o  t h e  

t r a n s p o r t  v e h i c l e  and i n c l  ude i n s t a l  1 a t i  on o f  cask 1 i ds , d r a i  n i  ng, d r y i  ng and 

decontaminat ion  o f  t h e  cask, and placement o f  t h e  cask on t h e  v e h i c l e .  

The f i n a l  a c t i v i t i e s ,  19 t o  24, cover  f i n a l  cask decontaminat ion,  p l u s  

i n s t a l l a t i o n  o f  impact l i m i t e r s ,  t iedowns,  and personnel  b a r r i e r .  The cask i s  

moved f rom t h e  l o a d i n g  area t o  t h e  p l a n t  p e r i m e t e r  fence, t r a n s f e r r e d  t o  t h e  

over - the- road c a r r i e r ,  and a p p r o p r i a t e  o r g a n i z a t i o n s  n o t i f i e d .  

4.2.3 nose Ana lys i s  

Worker dose es t ima tes  f o r  r e a c t o r  p l  a n t  cask hand1 i ng a c t i  v i  t i es a re  based 

on a )  cask dose r a t e s  presented  i n  S e c t i o n  4.1, h )  background dose r a t e s  ( i .e.,  

f rom o t h e r  nearby sources)  f o r  work ing  areas where casks are  handled, c )  man- 

power and t i m e  es t imates ,  and d )  l o c a t i o n  of workers r e l a t i v e  t o  t h e  r a d i a t i o n  

source. D e t a i l e d  manpower, t ime,  mot ion,  and dose es t ima tes  f o r  s p e c i f i c  hand- 

l i n g  a c t i v i t i e s  a re  p resented  i n  Appendix B. 

A summary o f  t h e  es t ima tes  o f  t h e  number o f  personnel  needed f o r  each o f  

These da ta  a re  g i ven  t h e  major  process a c t i v i t i e s  i s  p resented  i n  Tab le  4.6. 

i n  more d e t a i l  i n  t h e  a n a l y s i s  worksheets i n  .Appendix B. 

The personnel  f o r  t h e  cask h a n d l i n g  a c t i v i t i e s  a re  expected t o  be p a r t  o f  

t h e  normal r e a c t o r  p l a n t  o p e r a t i n g  personnel  i n  accordance w i t h  t h e  a v a i l a -  

b i l i t y  o f  personnel  w i t h  adequate t r a i n i n g  f o r  those a c t i v i t i e s .  F o r  t h i s  

r e p o r t ,  t h e  average doses t o  workers i n  each c r a f t  were ob ta ined  by assuming 

t h a t  a s i n g l e  ded ica ted  crew i s  a v a i l a b l e  f o r  these a c t i v i t i e s . ( a )  The 

( a )  The ded ica ted  crew c o n s i s t s  o f  1 crane opera to r ,  4 opera tors ,  1 q u a l i t y  
c o n t r o l  i n s p e c t o r ,  1 r a d i a t i o n  mon i to r ,  1 y a r d  d r i v e r ,  1 s e c u r i t y  guard, 
and 4 maintenance craf tsmen.  I n  a d d i t i o n ,  a s u p e r v i s o r  i s  needed. The 
superv i so r  rece ives  no doses and i s  n o t  i n c l u d e d  i n  t h e  ded ica ted  crew. 
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TABLE 4.6. Es t ima ted  Cask Hand l i ng  Personnel Requirements a t  t h e  
P o s t u l  a ted  Reference Reactor  P1 an t ,  by A c t i v i t y  

personnel  ( a )  
Faci 1 i t v  - CD 0. Rt\ I(DC) A c t ? \  : t v  Loca:ion Task T i t l e  

: 

2 

3 

4 

5 

6 

1 

e 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

h r e r  
Guardnouse 

F a c i l i t y  
Grounds 

Yashdom 
Pad 

F a c i l i t y  
Grounds 

Loading 
Area 

Loading 
Area 

Fac i  11 t y  
Grounds 

S e r v i c e  
Pad 

S e r v i c e  
Pad 

Loading 
P i t  

Loadi ng 
P i t  

Loading 
P i t  

Loading 
P i  t 

S e r v i c e  
Pad 

Serv ice  
Pad 

S e r v i c e  
Pad 

Fac i  11 t y  
Grounds 

Loading 
Area 

Loading 
Area 

Loading 
Area 

Loading 
Area 

F a c i l i t y  
Grounds 

Outer 
Guardhouse 

Super- 
v i s o r ' s  
O f f i c e  

T o t a l s  

k c e i v e  t r a n s p o r t  v e h i c l e  and 1 :  
m p t y  cask, n u n i t o r .  inspec t  

m v e  t r a n s p o r t  v e h i c l e  and cask 1 
t o  i n s p e c t i o n  and r a s h o w n  area 

Uash t r a n s p o r t  v e h i c l e  and cask, 2 1 
m o n i t o r .  i n s p e c t  

k v e  t r a n s o o r t  v e h i c l e  and cask , 
t o  l o a d i n g  area 

Prepare cask f o r  removal fran 
t r a n s p o r t  v e h i c l e  

Remove cask from v e h i c l e  and 
p l a c e  on cask s e r v i c e  pad 

Remove t r a n s p o r t  v e h i c l e  from 
l o a d i n g  area 

Prepare cask f o r  p l a c i n g  i n  
l o a d i n g  p i t  

Place cask i n  l o a d i n g  p i t  

Prepare cask f o r  l o a d i n g  

Place spent f u e l  assembl ies 
i n  cask 

l n s t a l l  f u e l  spacers and i n n e r  
l i d  on t h e  s h i p p i n g  cask 

L i f t  cask f rom l o a d i n g  p i t  and 
p l a c e  on s e r v i c e  pad 

Decontaminate cask 

Prepare cask f o r  shipment 

b v e  cask t o  l o a d i n g  area 

k v e  v e h i c l e  t o  l o a d i n g  area 

Place cask on t h e  t r a n s p o r t  
v e h i c l e  

Per f  o m  cont  ami n a t  i on survey 

Prepare loaded v e h i c l e  f o r  
sh ipnent  

F i n a l  i n s p e c t i o n  and 
contami n a t i o n  survey  

b v e  t r a n s p o r t  v e h i c l e  out o f  
s e c u r i t y  area 

Release cask and t r a n s p o r t  
v e h i c l e  t o  c a r r i e r  

N o t i f y  a p p r o p r i a t e  o rgan iza-  
t i o n s  of t h e  s h i p n e n t  
oepar tu re .  

Uaximum per s h i f t  

1 2 1  

1 2  

1 2 1  

1 1 1  

1 1 1  

4 

1 1  

1 2 1  

2 1  

1 2 1  

1 2  

1 1  

1 1  

1 1  

1 1  

1 

1 4 1  

. .  
2 1  

1 

1 1 

1 

1 

1 

2 

1 

1 

1 

2 1  

1 

1 1 

1 

1 4 1  

Personnel Legend: 
CO = Crane opera tor  
OP = Reactor S i t e  b e r a t o r  
RN - R a d i a t i o n  b n i t o r  M-C = b i n t e n a n c e  C r a f t  
I(&) = I n s p e c t o r  S = Superv isor  
TD = W f s i t e  Truck O r i v e r / R a i l  Crew 

YD = S i t e  Yard D r i v e r  
SC = S e c u r i t y  h a r d  

Not a l l  personnel  are i n  t h e  r a d i a t i o n  zones f o r  t h e  f u l l  t i n e  of t h e  l i s t e d  a c t i v i t y .  

Doses t o  t h e s e  workers a r e  n o t  i n c l u d e d  i n  r e a c t o r  personne l  requ i rements .  
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personnel  requi rements f o r  each major  process a c t i v i t y  a re  summarized i n  

ass 

f u l  

f o r  

Tab le  4.6. Note t h a t  many o f  t hese  workers a re  n o t  needed f u l l  t ime.  

med t h a t  t h e  workers a r e  work ing  on o t h e r  r e a c t o r  a c t i v i t i e s  when 

t i m e  on cask l o a d i n g  a c t i v i t i e s .  

D e t a i l e d  s t a f f  assignments and dose es t ima tes  f o r  i n d i v i d u a l  crew 

each a c t i v i t y  were developed and a re  presented  i n  Appendix B. Es t  

c o l l e c t i v e  occupa t iona l  r a d i a t i o n  doses  and c r i t i c a l  pa th  t imes ( i  .e., 

It i s  

o t  used 

members 

mated 

t o t a l  
7 c l o c k  t i m e s )  by major  a c t i v i t y  f o r  each cask l o a d  a re  shown i n  Tab le  4.1. 

The es t ima ted  r a d i a t i o n  doses f o r  a c t i v i t i e s  a t  r e a c t o r  p l a n t s  ( i n  

Tab le  4.7) show t h a t  h a n d l i n g  a t r u c k  cask r e s u l t s  i n  approx imate ly  270 and 

290 person-mrem o f  c o l l e c t i v e  exposure f o r  PWR and BWR f a c i l i t i e s ,  r e s -  

p e c t i v e l y .  The e q u i v a l e n t  va lues f o r  h a n d l i n g  a r a i l  cask a r e  approx ima te l y  

400 and 520 person-mrem, r e s p e c t i v e l y .  
r a i l  cask, however, t h e  t o t a l  dose assoc ia ted  w i t h  r a i l  cask h a n d l i n g  i s  about 

65 person-mrem per  MTU o f  spent f u e l ,  w h i l e  t h a t  f o r  t r u c k  casks i s  about 

300 person-rem pe r  MTU. Twen ty - f i ve  t o  50% o f  these t o t a l  doses r e s u l t  from 

background r a d i a t i o n  ( i  .e., f rom o t h e r  non-natura l  r a d i a t i o n  sources)  i n  t h e  

work area, and n o t  f rom t h e  cask. 

Because o f  t h e  l a r g e r  c a p a c i t y  of t h e  

The c r i t i c a l  pa th  t imes  d u r i n g  a c t u a l  work t imes 

mated t o  be about 15 and 17 hours f o r  a t r u c k  cask be 

BWR f u e l ,  r e s p e c t i v e l y ,  and 23 and 29 hours 

f u e l ,  r e s p e c t i v e l y .  ( I t  shou ld  be no ted  t h a t  

mance t i m e  es t ima tes  t h a t  a re  b e l i e v e d  t o  be 

An a l lowance i s  i n c l u d e d  f o r  minor  ' p e r t u r b a t  

t o  major  equipment f a i l u r e s  o r  l a c k  o 

i n  tu rnaround t imes  f o r  t h e  two t ypes  

l o n g e r  t i m e  necessary f o r  l o a d i n g  f u e  

A c t i v i t y  11 i n  Table 4.7.) The t o t a l  

o r  a r a i  

on t h e  casks were e s t i -  

ng loaded w i t h  PWR and 

cask f o r  PWR and BWR 

these a re  reasonably  good p e r f o r -  

s u s t a i n a b l e  f o r  'long t i m e  per iods .  

ons, bu t  n o t  f o r  major  de lays  due 

i e n t  personnel  .) The d i f f e r e n c e  s u f f i  

o f  casks r e s u l t s  p r i m a r i l y  f rom t h e  

assembl ies i n t o  t h e  r a i l  casks. (See 

cask tu rna round  t imes  a r e  s i g n i f i c a n t l y  

Based longer, 'however, because t h e r e  i s  o n l y  one crew do ing  a l l  o f  t h e  work. 

on t h e  o n e - s h i f t  ope ra t i ons ,  t h e  t o t a l  t u rna round  t imes i n c r e a s e  t o  31 and 

33 hours f o r  t r u c k  casks and 55 and 61 hours f o r  r a i l  casks, n o t  i n c l u d i n g  l o s t  

t i m e  f o r  c a r r i e r  d rop -o f f  of empty casks and p i ck -up  o f  loaded casks. 
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TABLE 4.7. Es t ima ted  C o l l e c t i v e  R a d i a t i o n  Doses f o r  Loading Spent Fuel  
i n t o  T ranspor t  Casks a t  t h e  P o s t u l a t e d  Reference Reactor  P l a n t  

C r i t i c a l  Path 
Time (minu tes)  

Truck Rai 1 _______ 
__ 
Cask Work Area T o t a l  -Work Area Tot a 1 

K a d i a t i o n  Doses - Person-?rem Per Cask Load 
Ra i l  Shipments Truck Shipnents 

___ ___ ~~ ___ ___ ___ 
A c t i v i t y  

Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 

12 

13 

14 
15 
16 
17 
18 

19 
20 
21 

22 

2 3  

24 

~ 

MaJor A c t i v i t y  

35 40 Receive t r a n s p o r t  v e h i c l e ,  empty n .nz n n .02 
cask, mon i to r ,  i n s p e c t  

Move t r a n s p o r t  v e h i c l e  and cask t o  0 0 0 
i n s p e c t i o n  and washdown area 

Wash t r a n s p o r t  v e h i c l e  and cask, 0.15 0 0.15 
m o n i t o r ,  and i n s p e c t  

Move t r a n s p o r t  v e h i c l e  and cask t o  0 0.17 0.17 

0.02 0 0.02 

n 0 0 20 20 

0.15 I1 0.15 45 50 

0 0.17 0.17 

0.45 2.R8 3.33 
l o a d i n g  area 

Prepare cask for removal 
t r a n s p o r t  v e h i c l e  

Remove cask f rom ve 1 l e  
on cask s e r v i c e  pad la?  

from 0.49 3.38 3.87 

and p lace  0.07/0.10 3.38/3.88 3.44/3.98 

from l o a d i n g  0 0.25 0.25 

0.07/0.10 3.12/3.62 3.19/3.72 

Reno t r a n s p o r t  v e h i c l e  
Areal') 

n 0.17 0.17 

Prepare cask f o r  p l a c i n g  
p i t  

i n  l o a d i n g  0.91 

0.15 
0.30 
0 

0.02 

1.17 

3.67 
139.Y2 

5.68 

0 
4 .on19 .oo 

14.00 

5.00 
9.92 

70/ 180 

4.66 

8 .on 

3.33 
22.33 
3.33 
0.17 

0.46/0.96 

14.91 

5.15 
10.22 
70/inu 

4.68 

9.17 

7 .OO 
162.25 
9.02 
0.17 

4.4W9.96 

0.68 9.33 10.02 110 165 

0.15 4.17 4.32 
0.30 6.83 7.13 
0 10/25 10/25 

0.02 3.67 3.69 

35 45 
40 55 

30/75ta) 210/540(a) 

20 25 

Place cask i n  l o a d i n g  p i t  

Prepare cask f o r  l o a d i n g  

PlPl;~~jpent f u e l  assembl ies i n  

I n s t a l l  fue l  spacers and i n n e r  l i d  
on t h e  s h i p p i n g  cask 

L i f t  cask from l o a d i n g  p i t  and place 
on s e r v i c e  pad 

Decontamipate cask e x t e r i o r  

Prepare cask f o r  shipment 

Move cask t o  l o a d i n g  area 

Move v e h i c l e  t o  l o a d i n g  a r e a ( b )  

Place c s on t h e  t r a n s p o r t  
veh ic lePaf  

Perform contaminat ion  survey 

Prepare loaded v e h i c l e  f o r  shipment 

F i n a l  i n s p e c t i o n  and contaminat ion /  
r a d i a t i o n  survey 

Move t r a n s p o r t  v e h i c l e  o u t  of 
s e c u r i t y  a rea  

Release cask and t r a n s p o r t  v e h i c l e  
t o  c a r r i e r  

N o t i f y  a p p r o p r i a t e  o r g a n i z a t i o n s  
of  t h e  shipment depar tu re .  

T o t a l s  PUR 

1.17 7.67 8.83 55 60 

3.?5 2.33 5.58 
102.92 14.00 116.92 
5.52 3.00 8.52 
0 0.17 0.17 

3.R3/8.R4 0.42/0.92 4.25/9.75 

1n.33 
58.42 
15.0U 

0.33 

1.42 

0 

250 

255 

0.67 
3.42 
1 .OO 

0.08 

0 

0 

154 

265 

19.00 
61 .84 
16.00 

0.42 

1.42 

0 

404 

520 

62 
77 

15.83 0.62 16.46 
48.42 3.17 51.58 
13.33 1.00 14.33 

10 15 
70 85 
30 30 

0.33 0.08 0.42 

1.33 0 1.33 

0 0 0 

10 10 

30 35 

0 0 

198 73 271 915 1370 
(15.2)(c) (22 .8) (c )  

(17 .O) (c) (29 .3)(c) 
iozn 1760 BWR 203 89 292 

Person-mrem/MTU 
PWR 
BUR 

29 3 
314 

( a )  PWR/BWH. 
( b )  P a r a l l e l  Operat ion.  
! c )  I n  hours. 
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The f i v e  p r imary  dose-producing a c t  

r e a c t o r  p l a n t  a re  l i s t e d  i n  Table 4.8. 

personne l  r a d i a t i o n  exposures. The r e s t  

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

hey cause 75 t o  85% o f  t h e  c o l l e c t i v e  

o f  t h e  exposures r e s u l t  f rom a m u l t i -  

tude o f  a c t i v i t i e s ,  none o f  which r e s u l t s  i n  more than  4% o f  t h e  t o t a l  exposure 

f o r  t r u c k  shipments and 4% f o r  r a i l  shipments. 

The t o p  t h r e e  dose-producing a c t i v i t i e s  account f o r  about 70% o f  t h e  t o t a l  

c o l l e c t i v e  dose. These a c t i v i t i e s  are:  A c t i v i t y  No. 15, p r e p a r i n g  cask f o r  

shipment, i.e., i n s t a l l  cask l i d s ,  f l u s h  and d r a i n  cask, and seal  cask (about  

31% t o  43%); A c t i v i t y  No. 20,  p r e p a r i n g  loaded v e h i c l e  f o r  shipment, i.e., 

i n s t a l l  cask t iedowns, impact l i m i t e r s  and personnel  b a r r i e r  (about 12% t o  19%) 

and A c t i v i t y  No. 11, p l a c i n g  spent f u e l  assembl ies i n  casks (about  4% t o  35%). 

The f i v e  major  dose-producing a c t i v i t i e s  were analyzed t o  determine t h e  

r e s u l t a n t  average annual doses t o  t h e  workers, assuming t h a t  a ded ica ted  crew 
was used on each s h i f t  t o  pe r fo rm these a c t i v i t i e s .  The r e s u l t s  a r e  p resented  

i n  Table 4.9, which l i s t s  t h e  number o f  ded ica ted  workers r e c e i v i n g  most of t h e  

t o t a l  dose f o r  each o f  t h e  a c t i v i t i e s ,  t h e  l o c a t i o n s  o f  t h e  a c t i v i t i e s ,  and t h e  

average i nd i  v i d u a l  worker  doses f o r  p e r f o r m i  ng t h e  a c t i v i t i e s .  

dua l  i n  t h e  ded ica ted  crew were ass igned t o  each o f  t h e  f i v e  major  dose-pro- 

duc ing  a c t i v i t i e s ,  t h e  t o t a l  dose t h a t  t h a t  person would r e c e i v e  each y e a r  j u s t  

f o r  pe r fo rm ing  these a c t i v i t i e s  i s  shown a t  t h e  bot tom o f  Table 4.9. I f  t h a t  

person were an o p e r a t o r  o r  a maintenance-craftsmen, t h e  t o t a l  annual i n d i v i d u a l  

dose f rom these f i v e  a c t i v i t i e s  would be l a r g e r  than  t h e  average annual dose 

f o r  persons i n  t h a t  c r a f t  f o r  a l l  cask h a n d l i n g  a c t i v i t i e s .  (Compare t h e  t o t a l  

doses a t  t h e  bo t tom o f  Table 4.9 t o  t h e  annual average doses i n  Table 4.10.) 

I f  an i nd i  v i  - 

The t o t a l  annual c o l l e c t i v e  dose t o  t h e  ded ica ted  cask h a n d l i n g  crew would 

be about 9 person-remlyear  when u s i n g  t r u c k  casks and about 2 person-remlyear  

when u s i n g  r a i l  casks. 

The es t ima tes  o f  t h e  average annual i n d i v i d u a l  doses t o  a l l  worker  c r a f t s  

i n  t h e  cask h a n d l i n g  crews a t  t h e  p o s t u l a t e d  reference r e a c t o r  p l a n t  a r e  p r e -  

sented i n  Table 4.10. They were c a l c u l a t e d  by d i v i d i n g  t h e  personnel  r a d i a t i o n  

respec t  i ve 

s h i p -  

d be t h e  

exposures f o r  each c r a f t  by t h e  assumed ded ica ted  crew s i z e s  f o r  t h e  

by t h e  annual number o r  

ve annual exposures wou 

c r a f t  ( d e f i n e d  i n  Table 4.6) and m u l t i p l y i n g  

ments. The workers w i t h  t h e  h i g h e s t  c o l l e c t  
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TABLE 4.8. Pr imary Rad ia t i on  Dose-Producing A c t i v i t i e s  and C o l l e c t i v e  Doses from 
Spent Fuel Shi pments a t  t h e  P o s t u l a t e d  Reference Reactor P1 a n t  

R a i l  Shipments Truck Shipments 
Percen t  Pe rcen t  

. . o f  Cask/Fuel . . o f  Cask/Fuel  
Person- Person- (a )  Hand l i ng  Person- Person- (a )  Hand1 i n g  

F a c i l i t y  mrem/cask mrem/MTU Doses- mrem/cask mrem/MTU Doses- 
L o c a t i o n  PWR __ __ __ - - - - .- - P - - No. A c t i v i t y  D e s c r i p t i o n  BWR PWR BWR PWR BWR PWRm mR BWR WR BWR 

15 Prepare cask f o r  sh ipnen t ,  i n s t a l l  l i d s ,  S e r v i c e  162 162 25 24 40 31 117 117 126 126 43 40 
f l u s h ,  d r a i n ,  d r y  cask and seal  cask Pad 

i n s t a l l  cask t iedowns.  impact  l i m i t e r s  Area 
20 Prepare loaded v e h i c l e  f o r  shipment,  Load ing  62 62 10 9 15 12 52 52 56 55 19 18 

P and personnel  b a r r i e r  

11 Move spent f u e l  assembl ies from s to rage  P 
c1 

poo l  t o  t h e  l o a d i n g  p i t .  p l a c e  spent  
f u e l  assembl ies i n  cask 

19 Per fo rm c o n t a m i n a t i o n  survey and 
decontaminate cask e x t e r i o r  

21 F i n a l  i n s p e c t i o n  and c o n t a m i n a t i o n /  
r a d i a t i o n  survey,  m o n i t o r .  i n s p e c t  
and document 

A l l  o t h e r  a c t i v i t i e s  

T o t a l s  

Loading 70 180 11 27 17 35 10 25 11 27 4 9 
P i t  

Loading 19 19 3 3 5 4 16 16 18 18 6 6 
Area 

Load ing  16 16 2 2 4 5 5 3 14 14 16 15 
Area 

73 79 11 12 19 16 62 68 66 73 __ 23 __ 22 

402 518 62 7 7  100 100 271 292 293 314 100 100 

- - - -  - ----- 

( a )  R a i l  casks c o n t a i n  6.468 MTU PWR f u e l ,  o r  6.696 MTU BWR f u e l .  Truck casks c o n t a i n  0.924 MTU PWR f u e l ,  or 
0.930 MTU BUR f u e l .  These c a l c u l a t i o n s  assume PUR MTU cask c a p a c i t i e s .  
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TABLE 4.9. Es t imated Average Annual I n d i v i d u a l  R a d i a t i o n  Doses t o  t h e  
Reactor  P l a n t  Workers f rom t h e  H ighes t  Dose-Producing A c t i v i t i e s  

Worker 
Category Average I n d i v i d u a l  Worker 

Doses, e rson  mrein p e r y e a r ( a )  
T r i r  

Rece i v i  ng Number ---rg-L 
Most o f  o f  Ra 1 

No. Major Dose-Causing A c t i v i t i e s  To ta l  Dose Workers Work L o c a t i o n  PWR RWR FUR B W R  - -- -- __- --- 
15 Prepare cask f o r  shipment,  Maintenance- 3 Serv i ce  Pad 156 148 700 692 

i n s t a l l  l i d s ,  f l u s h ,  d r a i n ,  Craf tsmen; 
d r y  cask and sea l  cask Operators  21  135 130 790 785 

20 Prepare l oaded  v e h i c l e  f o r  s h i p -  Maintenance- 4 Loading Area 64 60 352 348 
ment, i n s t a l l  cask t iedowns,  C r a f t  smen 
i n s p e c t  1 i m i  t e r s  and personnel  
b a r r i e r  

11 Move spent f u e l  assembl ies f rom Operators  4 Loading P i t  65 65 165 165 
s t o r a g e  poo l  t o  t h e  l o a d i n g  p i t ,  
p l a c e  spent f u e l  assembl ies i n  
cask 

19 Per fo rm con tamina t ion  survey R a d i a t i o n  1 Loading Area 36 36 256 252 

Operators  1 50 50 280 280 

2 1  F i n a l  i n s p e c t i o n  and con tami -  Maintenance- 1 Loading Area 24 24 172 168 

Operators  1 25 25 170 170 

and decontaminate cask e x t e r i o r  Mon i to rs  ; 

n a t i o n  survey, m o n i t o r ,  i n s p e c t  Craf tsmen 
and document 

T o t a l  doses f o r  persons ass igned Maintenance- 1 

o p e r a t o r s  1 
t o  a l l  o f  these a c t i v i t i e s .  Craf tsmen ; 

R a d i a t i o n  1 
M o n i t o r s  

( a )  30 MTU/year 

244 232 1224 1208 

1305 1395 275 340 

36 36 2 56 252 



C r a f t  

TABLE 4.10. Es t imated Average Annual R a d i a t i o n  Doses Received by I n  1 i d u a l  Workers 
i n  Each C r a f t  a t  t h e  P o s t u l a t e d  Reference Reactor  P l a n t  f a y  

Crane Opera tors  

Opera tors  

Radi a t i  on M o n i t o r s  

Qua l  i t y  C o n t r o l  
P I n s p e c t o r s  

5 Yard D r i v e r s  

S e c u r i t y  Guards 

Mai ntenance-Craftsmen 

T o t a l  ( e )  

R a i l  Shipments(b)  

Annual ( d )  
One Shipment(c)  Average 

No. Persons (mrem/person) - - (mrem) 

1 15.2/16.7 76/83.5 

4 43.4 /66.5 217/333 

1 16.7/16.7 83.5 /83.5 

1 24.2/46.2 121/231 

1 1.4/1.4 7.0/7.0 

1 0.3/0.3 1.5/1.5 

- 4 43/43 215/215 

13 1870/2330(f)  

Truck Shi pments(b) 

Annual ( d )  
One Shipment(c)  Average 
(mrem/person) (mrem) 

13.0/14.5 429/479 

27.2/31.4 898/1036 

462/462 

10.4/13.4 34 2/44 2 

14 /14 

1.W .3 43/43 

0.3/0.3 10/10 

30.7 /30.7 1013/1013 

8 780 / 94 1 0 ( 

( a )  

( b )  
( c )  

( d )  
( e )  
( f )  C o l l e c t i v e  annual dose f o r  a l l  c r a f t s  and i n d i v i d u a l s .  

Considered t o  be maximal ly  exposed i n d i v i d u a l  doses assuming t h a t  t h e  doses a r e  d i s t r i b u t e d  
u n i f o r m l y  among each worker  i n  each c r a f t  i n  t h e  ded ica ted  work crews. 
Assumes a l l  shipments f rom a g iven r e a c t o r  a re  e i t h e r  100% by r a i l  o r  100% by t r u c k .  
Data shown a re  f o r  PWR/BWR. 
r a i l  cask o r  2 PWR (0.924 MTU) o r  5 BWR (0.930 MTU) i n  a t r u c k  cask. 
Assumed t o  be f o r  30 MTU pe r  year. 
Superv i so rs  n o t  i n c l u d e d  because t h e y  pe r fo rm no work i n  r a d i a t i o n  zones. 

E i t h e r  14 PWR (6.47 MTU) o r  36 BWR (6.70 MTU) assembl ies i n  a 



maintenance-craf tsmen (0.2 rem when h a n d l i n g  r a i l  casks and about 1.0 rem when 

h a n d l i n g  t r u c k  casks),  and t h e  o p e r a t o r s  (0.2 t o  0.3 rem when h a n d l i n g  r a i l  

casks and about 1.0 rem when h a n d l i n g  t r u c k  casks) .  The average annual expo- 

sure  f o r  a11 workers i n  t h e  t o t a l  ded ica ted  cask h a n d l i n g  crew i s  e s t i m a t e d  t o  

be about 160 mrem when h a n d l i n g  r a i l  casks and about 700 mrem when h a n d l i n g  

t r u c k  casks. 

The major  source o f  i n d i v i d u a l  worker  doses i s  work around t h e  cask l i d s  

a f t e r  t h e  f u e l  i s  loaded i n t o  t h e  cask ( A c t i v i t y  15). The t o t a l  annual doses 

r e s u l t i n g  f rom work around t h e  l i d s  i s  about 380 person-mrem f o r  u s i n g  t r u c k  

casks (about 40% o f  t o t a l  doses) and about 750 person-mrem f o r  u s i n g  r a i l  casks 

(about  30% t o  40% o f  t o t a l  doses). 

I n  summary, t h e  s m a l l e r - c a p a c i t y  t r u c k  shipments r e s u l t  i n  about a 4- t o  

5 - f o l d  h i g h e r  c o l l e c t i v e  worker  dose p e r  MTU than  t h e  l a r g e r - c a p a c i t y  r a i l  

shipments. The same cask h a n d l i n g  a c t i v i t i e s  a r e  needed f o r  h a n d l i n g  e i t h e r  

s i z e  cask. However, t h e  ma jo r  dose-producing a c t i v i t i e s  must be c a r r i e d  o u t  

more t i m e s  f o r  t h e  s m a l l e r - c a p a c i t y  t r u c k  casks f o r  t h e  same amount o f  f u e l .  

The r e s u l t s  a r e  h i g h e r  aggregate and i n d i v i d u a l  doses p e r  MTU shipped i n  t r u c k  

casks. 

4.3 ANALYSIS OF DOSES FROM IN-TRANSIT OPERATIONS 

Es t ima ted  p u b l i c  and worker  r a d i a t i o n  doses r e s u l t i n g  f r o m  r o u t i n e  

i n - t r a n s i t  o p e r a t i o n s  a r e  p resen ted  i n  t h i s  s e c t i o n .  These e s t i m a t e s  a r e  based 

on t h e  o v e r a l l  s tudy  bases and r a t i o n a l e  g i ven  i n  S e c t i o n  3.4 and Appendix E, 

and on t h e  d e s c r i p t i o n  o f  i n - t r a n s i t  o p e r a t i o n s  p r o v i d e d  i n  S e c t i o n  4.1. 

t i o n  4.3.1 d iscusses t h e  p o p u l a t i o n  groups exposed d u r i n g  i n - t r a n s i t  opera- 

t i o n s ,  and t h e  s p e c i f i c  approach, bases and methods used t o  c a l c u l a t e  t h e  

r a d i a t i o n  doses t o  t h e s e  groups. The p o s t u l a t e d  r e f e r e n c e  shipment c h a r a c t e r -  

i s t i c s ,  o p e r a t i n g  t imes, and e s t i m a t e d  doses f o r  a r e p r e s e n t a t i v e  t r u c k  s h i p -  

ment a r e  desc r ibed  i n  S e c t i o n  4.3.2. I n  S e c t i o n  4.3.3, t h e  same i n f o r m a t i o n  i s  

presented f o r  a r e p r e s e n t a t i v e  r a i l  shipment. A d d i t i o n a l  d e t a i l s  on t h e  

i n - t r a n s i t  e v a l u a t i o n s  a r e  g i v e n  i n  Appendix D. 

Sec- 

4.3.1 Approach, Bases, and Methodology 

T h i s  a n a l y s i s  de f i nes  t y p i c a l  o p e r a t i o n a l  a c t i v i t i e s  d u r i n g  t r a n s p o r t a t i o n  

of spent f u e l  and es t ima tes  t h e  r e s u l t a n t  r a d i a t i o n  doses f o r  each a c t i v i t y  f o r  
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t h e  p o p u l a t i o n  groups exposed. 

a t i o n  exposures a t  s tops  i n d i v i d u a l l y  and uses t h e  RADTRAN I 1 1  computer code 

(Madsen e t  a l .  1986) t o  es t ima te  p u b l i c  exposures w h i l e  t h e  t r a n s p o r t  v e h i c l e  

i s  moving. 

Th is  a n a l y s i s  es t ima tes  p u b l i c  and worker  r a d i -  

One p o p u l a t i o n  group r e c e i v i r l g  a r a d i a t i o n  dose i s  t h e  t r a n s p o r t  workers 

t h a t  a re  exposed as a r e s u l t  o f  t h e i r  occupat ion ,  i n c l u d i n g  those exposed on a 

random bas is .  Persons such as crew members o f  t r a i n s ,  t r u c k  d r i v e r s ,  s t a t e  

i n s p e c t o r s ,  r a i l  i n s p e c t o r s ,  r a i  l y a r d  employees, shipment esco r t s ,  and s e r v i c e  

s t a t i o n  a t tendan ts  a re  cons idered i n  t h i s  a n a l y s i s  t o  be t r a n s p o r t  workers. 

The genera l  pub1 i c i s  t h e  nonoccupat iona l  l y  exposed group, which i n c l  udes 

bys tanders  a t  t r u c k  s tops  and r a i l  s i d i n g s ,  persons l i v i n g  o r  work ing  a l o n g  a 

r o u t e  o r  near  a t r u c k  s top  o r  r a i l y a r d ,  and nearby t r a v e l e r s  (moving i n  t h e  

same and oppos i te  d i r e c t i o n s ) .  

1986) c a l c u l a t e s  doses w h i l e  t h e  v e h i c l e s  a r e  i n  mot ion  and was used t o  check 

t h e  c a l c u l a t e d  doses. The models i n  RADTRAN I 1 1  a re  b r i e f l y  d iscussed here. 

The RADTRAN I11 normal p o p u l a t i o n  exposures models a re  i l l u s t r a t e d  i n  

F i g u r e  4.17. 

The RADTRAN I 1 1  computer code (Madsen e t  a1 . 

I n  t h e  p o p u l a t i o n  exposure model, t h e  assessment o f  p o p u l a t i o n  dose 

assumes t h e  packaging o r  t r a n s p o r t  cask i s  a p o i n t  source o f  e x t e r n a l ,  pene- 

t r a t i n g  r a d i a t i o n .  The p o i n t  source approx imat ion  i s  g e n e r a l l y  acceptab le  f o r  

d i s tances  between t h e  r e c e p t o r  and source o f  more than two sou rce -cha rac te r i s -  

t i c  l eng ths ,  o r  about 30 f e e t  away f rom t h e  s i d e  o f  t h e  cask. 

source approx imat ion,  t h e  dose r a t e  i s  g i ven  by: 

From t h e  p o i n t  

where DR(r)  = dose r a t e  a t  d i s t a n c e  r 

B ( r )  = dose b u i l d u p  f a c t o r  f o r  an i s o t o p i c  source 

= l i n e a r  a t t e n u a t i o n  c o e f f i c i e n t ,  m - l  

K = dose r a t e  f a c t o r  f o r  a u n i t  source s t r e n g t h  

r = d i s t a n c e  from t h e  source, m. 
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FIGURE 4.17. P o p u l a t i o n  Dose Models f o r  Normal T ranspor t  
I n c l u d e d  i n  RADTRAN I11 

2 A t  s h o r t e r  d i s tances ,  t h e  dose r a t e  i s  p r o p o r t i o n a l  t o  l / r ,  r a t h e r  than  l / r  
RADTRAN I 1 1  a p p l i e s  a l i n e  source approx ima t ion  t o  e s t i m a t e  dose r a t e s  a t  t hese  

s h o r t e r  d i s tances .  

The equa t ions  used t o  c a l c u l a t e  exposures d i f f e r  f o r  t h e  d i f f e r e n t  popu- 

l a t i o n  groups and t r a n s p o r t  modes (i.e., t r u c k  and r a i l ) ,  b u t  t h e i r  b a s i s  i n  

t h e  p o i n t - s o u r c e  and l i n e - s o u r c e  assumptions i s  t h e  same. D e r i v a t i o n s  o f  t h e  

v a r i o u s  equat ions a r e  d i scussed  i n  d e t a i l  by T a y l o r  and Dan ie l  (1982) and 

Madsen e t  a1 . (1986).  

The RADTRAN I11 computer code was used t o  c a l c u l a t e  " u n i t  dose f a c t o r s "  

f o r  r o u t i n e  t r a n s p o r t  c o n d i t i o n s  w h i l e  t h e  v e h i c l e s  a r e  moving. U n i t  dose 

f a c t o r s  d e f i n e  t h e  r a d i a t i o n  dose r e c e i v e d  by t h e  nearby a f f e c t e d  p o p u l a t i o n  

f o r  each u n i t  o f  d i s t a n c e  t r a v e l e d  f o r  each o f  t h r e e  p o p u l a t i o n  d e n s i t y  zones: 

urban, suburban, and r u r a l .  The average speed of t h e  shipment and t h e  t i m e  

r e q u i r e d  t o  complete a shipment, i n c l u d i n g  s t o p  t imes, a r e  f a c t o r e d  i n t o  t h e  
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u n i t  dose f a c t o r s .  

c u l a t e d  by m u l t i p l y i n g  t h e  u n i t  dose f a c t o r  f o r  a s p e c i f i c  p o p u l a t i o n  d e n s i t y  

zone t imes  t h e  d i s t a n c e  t r a v e l e d  p e r  shipment i n  t h a t  zone and summing t h e  

doses ove r  a l l  t h e  p o p u l a t i o n  zones, as shown i n  t h e  equa t ion  below: 

T o t a l  r o u t i n e  exposures f o r  a p a r t i c u l a r  shipment a r e  c a l -  

c R .  D Fi Exposure p e r  shipment 

(person-  rem) i=r,Z,u 

where i = summation i ndex  d e n o t i n g  r u r a l  ( r ) ,  suburban ( s ) ,  

and urban ( u )  p o p u l a t i o n  zones 

suburban, and urban zones 

D = one-way s h i p p i n g  d i s t a n c e  (km) 

Ri = u n i t  dose f a c t o r  (person-rem/km) f o r  r u r a l ,  

F i  = f r a c t i o n  o f  t r a v e l  i n  each p o p u l a t i o n  zone. 

The va lues f o r  Ri used i n  t h i s  s tudy were o b t a i n e d  f rom Appendix A of t h e  

r e p o s i t o r y  EAs (DOE 1986b). 

p e r - s h i  pment exposures f o r  one-way t r u c k  and r a i  1 s h i p p i  ng d i s t a n c e s  o f  approx- 

i m a t e l y  2,860 km (1,780 m i l e s )  and 3,070 km (1,910 m i l e s ) ,  r e s p e c t i v e l y .  These 

s h i p p i n g  d i s t a n c e s  were o b t a i n e d  by averaging t h e  d i s t a n c e s  g i ven  i n  t h e  

r e p o s i t o r y  EAs between r e p r e s e n t a t i v e  r e a c t o r s  and t h e  t h r e e  p o t e n t i a l  r e p o s i  - 
t o r y  s i t e s .  A s i m i l a r  procedure was used t o  e s t i m a t e  f r a c t i o n s  o f  t r a v e l  i n  

each p o p u l a t i o n  zone f o r  shipments f rom r e p r e s e n t a t i v e  r e a c t o r s  t o  t h e  t h r e e  

r e p o s i t o r y  s i t e s .  These f r a c t i o n s  f o r  t r u c k  shipments a r e  e s t i m a t e d  t o  be 
0.79, 0.20, and 0.01 and f o r  r a i l  shipments a re  0.81, 0.18, and 0.01 f o r  r u r a l ,  

suburban, and urban zones r e s p e c t i v e l y .  A d d i t i o n a l  i n f o r m a t i o n  on r o u t e  cha r -  

a c t e r i s t i c s  i s  presented i n  Sec t i ons  6.2 and 6.3. 
a r e  p resen ted  i n  t h e  r e p o s i t o r y  EAs f o r  worker and nonworker p o p u l a t i o n  groups. 

These u n i t  dose f a c t o r s  were used t o  c a l c u l a t e  

Separate u n i t  dose f a c t o r s  

D e t a i l e d  RADTRAN 111-ca lcu la ted  r e s u l t s  t h a t  were p r o v i d e d  by Sandia 

N a t i o n a l  L a b o r a t o r i e s  t o  suppor t  t h e  r e p o s i t o r y  EAs were o b t a i n e d  and used f o r  

t h i s  study. These r e s u l t s  formed t h e  b a s i s  f o r  t h e  t ime /d i s tance /dose  and 

r a d i a t i o n  dose es t ima tes  t h a t  a r e  p r o v i d e d  here. However, a more d e t a i l e d  

breakdown o f  t r a n s p o r t a t i o n  exposures t h a n  i s  p r o v i d e d  by RADTRAN I 1 1  i s  

r e q u i r e d  f o r  t h i s  a n a l y s i s .  These exposures were c p l c u l a t e d  by i d e n t i f y i n g  

p o p u l a t i o n  groups exposed t o  t h e  shipment and e s t i m a t i n g  t h e  amount o f  t i m e  
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each group i s  exposed, t h e  number o f  persons exposed, and t h e  e x t e r n a l  r a d i a -  

t i o n  dose r a t e  a t  t h e  d i s t a n c e  f rom t h e  cask where t h e  exposure occurs.  These 

t h r e e  parameters a re  m u l t i p l i e d  t o g e t h e r  t o  c a l c u l a t e  exposures per-sh ipment  

f o r  each p o p u l a t i o n  group. 

i n p u t  parameters used i n  RADTRAN I 1 1  t o  e s t i m a t e  p o p u l a t i o n  group doses a re  

used i n  t h i s  study. 

as t h e  b a s i s  t o  d e r i v e  t h e  more d e t a i l e d  doses u s i n g  f r a c t i o n s  o f  t o t a l  s h i p -  

ment doses. 

f u e l  s h i  pment doses. 

Where approp r ia te ,  t h e  r a d i a t i o n  dose submodels and 

I n  some cases, t h e  RADTRAN 111 u n i t  dose f a c t o r s  a r e  used 

These f r a c t i o n s  were developed f rom o t h e r  s t u d i e s  of r o u t i n e  spent  

The p o p u l a t i o n  groups cons idered here  a re  l i s t e d  below. 

I. Transpor t  worke rs (a )  

0 A t  s tops  

- S e r v i c e  s t a t i o n  a t t e n d a n t s  

- S t a t e  i n s p e c t o r s  
- T r a i n  hand le rs  

- R a i l  y a r d  crews 

- Escor t s  

0 On Road 

- Truck d r i v e r s  

- R a i l  crew 

- E s c o r t s  

11. Nonoccupational ( P u b l i c )  

0 A t  Stops 

- Res idents  

- Passersby 

- On- l i nk  (persons a long  r o u t e s  i n  pass ing  v e h i c l e s )  

- O f f - l i n k  (persons r e s i d i n g  a long  r o u t e s ) .  

0 On Road 

( a )  I n  t h i s  a n a l y s i s ,  t h e  t r a n s p o r t  worker  ca tegory  i n c l u d e s  a l l  who p l a y  an 
occupa t iona l  r o l e  i n  comp le t i ng  t h e  shipments. Transpor t  workers i n c l u d e  
t r u c k  d r i v e r s ,  s e r v i c e  , s t a t i o n  a t tendan ts ,  s t a t e  highway and r a i  1 road 
i n s p e c t o r s ,  t r a i n  crews, r a i l r o a d  t r a i n  h a n d l i n g  and s e r v i c e  c r a f t s ,  and 
esco r t s .  
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The r a d i a t i o n  dose r a t e s ,  p o p u l a t i o n  data,  and o p e r a t i n g  t imes  used t o  

c a l c u l a t e  per-shipment exposures f o r  each p o p u l a t i o n  group shown above a r e  

d iscussed i n  t h e  n e x t  two subsect ions.  A d d i t i o n a l  d e t a i l s  a re  g i v e n  i n  

Appendix D. 

A t y p i c a l  shipment o r i g i n - d e s t i n a t i o n  p a i r  was s e l e c t e d  f rom t h e  r e p o s i -  

t o r y  EAs and used t o  d e f i n e  r e p r e s e n t a t i v e  t r u c k  and r a i l  r o u t e s  f o r  f u r t h e r  

examinat ion.  Truck and r a i l  o p e r a t i n g  sequences f rom t h e  o r i g i n  t o  t h e  

d e s t i n a t i o n  were then  c o n s t r u c t e d  t o  e s t i m a t e  approximate l o c a t i o n s  of r e f u e l -  

i n g  and r e s t  stops, s t a t e  i n s p e c t i o n s  o f  t h e  cask and v e h i c l e ,  t r a i n  changes, 

t r a i n  c l a s s i f i c a t i o n s ,  and t r a v e l  t imes  and d i s t a n c e s  between stops.  Shipments 

a re  by genera l  commerce l e g a l w e i g h t  t r u c k  (LWT) and by general  f r e i g h t  r a i l .  

As g iven i n  S e c t i o n  3.4.2, t h e  r a d i a t i o n  dose r a t e s  f rom empty casks a r e  

n e g l i g i b l e .  

and a r e  n o t  c a l c u l a t e d .  

Thus, doses f rom r e t u r n  o f  t h e  empty casks are  assumed t o  be ze ro  

4.3.2 A n a l y s i s  o f  Truck O p e r a t i n g  Procedures and I n - t r a n s i t  Doses 

T h i s  s e c t i o n  p resen ts  d e t a i l e d  t ime /d i s tance /dose  est imates,  o p e r a t i n g  

c h a r a c t e r i s t i c s ,  and r a d i a t i o n  dose es t ima tes  f o r  i n - t r a n s i t  t r u c k  o p e r a t i o n s .  

4.3.2.1 Truck Operat ions 

Based on RADTRAN 111, t h e  t r u c k  shipment o p e r a t i n g  sequence f o r  t h e  r e p r e -  

s e n t a t i v e  r o u t e  was determined u s i n g  an average speed w h i l e  moving o f  80 km/ 

hour (50 mph) i n  r u r a l  areas, 40 km/hour (25 mph) i n  suburban areas, and 
24 km/hour ( 1 5  mph) i n  urban areas (see Appendix D). Each shipment i s  assumed 

t o  be p r o v i d e d  w i t h  two d r i v e r s  t o  a l l o w  t h e  shipment t o  t r a v e l  around-the- 

c l o c k .  Another i m p o r t a n t  parameter t h a t  was taken  f rom t h e  RADTRAN I 1 1  

c a l c u l a t i o n s  i s  t h e  amount o f  s top - t ime  p e r  shipment. 

r e p o s i t o r y  EAs was based on a c o n s e r v a t i v e  average va lue  of 0.011 hours o f  

s top - t ime  p e r  km o f  t r a v e l .  Thus, f o r  a 2,860-km shipment, t h e  t o t a l  s top - t ime  

i s  31 hours. 

The va lue  used i n  t h e  

The r e p r e s e n t a t i v e  r o u t e  was t r a c e d  on a map f rom o r i g i n  t o  d e s t i n a t i o n  t o  

i d e n t i f y  p o t e n t i a l  stops. R e f u e l i n g  s tops  a r e  assumed t o  occur  app rox ima te l y  

every 800 km (500 m i l e s )  based on a 150-ga l l on  f u e l  l o a d  and an average f u e l  

consumption r a t e  o f  about 8 km/gal lon ( 5  m i l e s / g a l l o n ) .  Thus, t h e  t r u c k  i s  
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assumed t o  s top  t h r e e  t imes  enroute  f o r  r e f u e l i n g .  

assumed t o  occur  every  6 t o  7 hours and an a d d i t i o n a l  s h o r t  s top  f o r  r e s t  and 

NRC-required communication i s  p r o v i d e d  between f o o d / r e s t  stops. 

communications, r e q u i r e d  every  2 hours, a re  assumed t o  t a k e  p l a c e  by te lephone  

w h i l e  t h e  v e h i c l e  i s  stopped.) Stops f o r  r e f u e l i n g  p l u s  food / res t  a re  assumed 

t o  l a s t  approx imate ly  3 hours.  These s top  t imes a re  b e l i e v e d  t o  be conserva-  

t i v e l y  l o n g  t o  account f o r  w a i t i n g  t imes  and t h e  NRC safeguards requ i rement  t o  

have t h e  shipment c o n s t a n t l y  under d i r e c t  v i s u a l  s u r v e i l l a n c e  ( i n  many cases 

t h i s  requi rement  causes t h e  d r i v e r s  t o  e a t  s e p a r a t e l y  so t h a t  one d r i v e r  can 

remain w i t h  t h e  shipment w h i l e  t h e  o t h e r  d r i v e r  e a t s ) .  

c a t i o n s  s tops  a re  assumed t o  l a s t  30 minutes.  

Food and r e s t  s tops  a re  

(The remain ing  

Rest -on ly  and communi- 

Recent exper ience w i t h  t h e  shipment o f  spent f u e l  f rom Sur ry  t o  INEL 

(Ruska and Schoonen 1986) has i n d i c a t e d  t h a t  t h e  s top  t imes i n  a c t u a l  p r a c t i c e  

may be much s h o r t e r .  Should t h i s  occur  t h e  c a l c u l a t e d  doses f o r  t h e  p u b l i c  a t  
s tops  would be reduced acco rd ing l y .  

S t a t e s  have t h e  r i g h t  t o  s t o p  t h e  shipments f o r  v e h i c l e  sa fe ty  inspec-  

t i o n s ,  r a d i o l o g i c a l  i n s p e c t i o n s ,  and t o  be weighed. The f i r s t  s t a t e  i n s p e c t i o n  

i s  assumed t o  occur  a t  t h e  o r i g i n  f a c i l i t y  and need n o t  be done aga in  a t  t h e  

border  of t h a t  s t a t e .  The second and f i n a l  i n s p e c t i o n  i s  assumed t o  occur  a t  

t h e  bo rde r  o f  t h e  s t a t e  i n  which t h e  f i n a l  d e s t i n a t i o n  i s  loca ted .  Rased on 

te lephone d i scuss ions  w i t h  t h e  Washington S t a t e  P a t r o l ,  who performs these  

a c t i v i t i e s  f o r  t h e  S t a t e  o f  Washington, t h e  e n t i r e  i n s p e c t i o n  procedure takes  

about 30 t o  45 minutes, i n c l u d i n g  an u n d e r c a r r i a g e  i n s p e c t i o n ,  brake and t i r e  

i n s p e c t i o n ,  r a d i a t i o n  m o n i t o r i n g ,  and check ing  t h e  s h i p p i n g  m a n i f e s t  and 

d r i v e r ' s  c r e d e n t i a l s .  The t o t a l  average s top  t i m e  f o r  s t a t e  i n s p e c t i o n s  i s  

i nc reased  t o  1 hour i n  t h i s  a n a l y s i s  t o  account f o r  w a i t i n g  t imes  a t  t h e  

i nspect  i on s t a t  i on. 

The d e t a i l e d  o p e r a t i n g  sequence f o r  t h e  r e p r e s e n t a t i v e  t r u c k  shipment i s  

A summary o f  o p e r a t i n g  c h a r a c t e r i s t i c s  f o r  a rep re -  p r e s e n t e d ' i n  Appendix D. 
s e n t a t i v e  t r u c k  shipment i s  shown i n  Tab le  4.11. 
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TABLE 4.11. Summary of Represen ta t i ve  P o s t u l a t e d  Reference Truck Shipment 
Opera t i ona l  C h a r a c t e r i s t i c s  

AGGREGATED 

T o t a l  D is tance:  1780 m i l e s  
Moving Time: 43.75 hours Number i n  crew: 2 
Stop Time: 30.0 hours Average speed: 24.1 mph 

T o t a l  Time: /3./5 hours Average speed w h i l e  moving: 50 mph - r u r a l  
25 mph - suburban 
15 mph - urban 

DETAILS 

F r a c t i o n s  o f  T r a v e l :  Rura l  - 79%; Suburban - 20%; Urban - 1% 

Stops : (a )  8 f o r  f o o d / r e s t  = 24 hours 

2 f o r  s t a t e  i n s p e c t i o n s  x 1 hour = 2 h(yqs 
3 f o r  r e f u e l i n g  ( i n c l u d e d  above) -- 
8 f o r  communications x 30 minutes = 4.0‘”’ 

TOTAL 30.0 hours 

R e f u e l i n g  Times: 40 m i n u t e s / s t o p ( c )  x 3 r e f u e l i n g  s tops  
= 2.0 hours f o r  r e f u e l i n g  pe r  t r i p  

S t a t e  Inspec t i ons :  2 x 1 h o u r / i n s p e c t i o n ( d )  = 2 hours  
2 persons /s top  p l u s  d r i  vers  

( a )  

( b )  Three a d d i t i o n a l  communications d u r i n g  o t h e r  stops. 
( c )  Source: Sandquist e t  a l .  1985 Represents amount o f  t i m e  spent  by d r i v e r s  

Food, r e s t  s tops  a re  based on s top  t imes es t ima ted  by RADTRAN I11 (Madsen 
e t  a f .  1986). 

( o r  s e r v i c e  s t a t i o n  a t t e n d a n t s )  i n  t h e  v i c i n i t y  o f  t h e  shipment t o  pump 
f u e l .  

Washington S t a t e  P a t r o l  and inc reased  t o  1 hour  p e r  s top  t o  account f o r  
w a i t i n g  o r  t i m e  spent i n  queue. 

( d )  Based on 30-45 minu te  es t ima te  f o r  i n s p e c t i o n  t i m e  p r o v i d e d  by t h e  

The es t ima ted  t i m e  t o  r e t u r n  an empty cask t o  i t s  o r i g i n a t i n g  f a c i l i t y  i s  

f a s t e r  t han  t h e  loaded p a r t  o f  t h e  t r i p  because t h e r e  i s  no need f o r  communica- 

t i o v s  s tops  and s t a t e  i n s p e c t i o n s .  

t r u c k  cask i s  47 hours. 

Thus, t h e  es t ima ted  t i m e  t o  r e t u r n  t h e  

4.3.2.2 Doses Received f rom Represen ta t i ve  Truck Shipments 

T h i s  s e c t i o n  presents  es t ima tes  o f  r o u t i n e  doses f o r  r e p r e s e n t a t i v e  t r u c k  

shipments. These doses are  r e c e i v e d  by t h e  t r u c k  d r i v e r s  and o t h e r  t r a n s p o r t  
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workers such as s e r v i c e  s t a t i o n  a t tendan ts ,  s t a t e  i nspec to rs ,  and esco r t s ,  as 

w e l l  as t h e  un invo lved  genera l  p u b l i c .  Es t imates  a re  a l s o  presented  f o r  t h e  

max imal ly  exposed i n d i v i d u a l s  o r  groups. 

Appendix D. 

The c a l c u l a t i o n s  are  i l l u s t r a t e d  i n  

Doses t o  T ranspor t  Workers Whi le  Moving. Normal doses t o  t r u c k  d r i v e r s  

a r e  t h e  sum o f  t h e  exposures rece ived  w h i l e  t h e  shipment i s  moving and those  

r e c e i v e d  a t  stops. As shown i n  Table 4.11, t h e  r e p r e s e n t a t i v e  t r u c k  shipment 

i s  moving f o r  43.75 hours and s topped f o r  about 30 hours. 

t r u c k  cab i s  2 mrem/hour, based on t h e  maximum p e r m i s s i b l e  dose r a t e  g i ven  i n  

DOT r e g u l a t i o n s  (see 49 CFR 173). Thus, t h e  t o t a l  c o l l e c t i v e  exposures t o  

t r u c k  crews ( two d r i v e r s / s h i p m e n t )  w h i l e  moving a re  approx imate ly  175 person- 

mrern/shipment. 

The dose r a t e  i n  t h e  

The o t h e r  ca tegory  o f  t r a n s p o r t  worker  doses w h i l e  moving a re  t h e  doses 

r e c e i v e d  by e s c o r t s  t h a t  precede and f o l l o w  t h e  shipment. 

ment o n l y  i n  dense ly  popu la ted  urban areas, o r  f o r  about 30 km (18.6 m i l e s )  of 

t h e  r e p r e s e n t a t i v e  s h i p p i n g  d i s tance .  The NRC i s  c u r r e n t l y  c o n s i d e r i n g  an 

amendment t o  10 CFR 73 t h a t  would e l i m i n a t e  t h e  requi rement  f o r  armed guards 

w i t h i n  t h e  c i t i e s  (49  CFR 112). These doses a re  i n c l u d e d  here. Doses t o  

e s c o r t s  a re  n o t  i n c l u d e d  i n  RADTRAN 111. To e s t i m a t e  doses t o  esco r t s ,  i t  i s  

assumed t h a t  two e s c o r t s  precede and two e s c o r t s  f o l l o w  t h e  shipment a t  an 

average d i s t a n c e  o f  50 meters. The dose r a t e  a t  50 meters away f rom t h e  bo t tom 

o f  t h e  cask i s  approx imate ly  0.006 mrem/hour and f rom t h e  t o p  o f  t h e  cask i s  

0.019 mrem/hour. M u l t i p l y i n g  these  dose r a t e s  by 2 persons and by 1.25 hours 

o f  t r a v e l  t i m e  i n  urban areas r e s u l t s  i n  a c o l l e c t i v e  dose f o r  e s c o r t s  of about 

0.06 person-mrem/shipment w h i l e  t h e  shipment i s  moving. 

Th is  i s  a r e q u i r e -  

Doses t o  t h e  P u b l i c  Whi le  Moving. Exposures t o  t h e  p u b l i c  a re  r e c e i v e d  

w h i l e  t h e  shipment i s  moving. These doses a re  comprised o f  those r e c e i v e d  by 

t h e  p o p u l a t i o n  su r round ing  t h e  r o u t e  ( o f f - l i n k )  and those rece ived  by persons 

on t h e  road i n  pass ing  v e h i c l e s  ( o n - l i n k ) .  

r e s u l t s  o f  t h e  RADTRAN I 1 1  ana lyses  i n  t h e  r e p o s i t o r y  EAs. These p a r t i c u l a r  

doses a re  e x p l i c i t l y  g i ven  i n  t h e  RADTRAN I 1 1  outpu t .  Separate u n i t - d o s e  

va lues (person-rem/km) were g i ven  i n  RADTRAN I11 ou tpu t  f o r  t r a v e l  i n  r u r a l ,  

suburban, and urban areas. These u n i t - d o s e  va lues  were m u l t i p l i e d  i n  t h i s  

s tudy  by t h e  d i s tances  t r a v e l e d  i n  r u r a l ,  suburban, and urban areas 

These doses were taken  f rom t h e  
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(2,260, 570, and 30 km, r e s p e c t i v e l y )  t o  compute t h e  p e r - t r i p  exposures f o r  

t h i s  p o p u l a t i o n  group. The t o t a l  c o l l e c t i v e  doses a re  es t ima ted  t o  be 

23 person-mrem/shipment f o r  o f f - l i n k  groups and 34 person-mrem/shipment f o r  

o n - l i n k  groups. 

Doses a t  Stops. Truck d r i v e r  exposures a t  s tops  were c a l c u l a t e d  f o r  two 

c o n d i t i o n s :  one f o r  doses w h i l e  one d r i v e r  ea ts  ( o r  te lephones o r  observes a t  

a d i s t a n c e )  and t h e  o t h e r  f o r  doses w h i l e  one d r i v e r  ma in ta ins  v i s u a l  s u r v e i l -  

lance.  The average exposure d i s t a n c e  f o r  a c t i v i t i e s  away f rom t h e  t r u c k  i s  

assumed t o  be 20 meters f rom t h e  s i d e  o f  t h e  cask, which i s  t h e  same as t h e  

average d i s t a n c e  used f o r  p u b l i c  exposures a t  s tops.  

s u r v e i l l a n c e  i s  assumed t o  be exposed t o  t h e  dose r a t e  a t  10 meters from t h e  

t o p  o f  t h e  cask. The l a t t e r  exposure d i s t a n c e  i s  a l s o  used t o  e s t i m a t e  t h e  

doses f o r  r e f u e l i n g  opera t i ons .  T h i s  i s  b e l i e v e d  t o  be reasonable because even 

though t h e  d i s t a n c e  t o  t h e  f u e l  t anks  i s  somewhat lower  (app rox ima te l y  

5 meters ) ,  t h e  d r i v e r  a l s o  spends p a r t  o f  t h i s  t i m e  p e r f o r m i n g  a c t i v i t i e s  

f a r t h e r  away, such as washing t h e  w i n d s h i e l d  and check ing  i n  t h e  eng ine  

compartment. The dose r a t e s  a t  20 meters and 10 meters f rom t h e  cask a re  0.18 
and 0.6 mrem/hour, r e s p e c t i v e l y .  Assuming t h e  d r i v e r s  spend equal amounts o f  

t h e  t o t a l  s top - t ime  pe r  shipment i n  bo th  areas, o r  about 15 hours i n  each area 

pe r  shipment, t h e  t o t a l  c o l l e c t i v e  r a d i a t i o n  dose t o  t r u c k  d r i v e r s  a t  s tops  i s  

es t ima ted  t o  be 23.4 person-mrem/shipment. 

The d r i v e r  t h a t  ma in ta ins  

T o t a l  c o l l e c t i v e  exposures t o  t h e  p u b l i c  a t  s tops  a re  c a l c u l a t e d  by 

RADTRAN 111 assuming t h e  average t r u c k  s top  ( food,  r e f u e l i n g )  i n c l u d e s  

50 persons a t  an average exposure d i s t a n c e  o f  20 meters. 

(person-rem/km) were ob ta ined  f rom t h e  RADTRAN 111 r e s u l t s  and then  m u l t i p l i e d  

by t h e  s h i p p i n g  d i s t a n c e  (2860 km) t o  e s t i m a t e  these doses. 

f a c t o r  i s  1.4E-4 person-rem/km i n  a l l  t h r e e  p o p u l a t i o n  zones. These f a c t o r s  

r e s u l t  i n  an es t ima ted  c o l l e c t i v e  dose t o  t h e  p u b l i c  a t  s tops  of 400 person-  

mrem/shipment . 

Uni t -dose f a c t o r s  

The u n i t - d o s e  

T o t a l  c o l l e c t i v e  exposures t o  o t h e r  t r a n s p o r t  workers a re  t h e  sum of those 

f o r  s e r v i c e  s t a t i o n  a t tendants ,  s t a t e  r a d i o l o g i c a l  and v e h i c l e  i n s p e c t o r s  a t  

s t a t e  borders,  and esco r t s .  Pumping o f  f u e l  i n t o  t h e  t r u c k  may be per formed by 

s e r v i c e  s t a t i o n  a t tendan ts  i n  some cases, b u t  i s  assumed t o  be done by t r u c k  
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d r i v e r s  i n  t h i s  s tudy. (a)  

t h e  dose r a t e  a t  10 meters f rom t h e  t o p  o f  t h e  cask f o r  t h e  r e f u e l i n g  a c t i v i t y  

and a t  20 meters f rom t h e  cask s i d e  f o r  a c t i v i t i e s  o t h e r  than  r e f u e l i n g  f o r  t h e  

Exposures f o r  t h i s  a c t i v i t y  were c a l c u l a t e d  u s i n g  

r e s t  o f  t h e  d u r a t i o n  of a stop. Acco rd ing  t o  Sandquist  e t  a l .  (19851, r e f u e l -  

i n g  a c t i v i t i e s  l a s t  about 40 minutes. 

p r o x i m i t y  (10 mete rs )  exposure f o r  40 minutes and a l o n g e r - d i s t a n c e  (20 me te rs )  

exposure f o r  2 hours and 20 minutes.  

r e f u e l i n g  s t o p  i s  thus  e s t i m a t e d  t o  be about 0.8 mrem/ re fue l i ng  a c t i v i t y .  

T o t a l  doses t o  these  persons f rom t h r e e  r e f u e l i n g  a c t i v i t i e s  p e r  shipment i s  

t h u s  2.5 person-mrem/shipment. 

Thus t h e  a t t e n d a n t  r e c e i v e s  a c l o s e -  

The t o t a l  dose t o  t h e  a t t e n d a n t  f o r  each 

When t h e  shipment i s  escor ted,  t h e  e s c o r t s  w i l l  a l s o  r e c e i v e  r a d i a t i o n  

doses w h i l e  t h e  shipment i s  a t  a stop. 

i n g  t h e y  are exposed a t  an average d i s t a n c e  o f  20 meters f rom t h e  s i d e  of t h e  

cask. The dose r a t e  a t  t h i s  d i s tance ,  0.18 mrem/hour, was m u l t i p l i e d  by 

4 persons and by 3 s top-hours i n  urban zones t o  e s t i m a t e  t o t a l  c o l l e c t i v e  r a d i -  

a t i o n  doses t o  e s c o r t s  a t  about 2.2 person-mrem/shipment. These doses a r e  n o t  

i n c l u d e d  i n  t h e  RADTRAN 111 c a l c u l a t i o n s .  

Doses t o  e s c o r t s  a r e  c a l c u l a t e d  assum- 

The l a s t  ca tegory  o f  t r a n s p o r t  worker  r a d i a t i o n  doses a t  s tops  a r e  t h e  

doses r e c e i v e d  d u r i n g  i n s p e c t i o n s  o f  t h e  shipment a t  t h e  o r i g i n a t i n g  f a c i l i t y  

and a f t e r  t h e  shipment crosses t h e  bo rde r  o f  t h e  d e s t i n a t i o n  s t a t e .  

a t  s t a t e  bo rde rs  may i n c l u d e  r a d i a t i o n  i n s p e c t i o n s  o f  t h e  cask and v e h i c l e ,  

b rake  and t i r e  i n s p e c t i o n s ,  and shipment weighing. These doses were e s t i m a t e d  

assuming one i n s p e c t o r  i s  exposed f o r  1 hour  p e r  i n s p e c t i o n  ( t o t a l  o f  2 hours 

p e r  sh ipment)  a t  an average d i s t a n c e  o f  5 meters f rom t h e  s i d e  a t  t h e  c e n t e r -  

l i n e  of t h e  cask. The dose r a t e  a t  5 meters was e s t i m a t e d  a t  3.2 mrem/hour 

(see Table 4.3). 

were es t ima ted  a t  3.2 mrem/ inspect ion,  o r  6.4 mrem/shipment. 

Doses t o  Maximal l y  Exposed I n d i  v i  dual  s o r  Groups . The maximal l y  exposed 

These doses amount t o  app rox ima te l y  100 mrem/ 

A c t i v i t i e s  

Us ing  t h i s  dose r a t e ,  t o t a l  c o l l e c t i v e  doses t o  i n s p e c t o r s  

workers a r e  t h e  t r u c k  d r i v e r s .  

d r i v e r  (87.5 mrem w h i l e  moving, 11.5 mrem a t  s t o p s )  f o r  t h e  r e p r e s e n t a t i v e  

2,860-km one-way t r u c k  shipment. Based on t h e  74-hour one-way t r a n s i t  t i m e  and 

( a )  The doses f o r  r e f u e l i n g  a r e  i n c l u d e d  i n  t h e  d r i v e r  doses e s t i m a t e d  
above. These doses a r e  d iscussed h e r e  f o r  i n f o r m a t i o n  on ly .  
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32 hours a t - r e a c t o r ,  t h e  t o t a l  d u r a t i o n  o f  each shipment i s  about 180 hours. 

Assuming each d r i v e r  i s  a v a i l a b l e  f o r  5,400 h o u r s l y e a r  (225 days/year  a t  

24 hours/day) ,  a two-person d r i v i n g  team can move approx ima te l y  30 shipments 

p e r  year .  Thus, t h e i r  t o t a l  annual i n d i v i d u a l  doses a r e  approx ima te l y  

30 shipments/year t imes  99 mrem/shipment, o r  2,970 mrem/year. 

An a t t e n d a n t  a t  a s e r v i c e  s t a t i o n  where r e f u e l i n g  i s  performed by an 

a t t e n d a n t  ( n o t  by t h e  d r i v e r s )  would r e c e i v e  an e s t i m a t e d  dose o f  0.83 person- 

mrem/shipment. 

s t o p  e n r o u t e  b e f o r e  t h e  r e p o s i t o r y ,  and t h i s  t r u c k  s top  i s  used by 486 t r u c k  

shipments/year (1 /2  o f  t o t a l ) ,  and t h e r e  a r e  a t o t a l  o f  f ou r  a t t e n d a n t s  t h a t  

work a t  t h e  t r u c k  s t o p  (i.e., 4 s h i f t s ) ,  each a t t e n d a n t  c o u l d  be exposed t o  

121 sh ipments lyear .  The maximum annual i n d i v i d u a l  dose f o r  each of t h e s e  

4 a t t e n d a n t s  would be 100 mrem/year. 

Assuming t h e  maximal ly  exposed a t t e n d a n t s  a r e  a t  t h e  l a s t  t r u c k  

Doses t o  s t a t e  i n s p e c t o r s  were e s t i m a t e d  e a r l i e r  t o  be approx ima te l y  

3.2 mrem/inspector f o r  each i n s p e c t i o n .  Assuming t h e  maximal ly  exposed inspec -  

t o r s  a re  a t  t h e  en t rance  t o  t h e  l a s t  s t a t e  e n r o u t e  t o  t h e  r e p o s i t o r y  (i.e., t h e  

s t a t e  where t h e  r e p o s i t o r y  i s  l o c a t e d ) ,  and t h i s  s t a t i o n  i s  used f o r  a l l  of t h e  

971 t r u c k  shipments/y'ear and t h e r e  a r e  a t o t a l  o f  4 i n s p e c t o r s  t h a t  share t h e  

i n s p e c t i o n s  e q u a l l y ,  each i n s p e c t o r  i s  exposed t o  242 shipments. The annual 

dose t o  each i n s p e c t o r  would be 774 mrem. 

The maximum i n d i v i d u a l  annual doses t o  e s c o r t s  a r e  e s t i m a t e d  assuming t h e  

e s c o r t  i s  p resen t  f o r  a s i n g l e  e n t i r e  s top  a t  a d i s t a n c e  of 20 meters from t h e  

cask and precedes t h e  cask by 50 meters th rough  an urban area. The dose p e r  

s t o p  f o r  each e s c o r t  i s  0.18 mrem/hour t i m e s  3 hours, o r  0.54 mrem/stop. I n d i -  

v i d u a l  doses w h i l e  moving a r e  0.019 mrem/hour t imes  1.25 hours, o r  0.02 mrem/ 

shipment. Assuming t h e  urban area i s  l o c a t e d  near t h e  r e p o s i t o r y  and each of 

t h e  971 sh ipments lyear  i s  e s c o r t e d  by one o f  f o u r  e s c o r t  teams, each e s c o r t  

c o u l d  be exposed t o  242 sh ipments lyear .  

136 mrem/year . The annual ,dose then  becomes 

The maximum annual i n d i v i d u a l  dose t o  a member o f  t h e  p u b l i c  who i s  a t  a 

t r u c k  s t o p  was es t ima ted  assuming t h e  person i s  p resen t  f o r  an e n t i r e  s i n g l e  
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stop. Using 

hour )  and an 

0.45 mrem. 

The max 

t h e  dose r a t e  a t  

exposure t i m e  of 

20 meters f rom t h e  s i d e  o f  t h e  cask (0.18 mrem/ 

2.5 hours, t h i s  i n d i v i d u a l  r e c e i v e s  a dose of  

mum annual i n d i v  

t h e  t r u c k  s t o p  was c a l c u l a t e d  

dual  dose f o r  a n o n t r a n s p o r t  worker  who works a t  

u s i n g  t h e  dose r a t e  a t  20 meters f rom t h e  s i d e  of  

Assuming f o u r  s h i f t s / d a y  a t  a t r u c k  s top  t h a t  s e r v i c e s  1/2 t h e  t r u c k  t h e  cask. 

shipments, t h i s  i n d i v i d u a l  c o u l d  be exposed t o  486/4, o r  121 sh ipments lyear .  

The maximum annual i n d i v i d u a l  dose becomes 121 shipments/year t imes  

0.45 person-mrem/shipment (see e s c o r t  doses, above) , o r  about 55 mremlyear. 

The maximum annual i n d i v i d u a l  dose t o  a member o f  t h e  p u b l i c  r e s i d i n g  near  

a t r u c k  r o u t e  was es t ima ted  u s i n g  d a t a  g i ven  i n  DOE (1986b, p. A-19). 

document i n d i c a t e s  t h a t  a person 30 meters f rom t h e  highway t h a t  sees a t r u c k  

shipment r e c e i v e s  approx ima te l y  0.00283 mrem p e r  shipment. Assuming t h i s  

i n d i v i d u a l  i s  presen t  w h i l e  a l l  971 shipments p e r  y e a r  pass by, t h e  maximum 

annual dose t o  t h i s  i n d i v i d u a l  i s  e s t i m a t e d  t o  be 2.8 mrem p e r  yea r .  

T h i s  

The f i n a l  c a t e g o r y  o f  maximum i n d i v i d u a l  exposures t o  a member of t h e  

p u b l i c  occurs i f  t h e  c a s k / v e h i c l e  becomes s tuck  i n  t r a f f i c .  I f  i t  i s  assumed 

t h a t  v e h i c l e s  a r e  stopped ad jacen t  t o  t h e  shipment (app rox ima te l y  5 meters 

away) f o r  30 minutes,  t h e  maximum i n d i v i d u a l  exposure w i l l  be 1.6 mrem, based 

on t h e  dose r a t e  o f  3.2 mrem/hour a t  5 meters f rom t h e  s i d e  o f  t h e  cask. T h i s  

va lue  shou ld  n o t  be m u l t i p l i e d  by t h e  expected number o f  shipments t o  c a l c u l a t e  

t o t a l  i n d i v i d u a l  exposures;  t h e  same person w i l l  p r o b a b l y  be exposed t o  o n l y  

one shipment i n  t h i s  s i t u a t i o n .  

Es t ima ted  r a d i a t i o n  doses f o r  t h e  r e p r e s e n t a t i v e  t r u c k  shipment a re  

summarized i n  Table 4.12. 

4.3.3 A n a l y s i s  o f  R a i l  O p e r a t i n g  Procedures and I n - t r a n s i t  Doses 

Th is  s e c t i o n  p resen ts  d e t a i l e d  t ime /d i s tance /dose  es t ima tes ,  o p e r a t i n g  

c h a r a c t e r i s t i c s ,  and r a d i a t i o n  dose e s t i m a t e s  f o r  i n - t r a n s i t  r a i l  ope ra t i ons .  

4.3.3.1 R a i l  Operat ions 

A s i m i l a r  approach t o  t h a t  used f o r  t r u c k  o p e r a t i o n s  was used t o  develop a 

d e t a i l e d  i n - t r a n s i t  o p e r a t i n g  sequence f o r  t h e  r e p r e s e n t a t i v e  r a i l  shipment. A 
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TABLE 4.12 Summary o f  Es t ima ted  Doses f o r  t h e  P o s t u l a t e d  Reference Truck 
Shipment 

Doses t o  
Maxi mum Col 1 e c t  i ve D ~ s e s  

Person - Person - Person-[' f I n d i  v i  dual  
Exposure Category mrem/shipment mrem/MTU r e m l y r  (mrem/y r ) 

T ranspor t  Workers 

0 Truck Crew 
- w h i l e  moving 175 189 170 2625 

- a t  s tops  23 25 22 345 

0 S t a t e  I n s p e c t o r s  6.4 7 6 770 

0 S e r v i c e  A t tendan ts  2.5(') 2.7(') 2.4(') 100 

0 S t a t e  E s c o r t s  2.2 2.4 2.1 136 

T o t a l  T ranspor t  2 06 223 201 NA 
Worker Dose 

Pub1 i c 

0 Whi le  Moving 

- o n - l i n k  23 

- o f f - l i n k  34 

400 

T o t a l  P u b l i c  Dose 457 
- 0 A t  Stops 

25 

37 

433 

495 
- 

22 

33 

389 

444 
- 

NA = Not a p p l i c a b l e .  
( a )  Based on 0.926 MTU/shipment. 
( b )  Based on 900 MTUlyear. 
( c )  Not i n c l u d e d  i n  t o t a l s .  Truck r e f u e l i n g  i s  t y p i c a l l y  performed by t h e  

( d )  

( e )  

d r i v e r s .  
reduced . 
Assumes person becomes s tuck  i n  t r a f f i c  n e x t  t o  a shipment one t i m e  p e r  
year .  
Assumes non t ranspor t  worker a t  t h e  f i n a l  t r u c k  s t o p  where 1/2 of a l l  
971 t r u c k  sh ipments lyear  s t o p  and he works on 1/4 o f  t hese  f o r  1/8 of 
t o t a l  (121 sh ipments/year)  . 

I f  done by t h e  s e r v i c e  a t tendan t ,  t h e  doses t o  d r i v e r s  would be 

3,070-km (1,910-mile) one-way s h i p p i n g  d i s t a n c e  i s  used i n  t h i s  sec t i on ,  based 

on t h e  t y p i c a l  d i s tances  taken  f rom t h e  r e p o s i t o r y  EAs o f  t h e  t h r e e  f i n a l  

cand ida te  r e p o s i t o r i e s  (DOE 1986b). The b a s i s  f o r  s t o p  t imes,  and t h e i r  

a s s o c i a t e d  a c t i v i t i e s ,  average d i s t a n c e  between stops, and average speed w h i l e  

moving was e x t r a c t e d  f rom Wooden (1986) and Ostmeyer (1986). Wooden (1986) 
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1 

i n d i c a t e s  an average t r a i n  speed w h i l e  moving o f  approx imate ly  32 km/hour 

(20  mph) i n  a l l  t h r e e  p o p u l a t i o n  zones, a l t hough  t h e r e  i s  ev idence t o  i n d i c a t e  

speeds a re  somewhat l ower  t h a n  t h i s  i n  urban areas and h i g h e r  i n  r u r a l  areas. 

Wooden (1986) generated r e l a t i o n s h i p s  t h a t  were used he re  t o  c a l c u l a t e  t h e  

number o f  s tops  and s top  t imes p e r  shipment. 

f o r  a 3,070-km shipment were 7 s tops  f o r  c l a s s i f i c a t i o n  and i n s p e c t i o n  and a 

t o t a l  o f  about 160 hours a t  s tops  p e r  3,070-km shipment. The average t imes a t  

s tops  a r e  d iscussed i n  Appendix D. 

The r e s u l t s  o f  t hese  c a l c u l a t i o n s  

C l a s s i f i c a t i o n  i s  t h e  process i n  r a i l y a r d s  whereby r a i l c a r s  a re  s o r t e d  

acco rd ing  t o  t h e i  r nex t  d e s t i n a t i o n .  T h i s  process t y p i  c a l  l y  i n c l  udes an 

i n s p e c t i o n  o f  t h e  r a i l c a r  t o  ensure brakes, underca r r i age ,  etc., a re  n o t  

damaged. C l a s s i f i c a t i o n  s tops,  on average, r e q u i r e  approx imate ly  20 hours 

(Wooden 1986). Stops where r a i l  c a r r i e r s  a re  changed r e q u i r e  s i g n i f i c a n t l y  

more t i m e  t o  complete because t i m e  i s  needed t o  move t h e  r a i l c a r  from one 
c a r r i e r ' s  r a i l y a r d  t o  t h e  o ther .  A s a f e t y  i n s p e c t i o n  by t h e  c a r r i e r s  i s  a l s o  

performed when c a r r i e r s  a re  exchanged. Wooden (1986) r e p o r t e d  t h a t  t hese  

a c t i v i t i e s ,  which a l s o  i n c l u d e  c l a s s i f i c a t i o n  o p e r a t i o n s  (and p r i m a r i l y  w a i t i n g  

t i m e ) ,  r e q u i r e  about 25 hours pe r  s top.  Another  t y p e  o f  s top  i s  a "b lock  

exchange" i n  which b l o c k s  o f  severa l  r a i l c a r s  t o g e t h e r  a re  re leased  by one 

t r a i n  and subsequent ly  p i c k e d  up i n  one group by a second t r a i n .  Accord ing  t o  

Wooden (1986) t h e  average t i m e  r e q u i r e d  f o r  a b l o c k  exchange i s  3.5 hours. 

I n s p e c t i o n s  of t h e  cask and r a i  1 c a r  a r e  t y p i  c a l  l y  i n c l  uded w i t h  c l  a s s i  f i - 
c a t i o n  a c t i v i t i e s .  T h i s  i n c l u d e s  i n s p e c t i o n s  per formed by s t a t e  i n s p e c t o r s  as 

w e l l  as those performed by t h e  r a i l  c a r r i e r s .  I n  genera l ,  these i n s p e c t i o n s  

r e q u i r e  much l e s s  t i m e  than  t h e  c l a s s i f i c a t i o n s  and can occur  a t  any t i m e  p r i o r  

t o  depar tu re  o f  t h e  t r a i n .  Thus, t hey  a r e  assumed t o  n o t  add any a d d i t i o n a l  

t i m e  t o  t h e  t r a i n  shipment. 

Wooden (1986) a l s o  i n d i c a t e d  t h a t  t h e  average t i m e  r e q u i r e d  by a l o c a l  

s w i t c h  eng ine  t o  p i c k  up t h e  r a i l c a r  a t  t h e  o r i g i n  f a c i l i t y  ( i n  t h i s  case, t h e  

r e a c t o r  s i t e )  and t r a v e l  t o  t h e  f i r s t  r a i l y a r d  i s  approx imate ly  12 hours ( t h i s  

t i m e  a l s o  a l l ows  t h e  s w i t c h  eng ine  t o  p i c k  up r a i l c a r s  f rom o t h e r  i n d u s t r i a l  

sh ippe rs ) ,  The t i m e  r e q u i r e d  f o r  t h e  e q u i v a l e n t  d e l i v e r y  t o  t h e  d e s t i n a t i o n  

f a c i l i t y  (i.e., t h e  r e p o s i t o r y )  f rom t h e  l a s t  s top  averages about 6 hours. 

These o p e r a t i n g  t imes,  average speeds, and s top  f requenc ies  were used t o  
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deve lop  t h e  r a i l  o p e r a t i n g  sequence t h a t  i s  g i ven  i n  Appendix D. 

t h e  major  c h a r a c t e r i s t i c s  of t h e  r e p r e s e n t a t i v e  r a i l  shipment i s  shown i n  

Table 4.13. 

ove r  11 km/hour (7.3 mph). T o t a l  s top  t i m e  i s  approx imate ly  150 hours, and 

t i m e  w h i l e  moving i s  approx imate ly  110 hours. 

A summary of 

The average speed over  t h e  e n t i r e  t r i p  i s  es t ima ted  t o  be s l i g h t l y  

TABLE 4.13. Summary o f  Represen ta t i ve  R a i l  Shipment Opera t i ona l  
C h a r a c t e r i s t i c s  

AGGREGATED 

T o t a l  D is tance:  1910 m i l e s  
Moving Time: 108 hours Number i n  crew: 5 
Stop Time: 152 hours Average speed: 7.3 mph 
T o t a l  Time: 260 hours Average speed w h i l e  moving: 20 mph(a) 

DETAILS 

F r a c t i o n s  o f  T r a v e l :  Rura l  - 81%; Suburban - 18%; Urban - 1% 

Stops: 152 hours i n  y a r d s  

- i n s p e c t i o n  t ime :  2 h o u r s / t r i p  
( i n c l u d e s  s t a t e  and r a i l r o a d  i n s p e c t i o n s )  

24 + 20 + 20 + 20 + 20 + 20 + 24 
= 148 hours ( i n c l u d e s  i n s p e c t i o n  

t i m e  shown above) 

= 3.5 hours 
- t i m e  f o r  b lock  exchanges: 1 x 3.5 hours  

I - t i m e  f o r  marsha l ing /  
c l  a s s i  f i c a t i o n / c a r r i e r  
change a c t i v i t i e s  

( a )  Does n o t  i n c l u d e  speed d u r i n g  p i c k u p  f rom o r i g i n a t i n g  f a c i l i t y  and 
d u r i n g  d e l i v e r y  t o  d e s t i n a t i o n  f a c i l i t y .  

Because these same a c t i v i t i e s  a re  g e n e r a l l y  a p p l i c a b l e  t o  a l l  r a i l  s h i p -  

ments, empty o r  loaded, i t  i s  assumed t h a t  r e t u r n  o f  t h e  empty 'cask t o  t h e  

o r i g i n  f a c i l i t y  r e q u i r e s  t h e  same amount o f  t ime.  

e r a l l y  occur  d u r i n g  c l a s s i f i c a t i o n s  and do n o t  de lay  t h e  t r a i n  f rom l e a v i n g  t h e  

r a i  1 road . 
I n s p e c t i o n  a c t i v i t i e s  gen- 
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4.3.3.2 Doses Received f rom Represen ta t i ve  R a i l  Shipments 

A s i m i l a r  approach t o  t h a t  used f o r  e s t i m a t i n g  t r u c k  shipment doses was 

used t o  e s t i m a t e  t h e  d e t a i l e d  breakdown o f  r a d i a t i o n  doses f o r  t h e  rep resen ta -  

t i v e  r a i l  shipment. 

t o r y  EAs (DOE 1986b) fo rm t h e  b a s i s  f o r  t h e  d e t a i l e d  dose c a l c u l a t i o n s  here. 

Es t imated doses a re  presented  i n  t h i s  s e c t i o n  f o r  t h e  t r a i n  crew, employees a t  

r a i l y a r d s ,  s t a t e  i n s p e c t o r s ,  and t h e  genera l  p u b l i c  sur round ing  t h e  r o u t e  and 

i n t e r m e d i a t e  r a i l y a r d s .  

The RADTRAN I 1 1  c a l c u l a t i o n s  t h a t  were used i n  t h e  r e p o s i -  

These c a l c u l a t i o n s  a re  g i ven  i n  Appendix D. 

Doses a t  Stops. Doses a t  s tops  c o n s i s t  o f  those r e c e i v e d  by t h e  i n - t r a n -  

s i t  t r a i n  crew, t r a i n  hand lers ,  o t h e r  r a i l r o a d  employees i n  t h e  r a i l y a r d ,  s t a t e  

i n s p e c t o r s ,  esco r t s ,  and t h e  genera l  p o p u l a t i o n  su r round ing  r a i l y a r d s .  

The i n - t r a n s i t  t r a i n  crew, c o n s i s t i n g  o f  5 persons, i s  assumed t o  be 

p resen t  f o r  t h e  e n t i r e  s top - t ime  a t  a d i s t a n c e  o f  150 meters f rom t h e  cask. 
T h i s  d i s t a n c e  i s  a l s o  used t o  c a l c u l a t e  t r a i n  crew doses wh 

based on t h e  same d i s t a n c e  used i n  t h e  r e p o s i t o r y  EAs. The 

d i s t a n c e  was ob ta ined  by a p p l y i n g  t h e  l / r 2  
r a t e  g i ven  i n  Table 4.3. 

The dose t o  t r a i n  crewmen a t  s tops  i s  t hus  es t ima ted  t o  be 

shipment (5  persons x 152 hour x 0.0021 mrem/hour). 

Th i s  dose r a t e  i s  es t ima ted  t o  be 

l e  moving and i s  

dose r a t e  a t  t h i s  

t o  t h e  50-rn dose 

0.0021 mrem/hour. 

.6 person-mrem/ 

S t a t e  i n s p e c t i o n s  o f  t h e  c a s k / r a i l c a r  a r e  assumed t o  occur  d u r i n g  t h e  

f i r s t  c l a s s i f i c a t i o n  s top  a f t e r  d e p a r t i n g  f rom t h e  r e a c t o r  and a t  t h e  l a s t  

c l a s s i f i c a t i o n  y a r d  p r i o r  t o  d e l i v e r y  t o  t h e  r e p o s i t o r y .  It i s  assumed here  

t h a t  t h e  s t a t e  i n s p e c t i o n  crews c o n s i s t s  o f  two persons. Each i n s p e c t i o n  

r e q u i r e s  about 30 minu tes  and t h e  average exposure d i s t a n c e  d u r i n g  t h e  s t a t e  

i n s p e c t i o n s  i s  10 meters (where t h e  average dose r a t e  i s  0.76 mrem/hour). 

Therefore,  s t a t e - i n s p e c t o r  c o l l e c t i v e  r a d i a t i o n  doses a re  es t ima ted  t o  be about 

1.5 person-mrem/shipment ( 2  persons x 60 minutes x 0.76 mrem/hour). 

t h i s  exposure i s  somewhat l e s s  than  f o r  a t y p i c a l  t r u c k  shipment where t h e  

i n s p e c t o r s  a re  c l o s e r  t o  t h e  cask and t h e  i n s p e c t i o n  takes  l onger  than  f o r  a 

r a i  1 shipment . 

Note t h a t  

( a )  Note t h a t  t h i s  approx imat ion  i s  c o n s e r v a t i v e  because i t  does n o t  a l l o w  f o r  
a d d i t i o n a l  a t t e n u a t i o n  o f  r a d i a t i o n  by t h e  a i r  between t h e  r a d i a t i o n  
source and t h e  persons be ing  exposed. 
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Other  r a i  1 road employees w i  11 a1 so r e c e i  ve r a d i a t i o n  exposures d u r i n g  

s tops.  The t o t a l  average e f f e c t i v e  exposed p o p u l a t i o n  a t  s tops  i s  t aken  t o  be 

340 persons (Wooden 1986), which i n c l u d e s  bo th  r a i l r o a d  employees and t h e  gen- 

e r a l  popul  a t i  on su r round ing  r a i  l y a r d s .  One-hundred empl oyees, t y p i c a l  of an 

i n t e r m e d i a t e - s i z e d  r a i l y a r d ,  a re  assumed t o  be present  i n  t h e  r a i l y a r d ,  

a l t hough  n o t  d i r e c t l y  assoc ia ted  w i t h  t h e  spent f u e l  shipment. The average 

exposure d i s t a n c e  i s  assumed t o  be 200 meters. T h i s  i s  t h e  approx imate 

we igh ted  average d i s t a n c e  (i.e., weighted by t h e  r a t i o  o f  employees a t  s p e c i f i c  

l o c a t i o n s  t o  t o t a l  r a i l y a r d  employees) g i ven  on p. 8 1  o f  Wooden (1986). The 

dose r a t e  a t  t h i s  d i s tance ,  ob ta ined  by i n t e r p o l a t i n g  t h e  dose r a t e s  g i ven  

e a r l i e r  i n  t h i s  chap te r  i n  Sec t i on  4.1, i s  about 0.0013 mrem/hour. The 

c o l l e c t i v e  exposures t o  r a i l  employees n o t  d i r e c t l y  i n v o l v e d  i n  t h e  shipment 

a re  t h u s  es t ima ted  a t  about 19.8 person-mrem/shipment . 
A number o f  t r a i n  h a n d l i n g  workers w i l l  a l s o  be d i r e c t l y  i n v o l v e d  w i t h  

h a n d l i n g  t h e  spent f u e l  shipment. These i n c l u d e  carmen and t h e  y a r d  s w i t c h  

crews. Based on i n f o r m a t i  on p rov ided  by Wooden (1986) , approx imate ly  10 p e r -  

sons a re  d i r e c t l y  i n v o l v e d  w i t h  a t y p i c a l  shipment a t  a r a i l y a r d .  T h i s  

i n c l u d e s  2 carmen a t  t h e  a r r i v a l  area, 2 carmen a t  t h e  depar tu re  area, and 3 

i n t e r m e d i a t e  y a r d  s w i t c h  crews c o n s i s t i n g  o f  2 persons each. 

must come i n  c l o s e  p r o x i m i t y  t o  t h e  s h i p p i n g  cask and veh ic le .  As a r e s u l t ,  

t h e  average exposure d i s t a n c e  i s  assumed t o  be 10 meters. 

persons w i l l  be c l o s e r  than  10 meters away f rom t h e  cask f o r  a s h o r t  t ime,  

t h e i r  e f f o r t s  focus on t h e  f r o n t  and r e a r  p a r t s  o f  t h e  r a i l c a r .  As a r e s u l t ,  
10 meters i s  b e l i e v e d  t o  be a reasonable weighted average d is tance.  The t o t a l  

t i m e  spent i n  c l o s e  p r o x i m i t y  t o  t h e  casks i s  assumed t o  be 12 minutes pe r  

s top,  o r  a t o t a l  o f  72 minutes pe r  shipment ( f o r  t h e  s i x  s tops  shown). Based 

on a dose r a t e  o f  0.76 mrem/hour a t  10 meters f rom t h e  s i d e  of t h e  cask, t h e  

c o l l e c t i v e  r a d i a t i o n  dose t o  y a r d  crewmembers d i r e c t l y  i n v o l v e d  w i t h  t h e  

shipment i s  about 9.1 person-mrem/shipment. 

These persons 

A l though these 

The general p o p u l a t i o n  t h a t  r e s i d e s  o r  a re  passersby i n  t h e  v i c i n i t y  o f  

t h e  r a i l y a r d s  w i l l  a l s o  r e c e i v e  a smal l  r a d i a t i o n  dose. As d iscussed above, 

t h e  t o t a l  e f f e c t i v e  exposed p o p u l a t i o n  a t  r a i l s t o p s  i s  assumed t o  be 340 p e r -  

sons (Wooden 1986), o f  which 240 a re  assumed here  t o  be members o f  t h e  u n i n -  

vo lved genera l  p u b l i c .  The average exposure d i s t a n c e  i s  assumed t o  be 
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300 meters, which i s  about h a l f  o f  t h e  s m a l l e s t  dimension o f  t y p i c a l  r a i l y a r d s  

i l l u s t r a t e d  by Wooden (1986). The dose r a t e  a t  t h i s  d i s t a n c e  i s  es t ima ted  t o  

be 0.00055 mrem/hour, based on a p p l i c a t i o n  of  t h e  l/r' approx imat ion  t o  t h e  

dose r a t e  a t  100 meters t h a t  was g i ven  i n  S e c t i o n  4.1. A f t e r  combin ing t h e  

number o f  exposed persons (240), t h e  dose r a t e  (0.00055 mrem/hour), and t h e  

exposure t i m e  (152 hours) ,  t h e  c o l l e c t i v e  genera l  p o p u l a t i o n  r a d i a t i o n  dose a t  

a l l  s tops  i s  es t ima ted  a t  20.1 person-mrem/shipment. 

Esco r t s  a re  assumed t o  accompany t h e  r a i l  shipment over  i t s  e n t i r e  

l eng th .  

r a i l c a r  50 meters f rom t h e  cask. From Tab le  4.3, t h e  dose r a t e  a t  t h i s  
d i s t a n c e  i s  approx imate ly  0.06 mrem/hour. 

doses t o  a l l  e s c o r t s  a t  s tops  a r e  es t ima ted  t o  be 18.2 person-mrem/shipment 

( 2  persons x 152 hour x 0.19 mrem/hour). 

The e s c o r t  crew c o n s i s t s  of  two-person teams t h a t  a re  l o c a t e d  i n  a 

Thus, t h e  c o l l e c t i v e  r a d i a t i o n  

Doses Whi le  Moving. The dose w h i l e  t h e  shipment i s  moving i s  comprised of 

t h e  dose t o  t h e  t r a i n  crew, t o  escor ts ,  and t o  t h e  un invo lved  genera l  p u b l i c  

su r round ing  t h e  r a i l  r ou te .  

average d i s t a n c e  f rom t h e  cask t o  t h e  crew i s  150 meters. 

t h i s  d i s t a n c e  i s  0.0021 mrem/hour (see above). Us ing  t h e  es t ima ted  exposure 

t i m e  o f  108 hours f o r  t h e  5-man crew g i ves  a t o t a l  c o l l e c t i v e  exposure o f  about 

1.1 person-mrem/shipment . 

The dose t o  t h e  crew i s  es t ima ted  by assuming t h e  

The dose r a t e  a t  

The r a d i a t i o n  dose w h i l e  moving t o  t h e  2-man e s c o r t  team was c a l c u l a t e d  

assuming t h e  e s c o r t  crew i s  50 meters away and t h e  same t i m e  t h a t  was used f o r  

t h e  r a i l  crew dose c a l c u l a t i o n s .  The r e s u l t i n g  c o l l e c t i v e  r a d i a t i o n  doses t o  

t h e  e s c o r t s  a re  es t ima ted  t o  be 13.0 person-mrem/shipment (0.06 mrem/hour x 

2 persons x 108 hours) .  

The genera l  p o p u l a t i o n  r a d i a t i o n  doses w h i l e  moving i n c l u d e  doses t o  

persons on pass ing  t r a i n s  ( o n - l i n k )  and t o  persons r e s i d i n g  i n  t h e  v i c i n i t y  of 

t h e  r a i l  l i n e  ( o f f - l i n k ) .  These doses were es t ima ted  here  u s i n g  t h e  r e s u l t s  of 

t h e  RADTRAN I 1 1  a n a l y s i s  t h a t  was per formed f o r  t h e  r e p o s i t o r y  EAs (DOE 1986b). 

U n i t  dose f a c t o r s  (person-mrem/km) f o r  t hese  p o p u l a t i o n  groups were g iven i n  

t h e  RADTRAN I 1 1  c a l c u l a t i o n a l  ou tpu t .  These dose f a c t o r s ,  g i ven  i n  (Appen- 

d i x  D) ,  a re  m u l t i p l i e d  by t h e  d i s t a n c e  t r a v e l e d  i n  each p o p u l a t i o n  zone and 

then  summed over  a l l  t h r e e  zones t o  e s t i m a t e  t h e  o n - l i n k  and o f f - l i n k  doses. 
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The r e s u l t s  a re  t h a t  t h e  c o l l e c t i v e  o n - l i n k  dose i s  es t ima ted  t o  be 0.4 person- 

mrem/shipment and t h e  o f f - l i n k  dose i s  es t ima ted  t o  be 18.3 person-  

mrem/shi pment . 
Es t ima ted  r a d i a t i o n  doses f o r  t h e  r e p r e s e n t a t i v e  r a i l  shipment a re  

summarized i n  Table 4.14. 

Doses t o  Maximal ly  Exposed I n d i v i d u a l s  o r  Groups. Annual r a d i a t i o n  doses 
t o  a maximal ly  exposed i n d i v i d u a l  w h i l e  t h e  t r a i n  i s  moving were c a l c u l a t e d  f o r  

r a i l c r e w  members assuming t h a t  t h e  l o n g e s t  run  f o r  a s i n g l e  crew i s  a p p r o x i -  

ma te l y  12 hours, i n c l u d i n g  stops. Assuming t h e  crew i s  exposed a t  an average 

d i s t a n c e  o f  150 meters, t h e  exposure t o  an i n d i v i d u a l  crewman f o r  t h e  r e p r e -  

s e n t a t i v e  r a i l  shipment i s  about 0,025 mrem. Th is  va lue was m u l t i p l i e d  by t h e  

number o f  sh ipmen ts l yea r  an i n d i v i d u a l  crewman c o u l d  d e l i v e r .  If a s i n g l e  

r a i l y a r d  handles a l l  320 r a i l  sh ipmen ts l yea r  (because t h e  r a i l  shipments w i l l  

converge on t o  one o r  two r a i l y a r d s  near t h e  r e p o s i t o r y )  and assuming f o u r  

s h i f t s ,  each crewman i s  es t ima ted  t o  d e l i v e r  app rox ima te l y  80 shipments/year.  

The maximum i n d i v i d u a l  annual doses would then  be about 2 mrem/year. 

R a d i a t i o n  doses r e c e i v e d  by i n d i v i d u a l  s t a t e  i n s p e c t o r s  were p r e v i o u s l y  

es t ima ted  a t  0.4 mrem/inspect ion.  Assuming 80 sh ipments lyear  (one - fou r th  o f  

above, t h e  annual dose i s  e s t i m a t e d  t o  be t h e  t o t a l )  f o r  each i n s p e c t o r  as 

32 mremlyear. 

Acco rd ing  t o  Sandquist  e t  il 

sures r e c e i v e d  d u r i n g  each t r a i n  
nance, etc.)  a r e  2 m r e m / a c t i v i t y  

. (1985) maximum i n d i  v i  dual  r a d i  a t  i on expo- 

s e r v i c i n g  (engine r e f u e l i n g ,  t r a i n  ma in te -  
assuming an average exposure d i s t a n c e  o f  

10 meters and exposure d u r a t i o n  o f  2 hours. Assuming as above t h a t  t h i s  person 

i s  exposed t o  8 shipments/year (one - ten th  o f  t h e  t r a i n s  were assumed t o  r e q u i r e  

these o p e r a t i o n s  a t  t h e  f i n a l  r a i l y a r d ) ,  t h e  annual dose becomes 16 mrem/year. 

The r a d i a t i o n  dose t o  t r a i n  hand lers '  f rom each shipment (0.15 mrem/ship- 

ment) was es t ima ted  p r e v i o u s l y  u s i n g  an average exposure d i s t a n c e  o f  10 meters 

and exposure t i m e  o f  12 minutes.  

occur  a t  t h e  f i n a l  r a i l y a r d  p r i o r  t o  t h e  r e p o s i t o r y ,  which i s  assumed t o  handle 

a l l  320 r a i l  sh ipments lyear .  Assuming t h e  r a i l y a r d  i s  operated on a 4 - s h i f t  

The maximum dose t o  t r a i n  hand le rs  would 
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TABLE 4.14. Summary o f  Es t imated Doses f o r  t h e  P o s t u l a t e d  Reference R a i l  
Shipment 

Doses t o  
Maxi mum Col l e c t  i ve Dgses ,. , 

Person- Person- td )  Person- I n d i  v i  dua l  
E xposu r e  Category mrem/shipment mrern/MTU rem/yr  (rnremlyr ) 

T ranspor t  Workers 

0 s tops  

- S t a t e  I n s p e c t o r s  

- T r a i n  Handlers /  
Se rv i  ceman 

- R a i l  Yard Crew 

- Crew 

- Escor t s  

0 Whi le  Moving 
- Crew 

- Escor t s  

T o t a l  T ranspor t  
Worker Dose 

1.5 0.2 0.48 32 

9 .1 1.4 2.9 16(') 

( 4  
19.8 3.0 6.3 1.3 

1.6 0.2 0.51 2.0 

18.2 2.8 5.8 115(d)  

1.1 0.2 .35 z .o (d )  

13.0 - 2 .o 4.2 115(d)  

64 9.8 20.6 NA 

Pub1 i c 

0 Whi le  moving 

- On-Link 0.4 0.1 . 13 NA 

- O f f - L i n k  18.3 2 .a 5 .9 1.6 

0 A t  Stops 20.1 - 3.1 6.4 3.5 
T o t a l  P u b l i c  Dose 39 6 .O 12.4 NA 

NA = Not a p p l i c a b l e .  
( a )  Based on 6.56 MTU/shipment. 
( b )  Based on 2100 MTUlyear. 
( c )  Dose f o r  maximum i n d i v i d u a l  t r a i n  serv ic ing / rna in tenance crewman t h a t  i s  

( d )  I n d i v i d u a l  p resen t  d u r i n g  bo th  s tops  and w h i l e  moving. Maximum dose 
exposed t o  8 sh ipments lyear .  

cons iders  bo th  a c t i v i t i e s .  Doses a re  n o t  a d d i t i v e .  

schedule, t h e  maximum i n d i v i d u a l  would be exposed t o  80 sh ipments/year .  Thus, 
t h e  maximal ly  exposed t r a i n  hand le r  i s  es t ima ted  t o  r e c e i v e  an annual dose o f  

about 12.2 mrem/year. 
I 

.. 
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The maximum annual i n d i v i d u a l  dose t o  a member o f  t h e  p u b l i c  r e s i d i n g  near  

a r a i l  r o u t e  was es t ima ted  u s i n g  da ta  g i ven  i n  DOE (1986b, p. A-19). T h i s  

document i n d i c a t e s  t h a t  a person 30 meters f rom t h e  r a i l r o a d  t h a t  sees a r a i l  

shipment rece ives  approx imate ly  0.00504 mrem per  shipment. Assuming t h i s  

i n d i v i d u a l  i s  p resent  w h i l e  a l l  320 shipments pe r  y e a r  pass by, t h e  maximum 

annual dose t o  t h i s  i n d i v i d u a l  i s  es t ima ted  t o  be 1.6 mrem p e r  year .  

The maximum annual r a d i a t i o n  dose t o  an i n d i v i d u a l  member o f  t h e  p u b l i c  

who res ides  near  a t r a i n  s top  i s  es t ima ted  assuming an exposure d i s t a n c e  of 

300 meters f rom t h e  cask. The dose r a t e  a t  300 meters i s  approx imate ly  

0.00055 mrem/hour. Assuming t h e  maximal ly  exposed i n d i v i d u a l  i s  p resen t  f o r  

t h e  e n t i r e  20 hours /s top  a t  t h e  d e s t i n a t i o n  r a i l y a r d ,  and i s  exposed t o  

320 sh ipments lyear ,  t h e  annual dose i s  es t ima ted  t o  be 3.5 mremlyear t o  t h i s  

maxi mal l y  exposed i n d i  v i  dual  . 
The maximum annual dose t o  t r a i n  e s c o r t s  was es t ima ted  assuming t h e  maxi -  

m a l l y  exposed e s c o r t  accompanies t h e  shipment on t h e  f i n a l  l e g  of t h e  t r i p ;  

i.e., f rom t h e  l a s t  r a i l y a r d  t o  t h e  r e p o s i t o r y .  T h i s  t r i p  i s  6 hours l o n g  and 

t h e  average exposure d i s t a n c e  i s  assumed t o  be 50 meters. The dose r a t e  a t  

t h i s  d i s t a n c e  i s  about 0.06 mremlhour. Assuming t h i s  person i s  exposed t o  a l l  

320 sh ipments /year , (a )  t h e  maximal ly  exposed e s c o r t  rece ives  an annual dose o f  
about 115 mremlyear. 

The max imal ly  exposed r a i  l y a r d  workers t h a t  a re  n o t  d i r e c t l y  i n v o l  ved w i t h  

h a n d l i n g  shipments (e.g., d i spa tche rs ,  shopworkers) were es t ima ted  assuming 

they  a re  a l s o  exposed t o  80 sh ipments lyear .  

assumed t o  be 200 meters (dose r a t e  = 0.0013 mrem/hour) and exposure t i m e  i s  

assumed t o  be 12 hours/shipment. 

would r e c e i v e  about 1.3 mremlyear. 

T h e i r  average exposure d i s t a n c e  i s  

The r e s u l t i n g  max imal ly  exposed i n d i v i d u a l s  

P u b l i c  passersby i n  areas where t h e  t r a i n  i s  s topped o r  moving s l o w l y  a re  

es t ima ted  t o  r e c e i v e  a maximum i n d i v i d u a l  dose o f  approx imate ly  0.2 mrem/ship- 

ment, assuming an average exposure d i s t a n c e  of 8 meters and exposure t i m e  o f  

( a )  T h i s  was a r r i v e d  a t  by c o n s i d e r i n g  t h a t  t h i s  f i n a l  d e l i v e r y  o f  t h e  r a i l  
shipments t o  t h e  r e p o s i t o r y  cou ld  occur  once per  day. Conceivably ,  t h i s  
cou ld  be per formed by a s i n g l e  e s c o r t  team. 
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10 minutes.  T h i s  va lue  shou ld  n o t  be m u l t i p l i e d  by t h e  expected number of 

shipments t o  c a l c u l a t e  t o t a l  i n d i v i d u a l  exposures; t h e  same person w i l l  

p r o b a b l y  be exposed t o  o n l y  one shipment i n  t h i s  s i t u a t i o n .  

The es t ima tes  o f  t h e  c a l c u l a t e d  annual doses t o  t h e  m a x i m a l l y  exposed 

i n d i v i d u a l s  o r  groups were p resen ted  i n  t h e  l a s t  column of Table 4.14. 

4.4 ANALYSIS OF DOSES FROM AT-REPOSITORY OPERATIONS 

Es t ima ted  worker  r a d i a t i o n  doses r e s u l t i n g  f rom r o u t i n e  a t - r e p o s i t o r y  

o p e r a t i o n s  a r e  p resen ted  i n  t h i s  s e c t i o n .  

o v e r a l l  s tudy  bases and r a t i o n a l e  g i v e n  i n  S e c t i o n  3.4 and Appendix E, and on 

t h e  d e s c r i p t i o n  o f  t h e  p o s t u l a t e d  r e f e r e n c e  r e p o s i t o r y  p r o v i d e d  i n  Sec- 

t i o n  4.1. The b a s i s  o f  t h e  dose e s t i m a t e s  f o r  t r a n s p o r t  cask h a n d l i n g  and t h e  

approach used a r e  p resen ted  i n  S e c t i o n  4.4.1. 

a c t i v i t i e s  a r e  summarized i n  S e c t i o n  4.4.2, and p resen ted  i n  d e t a i l  i n  

Appendix C . 

These es t ima tes  a r e  based on t h e  

A t - r e p o s i t o r y  cask h a n d l i n g  

A summary o f  t h e  dose a n a l y s i s  i s  p resen ted  i n  S e c t i o n  4.4.3. 

4.4.1 Approach, Bases, and Methodology 

R a d i a t i o n  doses r e s u l t i n g  f rom cask h a n d l i n g  o p e r a t i o n s  a t  t h e  p o s t u l a t e d  

r e f e r e n c e  r e p o s i t o r y  were e s t i m a t e d  by a s tandard  process a n a l y s i s  of t h e  

p o s t u l a t e d  r e c e i v i n g  and h a n d l i n g  (R&H) f a c i l i t i e s .  The f l o w  c h a r t  of t h i s  

a n a l y s i s  procedure i s  i d e n t i c a l  t o  t h a t  shown i n  F i g u r e  4.16 f o r  t h e  r e a c t o r  

p l a n t s ,  and i s  n o t  repeated he re  f o r  t h e  p o s t u l a t e d  r e f e r e n c e  r e p o s i t o r y .  

genera l  s teps i n  t h e  r e p o s i t o r y  process a n a l y s i s  a r e  l i s t e d  below: 

The 

e Obta in  o p e r a t i n g  procedures and d e s c r i p t i o n s  o f  r e l a t e d  equipment and 

f a c i l i t i e s  f o r  spent f u e l  assembly shipments a t  s e v e r a l  r e a c t o r  

p l a n t s  t h a t  have sh ipped assembl ies,  and f rom e n g i n e e r i n g  analyses i n  

t h e  l i t e r a t u r e ,  as p o s t u l a t e d  r e f e r e n c e d  i n  S e c t i o n  4.2. 

e Review a v a i l a b l e  t i m e / d i s t a n c e / d o s e  s t u d i e s ,  dose analyses and 

r e 1  a ted  i n f o r m a t i  on. 

e Obta in  t h e  d e s c r i p t i o n  and c h a r a c t e r i s t i c s  o f  t h e  p o s t u l a t e d  r e f e r -  

ence system t r a n s p o r t  casks and r e p o s i t o r y  R&H f a c i l i t i e s  (see Sec- 

t i o n  4.1). 
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Develop a process a c t i v i t y  l i s t  f o r  r e p o s i t o r y  cask h a n d l i n g  

opera t i ons .  

Complete a d e t a i l e d  a c t i v i t y  a n a l y s i s  f o r  each process s tep.  

a c t i v i t y  a n a l y s i s  i n c l u d e s  e s t i m a t i n g  personnel  requ i rements ,  

pe r fo rm i  ng a t i m e / d i  s tance/dose a n a l y s i s ,  determi  n i  ng work ing  

d i s tances  f rom t h e  cask, and e s t i m a t i n g  r a d i a t i o n  dose r a t e s  f o r  each 

cask handl i n g  o p e r a t i  on. 

Compare these a c t i v i t y  analyses and personnel and t i m e  es t imates  w i t h  
i n f o r m a t i o n  f rom p rev ious  a n a l y s i s  and cask h a n d l i n g  exper ience.  If 

these es t imates  seem u n r e a l i s t i c ,  based on p r i o r  i n f o r m a t i o n ,  rev iew 

and reconc i  l e  t h e  d e t a i  l e d  a c t i v i t y  a n a l y s i  s. 

C a l c u l a t e  r a d i a t i o n  exposure f o r  each s t a f f  member f o r  each t y p e  of 

cask load.  

Summarize f i n a l  r a d i a t i o n  exposure es t imates  us ing  annual f a c i l i t y  

th roughput  requ i remen t s . 
Curren t  handl i ng techn iques  were assumed i n  e s t i m a t i n g  personnel  needs, 

The 

personnel  l o c a t i o n s ,  and t i m e  requi rements.  Personnel requ i rements  f o r  each 

o p e r a t i o n  were based on t y p i c a l  crew s i zes  r e p r e s e n t a t i v e  o f  c u r r e n t  cask 

h a n d l i n g  exper ience.  D is tance es t ima tes  between t h e  cask s u r f a c e  and o p e r a t i n g  

crew members d u r i n g  hand l i ng  a c t i v i t i e s  were a l s o  based on c u r r e n t  cask 

h a n d l i n g  p r a c t i c e s .  For  example, a l l  b o l t  removal was assumed t o  be completed 
by a i  r - d r i  ven to rque-1  i m i  t e d  impact wrenches w i t h o u t  ex tens i  on handl es. 

Est imates o f  s i m i l a r  a c t i v i t i e s  by o t h e r s  were found t o  vary  s i g n i f i c a n t l y .  

The es t imates  i n  t h i s  s tudy  are  based on work ing  procedures and t imes t h a t  are 

b e l i e v e d  t o  be s u s t a i n a b l e  f o r  l o n g  t i m e  pe r iods ,  b a r r i n g  major  breakdowns. 

The es t imates  are n e i t h e r  minimum nor  maximum, bu t  a re  b e l i e v e d  t o  be r e a l i s t i c  

f o r  t h e  bases used. The d e t a i l e d  r e s u l t s  o f  t h e  a c t i v i t y  a n a l y s i s  a r e  g i ven  i n  

Appendix C. 

The t i m e / d i  stance/dose es t imates  and t h e i  r ' r e s p e c t i v e  bases devel oped f o r  

t h e  system p o s t u l a t e d  f o r  t h i s  s tudy  r e s u l t  f rom seve ra l  i n t e r n a l  workshops 

w i t h  sen io r  s t a f f  where each a c t i v i t y  was rev iewed i n  d e t a i l .  
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S p e c i f i c  bases and assumptions, i n  a d d i t i o n  t o  those i n  Chapter 3 and 

Appendix E, f o r  t h e  a n a l y s i s  o f  doses f rom a t - r e p o s i t o r y  o p e r a t i o n s  a r e  as 

f o l  1 ows : 

0 The personnel  a re  w e l l - t r a i n e d  and exper ienced i n  t h e  a c t i v i t i e s .  

0 The casks a re  we l l -ma in ta ined .  

0 Personnel w i t h  t h e  a p p r o p r i a t e  s k i l l s  a re  a v a i l a b l e  when needed. 

0 The a c t i v i t i e s  proceed i n  an o r d e r l y  manner w i t h o u t  ma jor  

i n t e r r u p t i o n s .  

0 Equipment and s u p p l i e s  a re  a v a i l a b l e  as needed. 

0 I n  e s t i m a t i n g  doses f rom o t h e r  sources i n  t h e  genera l  work area, crew 

members i d e n t i f i e d  as p a r t i c i p a t i n g  i n  an a c t i v i t y  are assumed t o  be 

i n  t h e  genera l  a rea  f o r  t h e  complete d u r a t i o n  of t h e  a c t i v i t y ,  even 

when they  are  no t  work ing  on t h e  cask. 

Doses r e c e i v e d  by workers when t h e y  a r e  n e i t h e r  near  t h e  cask n o r  i n  

t h e  area where t h e  cask a c t i v i t i e s  a re  be ing  performed are  no t  

0 

i n c l u d e d  i n  t h i s  s tudy .  

0 Each r e c e i v i n g  c e l l  and cask h a n d l i n g  area i s  i n  use 

and background doses f o r  each cask h a n d l i n g  s t a t i o n  

f rom loaded casks a t  nearby s t a t i o n s .  Th is  i n c l u d e s  

cask queuing opera t i ons .  

a t  a l l  t imes,  

nc lude  those  

doses d u r i n g  

0 Time and s t a f f i n g  requi rements a re  based on pe r fo rm i . .g  c e r t a i n  

a c t i v i t i e s  i n  p a r a l l e l  where p r a c t i c a b l e .  Only t h e  t imes  t h a t  a r e  

a d d i t i v e  (i.e., c r i t i c a l  pa th  t i m e s )  a re  i n c l u d e d  i n  t h e  tu rnaround 

t imes  f o r  casks. 

0 Personnel r a d i a t i o n  dose f o r  each a c t i v i t y  i s  c a l c u l a t e d  by t h e  

express ion :  

R a d i a t i o n  Dose = R a d i a t i o n  Dose + R a d i a t i o n  Dose 
f rom A c t i v i t y  f rom Cask f rom General Area 
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Where 

R a d i a t i o n  Dose = Dose Rate x Time t o  Complete 
f rom Cask (from Cask) ( A c t i v i t y  

Radi a t  i on Dose 
f rom General Area 

= General Area x Time 
(Dose Rate ) (in Are$ 

0 The normal (genera l  a rea )  dose r a t e s  used i n  t h i s  s tudy  f o r  t h e  

r e p o s i t o r y  areas i d e n t i f i e d  i n  Subsect ion 4.1.5 ( e x c l u d i n g  n a t u r a l  

background) a r e  g i ven  as f o l l o w s :  

L o c a t i  on 

Gat ehou se 

Cask p a r k i n g  area o u t s i d e  t h e  b u i l d i n g s  

Cask washdown a rea  

Recei v i  ng and hand1 i ng area 

Hand1 i ng room 

Unl oad i  ng room 

Hot c e l l  ope ra t  i ng ga l  1 e r i  es 

Wet decontami n a t i o n  

General Area 
Dose Rate(a,b) 

(mrem/hr) 

0 .o 
2.0 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

Re1 a t e d  
F i g u r e  No. 

4.12 

4.12 

4.13 

4.13 

4.14 

4.14 

4.14 

4.14 

( a )  

(b )  Parsons 1985. 

Where o t h e r  loaded casks a re  assumed t o  be i n  t h e  work area 
a t  a l l  t imes  (e.g., i n  t h e  r e c e i v i n g  and i n s p e c t i o n  a r e a )  doses 
f rom those  casks are  added t o  those of general  background. 

0 The work t imes i n c l u d e  an al lowance t o  cover  normal de lays  due t o  

minor  equipment m a l f u n c t i o n s  and r o u t i n e  personnel  e r r o r s ,  and p e r -  

sonnel e n t r y l d e p a r t u r e  f rom t h e  work area. Th is  al lowance i s  i n  t h e  

o rde r  o f  10-20% o f  t h e  work t ime .  Therefore,  a l l  t i m e  e s t i m a t e s  a r e  

n o t  minimum or  maximum expected t imes,  b u t  a re  es t ima ted  t o  be 

s u s t a i n a b l e  h a n d l i n g  t imes .  

e Repos i to ry  crew requirements a re  based on t h e  number o f  personnel  

es t ima ted  by t h e  au tho rs  t o  be needed t o  r e c e i v e  and hand le  3,000 MTU 
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per  year  o f  spent f u e l .  Opera t ion  o f  t h e  cask r e c e i v i n g  and d i s -  

p a t c h i  ng a c t  i v i  t i e s  i s around- the-c lock  f o r  7 dayslweek , whi ch  

r e q u i r e s  4 s h i f t s  o f  workers. Cask and f u e l  h a n d l i n g  opera t i ons  are  

around- the-c lock  f o r  5 days/week , which requ i  r e s  3 s h i f t s  o f  workers. 

An empty decontaminated cask has a s u r f a c e  dose r a t e  o f  l e s s  than 

0.5 mrem/hour, as r e q u i r e d  by DOT r e g u l a t i o n s .  

'2 f e e t  f rom t h e  cask su r face  i s  es t imated  t o  be 0.2 mrem/hour and 

a t  5 f e e t  i s  0.1 mrem/hour. 

d i s c u s s i o n  .) 

The dose r a t e  a t  

(See Appendix E.5 f o r  a d d i t i o n a l  

e The a c t i v i t i e s  were assumed t o  be accomplished by use o f  convent iona l  

equipment (e.g. , s ing le -head  to rque-1  i m i t e d  impact wrenches). No 

c o n s i d e r a t i o n  was g i ven  t o  use o f  improved equipment (e.g., m u l t i p l e -  

head impact wrenches). 

8 Wet decontaminat ion  o f  t h e  i n t e r i o r  o f  each cask i s  c a r r i e d  ou t  on 

each cask every  t e n t h  t r i p  t o  t h e  r e p o s i t o r y .  

e The wet decontaminat ion  c e l l  i s  c o n c e p t u a l l y  added t o  t h e  MRS 

advanced conceptua l  des ign  (Parsons 1985, DOE 1987) by t h e  au tho rs .  

The a c t i v i t y  t i rne /d is tance/dose es t ima tes  f o r  o t h e r  p o s t u l a t e d  r e p o s i t o r y  
R&H f a c i l i t i e s  and/or  o t h e r  cask h a n d l i n g  exper ience were reviewed. 

mat ion  f rom General E l e c t r i c  Co. (Lambert 1981b) , A l l i ed -Genera l  Nuclear  

Serv ices  (Anderson 1978d), p a s t  es t ima tes  by s t a f f  a t  PNL, Oak Ridge N a t i o n a l  

Labora to ry  (ORNL) , Sandi a Na t iona l  Labora tory  (SNL) , and hand1 i ng es t imates  f o r  

t h e  conceptua l  MRS f a c i l i t y  and preconceptua l  r e p o s i t o r y  des igns  were i n c l u d e d  

i n  t h e  rev iews.  I n  a d d i t i o n ,  t ime /d i s tance /dose  a c t i v i t i e s  were observed f o r  

t r u c k  cask l o a d i n g  a t  a PWR r e a c t o r  and f o r  d r y  cask un load ing  a t  The Test Area 

Nor th  (TAN) ho t  c e l l  a t  t h e  Idaho Na t iona l  Eng ineer ing  Labora to ry  (INEL).(a) A 

summary o f  some o f  t h e  r e l e v a n t  t i m e  es t ima tes  f rom p r i o r  s t u d i e s  i s  g i ven  i n  

Table 4.15. T ime/d is tance/dose es t ima tes  f o r  t h e  p o s t u l a t e d  system i n  t h i s  

I n f o r -  

( a )  The r e s u l t s  o f  these obse rva t i ons  are t o  be pub l i shed  i n  a document t i t l e d  
"Time/Motion Observa t ions  and Dose Ana lys i s  o f  Reactor Loading, Transpor-  
t a t i o n  and Dry Unloading o f  an Overweight Truck Spent Fuel Shipment," by 
C. J .  Hos t i ck ,  J .  C. Lavender, and B. H. Wakeman, P a c i f i c  Nor thwest  
Labora to ry  , Rich1 and , Washington. 
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TABLE 4.15. Comparison of Some P r i o r  Analyses o f  Cask and Spent Fuel  
Es t ima tes  a t  Dry Unloading F a c i l i t i e s  

Cask Type 

Rai 1 
Rai 1 
R a i l  IF-300 
R a i l  IF-300 
Truck 
Truck 

Truck NLI-1 
Truck NLI-2 
R a i l  IF-300 
R a i l  IF-300 
Truck 
Truck 
Rai 1 
R a i l  

Truck 
Rai 1 

Truck DHLW(') 

Truck DHLW 

R a i l  IF-300 
Ra i l  IF-300 
R a i l  NLI-10/24 
Ra i l  NLI-10/24 
Truck TN-8L 
Truck TN-9L 
Truck NLI-1 
Truck NLI-2 
Truck NAC-1 
Truck NAC-4 

Truck 
Truck 
Rai 1 
Rai 1 

Truck TN-8L 

No. and 
Type o f  SFAs(a) 

Car r i ed  Source 

14 PWR 
36 BWR 

7 PWR 
18 BWR 

2 PWR 
5 BWR 

1 PWR 
2 BWR 
7 PWR 

18 BWR 
2 PWR 
5 BWR 
2 PWR 
5 BWR 

2 PWR 
14 PWR 

(1 c a n i s t e r )  

(1 c a n i s t e r )  

7 PWR 
18 BWR 
10 PWR 
24 BWR 

3 PWR 
3 PWR 
1 PWR 
2 BWR 
1 PWR 
2 BWR 

2 PWR 
5 BWR 

12 PWR 
32 BWR 

3 PWR 

Raymond Ka ise r  1985 
Raymond Ka ise r  1985 
Raymond Kaiser  1985 
Raymond Ka ise r  1985 
Raymond Kaiser  1985 
Raymond Ka ise r  1985 

Bechtel  1985 
Bechtel  1985 
Bechtel  1985 
Bechtel  1985 
Bechtel  1985 
Bechtel  1985 
Bechte l  1985 
Bechtel  1985 

Schnei de r  1986 
Schnei de r  1986 

You n t  1984 

Dennis 1984 

Lambert 1981b 
Lambert 1981b 
Lambert 1981b 
Lam be r t  19 8 1 b 
Lambert 1981b 
Lambe r t  19 8 1 b 
Lambert 1981b 
Lambert 1981b 
Lambert  1981b 
Lambert 1981b 

Parsons 1985 
Parsons 1985 
Parsons 1985 
Parsons 1985 

TAN Data 1986(d) 

To ta l  
Time for  Cask 

Turnaround ( h r )  

13.1 
20.4 
10.8 
14.8 
7.5 
8.5 

8.3 
8.8 

11.3 
17.3 

8.8 
10.3 
14.5 
25.8 

To ta l  
Person-mrem 

f o r  Cask 
Turn around 

i b  
( b )  
( b  1 
(b )  
( b )  
(b )  

11.7 126 
18 -3  162 

23.1 
25.8 
32.9 
36.4 
16.9 
18 .O 
16.4 
16.6 
13.6 
13.8 

11.4 
12 .o 
15.6 
19.6 

10 .o (b )  

( a )  SFAs = Spent Fuel Assemblies. 
(b )  Not g iven o r  n o t  a v a i l a b l e .  
( c )  DHLW = Defense High-Level Waste. 
( d )  Based on d ry  un loading opera t i ons  observed a t  Test 'Area Nor th (TAN). Idaho 

Na t iona l  Engineer ing Laboratory  (INEL). 
"Time/Motion Obs,ervations and Dose Analys is  o f  Reactor Loading , T r a n s p o r t a t i o n  
and Dry Unloading o f  an Overweight Truck Spent Fuel Shipment," by 
C. J .  Host ick,  J. L. Lavender and B. Wakeman, P a c i f i c  Northwest Laboratory ,  
R i  c h l  and, Washi ng t  on. 

To be pub i shed  i n  a document t i t  ed 
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s tudy  a re  genera l  l y  h i  gher than p rev ious  es t imates ,  p r i  mar i  l y  because some o f  

t h e  p rev ious  es t imates  were s t a t e d  as minimum t imes and because t h e  systems 

analyzed were sometimes d i f f e r e n t .  

4.4.2 Summary o f  Repos i to ry  Opera t i ng  Procedures 

Cask h a n d l i n g  a c t i v i t i e s  a t  t h e  r e p o s i t o r y  a re  represented  by 24 major  

a c t i v i t i e s ,  shown i n  Tab le  4.16. These major  a c t i v i t i e s  a re  b r i e f l y  summarized 

b e l  ow. 

Cask h a n d l i n g  a c t i v i t i e s  1 th rough  4 i n c l u d e  r e c e i v i n g  and i n s p e c t i n g  t h e  

cask and t r a n s p o r t  v e h i c l e  a t  t h e  o u t s i d e  s e c u r i t y  gate, t r a n s p o r t i n g  t h e  cask 

and v e h i c l e  by y a r d  t r a c t o r  t o  and f rom t h e  queuing area, t hen  t h e  washdown 

area, and washing and d r y i n g  t h e  cask and v e h i c l e  p r i o r  t o  moving them i n t o  t h e  

r e c e i  v i  ng and hand1 i ng area. 

A c t i v i t i e s  5 th rough 7 cover  t h e  removal o f  t h e  cask f rom t h e  t r a n s p o r t  

v e h i c l e  and placement o f  t h e  cask on t h e  cask c a r t ,  and movement o f  t h e  cask 

and c a r t  i n t o  t h e  cask h a n d l i n g  room. 

A c t i v i t i e s  8 th rough  10 cover  p ressu re  and gas t e s t i n g ,  o u t e r  l i d  removal, 

and ma t ing  t o  t h e  h o t  c e l l  p o r t .  An i n n e r  l i d  l i f t i n g  adapter  and a contami-  

n a t i o n  b a r r i e r  adapter  a re  a l s o  i n s t a l l e d  a t  t h i s  t ime.  

A c t i v i t i e s  11 th rough  16 c o n s i s t  o f  remote cask un load ing ,  i n t e r n a l  c a v i t y  

vacuuming, and unmat ing t h e  cask f rom t h e  c e l l  p o r t .  Spent f u e l  assemblies a re  

p laced i n t o  l a g  s to rage  w i t h i n  t h e  h o t  c e l l  upon removal f rom t h e  cask. 

A c t i v i t i e s  17 th rough  20 i n c l u d e  r e i n s t a l l a t i o n  o f  t h e  cask l i d s ,  decon- 

t a m i n a t i o n  o f  t h e  cask e x t e r i o r ,  and placement o f  t h e  cask on t h e  v e h i c l e .  

A c t i v i t i e s  21 th rough  24 i n c l u d e  i n s t a l l i n g  t h e  cask t iedowns and impact  

1 i r n i t e r s ,  c l o s i n g  t h e  personnel  b a r r i e r ,  p r e p a r i n g  t h e  v e h i c l e  f o r  depar tu re ,  

and r e l e a s i n g  t h e  v e h i c l e  t o  t h e  over - the- road c a r r i e r .  

It i s  assumed t h a t  each cask w i l l  be rou ted  t o  t h e  wet decontaminat ion  

c e l l  a f t e r  every t e n t h  shipment. Wet decontaminat ion  a c t i v i t i e s  a r e  l i s t e d  i n  

Tab le  4.17. 
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TABLE 4.16. Ma jo r  Cask and Spent Fuel  Hand l i ng  A c t i v i t i e s  a t  t h e  
P o s t u l  a ted  Reference R e p o s i t o r y  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 
18. 

19. 

20. 

21. 

22. 

23. 

24. 

A c t i v i t y  

Receiving t ranspor t  veh ic le  and loaded cask a t  t h e  
repos i to ry  s i t e .  Monitor. inspect .  unhook over- 
the-road c a r r i e r ' s  d r i v e  u n i t  and a t tach  repos i to ry  
d r i v e  u n i t  
Move the t ranspor t  veh ic le  and cask t o  parking area 
and wait f o r  washdom s t a t i o n .  hook up t o  car  
p u l l e r  when ready. 
Wash t ranspor t  vehic le  and cask. open personnel 
b a r r i e r .  monitor, i nspec t  and d r y  
Move t ranspor t  veh ic le  and cask t o  rece iv ing  and 
hand1 i ng area 
Prepare cask f o r  removal from t ranspor t  vehic le  

Remove cask frm t ranspor t  veh ic le  and place on 
cask c a r t  

Move c a r t  and cask t o  cask handl ing room and c lose 
r o l l - u p  door t o  handling room 
Prepare cask f o r  unloading, p o s i t i o n  p la t form.  
i n s t a l l  contamination b a r r i e r  adapter, remove ou te r  
l i d ,  pressurelgas sample cask cav i t y .  remove inne r  
l i d  b o l t s  and i n s t a l l  l i d  l i f t i n g  adapter 
Open s l i d i n g  sh ie ld ing  door t o  unloading room ( i f  
necessary), r e t r a c t  p la t form.  move c a r t  and cask 
t o  unloading room 
Mate the cask t o  the  hot  c e l l  en t r y  p o r t  and c lose 
s h i e l d i n g  door  
Using 20-ton hot c e l l  crane, remove hot c e l l  
p o r t  plugs 
Remove remaining inner  l i d  b o l t s  and remove inner  
l i d  and spent f u e l  assembly spacer 
Unload spent fue l  assemblies and place i n t o  i n - c e l l  
l a g  storage 
Monitor and vacuum cask c a v i t y  and fue l  basket 

Replace spent f u e l  assembly spacer and rep lace 
i nne r  l i d  and hot c e l l  po r t  plugs 
Unmate cask from ho t  c e l l  p o r t  and open unloading 
room s h i e l d i n g  door  

Move c a r t  and cask t o  handl ing room 
( I f  wet decontamination i s  t o  be performed, r e f e r  
t o  wet decontamination steps i n  Table 7.3). 
I n s t a l l  p la t form.  remove contamination b a r r i e r  
adapter and l i f t i n g  adapter, i n s t a l l  i nne r  and 
outer  l i d s ,  secure a l l  openings t o  the  cask, 
moni tor  and decontaminate e x t e r i o r  o f  cask, open 
r o l l - u p  door and r e t r a c t  p la t fo rm 
Move cask and c a r t  t o  rece iv ing  and handl ing area 

Place cask on t h e  t r a n s p o r t  veh ic le  

Prepare cask fo r  shipment, i n s t a l l  cask tiedowns 
and impact l i m i t e r s  and close personnel b a r r i e r  
Move t ranspor t  veh ic le  and cask t o  i nspec t i on  area, 
disconnect repos i to ry  d r i v e  u n i t  
Hook up over-the-road c a r r i e r ,  move t o  gatehouse. 
p e r f o n  f i n a l  moni tor ing and inspec t i on  o f  empty 
cask 
No t i f y  appropr ia te organizat ions o f  the shipment 
departure 

Locat ion 
Receiving Gatehwse 

Parking Area 

Washdown Area 

Recei v i  ng and 

Receiving and 

Receiving and 

Handling Room 

Handling Area 

Handling Area 

Handl i ng Area. 

Handl i ng Room 

Unloading Room 

Unloading Room 

Hot Cell 

Unloading Room/ 
Hot Cel l  
Unloading Room/ 
Hot C e l l  
Unloading Room/ 
Hot Cel l  

Unl oadi ng Room/ 
Hot Cel l  
Unl oadi ng Room 

Handl i ng Room 
Handling Room 

Receiving and 
Handling Area 

Receiving and 
Handl i n g  Area 

Receiving and 
Handling Area 

Inspect i  on Area 

Gatehouse Receiving 
and Dispatching 

Superv isor 's  O f f i c e  
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TABLE 4.17. A l t e r n a t i v e  A c t i v i t i e s  f o r  Wet Decontaminat ion o f  Cask I n t e r i o r s  
a t  t h e  P o s t u l a t e d  Reference R e p o s i t o r y  

Act  i v i  t y  L o c a t i o n  

A c t i v i t i e s  1-17 a r e  i d e n t i c a l  w i t h  s teps  1-17 i n  Tab le  4.16 

18. I n s t a l  1 p l a t f o r m ,  remove con tamina t ion  adapter  and 
l i f t i n g  adapter,  secure o u t e r  l i d  f o r  move t o  
decontaminat ion c e l l  and r e t r a c t  p l a t f o r m  

19. Move c a r t  and cask t o  r e c e i v i n g  and h a n d l i n g  area 

20. 

21. Move c a r t  and cask i n t o  decon prep. room, c l o s e  

22. I n s t a l l  p l a t f o r m ,  remove o u t e r  l i d ,  i n s t a l l  i n n e r  

L i f t  cask and p l a c e  on t h e  cask c a r t  f o r  t h e  wet 
decontami n a t  i on c e l l  

door 

l i d  l i f t i n g  adapter  and i n s t a l l  con tamina t ion  
b a r r i e r  adapter  

room 
23. R e t r a c t  p l a t f o r m  and move c a r t  and cask t o  decon. 

24. Mate cask t o  decon. c e l l  e n t r y  p o r t ,  c l o s e  door 

25. Using 20-ton decon. c e l l  crane, remove h o t  c e l l  
p o r t  p lugs  

26. P lace l i d  i n t o  l i d  decontaminat ion s t a t i o n ,  p l a c e  
f u e l  spacer c e l l  f u e l  basket  i n t o  decontami n a t i o n  
s t a t i o n ,  wet decontaminate and d r y  cask c a v i t y ,  
i n s t a l l  replacement f u e l  basket  and spacer i n t o  
cask, i n s t a l l  i n n e r  l i d  and r e p l a c e  p o r t  p l u g s  

decon. room door 
27. Unmate cask f rom decon. c e l l  e n t r y  p o r t  and open 

28. Move c a r t  and cask t o  decon. prep. room 

29. I n s t a l l  p l a t f o r m ,  m o n i t o r  and decontaminate 
e x t e r i o r  o f  cask, remove i n n e r  l i d ,  r e p l a c e  seals ,  
r e p l a c e  l i d  b o l t s ,  remove con tamina t ion  b a r r i e r  
adap te r  and 1 i f t i  ng adapter,  secure a1 1 openi ngs 
t o  t h e  cask, i n s t a l l  o u t e r  l i d  and r e t r a c t  p l a t f o r m  

Handl i ng Room 

Recei v i  ng and 
Handl i ng Area 

Recei v i  ng and 
Handl i ng Area 

Decon. Prep. Room 

Decon. Prep. Room 

Decon. Prep. Room 

Decon. Room 

Decon. C e l l  

Decon. Room/ 
Decon. C e l l  

Decon. Room 

Decon. Prep. Room 

Decon. Prep. Room 

Subsequent a c t i v i t i e s  a r e  i d e n t i c a l  w i t h  a c t i v i t i e s  19-24 i n  Table 4.16. 
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A d e t a i l e d  breakdown o f  each o f  these major  cask h a n d l i n g  a c t i v i t i e s  i s  

p resented  i n  t h e  worksheets i n  Appendix C, t o g e t h e r  w i t h  t i m e  es t ima tes ,  

personnel  requi rements and work ing  d i s tances ,  and dose c a l c u l a t i o n s .  

4.4.3 Dose Ana lys i s  

Worker dose es t ima tes  f o r  r e p o s i t o r y  cask h a n d l i n g  a re  based on a )  cask 

dose r a t e s  presented  i n  Sec t i on  4.1, b )  background dose r a t e s  ( i . em,  f rom o t h e r  

nearby sources)  f o r  work ing  areas where casks a re  handled, c )  manpower and t i m e  

es t imates ,  and d )  l o c a t i o n  o f  workers r e l a t i v e  t o  t h e  r a d i a t i o n  sources. 

D e t a i l e d  manpower, t ime,  motion,, and dose es t ima tes  f o r  s p e c i f i c  h a n d l i n g  

a c t i v i t i e s  a re  p resented  i n  Appendix C i n  t h e  i n d i v i d u a l  a n a l y s i s  sheets  f o r  

each major  a c t i v i t y .  

It i s  assumed t h a t  t h e  f a c i l i t y  w i l l  r e c e i v e  shipments around- the-c lock,  

seven days pe r  week. 

i n g  area o u t s i d e  t h e  r e c e i v i n g  and h a n d l i n g  area. T h i s  area serves as t h e  

queue f o r  t h e  subsequent cask r e c e i v i n g  and h a n d l i n g  opera t ions .  Doses 

assoc ia ted  w i t h  p l a c i n g  casks i n t o  t h e  queue and removing them from t h e  queue 

a re  i n c l u d e d  i n  t h i s  a n a l y s i s .  Doses f rom cask w a i t i n g  t imes w i t h i n  t h e  queues 

a re  expected t o  be min ima l ,  and a re  n o t  cons idered i n  t h i s  ana lys i s .  However, 

t y p i c a l  w a i t i n g  t imes  f o r  casks i n  queues a re  e s t i m a t  d e  

Shipments a r r i v i n g  on weekends a re  p laced i n t o  t h e  pa rk -  

The o p e r a t i n g  hours r e q u i r e  f o u r  crew s h i f t s  f o r  gatehouse and i n s p e c t i o n  

areas. Performance assessments u s i n g  s t o c h a s t i c  simu a t i o n  models of t h e  
p o s t u l a t e d  r e f e r e n c e  r e c e i v i n g  f a c i l i t y  i n d i c a t e  t h a t  a 3,000 MTU/year r e c e i v -  

i n g  r a t e  can be met by o p e r a t i n g  t h e  washdown areas and f o u r  ho t  c e l l s  t h r e e  

s h i f t s l d a y  and f i v e  dayslweek ( L o t z  1986). 

Wet decontaminat ion requ i rements  a re  es t ima ted  t o  r e q u i r e  o p e r a t i n g  each 

of t h e  two decontaminat ion c e l l s  l e s s  than  one s h i f t / d a y  and f i v e  dayslweek. 

The r e s u l t i n g  personnel  requi rements on which t h i s  dose a n a l y s i s  i s  based a re  

shown i n  Table 4.18. A l l  o f  t h e  113 s t a f f  shown a r e  assumed i n  t h i s  a n a l y s i s  

t o  be work ing  f u l l  t i m e  a t  t h e i r  a c t i v i t i e s .  

h a n d l i n g  a c t i v i t y  a re  shown i n  Table 4.19. 

S t a f f  requi rements f o r  each cask 
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TABLE 4.18. Es t ima ted  Cask Hand l ing  Personnel Requirements a t  t h e  
P o s t u l a t e d  Reference Repos i to ry  

F a c i l i t y  L o c a t i o n  

R e c e i v i n g  and D i s p a t c h i n g  
Gatehouse 

I n s p e c t i o n  Area 

Washdown Areas 

Recei v i  ng and Handl i ng 
S ide  A 

Crew f o r  Hot C e l l  1 

Crew f o r  Hot C e l l  2 

Recei v i  ng and Handl i ng 
S ide  R 

Crew f o r  Hot C e l l  3 

Crew f o r  Hot C e l l  4 

Decontaminat ion  C e l l  s 

T o t a l  

Personnel Per S h i f t  

1 s e c u r i t y  guard 
1 o p e r a t o r  
1 r a d i a t i o n  mon i to r  

1 s e c u r i t y  guard 
1 y a r d  d r i v e r  

1 o p e r a t o r  

1 crane opera to r  
1 r a d i a t i o n  m o n i t o r  
1 qual  i t y  c o n t r o l  / 

i n s p e c t o r  
1 hot  c e l l  q u a l i t y /  

c o n t r o l / i n s p e c t o r  

2 maintenance-craf tsmen 
1 handl i ng room o p e r a t o r  
2 h o t  c e l l  ope ra to rs  

2 mai n tenance-craf tsmen 
1 h a n d l i n g  room opera to r  
2 h o t  c e l l  ope ra to rs  

1 crane opera to r  
1 r a d i a t i o n  m o n i t o r  
1 q u a l i t y  c o n t r o l l  

1 h o t  c e l l  q u a l i t y  
i n s p e c t o r  

c o n t r o l  / i n s p e c t o r  

2 mai n tenance-craf tsmen 
1 handl i ng room o p e r a t o r  
2 h o t  c e l l  ope ra to rs  

2 maintenance-craf tsmen 
1 handl i ng room o p e r a t o r  
2 h o t  c e l l  ope ra to rs  

2 mai n tenance-craf tsmen 
2 s i d e  A opera to rs  
2 s i d e  B ope ra to rs  

Number 
o f  

S h i f t s  

4 
4 
4 

4 
4 

3 

3 
3 
3 

3 

3 
3 
3 

3 
3 
3 

3 
3 
3 

3 

3 
3 
3 

3 
3 
3 

1 
1 
1 

T o t a l  
Personnel 
Requi red 

4 
4 
4 

4 
4 

3 

3 
3 
3 

3 

6 
3 
6 

6 
3 
6 

3 
3 
3 

3 

6 
3 
6 

6 
3 
6 

2 
2 
2 

113 
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TABLE 4.19. Es t ima ted  Cask Hand l i ng  Personnel  Requirements a t  t h e  
P o s t u l a t e d  Reference Repos i to ry ,  by A c t i v i t y  

Act i v i  t y  
1 

2 
3 
4 

5 

6 

7 
a 

9 

10 

11 
12 

13 

14 

15 

16 

17 
18 

19 

20 

21 

22 

23 

24 

Faci 1 t y  
Location 

Receiving 
Gatehouse 
Packing Area 
Washdorn Area 
Receiving and 
Handling Area 
Receiving and 
Handling Area 
Receiving and 
Handling Area 
Handl i ng Room 
Handl i ng 
Room 
Unloading 
Room 
Unloading 
Room 
Hot Cell  
Unloading 
Room/Hot Cel l  
Unloading 
Roa/Hot Cel l  
Unloading 
Room/Hot Cell 
Unloading 
Roa/Hot Cell 
Unloading 
Room 
Handl i ng Room 
Handling Roan 

Receiving and 
Handl i ng Area 
Receiving and 
Handl i ng Area 
Receiving and 
Handling Area 
Inspection 
Area 
Receiving 
Gat e hou se 
Supervisor's 
Of f i ce  
Totals 

Receive t ransport  veh ic le  

Move t o  washdown stat ions 
Washdown 
Move t.o receiv ing area 

Remove impact l i m i t e r s ,  
t i  edowns 
L i f t  cask, place on c a r t  

Move t o  handling room 
Remove outer l i d ,  t e s t .  
remove inner  l i d  b o l t s  
Move t o  unloading room 

Mate t o  hot c e l l  

Remove por t  plugs 
Remove inner l i d  

Unload cask 

Vacuum and inspect 

Rep1ac:e inner  l i d ,  po r t  

Disengage from Port 
P l  u9s 

Move t o  Handl i n g  Room 
External decontamination, 
i n s t a l l  l i d s  
Fbve t o  receiv ing and 
hand1 i ng area 
Place cask on transport  
vehic le 
I n s t a l l  tiedowns, impact 
l i m i t e r s .  etc. 
Move t o  gatehouse 

F ina l  inspect ion 

N o t i f i c a t i o n  o f  shipment 
re1 ease 

Maximum per s h i f t  
Needed f o r  a l l  s h i f t s  

1 

1 

1 

1 
1 

1 

1 

2 

2 

2 

2 

2 

1 

1 
1 

1 

1 

1 

18 
41 

1 

3 

1 

4 
10 12 

2 

1 

1 

2 
1 2  

2 

2 

2 

2 

2 

1 

1 1  

1 2 10 
4 8 26 

(a) Personnel Legend : 
CO = Crane Qerator 
OP = Reactor S i te  wera to r  SG = Security Guard 
RW = Radiation Fbni tor  M-C = Maintenance Craf t  
I ( g )  = Inspector S = Supervisor 
TD = O f f s i t e  Truck Dr iver/Rai l  Crew 
Not a l l  personnel are i n  the rad ia t ion  zone f o r  the f u l l  t ime of  the l i s t e d  a c t i v i t y .  
Doses t o  these workers arc! not  included i n  reposi tory personnel requirements. 

YD = S i t e  Yard Dr iver 

(b) 
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1 

I 

The r e c e i  v i  ng and d i s p a t c h i n g  gatehouse s e c u r i t y  guard, o p e r a t o r ,  and 

r a d i a t i o n  mon i to r  i n s p e c t  a l l  a r r i v i n g  and d e p a r t i n g  shipments, and they remain 

a t  t h a t  l o c a t i o n  w h i l e  r e c e i v i n g  o r  d i s p a t c h i n g  v e h i c l e s .  The y a r d  d r i v e r  

i n d i c a t e d  f o r  t h e  i n s p e c t i o n  area i n  Table 4.18 s e r v i c e s  t h e  e n t i r e  r e p o s i t o r y  

area. One crane opera to r ,  r a d i a t i o n  mon i to r ,  q u a l i t y  c o n t r o l / i n s p e c t o r ,  and 

h o t  c e l l  q u a l i t y  c o n t r o l / i n s p e c t o r  a r e  ass igned t o  each h a l f  o f  t h e  f a c i l i t y .  

(The h o t  c e l l  qual  i t y  c o n t r o l  / i n s p e c t o r  i s  l o c a t e d  i n t h e  o p e r a t i n g  ga l  1 e r i e s  

f o r  t h e  h o t  c e l l  remote opera t i ons . )  Each h o t  c e l l  i s  s t a f f e d  by two h o t  c e l l  

ope ra to rs .  The h a n d l i n g  room f o r  each c e l l  r e q u i r e s  one o p e r a t o r  and two 

maintenance-craf tsmen. 

p e r f o r m  hands-on cask h a n d l i n g  a c t i v i t i e s  and t h e  h o t  c e l l  o p e r a t o r s  c a r r y  o u t  

t h e  remote h a n d l i n g  a c t i v i t i e s  w h i l e  t h e  cask i s  mated t o  t h e  c e l l  p o r t .  

two decontaminat ion c e l l s  f o r  t h e  r e p o s i t o r y  a r e  s t a f f e d  by two maintenance- 

craf tsmen t h a t  r o t a t e  f rom o p e r a t i n g  c e l l s ,  and by two o p e r a t o r s  f o r  S ide A and 

two o p e r a t o r s  f o r  S ide B. 

The h a n d l i n g  room o p e r a t o r  and maintenance-craf tsmen 

The 

D e t a i l e d  s t a f f  assignments and dose e s t i m a t e s  f o r  i n d i v i d u a l  crew members 

f o r  each a c t i v i t y  were developed and a r e  p resen ted  i n  d e t a i l  i n  Appendix C. 

Es t ima ted  c o l l e c t i v e  occupa t iona l  doses and c r i t i c a l  p a t h  t imes ( i  .e., t o t a l  

c l o c k  t i m e )  by a c t i v i t y  f o r  each cask l o a d  a r e  shown i n  Table 4.20. (It shou ld  

be no ted  t h a t  t hese  a r e  reasonably  good performance t i m e  es t ima tes  t h a t  a re  

b e l i e v e d  t o  be s u s t a i n a b l e  f o r  l o n g  t i m e  p e r i o d s .  An a l lowance i s  i n c l u d e d  f o r  

minor  p e r t u r b a t i o n s ,  b u t  n o t  f o r  major  de lays  due t o  major equipment f a i l u r e s  

o r  l a c k  of s u f f i c i e n t  personnel  .) 

T o t a l  c o l l e c t i v e  dose p e r  cask load,  as shown i n  Table 4.20, i s  a p p r o x i -  

ma te l y  280 person-mrem p e r  t r u c k  cask l o a d  f o r  e i t h e r  PWR o r  BWR spent f u e l  

(app rox ima te l y  300 person-mrem/MTU) and approx ima te l y  465 person-mrem p e r  r a i  1 

cask l o a d  f o r  e i t h e r  PWR o r  BWR spent f u e l  (app rox ima te l y  70 person-mrem/MTU). 

One t o  2% o f  t hese  t o t a l  doses r e s u l t  f rom background r a d i a t i o n  doses (i.e., 

f r om o t h e r  nonna tu ra l  r a d i a t i o n  sou rces )  i n  t h e  work area, n o t  f rom t h e  cask 

b e i n g  worked on. 

Cask tu rna round  t i m e  e s t i m a t e s  f o r  t r a n s p o r t  casks a t  t h e  r e p o s i t o r y ,  

assuming zero queue t ime, range f rom 14.6 (PWR) t o  16.3 (BWR) hours f o r  t r u c k  

casks and 21.6 (PWR) t o  30.1 (BWR) hours f o r  r a i l  casks. I n  a d d i t i o n ,  average 
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Act  i v i  t y  
Number 

1 

2 
3 

4 

5 

6 

7 

8 

9 

10  

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1  

22 

23 

24 

~ 

TABLE 4.20. Es t imated C o l l e c t i v e  R a d i a t i o n  Doses f o r  Un load ing  
Spent Fuel f rom Transpor t  Casks a t  t h e  P o s t u l a t e d  
Reference Repos i to ry  

M a j o r  Act i v i  t y  

Rece ive  t r a n s p o r t  v e h i c l e  

?love t o  washdown s t a t i o n  

Was hdown 

Move t o  r e c e i v i n g  area  

Remove impact  l i m i t e r s ,  
t i  edowns 

L i f t  cask,  p l a c e  on c a r t  

Move t o  h a n d l i n g  room 

Remove o u t e r  l i d ,  t e s t ,  
remove i n n e r  l i d  b o l t s  

Move t o  u n l o a d i n g  room 

Mate t o  h o t  c e l l  

Remove p o r t  p l u g s  

Remove i n n e r  1 i d  

Un load cask 

Vacuum and i n s p e c t  

Rep lace  i n n e r  l i d ,  p o r t  
P l u g s  

D isengage f r o m  p o r t  

Move t o  h a n d l i n g  room 

E x t e r n a l  d e c o n t a m i n a t i o n ,  
i n s t a l l  l i d s  

Move t o  r e c e i v i n g  and 
hand1 i ng a r e a  

P l a c e  cask on t r a n s p o r t  
v e h i  c l  e 

I n s t a l  1 t i e d o w n s ,  impact  
l i m i t e r s ,  e t c .  

Move t o  ga tehouse 

C r i t i c a l  P a t h ( a )  
R a i l  Shipments Truck  S h i p r w n t s  - Time ( m i n u t e s )  

R a d i a t i o n  noses - person-mrem p e r  cask Load 

G k T o T T G T -  T o t  a 1 C as k W  o r  k A r e a  T o t a l  T r u c k  R a i  1 

6.3 0 .Cl 6.3 5.5 n.n 5.5 30 40 

1.3 0.5 1 .R 1.2 0.5 1.7 30 40 

11.7 10.2 11.9 15.8 n .2 16.0 45 55 

0.1 0 .o 0.1 0.1 0.0 0.1 5 5 

75.4 0.0 79 .O 53.1 n .4 53.5 8 n  110 

4.1 0.7 4.3 3.5 0.2 3.7 50 55 

0.4 n .CI n.4 0.7 0.0 0.7 5 5 

349.5 n . f )  350.0 186.3 0.4 186. 7 50 90  

1.7 0.0 1.7 2.7 0.0 2.1 10 10 

1 .0 0 . (I  1 .n 1.5 0.0 1.5 15 15 

0.0 0.0 n.o 0.0 0.n 0.n 25 25 

0.0 0.2 0.2 0 .O n .z 0.2 50 50 

0.0 i . i / z . 7 ( b )  i . i / 2 . 7 ( b )  0.0 0.2/0.4(h)  0 .2 /0 .4 (h )  3 0 / 7 5 ( b )  210 /540(b )  

0.0 0 .6 /1 .5 (h )  n . ~ i . 5 ( b )  0.0 0.4/0.7(b)  0 .4 /n .7 (b )  7 0 / 1 3 0 ( b )  120 /300(b )  

0.0 0.4 0.4 0.0 0.4 0.4 80 80 

0.0 0.0 0.0 0.0 n.0 0.0 15 15 

0.0 0 .CI 0 .o 0.0 0.0 0.0 5 5 

0.8 0.9 1.7 0 . h  0.7 1.3 110 135 

0.0 0.0 0.0 0.0 0.0 0.0 5 5 

0.0 0.1 0.1 n.0 0.2 0.2 45 50 

1.3 0.0 2.2 0.9 0.6 1.5 70 115 

0.0 0.0 0.0 0.0 0.0 0.0 10 20 

F i n a l  i n s p e c t i o n  and r e l e a s e  0.3 n .G 0.3 0.2 0 .o 0.2 25 35 
cask  and t r a n s p o r t  v e h i c l e  
t o  c a r r i e r  

N o t i f i c a t i o n  o f  sh ipment  
r e l e a s e  
T o t a l s  PWR 457 7 464 272 5 277 875 1295 

BWR 457 9 466 212 6 278 ( 1 4 . 6 ) ( c )  (21.6)(c) 
Person-mrem/MTU 

PWR 

BWR 

71.7 

69.6 

299.8 980 1805 

29R.9 ( 1 6 . 3 ) ( c )  (30 .1 ) (C)  

__ 
( a )  E x c l u s i v e  o f  queue t i m e ,  e s t i m a t e d  t o  be about  14  h o u r s  f o r  each t r u c k  cask and 20 h o u r s  f o r  each r a i l  cask 
( b )  PWR/BWR f u e l  and cask t y p e .  
( c )  I n  hours .  
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t imes  t h a t  casks a re  w a i t i n g  i n  queues o u t s i d e  t h e  r e c e i v i n g  and h a n d l i n g  

b u i l d i n g  a r e  es t ima ted  t o  be 14 hours f o r  each t r u c k  cask and 20 hours f o r  each 

r a i l  cask. 

Times and doses f o r  wet decontaminat ion  o f  cask i n t e r n a l s  a re  shown i n  

Table 4.21. 

min imal  ( i  .e., approx imate ly  one t o  two a d d i t i o n a l  person-mrem per  l oad ) .  T h i s  

r e s u l t s  f rom min imal  i nc reases  i n  genera l  area dose rece ived  d u r i n g  h o t  c e l l  

decontaminat ion  and p r e p a r a t o r y  a c t i v i t i e s ,  and smal l  decreases i n  doses from 

h a n d l i n g  s l i g h t l y  contaminated casks when r e t u r n i n g  t h e  empty casks t o  t h e  

t r a n s p o r t  v e h i c l e s  f o r  shipment out .  However, wet decontaminat ion  a c t i v i t i e s  

have a s i g n i f i c a n t  impact on cask tu rnaround t ime,  i n c r e a s i n g  t r u c k  cask t u r n -  

around t imes  by an es t ima ted  6.9 hours and r a i l  cask tu rnaround t imes  by an 

es t ima ted  7.8 hours  . 

The impact  o f  wet decontaminat ion  on t o t a l  dose pe r  cask l o a d  i s  

The f i v e  p r imary  dose-producing a c t i v i t i e s  a re  shown i n  Table 4.22. Step 

number 8, c o n s i s t i n g  o f  l i d  work, gas/pressure t e s t i n g ,  con taminat ion  b a r r i e r  

and l i f t i n g  system i n s t a l l a t i o n  per formed i n  t h e  h a n d l i n g  room, accounts f o r  

67 t o  75% o f  a l l  t h e  c o l l e c t i v e  dose r e c e i v e d  by cask h a n d l i n g  workers a t  t h e  

repos t o r y .  Removing i n n e r  l i d  b o l t s  i s  t h e  l a r g e s t  dose-producing s u b a c t i -  

v i t y ,  c o n t r i b u t i n g  36% o f  t o t a l  c o l l e c t i v e  dose t o  r e p o s i t o r y  cask workers i n  

a l l  p aces p e r  t r u c k  cask l o a d  (100 person-mrem) and 43% o f  t o t a l  c o l l e c t i v e  

dose t o  r e p o s i t o r y  cask h a n d l i n g  workers i n  a l l  p laces  p e r  r a i l  cask l o a d  

(200 person-mrem). Note t h a t  l i d  work on loaded casks r e s u l t s  i n  about t w i c e  

t h e  occupa t iona l  c o l l e c t i v e  dose as t h e  comparable a c t i v i t y  a t  t h e  r e a c t o r  (see 

Tab le  4.7). T h i s  i s  because t h e  l i d  work a t  t h e  r e a c t o r  i s  done w h i l e  t h e  cask 

i s  f u l l  of water ,  which reduces t h e  dose r a t e s  t o  t h e  workers. Step number 5, 

c o n s i s t i n g  o f  removing impact  l i m i t e r s  and t iedowns,  c o n t r i b u t e s  1 7  t o  19% o f  

a l l  c o l l e c t i v e  dose t o  r e p o s i t o r y  cask h a n d l i n g  workers (79 person-mrem f o r  

each r a i l  cask and 54 person-mrem f o r  each t r u c k  cask) .  Those two s teps  a lone 

account f o r  86 t o  92% of a l l  dose. The f i v e  major  dose-producing s teps  r e s u l t  

i n  95 t o  97% of t h e  c o l l e c t i v e  dose t o  t h e  cask h a n d l i n g  workers a t  t h e  

r e p o s i t o r y  f o r  t r u c k  and r a i l  cask hand l i ng ,  r e s p e c t i v e l y .  Each o f  t h e  o t h e r  

19 major  a c t i v i t i e s  c o n t r i b u t e s  l e s s  than  1% o f  t h e  t o t a l  c o l l e c t i v e  doses. 
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TABLE 4.21. Es t ima ted  C o l l e c t i v e  R a d i a t i o n  Doses f o r  Unloading Spent Fuel  
a t  t h e  P o s t u l a t e d  Reference Repos i to rv  w i t h  Wet Decontaminat ion ., 
of Cask I n t e r n a l s  

R a d i a t i o n  Doses - Person-mrem p e r  Cask Load C r i t i c a l  P a t h ( a )  
Act i v i  t y  R a i l  Shipments Truck Shipments Time ( m i n u t e s )  

Number Major  A c t i v i t y  t a s k  Work Area T o t a l  Cask Work Area T o t a l  T r u c  k R a i l  . 
~ -__ ___ ___ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

1 7  

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

Receive t r a n s p o r t  v e h i c l e  

Move t o  washdown s t a t i o n  

Was hdown 

Move t o  r e c e i v i n g  area 

Remove impact  l i m i t e r s ,  
t i  edowns 

L i f t  cask,  p l a c e  on c a r t  

Fbve t o  h a n d l i n g  room 

Remove o u t e r  l i d ,  t e s t ,  
remove i n n e r  l i d  b o l t s  

Move t o  u n l o a d i n g  room 

Mate t o  h o t  c e l l  

Remove p o r t  p lugs  

Remove i n n e r  l i d  

Unload cask 

Vacuum and i n s p e c t  

Replace i n n e r  l i d ,  p o r t  

Disengage from p o r t  

Fbve t o  h a n d l i n g  Room 

Prepare t o  m v e  t o  decon. 
c e l l  

Move t o  r e c e i v i n g  and 
hand l  i ng a r e a  

P lace  cask on decon. c e l l  
cask c a r t  

Move i n t o  decon. prep. room 

Remove o u t e r  l i d ,  p r e p a r e  
cask 

Move t o  decon. room 

Mate t o  decon. c e l l  p o r t  

Remove p o r t  p l u g s  

Replace b a s k e t ,  decon. l i d  

Unmate from p o r t  

Move t o  decon. p o r t  room 

Replace s e a l s ,  i n s t a l l  l i d s  

Move t o  r e c e i v i n g  and 
hand l  i n g  a r e a  

P lace  cask on t r a n s p o r t  
v e h i c l e  

I n s t a l l  t iedowns,  impact  
l i m i t e r s  

Move t o  i n s p e c t i o n  area  

Hook-up o v e r - t h e - r o a d  
c a r r i e r  

N o t i f i c a t i o n  o f  shipment 
r e l e a s e  

T o t a l s  PWR 

Plugs  

BWK 

Person -mrem/MTU 

PWR 

RWR 

( a )  E x c l u s i v e  of queue t ime.  
( b )  PWR/BWR f u e l  and cask t y p e .  
( c )  In ho!irs. 

6.3 

1.3 

11.7 

0.1 

78.4 

4.1 

0.4 

349.5 

1.7 

1 .o 
0.0 

0.0 
0.0 

0.n 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

n.2 

0 .0 

0.0 

n .o 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .o 

0.0 

455 

455 

0 .o 6.3 

0.5 1 .R 

0.2 11.9 

0.0 0.1 

0.6 79.0 

0.2 4.3 

n .o 0.4 

0.5 350.0 

0.0 1 .7  

0 .o 1 .o 
0.0 0.0 

10.2 0.2 

1.1/2.7(b) 1.1/2.7(b)  

n .6 /1 .5 (b)  0.6/1.5(h) 

0.4 

0 .o 
0.0 
0.1 

0.0 

0.1 

0.0 

0.2 

0.0 

0.0 

0.0 

0.7 

0.0 

0.1 

1.1 

0.0 

0.2 

1.0 

0.0 

0.0 

0.0 

8 

10 

0.4 

0.0 

0.0 

0.2 

0.0 

0.1 

0.0 

0.4 

0.0 

0.0 

0.0 

0.7 

0.0 

0.1 

1.1 
0.0 

0.2 

1.0 

0.0 

0.0 

0.0 

463 

465 

71.6 

69.4 

4.85 

5.5 

1.2 

15.8 

0.1 

53.1 

3.5 

0.7 

186.3 

2.7 

1.5 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 

0 .o 
0.1 

0 .0 

0.0 

0.0 

0.2 

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 .o 

27 1 

271 

0.0 5.5 

0.5 1.7 

0.2 16.0 

0 .o 0.1 

0.4 53.5 

0.2 3.7 

0 .0 0.7 

0.4 186.7 

0.0 2.7 

0.0 1.5 

0.0 0.0 

0.2 0.2 
0.2/0.4(b) 0.2/0.4(b) 

0.4/0.7(b) 0.4/0.7(b) 

0.4 

0.0 

0.0 

0.2 

0.0 

0.1 

0.0 

0.2 

0.0 
0.0 
0 .o 
0.6 

0.0 

0.0 
0.8 
0.0 

0.1 

0.6 

0.0 

n .o 

0.0 

6 

7 

0.4 

0.0 

0.0 

0.3 

0.0 

0.1 

0.0 

0.4 

0.0 
0.0 

0 .o 
0.6 

0.0 

0.0 
0.8 

0.0 

0.1 

0.6 

0.0 
0.0 

0.0 

277 

278 

299.8 

298.9 

30 40 

30 40 

45 55 

5 5 

80 110 

50 55 

5 5 

60 90 

10 10 

15 15 

25 25 

50 50 

30 /75(b)  210/540(b)  

70 /130(b)  120/300(b) 

80 

15 

5 

35 

5 

35 

5 

35 

10 

15 

25 

190 

15 

5 

150 

5 

45 

70 

10 

25 

5 

1290 

8 0  

15 

5 

35 

5 

35 

5 

35 

10 

15 

25 

220 

15 

5 

190 

5 

50 

125 

20 
35 

5 

1765 

( 2 1 . 5 ) ( c )  (29.4) ( c )  

1395 2275 

(23.3) ( c )  (37.9) ( c )  
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TABLE 4.22. Pr imary Rad ia t i on  Dose-Producing A c t i v i t i e s  and C o l l e c t i v e  Doses from 
Rece iv ing  Spent Fuel Shipments a t  t h e  Pos tu la ted  Reference Repos i to ry  

Rai 1 Shi pmen t s (a )  Truck Shipments(a1 
Percent  o f  Percent o f  
Cask/Fuel Cask/ Fuel 

Handl i ng 

n 
Handl i ng 

F a c i l i t y  Person-mrem Person-cnrem 00s e s Person i n r  em Person -mr em Doses 
_ _ -  A c t i v i t y  D e s c r i p t i o n  Locat  i o n  p e r  Cask p e r  MTU rE p e r  C a s k  p e r  KTU 

Prepare cask f o r  un load ing ,  Handl ing Room 350.0 54.1 75 75 186.7 202.1 67 67 
p o s i t i o n  p l a t f o r m ,  i n s t a l l  con- 
t a m i n a t i o n  b a r r i e r  adapter ,  
remove o u t e r  l i d ,  pressure/gas 
sample cask c a v i t y ,  remove 
i n n e r  l i d  b o l t s ,  i n s t a l l  l i d  
l i f t i n g  adapter .  

Prepare cask f o r  removal f rom Rece iv ing  and 79.0 
t r a n s p o r t  v e h i c l e  Handl ing Area 

cask, open personnel  b a r r i e r .  
mon i to r ,  i nspec t ,  and d r y  

Receive t r a n s p o r t  v e h i c l e  and Rece iv ing  6.3 
loaded cask a t  t h e  r e p o s i t o r y  
s i t e .  Mon i to r ,  i n s p e c t ,  
unhook ove r - the  road  c a r r i e r ' s  
d r i v e  u n i t  and a t t a c h  r e p o s i -  
t o r y  d r i v e  u n i t .  

Wash t r a n s p o r t  v e h i c l e  and Washdown Area 11.9 

Gatehouse 

12.2 17 17 53.5 

1.8 3 3 16.0 

1.0 1 1 5.5 

57.9 19 19 

17.2 6 6  

6 .O 2 2  

Remove cask f rom t r a n s p o r t  Rece iv ing  and 4.3 0.7 1 1 3.7 4.0 1 1  
v e h i c l e ,  p l a c e  on cask c a r t  Handl ing Area 

A l l  Other A c t i v i t i e s  

T o t a l s  

13.0/15.0(b) 2.0/2.2(b) _ . -  3 3 11.6/12.6(b) 12.6/13.5(b) 5 5 
464/466(b) 71.7/69.6(b) 100 100 277/278(b) 299.8/298.9(b) 100 100 

( a )  

(b) PWR/BWR f u e l  and cask type. 

R a i l  casks c o n t a i n  6.468 MTU PWR fue l ,  o r  6.696 MTU BUR fue l .  
These c a l c u l a t i o n s  assume PWR MTU cask c a p a c i t i e s .  

Truck casks c o n t a i n  0.924 MTU PWR f u e l ,  o r  0.930 KTU BWR fue l .  



Est imated average annual doses f o r  i n d i v i d u a l s  i n  t h e  va r ious  groups o f  

r e p o s i t o r y  cask handl  i n g  workers f o r  t h e  h i g h e s t  dose-producing a c t i v i t i e s  a r e  

shown i n  Table 4.23. These doses would be accrued i f  t h e  same members o f  each 

r e s p e c t i v e  c r a f t  always per formed t h e  r e s p e c t i v e  s teps  shown. 

l i d  work, gas/pressure t e s t i n g ,  e tc . ) ,  as shown i n  Table 4.23, c o u l d  r e s u l t  i n  

mai n tenance-cra f tsmen(a)  personnel  exposures averag ing  10,700 mrem/year(b) and 

o p e r a t o r  exposures averag ing  2,500 mremlyear. Maintenance-craf tsmen c o u l d  

r e c e i v e  an average a d d i t i o n a l  3,150 mrem/year f rom Step 5, which c o n s i s t s  p r i -  

m a r i l y  o f  impact l i m i t e r  and t iedown removal ope ra t i ons .  The manual washdown 

c o u l d  r e s u l t  i n  an average o f  2,600 mremlyear pe r  opera tor ,  and t h e  s e c u r i t y  

i n s p e c t i o n  f o l l o w i n g  washdown opera t i ons  i n  Step 3 r e s u l t s  i n  an average o f  

ove r  1,000 mrem/year f o r  each s e c u r i t y  guard ass igned t o  t h a t  du ty .  

two a c t i v i t i e s  shown i n  Table 4.23 would c o n t r i b u t e  500 nirem o r  l e s s  average 

annual exposure t o  any worker. 

Step 8 (i.e., 

The l a s t  

Es t imated average annual i n d i v i d u a l  exposures by workers i n  each c r a f t  a re  

shown i n  Table 4.24. The a n a l y s i s  p resented  i n  t h e  t a b l e  assumes t h a t  i n d i v i d -  

u a l  s ass igned t o  cask handl i ng r o t a t e  w i t h i n  t h e i  r c r a f t  i n  each cask handl i ng 

p o s i t i o n ,  b u t  t hey  do no t  r o t a t e  w i t h i n  t h e i r  c r a f t  f o r  o t h e r  f a c i l i t y  opera- 

t i o n s .  For  example, maintenance c r a f t  personnel  may complete l i d  work a c t i v i -  

t i e s  f o r  bo th  cask h a n d l i n g  room a c t i v i t i e s  and a p p l i c a b l e  decontaminat ion  c e l l  

maintenance c r a f t  d u t i e s .  T h i s  a n a l y s i s  es t ima tes  t h a t  i n d i v i d u a l  maintenance 

workers ass igned t o  cask h a n d l i n g  a t  t h e  r e p o s i t o r y  would r e c e i v e  an average 
dose o f  13,200 mrern/year.(b) The workers w i t h  t h e  nex t  h i g h e s t  annual doses 

a r e  s e c u r i t y  guards and opera tors ,  who would average approx imate ly  1,000 mrem/ 

year .  A l l  o t h e r  c r a f t s  would r e c e i v e  l e s s  than  1,000 mrem/year. 

( a )  

( b )  T h i s  i s  a c a l c u l a t e d  dose which exceeds r e g u l a t o r y  l i m i t s .  F i n a l  des igns 

Mai n tenance-craf tsmen a re  i n v o l v e d  i n  t h e  removal and replacement of bo1 t s  
and o t h e r  mechanical components on t h e  casks. It shou ld  be recogn ized 
t h a t  t hey  are  no t  r e c e i v i n g  t h e  doses f rom f a c i l i t y  maintenance work. 

w i l l  be m o d i f i e d  t o  reduce t h i s  dose b e f o r e  t h e  f a c i l i t y  i s  b u i l t .  

4.87 



TABLE 4.23. Es t ima ted  
Worked On 

Average Annual I n d i v i d u a l  R a d i a t i o n  Doses t o  t h e  R e p o s i t o r y  Workers i f  They 
y on t h e  I n d i v i d u a l  H ighes t  Dose-Producing Cask Hand l i ng  A c t i v i t i e s  

Worker 
Ca tegory  
R e c e i v i n g  Number 

Average I n d i v i d u a l  Worker , 
Most o f  o f  Rai 1 Truck T o t a l  

p e r s o n m r e m  p e r  y e a r  

Major  Dose-Causing A c t i v i t i e s  T o t a l  Dose Workers Work L o c a t i o n  V V Per Year No. - 
8 Prepare cask f o r  u n l o a d i n g ,  p o s i t i o n  p l a t f o r m ,  Maintenance-  24 

i n s t a l l  c o n t a m i n a t i o n  b a r r i e r  a d a p t e r ,  remove C r a f t  smen 
o u t e r  l i d ,  p r e s s u r e / g a s  sample cask c a v i t y ,  

a d a p t e r .  
remove i n n e r  l i d  b o l t s ,  i n s t a l l  l i d  l i f t i n g  O p e r a t o r  12 

5 Prepare  cask f o r  removal  f rom t r a n s p o r t  v e h i c l e  Maintenance-  24 
P C r a f t  smen 
03 
03 3 Wash t r a n s p o r t  v e h i c l e  and cask, open pe rsonne l  Opera to r  

. 
3 

S e c u r i t y  4 
b a r r i e r ,  m o n i t o r ,  i n s p e c t ,  and d r y  

Guard 

1 Receive t r a n s p o r t  v e h i c l e  and loaded  cask a t  t h e  R a d i a t i o n  4 
r e p o s i t o r y  s i t e .  k n i t o r ,  i n s p e c t ,  unhook o v e r -  k n i t o r  
t h e - r o a d  c a r r i e r ' s  d r i v e  u n i t  and a t t a c h  
r e p o s i t o r y  d r i v e  u n i t .  S e c u r i t y  8 

Guard 

6 Remove cask from t r a n s p o r t  v e h i c l e ,  p l a c e  on O p e r a t o r  12 
cask c a r t  

Handl i ng Area 

Handl i ng Area 

Rece iv ing  and 
Handl i ng Area 

Washdown Area 

Rece iv ing  and 
I n s p e c t i o n  
G a t  ehou s e 

Rece iv ing  and 
Handl i ng Area 

2,609 

382 

623 

437 

166 

114 

57 

35 

1,672 3,835 

245 1,139 

399 1,280 

280 1,149 

106 496 

73 219 

36 201 

22 107 

2,541 10,657(b) 

755 2,523 

848 3,150 

761 2,627 

329 1,097 

145 551 

133 427 

7 1  235 

( a )  Assumes 3,000 M U l y e a r ,  70% r e c e i v e d  by r a i l  and 30% by t r u c k .  
( b )  Doses i n  excess o f  r e g u l a t o r y  l i m i t s  w i l l  n o t  b e  p e r m i t t e d  by DOE. 

i 



TABLE 4.24. Est imated Average Annual R a d i a t i o n  Doses Received by  I n d i v i d  a 
Workers i n  Each C r a f t  a t  t h e  P o s t u l a t e d  Reference R e p o s i t o r y  r a J  

R a i l  Shipments(b) Truck Shiprnents(b) 
T o t a l  

Annual Annual Annual 

C r a f t  No. Persons (mrern/person) (mrern) (mrern/person) (mrem) (mrem) 
Average Average One Shipment Average One Shipment 

Crane Operator  6 0.6 192 0.3 29 1 483 

Opera to rs  47 0.8 256 0.8 777 1,033 

Radi a t  i on M o n i t o r s  10 0.7 2 24 0.6 58 3 807 

Qual  i t y  C o n t r o l  1 2  0.4 128 0.3 291 419 

'00 Yard D r i v e r s  4 0.4 128 0.5 486 6 14 

I n s p e c t o r s  
P 

u3 

S e c u r i t y  Guards 8 0.7 224 0.8 777 1,001 
Maintenance- 

C r a f t  m e n  
26 - 15.5 4,960 8.5 

T o t a l s  113 19.1 148,224 ( d )  11.8 2 7 0 , 3 5 l ( d )  3,704 

( a )  F o r  3,000 MTU/yr. 
( h )  

( c )  
( d )  C o l l e c t i v e  annual dose f o r  a l l  c r a f t s  and i n d i v i d u a l s .  

F o r  70%/30% spent f u e l  sh ipped b y  r a i l / t r u c k .  
n e g l i g i b l e  f o r  t h i s  a n a l y s i s .  
Doses i n  excess of r e g u l a t o r y  l i m i t s  w i l l  n o t  be  p e r m i t t e d  by  DOE. 

Dose d i f f e r e n c e s  between PWR/BWR f u e l  t y p e s  a r e  

! 
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5.0 EVALUATIONS OF DOSE AND COST IMPACTS FOR INDIVIDUAL ALTERNATIVES 

TO THE POSTULATED REFERENCE TRANSPORTATION SYSTEM 

The a n a l y s i s  i n  Chapter 4 developed t h e  e s t i m a t e d  doses i n  t h e  p o s t u l a t e d  

r e f e r e n c e  t r a n s p o r t a t i o n  system and i d e n t i f i e d  t h e  s i g n i f i c a n t  dose-generat ing 

a c t i v i t i e s .  Wi th  these  major  dose-producing a c t i v i t i e s  i d e n t i f i e d ,  a l a r g e  

number o f  a l t e r n a t i v e s  was conceived t h a t  may reduce t h e  dose f rom these  a c t i v -  

i t i e s .  A f t e r  a p r e l i m i n a r y  sc reen ing  o f  t h e  p o t e n t i a l  a l t e r n a t i v e s ,  t h o s e  t h a t  

appeared most p r o m i s i n g  were f u r t h e r  d e f i n e d  and analyzed, and a r e  desc r ibed  i n  

t h i s  chapter .  The a l t e r n a t i v e s  cons ide red  b u t  n o t  analyzed a r e  i d e n t i f i e d  i n  

S e c t i o n  5.15. A d e s c r i p t i o n  o f  t h e  s e l e c t i o n  process f o r  t h e  a l t e r n a t i v e s  was 

summarized i n  S e c t i o n  3.3 and i s  g i ven  i n  more d e t a i l  i n  Appendix M. Each of  

t h e  s e l e c t e d  a l t e r n a t i v e s  was eva lua ted  f o r  o p e r a t i o n a l  t imes, r a d i a t i o n  

exposures, and c o s t  impacts r e l a t i v e  t o  t h e  p o s t u l a t e d  reference system. I n  

t h i s  chapter ,  each o f  t h e  a l t e r n a t i v e s  i s  desc r ibed  and analyzed as i f  i t  were 

t h e  o n l y  a l t e r n a t i v e  implemented. However, many combinat ions o f  a l t e r n a t i v e s  

a r e  p o s s i b l e ,  which c o u l d  have d i f f e r e n t  c o s t  and dose impacts.  I n  Chapter 6, 

an exampl e a1 t e r n a t  i ve system i n c o r p o r a t  i ng a cornbi n a t i o n  o f  a1 t e r n a t  i ves i s  

considered. 

I t  shou ld  be recogn ized  t h a t  t h e  a l t e r n a t i v e s  a r e  desc r ibed  and e v a l u a t e d  

as concepts. Much a d d i t i o n a l  work would be r e q u i r e d  t o  design, o p t i m i z e  and 

implement any o f  t h e  concepts. Other  concepts t h a t  c o u l d  accompl ish s i m i l a r  

improvements may a l s o  be cons ide red  i n  t h e  f i n a l  des igns (see S e c t i o n  5.15). 

The a l t e r n a t i v e s  presented i l l u s t r a t e  t h e  t h r e e  genera l  methods o f  dose 

r e d u c t i o n .  The f i r s t  general  method i s  t o  i n c r e a s e  t h e  s h i e l d i n g  around t h e  

spent f u e l .  I nc reased  cask s h i e l d i n g  i s  t h e  major  example o f  t h i s  method. The 

second general  method o f  dose r e d u c t i o n  i s  t o  reduce t h e  t i m e  t h a t  an i n d i v i -  

dua l  i s  exposed t o  t h e  dose. T h i s  i n c l u d e s  b o t h  d o i n g  t h e  j o b  f a s t e r  (e.g., 

use o f  s i n g l e - a c t i o n  f a s t e n e r s  f o r  removing t iedowns o r  impact-1 i m i t e r s  and 

r e d u c i n g  t h e  t i m e  a t  s tops  f o r  t r u c k  sh ipments)  and a l s o  reduc ing  t h e  number o f  

shipments th rough  t h e  use o f  l a r g e r - c a p a c i t y  casks. The t h i r d  general  method 

o f  reduc ing  dose i s  t o  i n c r e a s e  t h e  d i s t a n c e  between t h e  source and t h e  

worker. The p a r k i n g  o f  t h e  t r u c k s  f a r t h e r  f rom t h e  s e r v i c e  f a c i l i t i e s  i s  one 
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example. The most n o t a b l e  example o f  t h i s  type ,  however, i s  t h e  use of remote- 

automated opera t i ons ,  which removes workers f rom d i r e c t ,  hands-on h a n d l i n g  

opera t i ons .  

t h e  same t ime.  Examples are :  

way t o  reduce t h e  t i m e  a t  t h e  t r u c k  s e r v i c e  f a c i l i t i e s  and i n c r e a s e  t h e  d i s -  

t ance  f rom t h e  cask t o  i n d i v i d u a l s  a t  t h e  s e r v i c e  f a c i l i t y ;  o r  use of s p e c i a l  

impact-wrench t o o l s  o r  remote-automated o p e r a t i o n s  can i n c r e a s e  t h e  worker  d i  s -  
t ance  f rom t h e  cask and may decrease t h e  t i m e  needed t o  complete t h e  a c t i v i t y .  

E v a l u a t i o n s  were done i n  t h i s  s tudy  f o r  t r a n s p o r t a t i o n  casks hav ing  seven 

d i f f e r e n t  c a p a c i t i e s .  As desc r ibed  i n  S e c t i o n  4.1.2, t h e  p o s t u l a t e d  re fe rence  

cask c a p a c i t i e s  o f  2 PWR/5 BWR assembl ies i n  a l e g a l w e i g h t  t r u c k  cask and 

14 PWR/36 BWR assembl ies i n  t h e  100-ton r a i l  cask were based on t h e  DOE f a c t -  

sheet des igns g i ven  i n  F i g u r e  4.7. The a l t e r n a t i v e  cask c a p a c i t i e s  a r e  4/9 f o r  

an advanced des ign  l e g a l w e i g h t  t r u c k  cask; 4/10 f o r  t h e  conven t iona l  ove rwe igh t  

t r u c k  cask; 7/15 f o r  an advanced des ign  ove rwe igh t  t r u c k  cask; 27/58 f o r  a 

uranium-shie lded r a i l  cask; and 30/66 f o r  an advanced des ign  u ran ium-sh ie lded  

r a i l  cask. Again, i t  must be recogn ized  t h a t  t h e  cask c a p a c i t i e s  a r e  based on 

conceptual  d e f i n i t i o n s  on ly ,  n o t  d e t a i l e d  designs. As an example, p r e l i m i n a r y  

a n a l y s i s  i n d i c a t e s  t h a t  t h e  t a r g e t e d  cask c a p a c i t i e s  may be ach ievab le ,  b u t  

have n o t  been conf i rmed.  Thus, t h e  a l t e r n a t i v e  casks may exceed t h e  we igh t  

l i m i t a t i o n s  s p e c i f i e d  i n  t h e  c u r r e n t  cask development RFP (DOE 1986a), b u t  

se rve  t o  i l l u s t r a t e  t h e  p o t e n t i a l  f o r  dose r e d u c t i o n s .  

Some o f  t h e  a l t e r n a t i v e s  can accompl ish two o f  t h e  o b j e c t i v e s  a t  

improved t r u c k  o p e r a t i o n s  may be done i n  such a 

The c a p a c i t i e s  o f  t h e  uranium-shie lded r a i l  casks and o f  t h e  advanced 

des ign  r a i l  and t r u c k  casks were e s t i m a t e d  by use o f  t h e  Oak Ridge N a t i o n a l  

L a b o r a t o r y  (ORNL) C A P S I Z E  computer code (Bucho lz  1986) and i n f o r m a t i o n  f rom 

Sandia N a t i o n a l  L a b o r a t o r i e s  (SNL) on t h e  r e l a t i o n s h i p s  between b a s k e t - d i v i d e r  

des igns and cask r e a c t i v i t y  c o n t r o l  (Sanders e t  a l .  1987). These analyses 

r e s u l t  i n  cask c a p a c i t i e s  t h a t  a r e  b e l i e v e d  t o  be r e p r e s e n t a t i v e  of t h e  capac i -  

t i e s  f o r  t h o s e  designs, b u t  i t  shou ld  be r e a l i z e d  t h a t  d e t a i l e d  cask des igns 

may r e s u l t  i n  s l i g h t  v a r i a t i o n s  i n  c a p a c i t y  f rom those  assumed here. 

Costs f o r  implement ing t h e  a l t e r n a t i v e s  a r e  es t ima ted  f o r  d i f f e r e n c e s  i n  

f e a t u r e s  and c h a r a c t e r i s t i c s  w i t h  t h e  e s t i m a t e d  li 

l a t e d  r e f e r e n c e  system. C a p i t a l  and annual ope ra t  
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ng c o s t s  a r e  est imated.  

. . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . ........ . .  -. .......... 
_ _ _  -_ ~ __ -~ ~ ~ 

~ 



Present  w o r t h  o f  t h e  c o s t s  i s  based on an assumed 21 yea rs  o f  ope ra t i ons ,  o r  

62,000 MTU o f  spent f u e l  shipped t o  t h e  f i r s t  r e p o s i t o r y ,  as g i ven  i n  t h e  

M i s s i o n  P l a n  Amendment (DOE 1987). I n  genera l ,  c a p i t a l  c o s t s  were charged a t  

t h e  s t a r t  of y e a r  1 and annual o p e r a t i n g  c o s t s  were charged ove r  each o f  

21  years,  except  f o r  s p e c i a l  impact-wrench t o o l s ,  which have a 5-year l i f e -  

t ime.  Other bases f o r  c o s t  c a l c u l a t i o n s  can be found i n  S e c t i o n  3.4.6 and 

Appendix J .  

D e t a i l e d  o p e r a t i o n a l  impact and r a d i a t i o n  dose summary t a b l e s  f o r  t h e  

a l t e r n a t i v e s  examined i n  t h i s  chap te r  a r e  presented i n  Appendices F t h r o u g h  

I. 

sented i n  Appendix J .  A d d i t i o n a l  i n f o r m a t i o n  on t h e  a l t e r n a t i v e s  f o r  t h e  

remote h a n d l i n g  o f  casks a t  a r e p o s i t o r y  r e c e i v i n g  f a c i l i t y  i s  p r o v i d e d  i n  

Appendix K. 

D e t a i l s  o f  t h e  c a l c u l a t i o n s  o f  c o s t  impacts f o r  t h e  a l t e r n a t i v e s  a r e  p r e -  

O v e r a l l  bases f o r  t h e  e v a l u a t i o n s  o f  a1 t e r n a t i  ves were summari zed i n  

S e c t i o n  3.4.6. A d d i t i o n a l  r a t i o n a l e  i s  g i ven  i n  Appendix E. Assumptions 

s p e c i f i c  t o  a g i ven  a l t e r n a t i v e  a r e  g i ven  i n  t h e  d i s c u s s i o n  of t h a t  

a l t e r n a t i v e .  

I n  t h e  d i s c u s s i o n s  o f  t h e  r a d i a t i o n  dose impacts f o r  workers,  t h e  average 

annual dose r e c e i v e d  p e r  person i n  each worker group i s  based on t h e  crew s i z e  

g i ven  i n  t h e  a n a l y s i s  o f  t h e  p o s t u l a t e d  r e f e r e n c e  t r a n s p o r t a t i o n  system 

(desc r ibed  i n  Chapter 4 )  un less  o t h e r w i s e  s t a t e d .  

The a l t e r n a t i v e s  a r e  compared based on c o l l e c t i v e  annual system doses ( t o  

t h e  p u b l i c  and workers) ,  based on l i f e - c y c l e  cos ts ,  and based on Acost/Adose 

r e l a t i v e  t o  t h e  p o s t u l a t e d  r e f e r e n c e  t r a n s p o r t a t i o n  system. The s m a l l e r  t h e  

r a t i o  of  Acost/Adose t h e  b e t t e r  t h e  a l t e r n a t i v e ,  s i n c e  i t  would c o s t  l e s s  t o  

achieve a g i ven  dose reduc t i on .  However, t h e  r a t i o  i s  meaningful  o n l y  when i t  

i s  a p o s i t i v e  value. I f  t h e  c o s t s  f o r  t h e  a l t e r n a t i v e s  a r e  lower,  t h e n  t h e  

r a t i o  i s  n e g a t i v e  and t h e  a l t e r n a t i v e  shou ld  g e n e r a l l y  be implemented f o r  b o t h  

ecworn ic  and dose b e n e f i t s  (un less  t h e r e  a r e  o t h e r  c o n t r o l l i n g  f a c t o r s ,  such as 

i n s k i t u t i o n a l  i s s u e s ) .  Wi th  n e g a t i v e  ACOSt/AdOSe r a t i o s  ( i  .e., c o s t  sav ings ) ,  

t h e  magnitude o f  t h e  r a t i o  i s  n o t  p a r t i c u l a r l y  meaningfu l  as a comparison 
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measure because an i n c r e a s e  i n  dose ( s m a l l e r  Adose) y i e l d s  a more n e g a t i v e  

r a t i o .  Because of t h i s ,  n e g a t i v e  va lues o f  t h e  ACOSt/AdOSe r a t i o  a re  n o t  

repo r ted .  

I 

I n  t h e  l a t e  1970s, as a gu ide  t o  r e a c t o r  ope ra to rs ,  t h e  NRC p rov ided  a 

g u i d e l i n e  f o r  r e a c t o r  ope ra t i ons  o f  $lOOO/person-rem below which an a c t i o n  was 

recommended t o  be taken t o  reduce p u b l i c  dose. 

t o  t h e  workers and p u b l i c  o f  concern i n  t h i s  s tudy  i s  unknown. Wi th i n f l a t i o n  

o f  t h e  d o l l a r  and w i t h  i nc reased  concerns about r a d i a t i o n  doses, p a r t i c u l a r l y  

t o  h i g h l y  s k i l l e d  workers, much h i g h e r  va lues a re  o f t e n  considered.  

The a p p l i c a b i l i t y  o f  t h i s  gu ide  

The r a t i o s  o f  Acost/Adose a re  g i ven  f o r  d i scoun t  r a t e s  o f  0% and 3% f o r  

t h e  cos ts .  The doses a r e  n o t  d iscounted.  

5.1 OVERWEIGHT TRUCK CASKS 

I n  t h i s  a l t e r n a t i v e ,  i t  i s  assumed t h a t  a l l  t r u c k  shipments would be made 
i n  overwe igh t  t r u c k s ,  w i t h  no change i n  t h e  r a i l  system. I n  t h e  p o s t u l a t e d  

r e f e r e n c e  system, l e g a l w e i g h t  t r u c k  casks a re  assumed t o  be used. Wi th t h e  

assumption t h a t  casks. a re  des igned t o  j u s t  meet r e g u l a t o r y  l i m i t s  f o r  dose 

r a t e s  a t  t h e  s ides  o f  t h e  v e h i c l e s  and i n  t h e  t r u c k  cab, t h e  doses r e c e i v e d  p e r  

shipment a re  assumed t o  be t h e  same f o r  t h e  same opera t i ons  rega rd less  of t h e  

cask c a p a c i t y  . There fore ,  s i  gn i  f i can t  system dose r e d u c t i o n s  appear t o  be 

p o s s i b l e  i f  overwe igh t  t r u c k  casks, which a r e  es t ima ted  t o  have about t w i c e  t h e  

c a p a c i t y  o f  l e g a l w e i g h t  t r u c k  casks, a re  used. T h i s  would reduce t h e  number of 

t r u c k  shipments by about 50%. 

5.1.1 D e s c r i p t i o n  o f  Overweight Truck Casks 

The l e g a l w e i g h t  t r u c k  cask, assumed f o r  t h e  p o s t u l a t e d  r e f e r e n c e  system, 

has a loaded we igh t  o f  app rox ima te l y  50,000 pounds. 

o r  5 BWR spent f u e l  assemblies. Overweight t r u c k  (OWt) casks ( w i t h  an e s t i -  

mated loaded we igh t  o f  74,500 pounds) c o u l d  have c a p a c i t i e s  o f  4 PWR/10 BWR 

spent f u e l  assemblies (DOE 1986b). I t  i s  assumed t h a t  cask s h i e l d i n g  i s  such 

t h a t  cask e x t e r n a l  dose r a t e s  a t  t h e  r e g u l a t o r y  l i m i t  p o i n t s  a re  unchanged f rom 

t h e  p o s t u l a t e d  re fe rence system; t h a t  i s ,  t hey  a re  a t  t h e  r e g u l a t o r y  l i m i t s .  

There fore ,  t h e  number o f  t r u c k  shipments r e q u i r e d  pe r  y e a r  i s  reduced f rom 971 

The cask c a p a c i t y  i s  2 PWR 

5.4 



t o  486. P o t e n t i a l  drawbacks t o  t h e  use o f  overwe igh t  t r u c k  casks a re  a d d i -  

t i o n a l  i n - t r a n s i t  r e s t r i c t i o n s  app ly ,  s p e c i a l  p e r m i t s  a re  requ i red ,  p o s s i b l e  

i nc reased  wear may r e s u l t  on t h e  highways, and a smal l  number of r e a c t o r s  c o u l d  

n o t  hand le  t h e  l a r g e r  casks w i t h o u t  m o d i f i c a t i o n s .  

5.1.2 Opera t i ona l  and Dose Impacts o f  Overweight Truck Casks 

Th is  s e c t i o n  d iscusses t h e  es t ima ted  t r a n s p o r t a t i o n  system e f f e c t s  r e s u l t -  

i n g  f rom t h e  use o f  overweight  t r u c k  casks. Table 5.1 p resen ts  t h e  es t ima ted  

annual c o l l e c t i v e  dose r e d u c t i o n s  f o r  a t - r e a c t o r ,  i n - t r a n s i t ,  and a t - r e p o s i t o r y  

t r u c k  opera t i ons .  For  t h i s  a l t e r n a t i v e ,  worker doses r e c e i v e d  f o r  t r u c k  opera- 

t i o n s  a t  r e a c t o r s  decrease by 47%, w h i l e  a t - r e p o s i t o r y  worker  doses a re  reduced 

by 50%. These dose r e d u c t i o n s  would be r e a l i z e d  because many of t h e  p r o c e s s i n g  

t imes  and a c t i v i t i e s  a re  t h e  same f o r  l e g a l w e i g h t  and overwe igh t  t r u c k s .  Thus, 

t h e  h a n d l i n g  t i m e  p e r  MTU o f  f u e l  i s  c u t  n e a r l y  i n  h a l f  when u s i n g  overwe igh t  

t r u c k s .  I n - t r a n s i t  worker  doses a re  es t ima ted  t o  decrease by 48% because t h e  

number o f  shipments i s  halved, and p u b l i c  i n - t r a n s i t  doses decrease by 42%. 

Each overwe igh t  shipment would r e s u l t  i n  a s l i g h t l y  h i g h e r  system dose t h a n  

TABLE 5.1. Summary Comparison o f  Es t imated Annual C o l l e c t i v e  R a d i a t i o n  
Doses i n  t h e  P o s t u l a t e d  Reference Truck T ranspor t  System 
With and Wi thout  Overweight Truck Casks 

Overwei gh t  
person -rem/yea r (a,b) 

P o s t u l a t e d  Truck 
R e f  e r e n c e  A1 t e r n a t  i ve Dose Change 

A t  -React o r  271 143 -128 

I n - T r a n s i t  

Worker 200 103 -97 

Pub1 i c  444 256 -188 

A t  -Repos i t o r y  269 

T o t a l s  1184 

135 -134 

641 -553 
- 

( a )  

( b )  

Based on 540 MTUlyear o f  PWR and 360 MTU/year o f  BWR 
spent f u e l .  
Cask c a p a c i t y  i s  4/10 PWR/BWR assemblies f o r  t h e  
overwe igh t  t r u c k  a l t e r n a t i v e .  
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each l e g a l w e i  gh t  shipment because o f  i nc reased  r e s t r i c t i o n s  on t r a v e l  t h a t  

i nc rease  s l i g h t l y  t h e  t r a n s p o r t  t imes and t h e  assoc ia ted  doses. 

A t  -Reactor Impacts 

As shown i n  Appendix 6, t h e  cask h a n d l i n g  a c t i v i t i e s  a t  t h e  r e a c t o r s  t h a t  

a r e  a f f e c t e d  by t h e  use o f  overwe igh t  t r u c k  casks a re  s tep  11.1 ( i d e n t i f y  spent  

f u e l  assembl ies t o  be loaded, pe r fo rm a c c o u n t a b i l i t y )  and s tep  11.2 (move spent  

f u e l  assemblies t o  l o a d i n g  area, p lace  i n  cask) .  For  a l l  t h e  analyses i n  t h i s  

document, 15 minutes i s  es t ima ted  t o  be needed pe r  spent f u e l  assembly f o r  each 

o f  these a c t i v i t i e s .  Wi th  t w i c e  t h e  amount o f  spent  f u e l  t o  be loaded i n t o  a 

s h i p p i n g  cask, t h e  a c t i v i t y  t imes f o r  bo th  s teps  11.1 and 11.2 would double 

( f r o m  30 minutes t o  60 minutes f o r  a PWR cask, and f rom 75 minutes t o  150 min- 

u t e s  f o r  a BWR cask) .  

t h e  same f o r  l e g a l w e i g h t  and overwe igh t  t r u c k s .  
t imes ( e x c l u d i n g  c a s k / v e h i c l e  w a i t i n g  t i m e s )  would i n c r e a s e  f rom 915 minutes  t o  

945 minutes f o r  a PWR cask, and f rom 1020 minutes t o  1095 minutes  f o r  a BWR 

cask. 

All o t h e r  a c t i v i t i e s  a t  t h e  r e a c t o r  a re  assumed t o  be 

These a t - r e a c t o r  t u rna round  

Es t ima ted  annual c o l l e c t i v e  r a d i a t i o n  doses r e c e i v e d  a t  t h e  r e a c t o r  a r e  

shown i n  Table 5.2. Small a d d i t i o n a l  doses a re  no ted  on a per-cask bas is ,  b u t  

t h e  i nc reased  c a p a c i t y  reduces t h e  dose on a per-MTU b a s i s  by about 46 t o  48% 

f o r  t h e  overwe igh t  t r u c k  a1 t e r n a t i  ve. 

TABLE 5.2. Summary Comparison o f  Es t imated Annual C o l l e c t i v e  R a d i a t i o n  Doses 
a t  t h e  P o s t u l a t e d  Reference Reactor  Wi th and Wi thout  Overweight 
Truck Casks 

Postulated Reference Overweight Truck A l te rnat lve  

erson T # W  year T6F’ Person-mrem/ Person-mrem/ P erson-rem/’ P erson-mrem/ P 
Sh I pment MTU year Shipment MTU 

PWR 27 1 293 1 58 28 1 152 82 

61 BWR 292 314 113 317 170 
Tota I 27 1 143 

- - 

( a )  Based on 1.85 MlU/shIpment. 
(b) Based on 540 MTU/year of PWR spent fue l  and 306 MTU/year of BWR spent fuel.  

The average annual doses t o  i n d i v i d u a l  ope ra to rs  d u r i n g  a t - r e a c t o r  t r u c k  

cask h a n d l i n g  opera t i ons  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system a r e  reduced f rom 
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898 mrem/year t o  497 mremlyear when u s i n g  overwe igh t  t r u c k  casks f o r  PWR opera-  

t i o n s ,  and f rom 1035 mrem/year t o  618 mremlyear f o r  BWR opera t i ons .  

tenance-craf tsmen,  t h e  e q u i v a l e n t  doses a re  t h e  same f o r  bo th  PWR and BWR 

o p e r a t i o n s  and would be reduced from 1011 mrem/year i n  t h e  p o s t u l a t e d  re fe rence 

system t o  521 mrem/year when u s i n g  overwe igh t  t r u c k  casks. 

dose c a l c u l a t i o n s  a re  con ta ined  i n  Appendix N. 

For main- 

D e t a i l s  o f  these 

I n - T r a n s i t  Impacts 

A r e a n a l y s i s  o f  i n - t r a n s i t  ope ra t i ons  and r o u t i n e  doses was performed f o r  

a r e p r e s e n t a t i v e  OWT shipment t o  es t ima te  t h e  change i n  doses t h a t  would r e s u l t  

from imp lement ing  t h i s  a l t e r n a t i v e .  Most o f  t h e  bases and assumptions used t o  

develop t ime /d i s tance /dose  es t ima tes  f o r  LWT shipments a re  aga in  used i n  t h e  

a n a l y s i s  o f  OWT shipments. These i n c l u d e  t h e  average speed w h i l e  moving ( r u r a l  

- 50 mph; suburban - 25 mph; urban - 15 mph), number o f  r e f u e l i n g  s tops  (3), 
number of d r i v e r s  (2 ) ,  dose ra tes ,  and number of s t a t e  i n s p e c t i o n s  (2 ) .  The 

o n l y  d i f f e r e n c e  i n  i n - t r a n s i t  ope ra t i ons  was assumed t o  be r e l a t e d  t o  p o s s i b l e  

de lays  caused by s t a t e  r e s t r i c t i o n s  on OWT shipments, 

r e s t r i c t i o n s  on OWT Shipments, such as t ime-of-day, day-of-week, seasonal , 
rou tes ,  b r i dges ,  and speed (OTSP 1986). About 80% of t h e  s t a t e s  r e s t r i c t  OWT 

movement t o  d a y l i g h t  hours and/or p r o h i b i t  t r a v e l  on weekends and h o l i d a y s .  

S ta tes  impose t r a v e l  

For  t h i s  a n a l y s i s ,  i t  was assumed t h a t  t h e  r e p r e s e n t a t i v e  OWT shipment 

w i l l  s top  o v e r n i g h t  one n i g h t  ( 8  hou rs )  f o r  each one-way t r i p .  Th i s  can be 

done th rough  c a r e f u l  r o u t e  p l a n n i n g  and t r a f f i c  management, e.g., s e l e c t i n g  
depar tu re  t imes t o  ensure t h e  shipment passes th rough  s t a t e s  w i t h  n i g h t  t r a v e l  

r e s t r i c t i o n s  d u r i n g  t h e  day.(a) 

rou te ,  b r i dge ,  weekend t r a v e l  , etc., c o u l d  p o t e n t i a l l y  be min imized th rough  

c a r e f u l  r o u t e  and shipment p lann ing .  I t  shou ld  be noted, however, t h a t  t h e  

assumption used i n  t h i s  s tudy  t h a t  t h e  r e s t r i c t i o n s  can be overcome w i t h  

d e t a i l e d  r o u t e  p l a n n i n g  may t e n d  t o  u n d e r s t a t e  t h e  doses r e s u l t i n g  f rom OWT 

S i m i l a r l y ,  o t h e r  s t a t e  r e s t r i c t i o n s ,  i n c l u d i n g  

( a )  Recent exper ience con f i rms  t h e  v a l i d i t y  o f  t h i s  assumption; t o  be r e p o r t e d  
i n  "Time/Motion Observat ions and Dose A n a l y s i s  o f  Reactor  Loading, Trans-  
p o r t a t i o n ,  and Dry Unloading o f  an Overweight Truck Spent Fuel  Shipment," 
by C. 3. Host ick ,  J.  C. Lavender, and B. H. Wakeman, P a c i f i c  Nor thwest  
Labora tory ,  R ich land,  Washington. 
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shipment and may t h e r e f o r e  t e n d  t o  ove res t ima te  t h e  dose r e d u c t i o n  r e s u l t i n g  

f rom OWT shipments r e l a t i v e  t o  l e g a l w e i g h t  t r u c k  (LWT) shipments. 

The 8-hour o v e r n i g h t  s top  f o r  t h e  OWT shipment i s  assumed t o  occur  one 

t i m e  d u r i n g  t h e  OWT shipment and w i l l  r e p l a c e  a 3-hour f o o d / r e s t  s top.  

s tops  a re  assumed t o  occur  a t  t h e  same f requency and r e q u i r e  t h e  same amount of 

t i m e  as f o r  LWT shipments, except  f o r  s t a t e  i n s p e c t i o n s ,  as d iscussed below. 

The r e s u l t i n g  o p e r a t i o n a l  c h a r a c t e r i s t i c s  f o r  a r e p r e s e n t a t i v e  OWT shipment a re  

summarized i n  Tab le  5.3. 

Other  

TABLE 5.3. Summary o f  Es t imated Opera t i ona l  C h a r a c t e r i s  i s f o r  
t h e  Represen ta t i ve  Overweight Truck Shipment GS 

Aggregated 

T o t a l  d i s t a n c e :  1,780 m i l e s  Number i n  crew: 2 

Moving Time: 43.75 hours 
Stop Time: 35.17 hours 

T o t a l  Time: 78.92 hours 

Average speed: 22.7 mph 
Average speed w h i l e  movi ng: 

50 mph - r u r a l  
25 mph - suburban 
15 mph - urban 

De ta i  1 s 

F r a c t i o n s  o f  T r a v e l :  Rura l  - 79%; Suburban - 20%; Urban - 1% 
Stops:  1 f o r  o v e r n i g h t  = 8 hours 

7 f o r  f o o d / r e s t  = 21 hours 
3 f o r  r e f u e l i n g  
2 f o r  s t a t e  i n s p e c t i o n s  = 2.17 hours 
8 f o r  communications = 4 hours 

( i  n c l  uded above) 

T o t a l  35.17 hours 

R e f u e l i n g  Times: 40 m inu tes /s top  x 3 r e f u e l i n g  s tops  
= 2.0 hours f o r  r e f u e l i n g / t r i p  

S t a t e  I n s p e c t i o n s :  2 x 1.09 h o u r / i n s p e c t i o n  = 2.17 hours/sh ipment  
2 persons /s top  p l u s  d r i  ve rs  

( a )  See Tab le  4.11 f o r  bases f o r  t r a v e l .  

The per-sh ipment  r a d i a t i o n  doses t o  t h e  p u b l i c  and workers w h i l e  moving 

These i n c l u d e  t h e  a re  unchanged f rom t h e  doses es t ima ted  f o r  LWT shipments. 
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o n - l i n k  and o f f - l i n k  p u b l i c  doses and t h e  doses t o  d r i v e r s  and e s c o r t s  w h i l e  

moving. 

shipment a r i s e  p r i m a r i l y  f rom t h e  i nc reased  s top- t imes r e l a t i v e  t o  LWT 

shipments. 

Thus, t h e  changes i n  per-shipment doses f o r  t h e  r e p r e s e n t a t i v e  OWT 

Doses t o  d r i v e r s  a t  s tops  were a d j u s t e d  t o  account f o r  t h e  i nc reased  t imes 

a t  s tops.  

app rox ima te l y  35 hours a t  stops, 

t h e  d r i v e r s  each spend h a l f  o f  t h e  s top - t ime  a t  10 meters f rom t h e  t o p  of t h e  

cask and h a l f  a t  20 meters f rom t h e  s ide.  T h i s  assumption a l l o w s  t h e  cask t o  

be under cons tan t  v i s u a l  s u r v e i l l a n c e .  Assuming t h e  same dose r a t e s  a t  t hese  

d i s t a n c e s  t h a t  were c a l c u l a t e d  f o r  t h e  LWT cask (0.6 and 0.18 mrem/hour, 

r e s p e c t i v e l y )  and m u l t i p l y i n g  by 35.17 s top-hours/sh ipment ,  t h e  t o t a l  dose t o  

t h e  two d r i v e r s  i s  es t ima ted  t o  be 27.4 person-mrem/shipment. 

Accord ing  t o  Table 5.3, t h e  r e p r e s e n t a t i v e  OWT shipment r e q u i r e d  

As f o r  t h e  LWT shipments, i t  i s  assumed t h a t  

Doses t o  t h e  p u b l i c  a t  s tops  w i l l  a l s o  i nc rease  because o f  t h e  i nc reased  

s top  t imes.  To account f o r  an i nc rease  i n  OWT p u b l i c  doses a t  s tops,  on a p e r -  

shipment bas is ,  t h e  doses a t  s tops  es t ima ted  f o r  LWT shipments were m u l t i p l i e d  

by t h e  r a t i o  o f  OWT s top  t i m e  t o  LWT s top  t i m e  (35.2/30.0 o r  1.17). 

r e s u l t i n g  p u b l i c  doses a t  s tops  f o r  t h e  OWT a l t e r n a t i v e  a r e  es t ima ted  t o  be 

470 person-mrem/shi pment . 
The 

The f i n a l  ca tegory  o f  doses t h a t  a re  d i f f e r e n t  f o r  OWT shipments and LWT 

shipments a re  t h e  doses rece ived  by s t a t e  i n s p e c t o r s .  

t i o n s  ( 2 )  and i n s p e c t o r s  ( 2  pe r  i n s p e c t i o n )  a r e  assumed t o  be t h e  same, as i s  

t h e  exposure d i s t a n c e  ( 5  meters f rom t h e  s i t e  o f  t h e  cask)  and dose r a t e  

(3.2 mrem/hour). The i n s p e c t i o n  t i m e  i s  assumed t o  be i nc reased  by 5 minutes 

pe r  i n s p e c t i o n  t o  account f o r  a d d i t i o n a l  a c t i v i t i e s  t h a t  must occur  (e.g., 

check ing  p e r m i t s ) .  T h i s  r e s u l t s  i n  an es t ima ted  average i n s p e c t i o n  t i m e  of 

1.09 hours / i nspec t i on ,  r a t h e r  than  1.0 h o u r s / i n s p e c t i o n  t h a t  was assumed f o r  

LWT shipments. 

7.0 person-mrem/shi pment . 

The number of i nspec -  

The r e s u l t i n g  s t a t e  i n s p e c t i o n  doses were es t ima ted  t o  be 

The maximum i n d i v i d u a l  t r u c k  d r i v e r  dose i s  es t ima ted  t o  be 3.4 remlyear ,  

assuming t h a t  he works f u l l  t i m e  on shipments o f  spent f u e l  and completes 

30 t r i p s  pe r  year .  T h i s  compares t o  3.0 remlyear  f o r  t h e  p o s t u l a t e d  re fe rence 
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system. Whi le  t h e  maximum i n d i v i d u a l  dose i s  h i g h e r  i n  t h i s  a l t e r n a t i v e ,  t h e  

number o f  persons r e c e i v i n g  t h a t  dose i s  one -ha l f  t h a t  i n  t h e  r e f e r e n c e  system. 

The es t ima tes  o f  i n - t r a n s i t  c o l l e c t i v e  r a d i a t i o n  doses f o r  t h e  OWT s h i p -  

ment a r e  summarized i n  Table 5.4. Note t h a t  t h e  t o t a l  doses p e r  shipment a r e  

s l i g h t l y  h i g h e r  f o r  OWT shipments t h a n  f o r  LWT shipments. However, t h e  doses 

pe r  MTU shipped a r e  lower  f o r  OWT shipments. 

At-Reposi t o r y  Impacts 

A c t i v i t y  s teps  a t  t h e  r e p o s i t o r y  t h a t  a r e  a f f e c t e d  by t h e  use of ove r -  

we igh t  t r u c k  casks a r e  those  which i n v o l v e  u n l o a d i n g  t h e  spent f u e l  assembl ies 

f r o m  t h e  cask and i n s p e c t i n g  and vacuuming t h e  cask c a v i t i e s .  These a r e  a c t i v -  

i t y  s teps  13.1 (un load  spent f u e l  assembl ies) ,  14.2 (vacuum c a v i t i e s ,  l i d ,  f u e l  

spacer) ,  14.4 ( r a d i a t i o n  survey o f  cask c a v i t i e s ) ,  14.5 ( i n s p e c t  cask c a v i -  

t i e s ) ,  and 14.6 ( a d d i t i o n a l  vacuum, survey, and i n s p e c t i o n  t i m e  f o r  BWR casks) .  
The o p e r a t i o n a l  t i m e s  f o r  t hese  a c t i v i t i e s  a r e  d i r e c t l y  r e l a t e d  t o  t h e  c a p a c i t y  

of t h e  cask and a r e  t h e r e f o r e  double those  f o r  LWT. A l l  o t h e r  a c t i v i t y  s teps  

a t  t h e  r e p o s i t o r y  r e c e i v i n g  f a c i l i t y  a r e  t a k e n  t o  be t h e  same f o r  OWT and LWT. 

From these  bases, t u rna round  t i m e  f o r  a PWR cask ( e x c l u d i n g  cask queue t i m e )  i s  

e s t i m a t e d  t o  i n c r e a s e  by 90 minutes,  f rom 875 minutes t o  965 minutes.  (BWR 

tu rna round  t i m e  i s  e s t i m a t e d  t o  i n c r e a s e  f rom 980 minutes t o  1175 minutes.)  

Because each overweight  cask c a r r i e s  t w i c e  t h e  amount o f  f u e l  as t h e  l e g a l -  

weight  cask, however, average tu rna round  t i m e  pe r  MTU o f  spent f u e l  would 

decrease ( f r o m  947 minutes t o  522 minutes p e r  PWR MTU, and f rom 1054 minutes t o  

632 minutes pe r  BWR MTU). 

Es t ima ted  c o l l e c t i v e  worker  r a d i a t i o n  doses r e c e i v e d  a t  t h e  r e p o s i t o r y  

r e c e i v i n g  f a c i l i t y  a r e  shown i n  Table 5.5. Only smal l  d i f f e r e n c e s  a r e  no ted  

f o r  each cask load, b u t  t h e  i nc reased  c a p a c i t y  reduces t h e  dose p e r  MTU by 50%. 

No s i  gn i  f i can t  r e d u c t i  ons i n  average annual i n d i  v i  dual  doses t o  r e c e i  v i  ng  

f a c i l i t y  .personnel  would r e s u l t  f rom OWT shipments, because of t h e  r e d u c t i o n  i n  

s t a f f i n g  requi rements.  For example, i t  i s  e s t i m a t e d  t h a t  18 maintenance- 

c ra f t smen  would be needed, and t h e i r  e s t i m a t e d  average annual i n d i v i d u a l  dose 

would be 5.9 remlyear  f rom t h e  OWT shipments and 7.2 remlyear  from t h e  r a i l  

shipments, f o r  a t o t a l  dose o f  13.1 remlyear.  T h i s  compares t o  t h e  
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TABLE 5.4. Summary of Es t ima ted  I n - T r a n s i t  C o l l e c t i v e  R a d i a t i o n  Doses 
f o r  t h e  Represen ta t i ve  Overweight Truck Shipments 

Col 1 e c t  i ve Dose 
Annual Truck 

( b )  
Person-mrem/ Person-m em/ System Doses, 

Exposure Category Shipment MTU ( a 7 Person - rem/y r 

T ranspor t  Workers 

Truck Crew 
- Whi le moving 175(c)  95 85 .O 

- A t  s tops  27.4 14.8 13.3 

S t a t e  I n s p e c t o r s  7.0 3.8 3.4 

S e r v i c e  A t tendan ts  ( 4  2.5(') 1.4 1.2 

S t a t e  E s c o r t s  2.2(c) 1.2 1.1 

(206)  ( e )  (223 ) (200 1 
T o t a l  T ranspor t  Workers 218 114 103 

Pub1 i c  

Whi le  moving 
- o n - l i n k  34.0(') 18.4 16.5 

- o f f - l i n k  23.2(') 12.5 11.3 

A t  s tops  470 254 229 

T o t a l  P u b l i c  527 285 256 

(457 1 (495)  ( 444 1 

( a )  Based on an average cask c a p a c i t y  o f  1.85 MTU/shipment 

( b )  Based on 900 MTU/year. 
( c )  

( d )  Not i n c l u d e d  i n  t o t a l s .  Truck r e f u e l i n g  i s  t y p i c a l l y  p e r -  

I f  done by a s e r v i c e  a t t e n d a n t ,  t h e  doses t o  d r i v e r s  

(4/10 PWR/BWR assembl ies) .  

These va lues  a r e  unchanged f rom t h e  a n a l y s i s  o f  doses f o r  t h e  
p o s t u l a t e d  r e f e r e n c e  LWT shipment. 

formed by t h e  d r i v e r s  and t h e  dose i s  i n c l u d e d  i n  t h e  d r i v e r  
dose. 
would be reduced. 
Numbers i n  parentheses a r e  t h e  dose es t ima tes  f o r  t h e  pos tu -  
1 a ted  r e f e r e n c e  LWT (2/5 PWR/BWR assembl i e s )  shipment f o r  
comparison. 

( e )  
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TABLE 5.5. Summary Comparison o f  Es t ima ted  C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l a t e d  Reference R e p o s i t o r y  Wi th  and Wi thout  Overweight Truck 
Casks 

Postulated Reference Overweight Truck A l te rnat ive  
Person-mrem/ Person-mrem/ P erson-rem7 P erson-mrem/ P ersonBr;em/ P ersonT6yn/- 

Shipment MTU year Shipment MTU year 

PWR 276 299 162 277 150 81 

54 BWR 277 298 107 278 149 

Tota 1 269 135 
- - 

( a )  Based on 1.85 MTU/shipment. 
(b) Based on 540 MTU/year of  PWR spent fue l  and 360 MTU/year of BWR spent fuel.  

13.2 remlyear  t o  26 maintenance-craf tsmen i n  t h e  p o s t u l a t e d  r e f e r e n c e  system. 

D e t a i l s  o f  t hese  dose c a l c u l a t i o n s  a r e  c o n t a i n e d  i n  Appendix N. 

5.1.3 Cost Consequences o f  Overweight Truck Casks 

The i n c r e a s e  i n  cask c a p a c i t y  by a f a c t o r  o f  two reduces t h e  number of OWT 

shipments t o  one -ha l f  o f  t hose  f o r  t h e  LWT. 

sav ings  f o r  b o t h  c a p i t a l  c o s t s  f o r  t h e  cask f l e e t  as w e l l  as annual c o s t  s a v i -  

ngs f o r  cask maintenance, t r a n s p o r t ,  and l a b o r  c o s t s  o f  l o a d i n g  and unload-  

i ng .  The minimum t r u c k  cask f l e e t  needed f o r  t h e  overweight  a l t e r n a t i v e  i s  

e s t i m a t e d  t o  be 14 casks, w h i l e  t h e  p o s t u l a t e d  r e f e r e n c e  system needed 26 t r u c k  

casks. The c o s t  pe r  cask and v e h i c l e  i s  e s t i m a t e d  t o  be $500,000 more f o r  t h e  

overweight  cask ($2 m i l l i o n  versus $1.5 m i l l i o n )  b u t  t h e  c a p i t a l  c o s t  sav ings,  

as shown i n  Table 5.6, i s  es t ima ted  t o  be $11 m i l l i o n  due t o  t h e  r e d u c t i o n  i n  

T h i s  i s  e s t i m a t e d  t o  r e s u l t  i n  

f l e e t  s i z e .  S i m i l a r l y ,  though t h e  maintenance c o s t  pe r  cask i s  e s t  

i n c r e a s e  by $25,00O/year, t o  $75,00O/year, a sav ings  i s  maintenance 

$550,00O/year would r e s u l t  f rom t h e  s m a l l e r  f l e e t  s i z e .  D e t a i l s  of 

e s t i m a t e s  a r e  g i ven  i n  Appendix J .  

The c o s t  f o r  an ove rwe igh t  t r u c k  shipment i s  e s t i m a t e d  t o  be $ 

mated t o  

c o s t  of 

t h e  c o s t  

5,000, 
which i s  $4,800 more than  f o r  a l e g a l w e i g h t  t r u c k  shipment. But a sav ings o f  

$2.6 m i l l i o n  p e r  y e a r  i n  o p e r a t i n g  c o s t s  r e s u l t s  f rom reduc ing  t h e  number of 

shipments by one-hal f .  The t ime,  and t h u s  t h e  l a b o r  cos t ,  needed t o  l o a d  one 

overweight  cask a t  t h e  r e a c t o r  i s  h i g h e r  t h a n  f o r  t h e  p o s t u l a t e d  reference sys-  

tem cask. But again, because o n l y  h a l f  as many cask l o a d i n g s  a r e  needed, t h e  

a t - r e a c t o r  l a b o r  c o s t s  a r e  e s t i m a t e d  t o  be reduced by about $300,000 p e r  yea r .  
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TABLE 5.6. Comparison of Es t imated L i f e - C y c l e  Costs f o r  t h e  
P o s t u l a t e d  Reference Truck Transpor t  System Wi th  
and Wi thout  Overwei gh t  Truck Casks(a)  

Overweight 
P o s t u l a t e d  Truck Change i n  

cos t  Ref e rence A1 t e r n a t i  ve c o s t  
Cat ego ry Cost ( $ 1  c o s t  ( 8 )  ( 8 )  

C a p i t a l  Costs: 

Cask F l e e t  39,000,000 28,000,000 - l l ,000,000(b)  

Annual Costs: 

Shi p p i  ng 9,900 , 000 7 , 290 , 000 -2,610,000 

Cask Maintenance 1,950 , 000 1 , 400,000 -550 , 000 

At-Reactor  Labor 1 060 , 000 744 , 000 -316,000 

Repos i to ry  Labor 4 640 , 000 3 , 510,000 -1,120,000 

T o t a l  Annual Cost -4,600,000 
D i f f e r e n c e  

Present  Worth of 
Cost D i f f e r e n c e :  

3% Discount  Rate 

0% Discount  Rate 

-81,900,000 

-107,000,000 

( a )  

( b )  Negat ive va lues i n d i c a t e  a cos t  sav ings.  

Costs a re  shown t o  more s i g n i f i c a n t  f i g u r e s  than  j u s t i f i e d ,  t o  
p r o v i d e  f o r  cons i s tency  i n  t h e  c a l c u l a t i o n s .  See Appendix J f o r  
c o s t  e s t i m a t i n g  d e t a i l s .  

A t  t h e  r e p o s i t o r y ,  t h e  l a b o r  cos t  sav ings  r e s u l t  f rom t h e  e l i m i n a t i o n  o f  t h e  

t h i r d  s h i f t  o f  r e c e i v i n g  and un load ing  personnel  a t  a l l  o f  t h e  h o t  c e l l s  f o r  

t h e  5 dayslweek, because o f  t h e  reduced manpower requi rements.  T h i s  r e s u l t s  i n  

a t o t a l  es t ima ted  cos t  sav ings 'o f  'approx imate ly  $1.1 m i l l i o n  p e r  y e a r  compared 

t o  t h e  p o s t u l a t e d  re fe rence  system. 

t h e  number o f  t r u c k  casks t o  be unloaded t o  h a l f  those w i t h  t h e  p o s t u l a t e d  r e f -  

erence LWT. A l l  o f  t h e  a n n u a l ' c o s t  sav ings  r e s u l t i n g  from t h e  use o f  ove r -  

we igh t  t r u c k s  a re  shown i n  Table 5.6 and t o t a l  app rox ima te l y  $4.6 m i l l i o n l y e a r .  

Again, t h i s  ' i s  a consequence o f  reduc ing  
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The p resen t  wor th  o f  t h e  l i f e - c y c l e  c o s t  sav ings f o r  t h e  overweight  t r u c k  

The r e s p e c t i v e  values, shown i n  Table 5.6, 

a l t e r n a t i v e  has been c a l c u l a t e d  w i t h  d i s c o u n t  r a t e s  o f  0% and 3% u s i n g  a 

21-year l i f e t i m e  and 1987 d o l l a r s .  

a r e  $107 m , i l l i o n  and $82 m i l l i o n .  

5.1.4 Overview E v a l u a t i o n  o f  Overweight Truck Casks 

It was es t ima ted  t h a t  t h e  overweight  t r u c k  casks would s i g n i f i c a n t l y  

reduce t h e  o v e r a l l  c o s t s  o f  t r u c k  t r a n s p o r t  f o r  spent f ue l  and would a l s o  

reduce t h e  c o l l e c t i v e  doses t o  workers and p u b l i c .  I n d i v i d u a l  doses a r e  n o t  

expected t o  decrease w i t h  t h e  lower  s t a f f i n g - l e v e l  requi rements.  Because t h e  

r a t i o  o f  Acost/Adose i s  nega t i ve ,  i t s  magnitude i s  n o t  s i g n i f i c a n t .  Based on 

t h e  c o n s i d e r a t i o n  o f  c o s t  and dose, t h e  a l t e r n a t i v e  i s  a t t r a c t i v e .  

However, i t  shou ld  be remembered t h a t  overweight  t r u c k s  w i l l  r e q u i r e  

g r e a t e r  p l a n n i n g  as t o  shipment r o u t e s  and t imes,  and p e r m i t s  may n o t  always be 
a v a i l a b l e .  There i s  a l s o  c o n t i n u i n g  concern about road damage f rom t h e  use of 

overweight  t r u c k s ,  a l t h o u g h  spent f u e l  shipments would o n l y  be a smal l  p a r t  of 

a l l  OWT shipments. A r e c e n t  s tudy  i n d i c a t e d  t h a t  road damage would be s i m i l a r  

f o r  one overweight  t r u c k  o r  two l e g a l w e i g h t  t r u c k s  (OTSP 1986). There a r e  a l s o  

a smal l  number o f  r e a c t o r s  t h a t  c u r r e n t l y  do n o t  have t h e  c a p a b i l i t y  t o  handle 

OWT casks. The reduced system c o s t s  and doses would be accompanied by somewhat 

reduced f l e x i b i l i t y  i n  t h e  t r u c k  t r a n s p o r t a t i o n  system. 

5.2 URANIUM-SHIELDED RAIL CASKS 

The p o s t u l a t e d  r e f e r e n c e  r a i l  cask has o n l y  s t a i n l e s s  s t e e l  s h i e l d i n g .  It 

has a c a p a c i t y  o f  14 PWR o r  36 BWR spent f u e l  assembl ies.  Depleted uranium i s  

a more e f f e c t i v e  s h i e l d i n g  m a t e r i a l  (1 i n c h  o f  uranium p r o v i d e s  approx ima te l y  

t h e  same s h i e l d i n g  as 2.8 i nches  o f  s t a i n l e s s  s t e e l ) .  Thus, t h e  use of uranium 

s h i e l d i n g  a l l o w s  f o r  t h i n n e r  cask w a l l s  t h a t  r e s u l t  i n  a l a r g e r  cask c a v i t y  and 

an i n c r e a s e  i n  cask c a p a c i t y  w i t h o u t  an i n c r e a s e  i n  cask weight  o r  cask 

e x t e r n a l  dose ra tes .  As w i t h  t h e  OWT a l t e r n a t i v e  i n  S e c t i o n  5.1, many cask 

o p e r a t i o n s  a t  r e a c t o r s  and t h e  r e p o s i t o r y  a r e  independent o f  t h e  c a p a c i t i e s  o f  

v a r i o u s  r a i l  casks, and s i g n i f i c a n t  dose r e d u c t i o n s  can be r e a l i z e d  by an 

i n c r e a s e  i n  cask c a p a c i t y  and fewer  shipments. 
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5.2.1 D e s c r i p t i o n  o f  Uranium-Shielded Rai 1 Casks 

I f  t h e  s h i e l d i n g  on t h e  r a i l  cask i s  composed o f  2 i nches  of d e p l e t e d  

uranium and 3.5 inches  o f  s t a i n l e s s  s t e e l  ( t h e  s t a i n l e s s  s t e e l  i s  i n  t h e  i n n e r  

and o u t e r  s h e l l s ) ,  i t  i s  es t ima ted  t h a t  t h e  cask c a p a c i t y  can be i nc reased  t o  

27 PWR o r  58 BWR spent f u e l  assemblies. It i s  es t ima ted  t h a t  t h i s  can be done 

w i t h  t h e  same e x t e r n a l  dose r a t e s  f rom a loaded cask as i n  t h e  p o s t u l a t e d  

re fe rence  system. The t o t a l  weight  o f  t h e  s h i e l d i n g  m a t e r i a l  i s  es t ima ted  t o  

decrease f rom 106,500 pounds f o r  t h e  a l l - s t a i n l e s s  s t e e l  cask t o  94,300 pounds 

f o r  t h e  uranium-plus s t a i n l e s s  s t e e l  cask. A t  t h e  same t ime, t h e  d iameter  o f  

t h e  cask i n t e r n a l  c a v i t y  would be i nc reased  by 9 inches, t o  63 inches ,  f o r  

i n c r e a s e d  capac i t y .  

number o f  PWR r a i l  shipments and a 38% decrease i n  t h e  number o f  BWK r a i l  

shipments. 

The inc reased  cask c a p a c i t y  i m p l i e s  a 48% r e d u c t i o n  i n  t h e  

5.2.2 Opera t i ona l  and Dose Impacts o f  Uranium-Shielded R a i l  Casks 

The e s t i m a t e d  t r a n s p o r t a t i o n  system e f f e c t s  r e s u l t i n g  f rom t h e  use of 

u ran ium-sh ie lded  r a i l  casks a r e  d iscussed i n  t h i s  s e c t i o n .  Table 5.7 p r e s e n t s  

a summary comparison o f  t h e  es t ima ted  annual c o l l e c t i v e  dose r e d u c t i o n s  f o r  

a t - r e a c t o r ,  i n - t r a n s i t ,  and a t - r e p o s i t o r y  r a i l  ope ra t i ons .  Fo r  t h i s  a l t e r n a -  

t i v e ,  doses r e c e i v e d  f o r  r a i l  cask h a n d l i n g  o p e r a t i o n s  a t  r e a c t o r s  a r e  

TABLE 5.7, Summary Comparison o f  Es t ima ted  Annual C o l l e c t i v e  R a d i a t i o n  
Doses i n  t h e  P o s t u l a t e d  Reference R a i l  T ranspor t  System 
With and Wi thout  Uran i  urn-Shi el ded Rai 1 Casks 

Ann u a 1 pe r s on - r e  m/y ea r ( a )  
P o s t u l a t e d  Uranium R a i l  
Ref e rence A1 t e r n a t i  ve Dose Change 

At-Reactor  144 97 -47 

I n - T r a n s i t  
- Worker 21 11 -10 

- P u b l i c  12 7 -5 

83 -66 

T o t a l s  3 26 198 -128 
- 149 A t  -Repos i t o r y  - 

( a )  Based on 12.5 MTU/PWR shipment and 10.8 MTU/BWR shipment. 
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e s t i m a t e d  t o  decrease by 33%, w h i l e  a t - r e p o s i t o r y  doses a r e  reduced by 44%. 
These dose r e d u c t i o n s  would be r e a l  i z e d  because a1 1 o f  t h e  a c t i  v i t i e s  and many 

o f  t h e  p rocess ing  t i m e s  a r e  t h e  same f o r  t h e  uranium-shie lded r a i l  cask as f o r  

t h e  p o s t u l a t e d  r e f e r e n c e  r a i l  cask, b u t  t h e  number o f  shipments i s  reduced. 

Thus, t h e  h a n d l i n g  t i m e  p e r  MTU o f  f u e l  i s  reduced. I n - t , r a n s i t  r a i l  doses a r e  

e s t i m a t e d  t o  be reduced by approx ima te l y  50% as a r e s u l t  o f  fewer shipments. 

A t  -Rea c t o r  I mpa c t  s 

The cask h a n d l i n g  a c t i v i t y  s teps  a t  t h e  r e a c t o r  t h a t  a r e  a f fec ted  by t h e  

use o f  uranium-shie lded r a i l  casks a r e  11.1 ( i d e n t i f y  spent f u e l  assembl ies t o  

be loaded, p e r f o r m  a c c o u n t a b i l i t y )  and 11.2 (move spent f u e l  assembl ies t o  

l o a d i n g  area, p l a c e  i n  cask).  For  a l l  t h e  analyses i n  t h i s  document, 15 min- 

u t e s  i s  e s t i m a t e d  t o  be needed p e r  spent f u e l  assembly f o r  each of t h e s e  a c t i v -  

i t i e s .  W i th  t h e  i nc reased  amount o f  spent f u e l  t o  be loaded i n t o  a t r a n s p o r t  
cask, t h e  a c t i v i t y  t imes f o r  s teps  11.1 and 11.2 would i n c r e a s e  a c c o r d i n g l y  

( f rom 210 minutes t o  405 minutes f o r  a PWR cask, and f rom 540 minutes t o  

870 minutes f o r  a BWR cask).  A l l  o t h e r  a c t i v i t i e s  a t  t h e  r e a c t o r  a r e  assumed 

t o  be t h e  same f o r  t h e  u ran ium-sh ie lded  r a i l  cask as f o r  t h e  p o s t u l a t e d  r e f e r -  

ence r a i l  cask. Thus, t o t a l  t u rna round  t i m e  ( e x c l u d i n g  cask w a i t i n g  t i m e )  

would i n c r e a s e  f rom 1370 minutes t o  1565 minutes f o r  a PWR cask, and 1760 min- 

u t e s  t o  2090 minutes f o r  a BWR cask. 

uranium-shie lded r a i l  casks would reduce t h e  average tu rna round  t i m e  per-MTU 

( f r o m  212 minutes t o  125 minutes p e r  PWR MTU, and f rom 263 minutes t o  194 min-  

u t e s  p e r  BWR MTU). 

However, t h e  i nc reased  c a p a c i t y  o f  

The average annual doses t o  i n d i v i d u a l  o p e r a t o r s  d u r i n g  a t - r e a c t o r  r a i l  

cask hand1 i n g  o p e r a t i o n s  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system a r e  reduced f r o m  

217 mremlyear t o  169 mremlyear when u s i n g  u ran ium-sh ie lded  r a i l  casks f o r  PWR 

opera t i ons ,  and f rom 333 mremlyear t o  266 mremlyear f o r  BWR opera t i ons .  

maintenance-craf tsmen, t h e  e q u i v a l e n t  doses a r e  t h e  same f o r  b o t h  PWR and BWR 

o p e r a t i o n s  and would be reduced f rom 215 mremlyear i n  t h e  p o s t u l a t e d  r e f e r e n c e  

system t o  129 mremlyear when u s i n g  u ran ium-sh ie lded  r a i l  casks. D e t a i l s  o f  

t hese  dose c a l c u l a t i o n s  a r e  con ta ined  i n  Appendix N. 

F o r  

Es t ima ted  c o l l e c t i v e  r a d i a t i o n  doses r e c e i v e d  a t  t h e  r e a c t o r  a r e  shown i n  

Tab le  5.8. Small a d d i t i o n a l  doses a r e  no ted  on a per-cask l o a d  b a s i s  (wh ich  
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TABLE 5.8. Summary Cqmparison of, Es t ima ted  C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l a t e d  Reference Reactor  Wi th  and Wi thout  Uranium-Shiel  ded Rai 1 
Casks 

Pos tu la ted  Reference Uranium R a i l  A l t e r n a t i v e  
?erson-mrem/ person-mrem/ Person-mrem/ P erson 35em/ person Tgem/’ 

Sh 1 pment MTU year  Sh I pment MTU year 

PWR 404 62 78 469 38 48 

49 BWR 520 78 66 630 58 

Tota I 144 97 
- - 

( a )  Based on 12.5 MTU/PWR shipment and 10.8 MTU/BWR shipment. 
( b )  Based on 1260 MTU/year o f  PWR spent f u e l  and 840 MTU/year o f  BWR spent fue l .  

r e s u l t  f rom a d d i t i o n a l  t imes  f o r  l o a d i n g  t h e  casks) ,  b u t  t h e  i n c r e a s e d  cask 

c a p a c i t y  would reduce t h e  dose on a per-MTU b a s i s  by 25% t o  40% f o r  t h e  

u ran ium-sh ie lded  r a i l  cask a l t e r n a t i v e .  

I n - T r a n s i t  Impacts 

A d e t a i l e d  r e - e v a l u a t i o n  was n o t  needed t o  e s t i m a t e  t h e  i n - t r a n s i t  e f f e c t s  

of t h i s  a l t e r n a t i v e .  Because t h e  dose r a t e  maps a r e  assumed t o  be t h e  same f o r  

b o t h  t h e  p o s t u l a t e d  r e f e r e n c e  r a i l  cask and t h e  a l t e r n a t i v e ,  i nc reased  c a p a c i t y  

cask, t h e  i n - t r a n s i t  c o l l e c t i v e  r a d i a t i o n  doses r e c e i v e d  p e r  shipment would be 

t h e  same f o r  each system. The dose r e c e i v e d  p e r  MTU would be reduced because 

each a l t e r n a t i v e ,  cask shipment would c a r r y  more f u e l .  Table 5.9 p resen ts  t h e  

e s t i m a t e d  doses r e c e i v e d  d u r i n g  i n - t r a n s i t  a c t i v i t i e s .  

A t -Repos i to ry  Impacts 

A c t i v i t y  s teps  a t  t h e  r e p o s i t o r y  t h a t  a r e  a f f e c t e d  by t h e  use o f  uranium- 

s h i e l d e d  r a i l  casks a r e  those  t h a t  i n v o l v e  u n l o a d i n g  t h e  spent f u e l  assembl ies 

f rom t h e  cask and i n s p e c t i n g  and vacuuming t h e  cask c a v i t i e s .  These a r e  a c t i v -  

i t y  s teps  13.1 (un load spent f u e l  assembl ies)  14-2  (vacuum c a v i t i e s ,  l i d ,  f u e l  

spacer) ,  14.4 ( r a d i a t i o n  survey o f  cask c a v i t i e s ) ,  14.5 ( i n s p e c t  c a v i t i e s ) ,  and 

14.6 ( a d d i t i o n a l  a l lowance f o r  BWR casks f o r  14.2, 14.4, and 14.5). The opera- 

t i o n a l  t i m e s  f o r  t hese  a c t i v i t i e s  a r e  d i r e c t l y  r e l a t e d  t o  t h e  c a p a c i t y  of t h e  

Turnaround t 

1600 minutes 

S ince  each a 

me f o r  a PWR cask i nc reases  305 

(BWR tu rn -a round  inc reases  f rom 

t e r n a t i v e  r a i l  cask c a r r i e s  an 

cask. A1 1 o t h e r  a c t i  v i  t y  s teps  a t  t h e  r e p o s i t o r y  a r e  capac i  t y - i  ndependent . 
minutes,  f rom 1295 minutes t o  

1805 minutes t o  2325 m inu tes ) .  

ncreased amount o f  f u e l  , however, 
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TABLE 5.9. Summary o f  Dose Es t ima tes  f o r  t h e  Uranium-Shielded R a i l  
Cask A1 t e r n a t i  ve 

Exposure Category 

T ranspor t  Workers 

s t o p s  

- S t a t e  I n s p e c t o r s  

- T r a i n  Handlers 

- R a i l  Yard Crew 

- Crew 

- E s c o r t s  

Whi le  Moving 

- Crew 
- E s c o r t s  

T o t a l  T ranspor t  Workers 

P u b l i c  

s t o p s  

Whi 1 e-movi ng 

- o n - l i n k  

- o f f - l i n k  

T o t a l  P u b l i c  

Col 1 e c t  i ve Doses 

TV/ Person-mrem/ Person-in em/ 
Sh i  pment MTu (a! y e a r  

5.18 

1.5 
9.1 

19.8 

1.6 
18.2 

0.1 0.3 
0.7 1.5 
1.6 3.3 
0.1 0.3 

1.5 3.1 

1.1 0.1 0.2 
1 .o 2.2 13.0 

64 5.1 10.8 

(64)  (‘1 (9.8) (20.6) 

- 

20.1 1.6 3.4 

0.4 0.0 0.1 
1.5 3.1 18.3 

39 3.1 6.5 
( 3 9 )  (6.0) (12.4) 

- 

( a )  
( b )  Based on 2100 MTUlyear. 
( c )  

Based on a cask c a p a c i t y  o f  12.5 MTU (27/58 PWR/BWR assembl ies).  

Numbers i n  parentheses a r e  t h e  dose e s t i m a t e s  f o r  t h e  p o s t u l a t e d  
r e f e r e n c e  r a i l  (14/36 PWR/BWR assembl i e s )  shipment f o r  
comparison. 



average tu rna round  t i m e  p e r  MTU of spent  f u e l  decreases ( f r o m  200 minutes t o  

128 minutes p e r  PWR MTU, and f rom 270 minutes t o  216 minutes p e r  BWR MTU). 

Es t ima ted  annual c o l l e c t i v e  worker  doses rece ived  a t  t h e  r e p o s i t o r y  a r e  

summarized i n  T a b l e  5.10. Only smal l  d i f f e r e n c e s  a r e  no ted  on a per-cask 

bas i s ,  b u t  t h e  i n c r e a s e d  c a p a c i t y  reduces t h e  dose on a per-MTU and pe r -yea r  

b a s i s  by about 45%. 

TABLE 5.10. Summary Comparison o f  Es t ima ted  C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l a t e d  Reference R e p o s i t o r y  Wi th  and Wi thou t  Uranium-Shielded 
R a i l  Casks 

Postu I a ted Reference Uranium R a i l  A l t e r n a t i v e  
-P 3 7  e son-rem tJ erson-mrem/ t~ erson-m em/ Y 

er sonT6Yr Sh  ipment MTU year Sh lpment MT"("5 year 

PWR 463 

BWR 466 
Tota I 

72 91 465 31 41 

36 59 469 43 70 

149") 83 
- - 

( a )  Based on 12.5 
(b) Based on 1260 

MTU/PWR sh I pment and 10.8 MTU/BWR shipment. 
MTU/year o f '  PWR spent f u e l  and 840 MTU/year o f  BWR spent f u e l .  

( c )  Because of  roundof fs ,  t h e  t o t a l  Is 149, n o t  150. 

Only modest r e d u c t i o n s  i n  average annual doses t o  i n d i  v i d u a l  r e c e i  v i  ng 

f a c i l i t y  personnel  would r e s u l t  f rom shipments u s i n g  u ran ium-sh ie lded  r a i l  

casks because o f  t h e  r e d u c t i o n  i n  s t a f f i n g  requirements.  It i s  e s t i m a t e d  t h a t  

22 maintenance-craf tsmen would be needed, and t h e i r  e s t i m a t e d  average annual 

i n d i v i d u a l  dose would be 9.7 remlyear  f rom t h e  t r u c k  shipments and 3.3 rem/year 
f rom u ran ium-sh ie lded  r a i l  shipments, f o r  a t o t a l  dose o f  13.0 rem/year. T h i s  

compares t o  t h e  13.2 remlyear  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system w i t h  

26 maintenance-craf tsmen. D e t a i l s  o f  t h e s e  dose c a l c u l a t i o n s  a r e  con ta ined  i n  

Appendi x N. 

5.2.3 Cost Consequences o f  Uranium-Shielded R a i l  Casks 

I n  t h i s  a l t e r n a t i v e ,  t h e  i nc reased  cask c a p a c i t y  would r e q u i r e  fewer s h i p -  

ments, t he reby  s a v i n g  t ranspor t ;  cos ts ,  l a b o r  c o s t s  a t  t h e  r e p o s i t o r y  and 

r e a c t o r s ,  c a s k / v e h i c l e  maintenance cos ts ,  and t h e  c a p i t a l  c o s t  o f  t h e  s m a l l e r  

f l e e t  o f  r a i l  casks. 
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The c a p a c i t i e s  of t h e  r a i l  casks i n  t h i s  a l t e r n a t i v e  a r e  e s t i m a t e d  t o  

i n c r e a s e  by 93% f o r  PWR shipments and by 61% f o r  BWR shipments. 

i n  a minimum r a i l  cask f l e e t  needed f o r  r a i l  shipments o f  16 casks versus 28 

f o r  t h e  p o s t u l a t e d  r e f e r e n c e  system. 

body i s  es t ima ted  t o  i n c r e a s e  t h e  c o s t  p e r  cask by $1.3 m i l l i o n ,  t o  a t o t a l  o f  

$3.8 m i l l i o n .  The sav ings i n  c a p i t a l  c o s t  f o r  t h e  r a i l  cask f l e e t  f rom t h i s  

a l t e r n a t i v e  i s  $8.8 m i l l i o n ,  as shown i n  Table 5.11. Also,  t h e  s m a l l e r  f l e e t  

s i z e  would reduce t h e  annual cask maintenance c o s t s  by $1.5 m i l l i o n .  

Th is  r e s u l t s  

The use o f  dep le ted  uranium i n  t h e  cask 

TABLE 5.11. Comparison o f  Es t ima ted  L i f e - C y c l e  Costs f o r  t h e  P o s t u l a t e d  
Re fe r  n e System With and Wi thou t  Uranium-Shielded R a i l  
Casks ea7 

P o s t u l a t e d  Urani  urn Rai 1 Change i n  
c o s t  Reference A1 t e r n a t i  ve c o s t  

Cat e gory Cost ( $ 1  Cost ( $ 1  ( $ )  
C a p i t a l  Costs: 

Cask F l e e t  70,000,000 61,200,000 -8,800, O O O ( b  

Annual Costs:  

T ranspor t  17,060,000 9,490,000 -7,570,000 

Cask Maintenance 3,500,000 2,000,000 -1,500,000 

At-Reactor  Labor 590,000 415,000 -1 7 5,000 
Repos i to ry  Labor 4,640,000 4,050,000 -590,000 

T o t a l  Annual Cost 
D i f f e r e n c e  -9,800,000 

Present  Worth o f  
Cost D i f f e r e n c e :  

3% D iscoun t  Rate 

0% Discoun t  Rate 

-160,000,000 

-215,000,000 

( a )  

( b )  

Costs a re  shown t o  more s i g n i f i c a n t  f i g u r e s  than  j u s t i f i e d ,  
t o  p r o v i d e  f o r  c o n s i s t e n c y  i n  t h e  c a l c u l a t i o n s .  See 
Appendix 3 f o r  c o s t  e s t i m a t i n g  d e t a i l s .  
Negat ive va lues i n d i c a t e  a c o s t  savings. 

P r i m a r i l y  due t o  t h e  decrease i n  t h e  number o f  r a i l  shipments f rom 320 pe r  

y e a r  i n  t h e  p o s t u l a t e d  r e f e r e n c e  case t o  180 p e r  y e a r  f o r  t h i s  a l t e r n a t i v e ,  t h e  
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c o s t  o f  t r a n s p o r t  would decrease by $7.6 m i l l i o n  p e r  year .  

number of spent f u e l  assembl ies t h a t  each uranium s h i e l d e d  cask h o l d s  leads  t o  

an i n c r e a s e  i n  t h e  l a b o r  c o s t  p e r  cask f o r  l o a d i n g  a t  t h e  r e a c t o r s .  But  due t o  

t h e  decrease i n  t h e  t o t a l  number o f  casks be ing  loaded p e r  year ,  t h e  a t - r e a c t o r  

l a b o r  c o s t s  would be reduced by $175,000 p e r  year .  

l a b o r  c o s t  sav ings would r e s u l t  f rom a r e d u c t i o n  o f  one s h i f t  o f  r e c e i v i n g  and 

u n l o a d i n g  personne l  p e r  day, f i v e  days pe r  week, i n  one o f  t h e  fou r  h o t  

c e l l s .  Th i s  r e s u l t s  i n  a c o s t  sav ings o f  $590,000 p e r  year .  Again, t h i s  i s  a 

consequence of reduc ing  t h e  number o f  r a i l  shipments unloaded p e r  year .  

t o t a l  annual c o s t  sav ings r e s u l t i n g  f rom t h i s  a l t e r n a t i v e  a r e  e s t i m a t e d  a t  

$9.8 r n i l l i o n  p e r  yea r ,  as shown i n  Table 5.11. 

The i n c r e a s e  i n  t h e  

A t  t h e  r e p o s i t o r y ,  t h e  

The 

The p resen t  w o r t h  o f  t h e  l i f e - c y c l e  c o s t  sav ings f o r  t h e  u ran ium-sh ie lded  

r a i l  cask a l t e r n a t i v e  has been c a l c u l a t e d  w i t h  d i s c o u n t  r a t e s  of 0% and 3% 

u s i n g  a 21-year l i f e t i m e  and 1987 d o l l a r s .  The r e s p e c t i v e  values, shown i n  

Table 5.11, a r e  $215 m i l l i o n  and $160 m i l l i o n .  

5.2.4 Overview E v a l u a t i o n  o f  Uranium-Shielded R a i l  Casks 

It was es t ima ted  t h a t  t h e  uranium-shie lded r a i l  casks would s i g n i f i c a n t l y  

reduce t h e  o v e r a l l  c o s t s  o f  t h e  r a i l  t r a n s p o r t a t i o n  o f  spent f u e l  and would 

a l s o  reduce t h e  c o l l e c t i v e  doses t o  workers and p u b l i c .  Because t h e  r a t i o  of 

Acost/Adose i s  nega t i ve ,  i t s  magnitude i s  n o t  s i g n i f i c a n t .  Based on t h e  con- 

s i d e r a t i o n  of c o s t  and dose, t h i s  a l t e r n a t i v e  i s  a t t r a c t i v e .  A p o t e n t i a l  nega- 

t i v e  aspect of t h i s  a l t e r n a t i v e  may be some a d d i t i o n a l  des ign  and l i c e n s i n g  
concerns. 

5.3 INCREASED END SHIELDING ON TRUCK AND RAIL CASKS 

The casks i n  t h e  p o s t u l a t e d  r e f e r e n c e  system a r e  conceived t o  j u s t  meet 

fede ra l  r e g u l a t i o n s  f o r  dose r a t e s  around t h e  t r a n s p o r t  v e h i c l e s .  Th is  b a s i s  

r e s u l t s  i n  a dose r a t e  o f  200 mrem/hour a t  a d i s t a n c e  o f  1 meter f rom t h e  cask 

i n n e r  l i d  when t h e  o u t e r  l i d  i s  removed. The a c t i v i t i e s  t h a t  a r e  per formed 

near  t h e  ends o f  t h e  cask c o n t r i b u t e  a major  p o r t i o n  o f  t h e  t o t a l  doses 

dose r e d u c t i o n s  

s h i e l d i n g  mate- 

ve a r e  based on 

workers a t  t h e  r e a c t o r  and r e p o s i t o r y .  S i g n i f i c a n  

pment c o u l d  be achieved i f  t h e  cask had a d d i t i o n a l  

ends. The system dose es t ima tes  f o r  t h i s  a l t e r n a t  

r e c e i v e d  by 

f o r  each sh 

r i a l  on i t s  
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a p r e l i m i n a r y  e s t i m a t e  t h a t  enough s h i e l d i n g  m a t e r i a l  can be added t o  reduce 

dose r a t e s  aroundi ' the ends of t h e  cask by 95% (i.e., dose r a t e s  a t  t h e  cask 

ends a r e  1/20 o f  t h e  p o s t u l a t e d  re fe rence  dose r a t e s )  w i t h o u t  r e d u c i n g  cask 

c a p a c i t y  w i t h i n  t h e  r e f e r e n c e  we igh ts  f o r  loaded casks p l u s  t h e i r  v e h i c l e s .  

T h i s  p r e l i m i n a r y  e s t i m a t e  remains t o  be conf i rmed d u r i n g  d e t a i l e d  cask des ign  

and may n o t  be v a l i d  f o r  casks i n  which c a p a c i t y  has a l r e a d y  been maximized 

w i t h  respec t  t o  gross v e h i c l e  weight .  

5.3.1 D e s c r i p t i o n  o f  Increased End S h i e l d i n g  on Truck and R a i l  Casks 

The a d d i t i o n  o f  about 4 inches  o f  s t a i n l e s s  s t e e l  i n  bo th  t h e  cask l i d  and 

bo t tom i s  es t ima ted  t o  reduce t h e  r a d i a t i o n  dose r a t e s  around t h e  ends of t h e  

cask by approx ima te l y  95%. The a l t e r n a t i v e  t r u c k  cask would t h u s  have 

10.5 i nches  o f  s t a i n l e s s  s t e e l  s h i e l d i n g  on t h e  i n n e r  l i d  and 13.5 inches  of  

s t a i n l e s s  s t e e l  on t h e  cask bottom. The a d d i t i o n a l  amount o f  s t a i n l e s s  s t e e l  

i s  e s t i m a t e d  t o  i n c r e a s e  t h e  weight  o f  t h e  t r u c k  cask by approx ima te l y  

3,040 pounds. S i m i l a r l y ,  t h e  a l t e r n a t i v e  r a i l  cask would have 11.5 i nches  of 

s t a i n l e s s  s t e e l  s h i e l d i n g  on t h e  i n n e r  l i d  and 14.5 i nches  o f  s t a i n l e s s  s t e e l  

s h i e l d i n g  on t h e  cask bottom. The a d d i t i o n a l  s t a i n l e s s  s t e e l  i s  es t ima ted  t o  

add about 12,090 pounds t o  t h e  r a i l  cask. It i s  es t ima ted  t h a t  t h e  a l t e r n a t i v e  

t r u c k  v e h i c l e  ( t r a c t o r  and t r a i l e r )  p l u s  loaded cask would weigh no more t h a n  

80,000 pounds and t h e  a l t e r n a t i v e  r a i l  v e h i c l e  ( r a i l  c a r )  p l u s  loaded cask 

would weigh no more t h a n  263,000 pounds. 

5.3.2 Opera t i ona l  and Dose Impacts o f  I nc reased  End S h i e l d i n g  

The e s t i m a t e d  t r a n s p o r t a t i o n  system e f f e c t s  r e s u l t i n g  f r o m  u s i n g  t r u c k  and 

r a i l  casks w i t h  a d d i t i o n a l  end s h i e l d i n g  a r e  d i scussed  i n  t h i s  s e c t i o n .  

Table 5.12 summarizes t h e  e s t i m a t e d  annual c o l l e c t i v e  dose r e d u c t i o n s  f o r  

a t - r e a c t o r ,  i n - t r a n s i t ,  and a t - r e p o s i t o r y  ope ra t i ons .  C o l l e c t i v e  doses 

r e c e i v e d  by t h e  cask h a n d l i n g  workers a t  r e a c t o r s  decrease by 37%, and 

a t - r e p o s i t o r y  worker doses decrease by 70%. 
decrease as much as r e p o s i t o r y  worker  doses because t h e  cask i s  e i t h e r  i n  t h e  

spent f u e l  poo l  o r  i s  f i l l e d  w i t h  wa te r  when most l i d  work i s  done on a loaded 

cask a t  a r e a c t o r .  Also,  background r a d i a t i o n  dose r a t e s  a r e  h i g h e r  a t  reac -  

t o r s  t h a n  a t  t h e  r e p o s i t o r y  and cause a l a r g e r  f r a c t i o n  of t h e  worker r a d i a t i o n  

doses. Thus, improved cask end s h i e l d i n g  w i l l  a f f e c t  r e a c t o r  worker  doses l e s s  

Reactor  worker doses do n o t  
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TABLE 5.12. Summary Comparison of Es t imated Annual C o l l e c t i v e  R a d i a t i o n  Doses 
i n  t h e  P o s t u l a t e d  Reference Rai 1 /Truck Transpor t  System With and 
Wi thout  Inc reased Cask End S h i e l d i n g  

person-remlyear 
Truck Rai 1 To ta l  SystemiaSb) 

P o s t u l a t e d  End S h i e l d  D ose Postu la ted End S h i e l d  Dose Postu la ted  End S h i e l d  Dose 
Reference A l t e r n a t i v e  Change Reference A l t e r n a t i v e  Change .Reference A l t e r n a t i v e  Change 

95 -49 415 261 -154 At-Reactor 271 166 -105 144 

I n - T r a n s i t  
10 -11 221 33 -188 - Worker 200 23 -177 21 

- P u b l i c  444 444 0 12 12 -0 456 456 -0 

-289 

155 - 1 7 1  1510 879 -631 
- 129 269 -178 - 149 -111 - 418 - - 38 - - 91 - At-Reposi tory  - 

T o t a l s  1184 724 -460 326 

( a )  

( b )  

Based on 0.924 MTU/PW t r u c k  shipment, 0.930 MTU/BWR t r u c k  shipment, 6.47 MTU/PWR r a i l  shioment, and 
6.70 MTU/BWR r a i l  shipment. 
Cask c a p a c i t y  i s  2/5 PWR/EWR assemblies f o r  t r u c k  shipments and 14/36 PWR/BWR assemblies f o r  r a i l  shipments. 

t han  r e p o s i t o r y  worker doses. 

i n - t r a n s i t  worker  doses by about 89%, b u t  would have no s i g n i f i c a n t  impact on 

p u b l i c  doses, which a r e  p r i n c i p a l l y  f rom t h e  s i d e s  of t h e  cask. 

A d d i t i o n a l  end s h i e l d i n g  i s  es t ima ted  t o  reduce 

A t  -Reactor  Impacts 

A l l  cask dose r a t e s  i n  a c t i v i t y  s teps  a t  t h e  r e a c t o r  s i t e s  t h a t  r e q u i r e  

workers t o  be near  t h e  ends o f  t h e  cask a r e  a f f e c t e d  by inc reased end s h i e l d -  

i ng .  The e f f e c t s  a re  most pronounced f o r  a c t i v i t i e s  a f t e r  t h e  water  i s  removed 
f rom t h e  loaded cask. 

i n s t a l l a t i o n ,  o u t e r  l i d  b o l t  i n s t a l l a t i o n ,  measurement of cask c a v i t y  pressure,  

and r a d i a t i o n  survey of t h e  i n n e r  l i d .  The a c t i v i t i e s  i n  which t h e  cask dose 

r a t e s  do n o t  change i n  t h i s  a l t e r n a t i v e  a r e  those  where t h e  work i s  be ing  done 

near  t h e  s ides  of t h e  cask. I n  t h i s  a l t e r n a t i v e ,  a l l  a c t i v i t j  t imes remain t h e  

same as f o r  t h e  p o s t u l a t e d  re fe rence  system. 

Severa l  examples o f  these a c t i v i t i e s  a re  impact  l i m i t e r  

Es t imated c o l l e c t i v e  r a d i a t i o n  doses r e c e i v e d  by t h e  r e a c t o r  cask h a n d l i n g  

workers a re  shown i n  Table 5.13. About 37% r e d u c t i o n  i n  doses a re  es t ima ted  t o  

r e s u l t  f rom t h i s  a l t e r n a t i v e  compared t o  t h e  p o s t u l a t e d  re fe rence case. 

worker  doses f o r  a c t i v i t y  15.0 (p repare  cask f o r  shipment: 

l i d s ,  f l ush ing ,  d r a i n i n g ,  and d r y i n g  cask, and s e a l i n g  cask)  a re  a f f e c t e d  t h e  

most by improv ing  t h e  cask end s h i e l d i n g .  Doses r e s u l t i n g  from t h i s  a c t i v i t y  

The 

i n s t a l l a t i o n  o f  
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TABLE 5.13. Summary Comparison o f  Es t ima ted  C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l a t e d  Reference Reactor  Wi th and Wi thout  I nc reased  Cask End 
Shi e l  d i  ng 

Postulated Reference End Shield A l te rnat ive  
Person-mrem/ f -wsongym/  1-' e r s o n ~ 6 y 1 /  P erson-mrem/ P ersongljem/ 1-' erson ~ g y n m /  

Sh 1 pment MTU year Sh I pment MTU year 

Truck 

PWR 

BWR 

Tota I 
Ral I - 

PWR 

13 WR 

Tota I 

27 1 293 158 163 176 95 
71 292 314 113 184 198 

27 1 I66 
- - 

404 62 78 25 1 39 49 
520 78 66 367 55 46 

144 95 
- 

(a) Based on 0.924 MTU/PWR truck shipment, 0.930 MTU/BWR truck shipment, 6.47 MTU/PWR r a i l  

(b )  Based on 540 MTU of PWR and 360 MTU of BWR spent fue l  by t ruck and 1200 MTU of PWR 
shipment, and 6.70 MTU/BWR r a i l  shipment. 

and 840 MTU of BWR spent fue l  by r a i l .  

would be reduced by 77% ( f r o m  117 t o  27 person-mrem f o r  each t r u c k  shipment and 

f rom 162 t o  37 person-mrem f o r  each r a i l  sh ipment) .  (See Appendices F and G.) 

The average annual doses t o  i n d i v i d u a l  o p e r a t o r s  d u r i n g  a t - r e a c t o r  t r u c k  

cask h a n d l i n g  o p e r a t i o n s  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system a r e  reduced from 

898 mrem/year t o  587 mremlyear when u s i n g  i nc reased  cask end s h i e l d i n g  f o r  PWR 

opera t i ons ,  and f rom 1035 mrem/year t o  724 mrem/year f o r  BWR opera t i ons .  Fo r  

maintenance-craf tsmen, t h e  e q u i v a l e n t  doses are  t h e  same f o r  bo th  PWR and BWR 

o p e r a t i o n s  and would be reduced f rom 1011 mrem/year i n  t h e  p o s t u l a t e d  re fe rence  

system t o  438 mrem/year when u s i n g  i n c r e a s e d  cask end s h i e l d i n g .  

t hese  dose c a l c u l a t i o n s  a r e  con ta ined  i n  Appendix N. 

D e t a i l s  o f  

I n - T r a n s i t  ImDacts 

I n c r e a s i n g  t h e  s h i e l d i n g  on t h e  ends o f  t h e  t r u c k  and r a i l  casks would 

a f f e c t  t h e  p u b l i c  and worker r a d i a t i o n  doses d u r i n g  i n - t r a n s i t  a c t i v i t i e s  where 

exposures r e s u l t  f rom t h e  ends o f  t h e  cask. Those a c t i v i t i e s  where doses 

r e s u l t  f rom t h e  s i d e s  o f  t h e  cask a r e  assumed t o  be u n a f f e c t e d  i n  t h i s  a l t e r -  

n a t i v e .  The u n a f f e c t e d  exposure a c t i v i t i e s  f o r  t h e  r e p r e s e n t a t i v e  LWT shipment 

i n c l u d e  a p o r t i o n  o f  t h e  d r i v e r  and s e r v i c e  a t t e n d a n t  doses a t  s tops (when t h e y  

a r e  away f rom t h e  cask),  e s c o r t s  o b s e r v a t i o n s  a t  stops, t h e  genera l  p u b l i c  
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a c t i v i t i e s  ( b o t h  a t  s tops  and w h i l e  t h e  shipment i s  moving), and i n s p e c t i o n s  by 

s t a t e  i n s p e c t o r s .  The r a i l  a c t i v i t i e s  where t h e  doses a r e  u n a f f e c t e d  by t h i s  

a l t e r n a t i v e  i n c l u d e  t r a i n  hand l i ng ,  y a r d  crew work, and i n s p e c t i o n s  by s t a t e  

i n s p e c t o r s  a t  stops, as w e l l  as t h e  general  p u b l i c  a c t i v i t i e s  ( b o t h  a t  s tops  

and w h i l e  moving): The r e s t  o f  t h i s  s e c t i o n  desc r ibes  t h e  analyses t h a t  were 

per formed t o  e s t i m a t e  t h e  e f f e c t s  o f  i nc reased  end s h i e l d i n g  on t h e  r a d i a t i o n  

doses from t h e  r e p r e s e n t a t i v e  LWT and r a i l  shipments. 

E f f e c t  on Truck Shipment Doses. The r a d i a t i o n  exposures f o r  t h e  represen-  

t a t i v e  LWT shipment t h a t  would be a f f e c t e d  by i nc reased  cask end s h i e l d i n g  

i n c l u d e  those  t o  t r u c k  d r i v e r s  ( b o t h  w h i l e  moving and d u r i n g  p o r t i o n s  of t h e  

s t o p  t i m e ) ,  e s c o r t s  w h i l e  t h e  shipment i s  moving, and a p o r t i o n  o f  t h e  s e r v i c e  

a t t e n d a n t  doses. 

f a c t o r  of 20). Thus, t h e  doses t o  d r i v e r s  w h i l e  moving a r e  e s t i m a t e d  a t  

9.0 person-mrem/shipment. The t r u c k  d r i v e r  doses a t  s tops  a re  d e r i v e d  from two 

a c t i v i t i e s :  

near  t h e  cask (10 meters f rom t h e  t o p  end o f  t h e  cask);  and i n  t h e  second, t h e  

rema in ing  t i m e  i s  spent f a r t h e r  away f rom t h e  cask (50 meters from t h e  s i d e  of 

t h e  cask).  

doses i n  t h i s  a l t e r n a t i v e .  The r e s u l t a n t  reduced c o l l e c t i v e  dose t o  t h e  

d r i v e r s  d u r i n g  t h e  c l o s e - d i s t a n c e  p o r t i o n  o f  a l l  t h e  s tops  becomes 0.9 person-  

mrem/shipment. The t o t a l  dose t o  b o t h  t r u c k  d r i v e r s  a t  a l l  s tops  i s  t h u s  

e s t i m a t e d  t o  be 5.4 (una f fec ted  p o r t i o n  f rom t h e  p o s t u l a t e d  re fe rence  case)  

p l u s  0.9, o r  6.3 pe rson -mre rn /sh ipmen t .  W i t h  t w o  d r i v e r s  f o r  each  t r u c k  and 

each d r i v e r  making 30 t r i p s  p e r  year ,  t h e  i n d i v i d u a l  d r i v e r  dose i s  reduced 

f rom 3 rem/year t o  one -ha l f  o f  (a + 6.3) x 30, o r  0.23 remlyear.  

Truck d r i v e r  doses w h i l e  moving a r e  reduced by 95% ( o r  by a 

i n  t h e  f i r s t ,  one -ha l f  o f  t h e  s top  t i m e  i s  es t ima ted  t o  be spent 

The l a t t e r  a c t i v i t i e s  a r e  assumed t o  have no e f f e c t  on t r u c k  d r i v e r  

Esco r t  doses w h i l e  moving would a l s o  be reduced by i n c r e a s i n g  t h e  t r u c k  

cask end s h i e l d i n g ,  b u t  t h e i r  doses a t  s tops  a r e  assumed t o  be unaffected. 

Doses w h i l e  moving were es t ima ted  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system by u s i n g  

t h e  assumption t h a t  f o u r  e s c o r t s  accompanied t h e  shipment i n  urban areas; 

2 e s c o r t s  precede t h e  shipment; and 2 e s c o r t s  f o l l o w  t h e  shipment. The expo- 

su re  d i s t a n c e  was assumed t o  be 50 meters for ' .both t h e ' p r e c e d i n g  and f o l l o w i n g  

e s c o r t s .  Reducing t h e  dose r a t e  f rom t h e  ends o f  t h e  cask by 95% r e s u l t s  i n  a 
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t o t a l  c o l l e c t i v e  dose t o  t h e  e s c o r t s  w h i l e  mov 

shipment. The t o t a l  e s c o r t  dose ( w h i l e  moving 

( u n a f f e c t e d  f rom t h e  p o s t u l a t e d  r e f e r e n c e  case 

mrem/shi pment. 

ng o f  0.009 person-mrem/ 

p l u s  s t o p s )  i s  t h u s  1.8 

p l u s  0.009, o r  1.81 person-  

A p o r t i o n  o f  t h e  dose t o  s e r v i c e  a t t e n d a n t s  i s  a l s o  a f f e c t e d  by t h i s  

a l t e r n a t i v e .  

t h e  a t t e n d a n t  i s  near t h e  cask (10 meters f rom t h e  t o p )  f o r  r e f u e l i n g .  T h i s  

a c t i v i t y  i s  assumed t o  be unchanged f rom t h a t  i n  t h e  p o s t u l a t e d  r e f e r e n c e  

case. Thus, t h e  t o t a l  dose f o r  t h e  3 r e f u e l i n g  a c t i v i t i e s  i s  e s t i m a t e d  a t  

0.06 person-mrem/shipment (0.02 person-mrem/refuel ing) .  A d d i t i o n  o f  t h i s  dose 

t o  t h e  u n a f f e c t e d  p o r t i o n  o f  t h e  s e r v i c e  a t t e n d a n t  dose (1.3 person-mrem/ 

sh ipment)  t h a t  i s  u n a f f e c t e d  by t h i s  a l t e r n a t i v e ,  r e s u l t s  i n  a t o t a l  dose t o  

s e r v i c e  a t t e n d a n t s  o f  1.31 person-mrem/shi pment. 

The a f f e c t e d  p o r t i o n  o f  t h i s  dose c o n s i s t s  o f  t h e  amount o f  t i m e  

A summary of t h e  c o l l e c t i v e  doses f o r  t h e  r e p r e s e n t a t i v e  LWT shipment f o r  
t h i s  a l t e r n a t i v e  i s  p resen ted  i n  Table 5.14. 

E f f e c t  on R a i l  T r a n s p o r t  Doses. The r a d i a t i o n  exposures f o r  t h e  represen-  

t a t i v e  r a i l  shipment t h a t  would be a f f e c t e d  by i n c r e a s e d  cask end s h i e l d i n g  

i n c l u d e  those  t o  t h e  t r a i n  crew and e s c o r t s .  T r a i n  crew doses a t  s tops  were 

e s t i m a t e d  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system a n a l y s i s  u s i n g  t h e  dose r a t e  a t  

150 meters from t h e  end o f  t h e  cask, assuming a crew s i z e  o f  5 persons and an 

e s t i m a t e d  t o t a l  s t o p  t i m e  o f  152 hours. 

t h e  c o n d i t i o n s  were assumed t o  be t h e  same 4s a t  stops, except  exposure t i m e  

w h i l e  moving was e s t i m a t e d  a t  108 hours. Reducing t h e  dose r a t e  f rom t h e  end 

of t h e  cask by 95% r e s u l t s  i n  an e s t i m a t e d  t o t a l  c o l l e c t i v e  dose t o  t h e  t r a i n  

crew a t  s tops  f o r  t h i s  a l t e r n a t i v e  o f  0.08 person-mrem/shipment. S i m i l a r l y ,  

t r a i n  crew doses w h i l e  moving a r e  e s t i m a t e d  t o  be 0.06 person-mrem/shipment. 

T o t a l  c o l l e c t i v e  doses t o  t h e  t r a i n  crew f o r  t h e  r e p r e s e n t a t i v e  r a i l  shipment 

a r e  t h u s  es t ima ted  t o  be 0.14 person-mrem/shipment. 

For t h e  t r a i n  crew doses w h i l e  moving, 

S i m i l a r  t o  t h e  t r a i n  crew, e s c o r t s  w i l l  a l s o  r e c e i v e  lower  doses if t h e  

dose r a t e s  f rom t h e  cask ends a r e  decreased. As a r e s u l t ,  t h e  e s t i m a t e  of 

t o t a l  c o l l e c t i v e  dose t o  e s c o r t s  w h i l e  moving becomes 0.7 person-mren/shipment 

and t h e  dose a t  s tops  becomes 0.9 person-mremjshipment ( 5 %  o f  t hose  i n  t h e  
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TABLE 5.14. Summary o f  Es t ima ted  I n - T r a n s i t  C o l l e c t i v e  R a d i a t i o n  Doses 
f o r  t h e  Represen ta t i ve  Truck Shipment - Increased Cask End 
S h i e l d i n g  A l t e r n a t i v e  

Exposure Category 

T ranspor t  Workers 

Truck Crew 

- w h i l e  moving 

- a t  s tops  

S t a t e  I n s p e c t o r s  

S e r v i c e  A t t e n d a n t s ( c )  

S t a t e  Esco r t s  

T o t a l  

Pub1 i c  

Wh i le  Moving 

- o n - l i n k  

- o f f - l i n k  

A t  Stops 

T o t a l  

Col 1 e c t  i ve Doses 
Person -rnrern/ Person -m em/ Person -rem/ 

MT" (a7 Shipment 

9.0 

6.3 
6 ( b )  

1.4 

1.8 

24.5 

( 2 0 6 ) ( d )  

23(b)  

400(b) 

34 (b )  

457(b) 

(457) 

9.7 

6 .a 
6.5(b) 

1.5 

2.0 

24.9 
- 

(223)  

25(b)  

37(b) 

433(b) 

495(b) 

(495) 

y e a r  

8.8 

6.1 

5.8 

1.4 

1.8 

22.5 

( 200) 

22 

33 

389 

444 

( 444 ) 

( a )  Based on an average cask c a p a c i t y  o f  0.926 MTU/shipment 

( b )  

( c )  

(2 /5  PWR/BWR assembl i e s )  . 
These values a r e  unchanged f r o m  t h e  p o s t u l a t e d  r e f e r e n c e  system 
a n a l y s i s .  
Not i n c l u d e d  i n  t o t a l s .  R e f u e l i n g  i s  t y p i c a l l y  performed by t r u c k  
d r i v e r s ,  and dose f o r  t h i s  a c t i v i t y  i s  i n c l u d e d  i n  t h a t  f o r  t h e  
t r u c k  d r i v e r s .  I f  done by t h e  s e r v i c e  s t a t i o n  a t tendan t ,  t h e  dose 
t o  t h e  d r i v e r s  would be reduced. 
Numbers i n  parentheses a r e  t h e  dose es t ima tes  f rom t h e  p o s t u l a t e d  
r e f e r e n c e  system a n a l y s i s  f o r  comparison. 

( d )  

p o s t u l a t e d  r e f e r e n c e  shipment) .  

2-person e s c o r t  crew i s  p resen t  f o r  t h e  e n t i r e  shipment and i s  l o c a t e d  

50 meters f rom t h e  end o f  t h e  cask. 

These es t ima tes  were based on assuming t h a t  a 
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A summary o f  t h e  e s t i m a t e d  c o l l e c t i v e  doses f o r  t h e  r e p r e s e n t a t i v e  r a i l  

shipment f o r  t h i s  a l t e r n a t i v e  i s  presented Table 5.15. 

TABLE 5.15. Summary o f  Es t ima ted  I n - T r a n s i t  C o l l e c t i v e  R a d i a t i o n  Doses 
f o r  t h e  Represen ta t i ve  R a i l  Shipment - Increased Cask End 
S h i e l d i n g  A l t e r n a t i v e  

Expos u r e  Cat ego ry 

T ranspor t  Workers 

0 s tops  

- S t a t e  I n s p e c t o r s  

- T r a i n  Handlers 

- R a i l  Yard Crew 

- Crew 

- Escor t s  

0 Whi le  Moving 

- Crew 

- Escor t s  

T o t a l  T ranspor t  Workers 

Pub1 i c  

0 Stops 

0 Whi 1 e-movi ng 

- o n - l i n k  

- o f f - l i n k  

T o t a l  P u b l i c  

Col 1 e c t  i ve Doses 
Person -mrem/ Person -m em/ Per  son -rem/ 

Shipment MT" (a! y e a r  

1.5(b) 

9 . l (b )  

1 9 . w  

0.08 

0.9 

0.06 

0.7 

0.2 

1.4 

3.0 
0.01 

0.1 

0.01 

0.1 

5.0 

(9.8) 

3.1 

0.1 

2.8 

6.0 

(6.0) 

0.5 

29.0 

6.3 
0.03 

0.3 

0.02 

0.2 

10.3 

( 2 1 )  

6.4 

0.1 

5.9 

12.4 

(12.4) 

( a )  Based on an average cask c a p a c i t y  o f  6.56 VTU/shipment 

( b )  These values a r e  unchanged f rom t h e  p o s t u l a t e d  r e f e r e n c e  system 
(14/36 PWR/BWR assembl ies).  

a n a l y s i s .  

re fe rence  system a n a l y s i s  f o r  comparison. 
- ( c )  Numbers i n  parentheses a r e  t h e  dose es t ima tes  f rom t h e  p o s t u l a t e d  
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At-ReDosi torv  ImDacts 

As i n  t h e  r e a c t o r  case, a l l  doses t o  r e p o s i t o r y  cask h a n d l i n g  workers f o r  

a c t i v i t y  s teps  i n  which work i s  be ing  done near  t h e  cask ends a re  reduced when 

a d d i t i o n a l  cask end s h i e l d i n g  i s  used. Doses t h a t  do n o t  change a re  those  t h a t  

r e s u l t  f rom a c t i v i t i e s  t h a t  a re  per formed near  t h e  s ides  of t h e  cask. A l l  

a c t i v i t y  t imes and worker  l o c a t i o n s  a re  assumed t o  remain t h e  same, b u t  dose 

r a t e s  near t h e  ends of t h e  cask i n  t h i s  a l t e r n a t i v e  a r e  1/20 of those f o r  t h e  

p o s t u l a t e d  re fe rence  system. 

C o l l e c t i v e  doses rece ived  by t h e  r e p o s i t o r y  cask handl i n g  workers a r e  

summarized i n  Table 5.16. Worker dose r e d u c t i o n s  o f  66% f o r  t r u c k  and 78% f o r  

r a i l  shipments a re  es t ima ted  on a per-cask and per-MTU bas is ,  r e s p e c t i v e l y .  

A c t i v i t y  8 (removal o f  o u t e r  l i d ,  removal o f  i n n e r  l i d  b o l t s ,  and i n s t a l l a t i o n  

of l i d - l i f t i n g  f i x t u r e )  i s  t h e  major  c o n t r i b u t e r  t o  a t - r e p o s i t o r y  worker  doses 

i n  t h e  p o s t u l a t e d  re fe rence  system. Wi th t h e  a d d i t i o n a l  end s h i e l d i n g ,  how- 

ever ,  a r e d u c t i o n  o f  162 person-mrem/shipment (86% r e d u c t i o n )  i s  es t ima ted  f o r  

t h i s  a c t i v i t y  f o r  workers h a n d l i n g  t r u c k  casks. S i m i l a r l y ,  workers doses from 

handl i n g  r a i l  casks a re  reduced by an es t ima ted  318 person-mrem/shipment (91% 

r e d u c t i o n )  f o r  t h i s  a c t i v i t y .  

TABLE 5.16. Summary Comparison o f  Es t imated C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l a t e d  Reference Repos i to ry  Wi th and Wi thout  Cask End 
S h i e l  d i  ng 

Postu la ted  Reference End Shield A l t e r n a t i v e  

Sh 1 pment MTU ig5em/ ersoni6tm/ year ’ Sh 1 pment e r s o n ~ 5 e m /  MTU P ersoni69mf year 
erson-mrem/ P Person-mrem/ P 

Truck 

PWR 276 

BWR 277 

Tota I 

Ral  I - 
PWR 463 

BWR 466 

Tota 1 

299 162 93 

107 94 298 

269 
- 

72 91 115 

59 I 117 70 - 
149 

MTU/PWR truck sh loment. 0.930’ MTU/BWR truck 

101 55 

36 101 

91 
- 

18 23 

15 18 

38 
- 

shipment, 6.47 MTU/PWR r a i  I 
shipment, and 6.70 MTU/BWR r a i l  shipment. 

and 840 MTU of  BWR spent fue l  by r a l  I .  
( b )  Based on 540 MTU of  PWR and 360 MTU of  BWR spent fue l  by t ruck and 1200 MTU of  PWR 
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The personnel  p e r f o r m i n g  most o f  t h e  l i d  work, maintenance-craf tsmen, 

would r e a l i z e  t h e  m a j o r i t y  o f  t h e  dose r e d u c t i o n s  w i t h  t h i s  i nc reased  end 

s h i e l d i n g  a l t e r n a t i v e .  The average annual dose t o  i n d i v i d u a l  maintenance- 

craf tsmen i s  es t ima ted  t o  be reduced f rom 13.2 remlyear  t o  2.9 remlyear,  which 

i s  w i t h i n  t h e  5 remlyear  r e g u l a t o r y  l i m i t  f o r  occupa t iona l  exposure ( b u t  n o t  

w i t h i n  t h e  1 remlyear  des ign  o b j e c t i v e  o f  DOE). 

c ra f t smen  f o r  t h i s  a l t e r n a t i v e  remains a t  26, as i n  t h e  p o s t u l a t e d  re fe rence  

case. 

The number of maintenance- 

These dose c a l c u l a t i o n s  a r e  con ta ined  i n  Appendix N. 

5.3.3 Cost Consequences o f  I nc reased  End S h i e l d i n g  

T h i s  a l t e r n a t i v e  i n v o l v e s  adding 4 i nches  o f  s t a i n l e s s  s t e e l  t o  b o t h  t h e  

i n n e r  l i d  and t h e  cask bot tom o f  t h e  t r u c k  and r a i l  casks i n  t h e  p o s t u l a t e d  

r e f e r e n c e  case. 

a r e s u l t  o f  t h i s  m o d i f i c a t i o n .  

c a s k s ,  t h e  cask  f l e e t  s i z e ,  and t h e  r e p o s i t o r y  l o a d i n g  and un load ing  times a r e  

a l l  unchanged from those  i n  t h e  p o s t u l a t e d  r e f e r e n c e  case. 

The d iamete r  and l e n g t h  o f  t h e  cask c a v i t y  a r e  n o t  changed as 

Thus, t h e  c a p a c i t i e s  o f  bo th  t h e  t r u c k  and r a i l  

The added s t a i n l e s s  s t e e l  m a t e r i a l  on b o t h  ends o f  t h e  cask i s  e s t i m a t e d  

t o  i n c r e a s e  t h e  c a p i t a l  c o s t  o f  t h e  a l t e r n a t i v e  t r u c k  cask by $12,160 p e r  cask. 

W i th  a f l e e t  o f  26 t r u c k  casks, t h i s  r e s u l t s  i n  a t o t a l  e s t i m a t e d  i n c r e a s e  i n  

c a p i t a l  c o s t  o f  $320,000 f o r  t h e  t o t a l  t r u c k  cask f l e e t .  S i m i l a r l y ,  t h e  

c a p i t a l  c o s t  o f  t h e  a l t e r n a t i v e  r a i l  cask i s  e s t i m a t e d  t o  i n c r e a s e  by $48,400 

pe r  cask, o r  $1.35 m i l l i o n  f o r  t h e  t o t a l  r a i l  cask f l e e t  o f  28 casks. 

Due t o  t h e  i n c r e a s e d  we igh t  o f  t h e  end s h i e l d i n g ,  b o t h  t h e  t r u c k  and r a i l  

t r a n s p o r t  c o s t s  w i l l  i nc rease .  The a d d i t i o n a l  3040 pounds o f  we igh t  t o  t h e  

t r u c k  cask i nc reases  t h e  t r a n s p o r t  c o s t  by an e s t i m a t e d  $600 p e r  r o u n d - t r i p ,  o r  

$583,00O/year f o r  t h e  971 t r u c k  shipments. The r a i l  cask weight  i n c r e a s e  of  

12,090 pounds r e s u l t s  i n  an i n c r e a s e  i n  t h e  t r a n s p o r t  c o s t  o f  $3126 p e r  round- 

t r i p ,  o r  $1.0 m i l l i o n l y e a r  f o r  t h e  320 annual r a i l  shipments. Thus, t h e  t o t a l  

annual o p e r a t i n g  c o s t  i n c r e a s e  i s  about $1.6 m i l l i o n .  D e t a i l s  o f  t h e  c o s t  

es t ima tes  a r e  g i ven  i n  Appendix J. 

Table 5.17 summarizes t h e  e s t i m a t e d  c a p i t a l  and annual c o s t s  assoc ia ted  

w i t h  t h i s  a l t e r n a t i v e .  The p r e s e n t  w o r t h  o f  t h e  a d d i t i o n a l  c o s t s  f o r  t h e  

i ncreased end s h i  e l  d i  ng  a1 t e r n a t i  ve has been c a l c u l a t e d  w i t h  d i  scount r a t e s  of 
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TABLE 5.17. Comparison of Es t imated L i f e - C y c l e  System Costs f o r  t h e  
P o s t u l a t e d  Referen e System With and Wi thout  I nc reased  
Cask End S h i e l d i n g f a )  

P o s t u l a t e d  End S h i e l d  Change i n  
c o s t  Reference A1 t e r n a t i  ve c o s t  

Cat ego ry c o s t  ( $ 1  Cost ( $ )  ( $ 1  
C a p i t a l  Costs: 

Truck Cask F l e e t  39,000,000 39,320,000 320 , 000 

R a i l  Cask F l e e t  70,000,000 71,350,000 1,330,000 

T o t a l  C a p i t a l  Costs 1,670 , 000 

Annual Costs: 

Truck Transpor t  9,904,000 10,487,000 583,000 

Rai 1 Transpor t  17,100,000 18,100,000 1,000,000 

T o t a l  Annual Cost 
D i f f e r e n c e  1 , 583,000 

Present  Worth o f  
Cost D i  f f erence : 

3% Discount  Rate 

0% Discount  Rate 

26,000,000 

34,800,000 

( a )  Costs a re  shown t o  more s i g n i f i c a n t  f i g u r e s  than  
j u s t i f i e d ,  t o  p r o v i d e  f o r  cons i s tency  i n  t h e  
c a l c u l a t i o n s .  
d e t a i  1 s. 

See Appendix J f o r  c o s t  e s t i m a t i n g  

0% and 3% u s i n g  a 21-year l i f e t i m e  and 1987 d o l l a r s .  

shown i n  Tab le  5.17, a re  es t ima ted  t o  be $35 m i l l i o n  and $26 m i l l i o n .  

The r e s p e c t i v e  va lues,  

5.3.4 Overview E v a l u a t i o n  o f  Inc reased Cask End S h i e l d i n g  

It was es t ima ted  t h a t  t h e  i nc reased  cask end s h i e l d i n g  a l t e r n a t i v e  would 

s i  gn i  f i c a n t l y  reduce t h e  o v e r a l l  c o l  1 e c t i  ve doses f rom t r u c k  and r a i  1 t ranspor -  

t a t i o n , .  w i t h  p r imary  dose b e n e f i t s  t o  t h e  workers. 

mated t o  i nc rease  t h e  cos ts  o f  t h e  system. The r a t i o  of ACOSt/AdOSe based on 

t h e  3% d iscoun t  r a t e  i s  $1,960/person-rem avoided. The r a t i o  i s  i n  t h e  range 

o f t e n  cons idered f o r  implementat ion.  Th is  a l t e r n a t i v e  a l s o  appears t o  be 

a t t r a c t  i ve f o r  reduc i  ng t h e  i nd i  v i  dua l  doses t o  t h e  mai ntenance-craftsmen. 

The a l t e r n a t i v e  i s  e s t i -  
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5.4 I N C R E A S E D  S I D E  SHIELDING ON TRUCK AND RAIL CASKS 

The casks i n  t h e  p o s t u l a t e d  re fe rence  system a r e  conceived t o  j u s t  meet 

f e d e r a l  r e g u l a t i o n s  f o r  dose r a t e s  around t r a n s p o r t  veh ic les .  Th is  b a s i s  

r e s u l t s  i n  an es t ima ted  dose r a t e  o f  30 mrem/hour a t  a d i s t a n c e  o f  1 meter  from 

t h e  cask s ide .  Dose r e d u c t i o n s  t o  t h e  p u b l i c  and workers f o r  each shipment 

c o u l d  be achieved i f  t h e  cask had a d d i t i o n a l  s h i e l d i n g  m a t e r i a l  on t h e  cask 

s ides .  The system dose es t ima tes  f o r  t h i s  a l t e r n a t i v e  a r e  based on a p r e l i m i -  

na ry  e s t i m a t e  t h a t  enough s h i e l d i n g  m a t e r i a l  c o u l d  be added t o  reduce dose 

r a t e s  f rom t h e  s ides  o f  t h e  cask by 30% (Smi th  1987) w i t h o u t  reduc ing  cask 

c a p a c i t y  w i t h i n  t h e  r e f e r e n c e  we igh ts  f o r  loaded casks p l u s  t h e i r  v e h i c l e s .  

T h i s  p r e l i m i n a r y  e s t i m a t e  remains t o  be con f i rmed  d u r i n g  d e t a i l e d  cask design. 

5.4.1 D e s c r i p t i o n  o f  I nc reased  S ide  S h i e l d i n g  on Truck and R a i l  Casks 

The a d d i t i o n  o f  1/8 i n c h  o f  d e p l e t e d  uranium t o  t h e  s ides  of t h e  

p o s t u l a t e d  r e f e r e n c e  t r u c k  cask, and 1 /2  i n c h  o f  s t a i n l e s s  s t e e l  t o  t h e  s i d e s  

o f  t h e  p o s t u l a t e d  r e f e r e n c e  r a i l  cask, a r e  e s t i m a t e d  t o  reduce t h e  dose r a t e s  

t o  t h e  s i d e s  o f  t h e  cask by a p p r o x i m a t e l y  30% w i t h o u t  l o s s  o f  cask c a p a c i t y  o r  

exceeding l e g a l  weights .  The a l t e r n a t i v e  t r u c k  cask would t h u s  have 2.9 i nches  

of s t a i n l e s s  s t e e l  p l u s  2.23 i nches  o f  d e p l e t e d  uranium on t h e  cask w a l l s .  The 

a l t e r n a t i v e  r a i l  cask would have a t o t a l  o f  10.5 i nches  o f  s t a i n l e s s  s t e e l  on 

t h e  cask w a l l s .  The a d d i t i o n a l  s h i e l d i n g  i s  e s t i m a t e d  t o  i n c r e a s e  t h e  w e i g h t  

o f  t h e  t r u c k  cask by approx ima te l y  1,275 pounds and i n c r e a s e  t h e  we igh t  o f  t h e  

r a i l  cask by 11,600 pounds. The a d d i t i o n a l  we igh t  w i l l  n o t  a f f e c t  cask han- 

d l i n g  t i m e s  a t  r e a c t o r s  o r  t h e  r e p o s i t o r y  o r  a f f e c t  i n - t r a n s i t  ope ra t i ons .  I t 

i s  e s t i m a t e d  t h a t  t h e  a l t e r n a t i v e  t r u c k  v e h i c l e  ( t r a c t o r  and t r a i l e r )  p l u s  

loaded cask would weigh no more t h a n  80,000 pounds, and t h e  a l t e r n a t i v e  r a i l  

v e h i c l e  ( r a i l  c a r )  p l u s  loaded cask would weigh no more than  263,000 pounds. 

5.4.2 Opera t i ona l  and Dose Impacts o f  I nc reased  Cask S ide  S h i e l d i n g  

The es t ima ted  t r a n s p o r t a t i o n  system e f f e c t s  r e s u l t i n g  f rom u s i n g  t r u c k  and 

r a i l  casks w i t h  a d d i t i o n a l  s i d e  s h i e l d i n g  a r e  d iscussed i n  t h i s  s e c t i o n .  

Table 5.18 p resen ts  a summary o f  t h e  e s t i m a t e d  annual c o l l e c t i v e  dose 
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TABLE 5.18. Summary Comparison o f  Es t imated Annual C o l l e c t i v e  R a d i a t i o n  Doses 
i n  t h e  P o s t u l a t e d  Reference Ra i l /T ruck  Transpor t  System With and 
Wi thout  Inc reased Cask S i  de S h i e l d i n g  

person- remlyea r 
Truck Rai 1 T o t a l  Systemla*’) 

P o s t u l a t e d  S ide  S h i e l d  D ose Postu la ted  Side S h i e l d  D ose Postu la ted  Side S h i e l d  Dose 
Reference A l t e r n a t i v e  Change Reference A l t e r n a t i v e  Change Reference A l t e r n a t i v e  Change 

At-Reactor 271 246 -25 144 135 -9 415 381 -34 
I n - T r a n s i t  

- Worker 200 197 -3 21 18 -3 22 1 215 -6 

- P u b l i c  444 311 -133 12 9 -3 456 320 -136 

- -8 418 -31 At-Reposi tory __ 269 246 - -23 - 149 

T o t a l s  1184 1000 -184 326 303 -23 1510 1303 -207 

387 __ 
~ 

141 - - - 

( a )  

( b )  

Based on 0.924 MTU/PWR t r u c k  shipment, 0.930 MTU/BWR t r u c k  shipment, 6.47 MTU/PWR r a i l  shipment, and 
6.70 MTU/BWR r a i l  shipment. 
Cask c a p a c i t y  i s  2/5 PWR/BWR assemblies f o r  t r u c k  shipments and 14/36 PWR/BWR assemblies f o r  r a i l  shipments. 

r e d u c t i o n s  f o r  a t - r e a c t o r ,  i n - t r a n s i t ,  and a t - r e p o s i t o r y  ope ra t i ons .  C o l l e c -  

t i v e  doses rece ived  by t h e  cask h a n d l i n g  workers a t  t h e  r e a c t o r s  and t h e  repos-  

i t o r y  decrease by 8%. The inc reased  s i d e  s h i e l d i n g  has no e f f e c t  on t h e  h i g h  

dose-producing a c t i v i t i e s  per formed on t h e  ends o f  t h e  cask. The major  b e n e f i t  

ga ined by u s i n g  a d d i t i o n a l  s i d e  s h i e l d i n g  i s  t h e  r e d u c t i o n  of i n - t r a n s i t  doses, 

m o s t l y  t o  t h e  p u b l i c .  T o t a l  i n - t r a n s i t  doses a re  reduced by about 26%. 

A t  -React o r  I mpa c t s 

A l l  cask dose r a t e s  i n  a c t i v i t y  s teps  a t  t h e  r e a c t o r  s i t e s  t h a t  r e q u i r e  

workers t o  be a t  t h e  s ides  o f  t h e  cask a re  a f f e c t e d  by inc reased s i d e  s h i e l d -  
i n g .  The a c t i v i t i e s  i n  which dose r a t e s  do n o t  change i n  t h i s  a l t e r n a t i v e  a r e  

those where t h e  work i s  be ing  done on e i t h e r  t h e  t o p  o r  bot tom end of t h e  cask 

(e.g., c l o s u r e  head and impact  l i m i t e r  i n s t a l l a t i o n / r e m o v a l  , gas/ p ressu re  

t e s t i n g ,  etc.). A l l  a c t i v i t y  t imes remain t h e  same as f o r  t h e  p o s t u l a t e d  

re fe rence case, bu t  dose r a t e s  f o r  a f f e c t e d  a c t i v i t i e s  decrease by 30%. 

Est imated c o l  l e c t i  ve r a d i  a t i  on doses r e c e i  ved by t h e  r e a c t o r  cask handl  i ng 

workers a re  shown i n  Table 5.19. About 9% r e d u c t i o n  o f  doses f o r  t r u c k  s h i p -  

ments and 6% t o  7% r e d u c t i o n  o f  doses f o r  r a i l  shipments a re  es t ima ted  t o  

r e s u l t  f rom t h i s  a l t e r n a t i v e  compared t o  t h e  p o s t u l a t e d  reference case. 

The average annual doses t o  i n d i v i d u a l  ope ra to rs  d u r i n g  a t - r e a c t o r  t r u c k  

cask handl i n g  opera t i ons  i n  t h e  p o s t u l a t e d  re fe rence  system a re  reduced from 
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TABLE 5.19. Summary Comparison o f  Es t ima ted  C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
Reactor Wi th  and Wi thout  I nc reased  Cask S ide  S h i e l d i n g  

P o s t u l a t e d  R e f e r e n c e  S i d e  S h i e l d  A l t e r n a t i v e  
Person-mrern/  PersonTg5em/ P e r v  T T /  erson-mrem 

Sh i D m n t  MTU y e a r  Sh iDment MTU y e a r  

T r u c k  

PWR 27 1 

B WR 292 

T o t a  I 

R a i  I - 
PWR 404 

BWR 520 

T o t a  I 

293 158 24 5 26 5 143 

103 113 265 285 314 
27 1 246 

- - 

62 78 377 59 73 

62 66 49 1 74 78 

144 135 
- - 

( a )  Based on 0.924 MTU/PWR t r u c k  s h i p m e n t ,  0.930 MTU/BWR t r u c k  s h i p m e n t ,  6.47 MTU/PWR 

( b )  Based on 540 MTU of PWR and 360 MTU o f  BWR s p e n t  f u e l  by t r u c k  and 1200 MTU o f  PWR 
r a i l  s h i p m e n t ,  and 6.70 MTU/BWR r a i l  s h i p m e n t .  

and 840 MTU of BWR s p e n t  f u e l  by r a i  I .  

898 mrem/year t o  818 mrem/year when u s i n g  i n c r e a s e d  cask s i d e  s h i e l d i n g  f o r  PWR 

opera t i ons ,  and f rom 1035 mremlyear t o  944 mremlyear f o r  BWR opera t i ons .  F o r  

maintenance-craf tsmen, t h e  e q u i v a l e n t  doses a re  t h e  same f o r  bo th  PWR and BWR 

o p e r a t i o n s  and would be reduced f rom 1011 mrernlyear i n  t h e  p o s t u l a t e d  r e f e r e n c e  

system t o  926 mrem/year when u s i n g  i n c r e a s e d  cask s i d e  s h i e l d i n g .  

t hese  dose c a l c u l a t i o n s  a r e  con ta ined  i n  Appendix N. 
D e t a i l s  of 

I n - T r a n s i t  Impacts 

I n c r e a s i n g  t h e  s h i e l d i n g  on t h e  s i d e s  o f  t h e  t r u c k  and r a i l  casks would 

reduce t h e  p u b l i c  and worker  r a d i a t i o n  doses d u r i n g  i n - t r a n s i t  a c t i v i t i e s  where 

exposures would r e s u l t  f rom t h e  s i d e s  o f  t h e  casks. I t  i s  assumed t h a t  doses 

d u r i n g  those  a c t i v i t i e s  t h a t  a r e  f u n c t i o n s  o f  t h e  dose r a t e s  a t  t h e  t o p  and 

bo t tom t o  t h e  cask a r e  una f fec ted .  F o r  t h e  r e p r e s e n t a t i v e  LWT shipment, t h e  

l a t t e r  exposure c a t e g o r i e s  i n c l u d e  those  t o  t r u c k  d r i v e r s  and s t a t e  e s c o r t s  

w h i l e  moving, and t o  s t a t e  e s c o r t s  and s e r v i c e  a t t e n d a n t s  d u r i n g  t h e  t i m e  t h e  

t r u c k  i s  be ing  r e f u e l e d .  For  t h e  r e p r e s e n t a t i v e  r a i l  shipment, t h e  doses t o  

t h e  t r a i n  crew and e s c o r t s  ( w h i l e  moving and a t  s t o p s )  a r e  una f fec ted .  The 

r e s t  o f  t h i s  s e c t i o n  desc r ibes  t h e  analyses t h a t  were performed t o  e s t i m a t e  t h e  

e f f e c t s  o f  i nc reased  s i d e  s h i e l d i n g  on t h e  t r u c k  and r a i l  shipment doses. 
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E f f e c t  on Truck Shipment Doses. The r a d i a t i o n  exposures t h a t  would be 

a f f e c t e d  by t h e  reduced dose r a t e  f rom t h e  s i d e  o f  t h e  LWT cask i n c l u d e  t h o s e  

t o  t r u c k  d r i v e r s  and s t a t e  e s c o r t s  w h i l e  t h e  shipment i s  stopped, t o  s t a t e  

i n s p e c t o r s  and s e r v i c e  a t t e n d a n t s  d u r i n g  t h e i r  r e s p e c t i v e  s e r v i c i n g ,  and t o  t h e  

genera l  p o p u l a t i o n  ( b o t h  a t  s tops  and w h i l e  moving). D r i v e r  doses a t  s tops  

were es t ima ted  assuming t h a t  each d r i v e r  spends one-hal f  of t h e  s top - t ime  near  

t h e  cask (assumed t o  be 10 meters f rom t h e  end o f  t h e  cask)  and one-hal f  o f  t h e  

s t o p - t i m e  away f rom t h e  cask (assumed t o  be 20 meters f rom t h e  s i d e  of t h e  

cask) .  

l a t e d  r e f e r e n c e  case, and t h e  dose r a t e  f o r  t h e  l a t t e r  p o r t i o n  i s  reduced by 

30%. The r e s u l t i n g  d r i v e r  doses a t  s tops  a r e  t h u s  18.0 person-mrem/shipment 

f o r  a c t i v i t i e s  a t  c l o s e  d i s t a n c e s  (unchanged f r o m  t h e  p o s t u l a t e d  r e f e r e n c e  

case),  p l u s  2 persons x 15 hours x (0.7 x 0.18 mrem/hour), o r  3.8 

person-mrem/shipment f o r  t h e  a c t i v i t i e s  a t  l o n g e r  d i s tances .  The t o t a l  dose t o  

d r i v e r s  a t  s tops  i s  es t ima ted  a t  21.8 person-mrem/shipment. The i n d i v i d u a l  

annual dose t o  t h e  t r u c k  d r i v e r  remains a t  about 3 remlyear.  

The dose r a t e  f o r  t h e  t i m e  near t h e  cask i s  unchanged from t h e  pos tu -  

E s c o r t  doses a t  s tops  would a l s o  be reduced when t h e  cask s i d e  s h i e l d i n g  

i s  increased.  It was assumed i n  t h e  p o s t u l a t e d  r e f e r e n c e  system a n a l y s i s  t h a t  

4 e s c o r t s  would be exposed f o r  3 hours/shipment a t  a d i s t a n c e  o f  20 meters from 

t h e  s i d e  o f  t h e  cask. The reduced dose r a t e  a t  20 meters due t o  t h e  i n c r e a s e d  

s i d e  s h i e l d i n g  becomes 0.13 mrern/hour and t h e  es t ima ted  e s c o r t  doses a t  s tops  

become 1.6 person-mrem/shipment. The t o t a l  e s c o r t  dose i s  t h u s  1.6 person-  
mrem/shipment a t  s t o p s  p l u s  0.06 person-rnrern/shiprnent while moving,  or 

1.7 person-mrem/shipment. 

A p o r t i o n  of t h e  dose t o  s e r v i c e  a t t e n d a n t s  i s  a l s o  assumed t o  be a f f e c t e d  

by t h i s  a l t e r n a t i v e .  As w i t h  t h e  e s c o r t s ,  t h e  a f f e c t e d  p o r t i o n  of t h e  dose i s  

t h a t  r e c e i v e d  f rom a c t i v i t i e s  a t  l o n g e r  d i s t a n c e s  (i.e., n o t  d u r i n g  t h e  t i m e  

when t h e  t r u c k  i s  be ing  r e f u e l e d ) .  The a c t i v i t i e s  a t  l o n g e r  d i s t a n c e s  were 

e s t i m a t e d  i n  t h e  p o s t u l a t e d  r e f e r e n c e  case by assuming t h a t  t h e  e q u i v a l e n t  o f  

1 a t t e n d a n t  a t  each o f  3 r e f u e l i n g  s tops  was exposed a t  a d i s t a n c e  of 20 meters 

from t h e  s i d e  o f  t h e  cask f o r  2.3 hours/shipment.  Reducing t h e  dose r a t e  by 

30%, r e s u l t s  i n  t h e  es t ima ted  dose f rom t h e  exposure p o r t i o n  o f  t h e  r e f u e l i n g  

s tops  a t  l o n g e r  d i s t a n c e  f rom t h e  cask a t  0.9 person-mrem/shipment. The t o t a l  
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dose t o  s e r v i c e  a t t e n d a n t s  i s  t h e  sum of t h e  unchanged c l o s e - d i s t a n c e  dose 

(1.2 person-mrem/shi pment) p l u s  t h e  1 onger -d i  s tance dose (0.9 person-mrem/ 

sh ipment)  , o r  2.1 person-mrem/shipment. 

I nc reased  s h i e l d i n g  on t h e  cask s ides  w i l l  a l s o  reduce t h e  dose t o  s t a t e  

i n s p e c t o r s .  

assuming t h a t  1 person a t  each o f  2 i n s p e c t i o n  s tops  was exposed t o  t h e  dose 

r a t e  a t  10 meters from t h e  s i d e  of t h e  cask f o r  1 hour.  Using t h e  reduced dose 

r a t e ,  t h e  t o t a l  es t ima ted  dose t o  s t a t e  i n s p e c t o r s  becomes 4.5 person- 

mrem/shipment. 

The dose was es t ima ted  f o r  t h e  p o s t u l a t e d  re fe rence  system by 

The maximum i n d i v i d u a l  doses t o  t h e  s t a t e  i n s p e c t o r s ,  s e r v i c e  a t t e n d a n t s  

and s t a t e  e s c o r t s  a r e  a l s o  reduced about 30% f rom t h e  p o s t u l a t e d  re fe rence  

t r u c k  case t o  542, 68, and 100 mremlyear, r e s p e c t i v e l y .  

The es t ima ted  c o l l e c t i v e  doses f o r  t h e  r e p r e s e n t a t i v e  LWT Shipment f o r  

t h i s  a l t e r n a t i v e  a r e  summarized i n  Table 5.20. The summary es t ima tes  of t h e  

a n a l y s i s  o f  t h e  p o s t u l a t e d  re fe rence  system doses a r e  shown f o r  comparison. 

E f f e c t  on R a i l  T ranspor t  Doses. The exposures f o r  r a i l  shipments t h a t  a r e  

a f f e c t e d  by i nc reased  cask s i d e  s h i e l d i n g  i n c l u d e  those  t o  t r a i n  handlers ,  y a r d  

crews, and t h e  genera l  p o p u l a t i o n  and s t a t e  i n s p e c t o r s  a t  stops. I n  t h e  p o s t u -  

l a t e d  r e f e r e n c e  system a n a l y s i s ,  a t o t a l  o f  10 t r a i n  hand le rs  was assumed t o  be 

exposed a t  a d i s t a n c e  o f  10 meters f rom t h e  s i d e  o f  t h e  cask, f o r  a t o t a l  o f  

1.2 hours/shipment.  Us ing t h e  reduced dose r a t e  r e s u l t i n g  f rom t h e  i n c r e a s e d  

cask s i d e  s h i e l d i n g ,  t h e  t o t a l  dose t o  t r a i n  hand le rs  i s  es t ima ted  t o  be 

6.4 person-mrem/shipment. S i m i l a r l y ,  y a r d  crew c o l l e c t i v e  doses would a 

reduced by 30%, and a r e  e s t i m a t e d  a t  13.8 person-mrem/shipment f o r  t h i s  

a1 t e r n a t i  ve. 

S t a t e  i n s p e c t o r  doses were e s t i m a t e d  i n  t h e  p o s t u l a t e d  r e f e r e n c e  sy 

so be 

tern by 

assuming t h a t  4 i n s p e c t o r s  were each exposed t o  t h e  dose r a t e  a t  10 meters from 

t h e  s i d e  o f  t h e  r a i l  cask f o r  each shipment. The reduced dose r a t e  i n  t h i s  

a l t e r n a t i v e  r e s u l t s  i n  an e s t i m a t e d  c o l l e c t i v e  dose t o  t h e  s t a t e  i n s p e c t o r s  of  

1.1 person-mrern/shipment. 

Doses t o  t h e  genera l  p u b l i c ,  b o t h  w h i l e  moving and a t  stops, would be 

decreased by 30% i n  t h i s  a l t e r n a t i v e .  The r e s u l t i n g  c o l l e c t i v e  dose e s t i m a t e s  
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TABLE 5.20. Summary o f  Es t ima ted  I n - T r a n s i t  C o l l e c t i v e  R a d i a t i o n  Doses f o r  t h e  
Represen ta t i ve  Truck Shipment - Increased Cask S ide  S h i e l d i n g  
A l t e r n a t i v e  

Col 1 e c t  i ve Doses 
person -mrem/ Person ;mrem/ Person Yred 

Exposure Category 

T ranspor t  Workers 

Truck Crew 

- Whi le Moving 

S t a t e  I n s p e c t o r s  

S t a t e  Esco r t s  

T o t a l  T ranspor t  Workers 

- A t  Stops 

S e r v i c e  A t tendan ts  ( d l  

Pub1 i c  

Whi le  Moving 

- o n - l i n k  

- o f f - l i n k  

A t  Stops 

T o t a l  P u b l i c  

Shi  pment MTW y e a r t b )  

175(') 188(') 170 

21.8 23.5 21  

4.5 4.9 4 

2.1 2.3 2 

1 1.4 1.5 

209 219 197 
- 

( 2 0 6 ) ( e )  (223 1 (200 1 

16.2 17.5 16 

23.8 25.7 23 

272 280 30 2 

320 346 31  1 
- 

(457)  (495 ) ( 444 ) 

( a )  Based on an average cask c a p a c i t y  o f  0.926 MTU/shiprnent 

( b )  
( c )  These values a r e  unchanged f rom t h e  p o s t u l a t e d  r e f e r e n c e  

( d )  Not i n c l u d e d  i n  t o t a l s .  R e f u e l i n g  i s  t y p i c a l l y  performed 

(2/5 PWR/BWR assembl i e s )  . 
Based on 900 MTU/year sh ipped by t r u c k .  

system a n a l y s i s  . 
by t r u c k  d r i v e r s  and dose f o r  t h i s  a c t i v i t y  i s  i n c l u d e d  i n  t h a t  f o r  
t h e  t r u c k  d r i v e r s .  I f  done by t h e  s e r v i c e  s t a t i o n  a t tendan t ,  t h e  
doses t o  t h e  d r i v e r s  would be reduced. 
Numbers i n  parentheses a r e  t h e  dose es t ima tes  from t h e  p o s t u l a t e d  
re fe rence  system a n a l y s i s  for,compari son. 

( e )  

a r e  as f o l l o w s :  f o r  t h e  p u b l i c  a t  s tops ,  0.7 x 20 = 14.0 person-mrem/shipment; 

f o r  o n - l i n k  doses w h i l e  moving, 0.7 x 0.4 = 0.28 person-mrem/shipment; and f o r  

o f f - l i n k  doses w h i l e  moving, 0.7 x 18.3 = 12.8 person-mrem/shipment. 
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The es t ima tes  of t h e  i n - t r a n s i t  c o l l e c t i v e  doses f o r  t h e  r e p r e s e n t a t i v e  

r a i l  shipment w i t h  i nc reased  cask s i d e  s h i e l d i n g  a r e  summarized i n  Table 5.21. 

TABLE 5.21. Summary o f  Es t ima ted  I n - T r a n s i t  C o l l e c t i v e  R a d i a t i o n  Doses f o r  t h e  
Represen ta t i ve  Rai 1 Shi pment - Inc reased  Cask S i  de S h i e l  d i n g  
A1 t e r n a t  i ve 

Col 1 e c t  i ve Doses 
Person-mrem/ Person-m em/ P e r s o n T L y d  

E xp o s u r e  Cat e go ry Shi pment MTu (a! Year 

T ranspor t  Workers 

0 s tops  

S t a t e  i n s p e c t o r s  

T r a i  n hand1 e r s  

R a i l  Yard Crew 

Crew 
Escor t s  

o Whi le  Moving 

Crew 

Escor t s  

T o t a l  T ranspor t  Workers 

Pub1 i c  

e Stops 

e While Moving 

- o n - l i n k  

- o f f - l i n k  

T o t a l  P u b l i c  

1.1 
6.4 

13.8 
1.6(') 

18.2(' ) 

l . l ( C )  

13.0(') 

55.2 

( 6 4 )  ( d l  

14 .O 

0.3 
12.8 
27.1 

(39)  

0.2 

1 .o 
2.1 
0.2 
2.8 

0.2 
2 .o 
8.5 

(9.8) 

0.4 
2.1 

4.4 
0.5 
5.8 

0.4 
4.2 

18.0 

( 2 1  1 

2.1 4.5 

0.05 0.1 

2 .o 4.1 
4.1 8.7 

(6.0) (12.4) 

( a )  

( b )  Based on 2100 MTU/year sh ipped by r a i l .  
( c )  

( d )  

Based on an average cask c a p a c i t y  o f  6.55 MTU/shipment 
(14/36 PWR/BWR assembl ies) .  

These values a r e  unchanged f rom t h e  p o s t u l a t e d  r e f e r e n c e  system 
ana lys i s .  
Numbers' in parentheses a r e  t h e  dose es t ima tes  f rom t h e  
p o s t u l a t e d  r e f e r e n c e  system a n a l y s i s  f o r  comparison. 



At-Reposi t o r y  Impacts 

As f o r  r e a c t o r  ope ra t i ons ,  a l l  doses t o  cask h a n d l i n g  workers f o r  a c t i v i t y  

s teps  i n  which work i s  be ing  done t o  t h e  s i d e s  o f  t h e  cask a r e  reduced when 

a d d i t i o n a l  cask s i d e  s h i e l d i n g  i s  used. Doses t h a t  do n o t  change a r e  t h o s e  

t h a t  r e s u l t  f rom a c t i v i t i e s  t h a t  a r e  per formed on t h e  ends o f  t h e  cask. A l l  

a c t i v i t y  t imes  and worker  l o c a t i o n s  would remain t h e  same, hilt dose r a t e s  t o  

t h e  s i d e s  o f  t h e  cask i n  t h i s  a l t e r n a t i v e  a r e  30% l e s s  than  those  f o r  t h e  

p o s t u l a t e d  reference system. 

Es t ima ted  c o l l e c t i v e  r a d i a t i o n  doses r e c e i v e d  by t h e  r e p o s i t o r y  cask 

h a n d l i n g  workers a r e  summarized i n  Table 5.22. 

t r u c k  and 6% f o r  r a i l  shipments a r e  e s t i m a t e d  on a per-cask and per-MTU bas is ,  

respec t  i v e l y  . 
v a r i o u s  c r a f t s ,  because a lmost  a l l  o f  t h e  cask h a n d l i n g  worker  c a t e g o r i e s  

per form t a s k s  a t  t h e  s ides  o f  t h e  cask a t  one t i m e  o r  another.  Fo r  t h e  

i n c r e a s e d  s i d e  s h i e l d i n g  a l t e r n a t i v e ,  t h e  average annual i n d i v i d u a l  dose t o  t h e  

26 maintenance-craf tsmen i s  es t ima ted  t o  decrease t o  12.5 remlyear,  o r  about a 

5% r e d u c t i o n  f rom t h a t  f o r  t h e  p o s t u l a t e d  r e f e r e n c e  case. 

dose c a l c u l a t i o n s  a re  con ta ined  i n  Appendix N. 

Dose r e d u c t i o n s  o f  about 9% f o r  

The c o l  1 e c t i  ve dose r e d u c t i  ons a r e  d i  spersed w i d e l y  among t h e  

D e t a i l s  o f  t h e s e  

TABLE 5.22. Summary Comparison of Es t ima ted  C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l a t e d  Reference R e p o s i t o r y  With and Wi thou t  I nc reased  Cask 
S ide  S h i e l d i n g  

Pos tu la ted  Reference Side S h l e l d  A l t e r n a t i v e  

erson-i6Y"" erson-mrern/ P erson-m em/ r 
Sh I pment er MTU son TW"/ ersonT6Y' year ' Sh i prnent MTu(a7 year  

Person-rnrem/ P 

Truck 
PWR 276 299 162 253 274 148 

BWR 277 298 107 - 253 272 98 - 
Tota I 269 246 

Rai I - 
PWR 463 72 91 436 68 86 

55 

Tota I 149 141 
- BWR 466 70 59 4 38 66 - 

( a )  Based on 0.924 MTU/PWR t r u c k  shipment, 0.930 MTU/BWR t r u c k  shipment, 6.47 MTU/PWR r a i l  

( b )  Based on 540 MTU of PWR and 360 MTU o f  BWR spent f u e l  by t r u c k  and 1200 MTU of PWR 
shipment, and 6.70 MTU/BWR r a i l  shipment. 

and 840 MTU of BWR spent f u e l  by r a i  I. 
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5.4.3 Cost Consequences of I nc reased  Cask S ide  S h i e l d i n g  

T h i s  a l t e r n a t i v e  i n v o l v e s  adding 1 / 8  i n c h  o f  dep le ted  uranium t o  t h e  s i d e  

s h i e l d i n g  o f  a l l  t r u c k  casks and 1/2 i n c h  o f  s t a i n l e s s  s t e e l  t o  t h e  s i d e  

s h i e l d i n g  o f  a l l  r a i l  casks i n  t h e  p o s t u l a t e d  r e f e r e n c e  case. The s i z e  of t h e  

i n n e r  cask c a v i t i e s  would n o t  change as a r e s u l t  o f  t h i s  m o d i f i c a t i o n .  Thus, 

t h e  c a p a c i t i e s  o f  bo th  t h e  t r u c k  and r a i l  casks, t h e  cask f l e e t  s i ze ,  and t h e  

r e p o s i t o r y  l o a d i n g  and u n l o a d i n g  t imes  a r e  a l l  unchanged f rom those  i n  t h e  

p o s t u l a t e d  r e f e r e n c e  case. 

The added s h i e l d i n g  on t h e  t r u c k  cask i s  es t ima ted  t o  i n c r e a s e  t h e  c a p i t a l  

c o s t  by $38,000 pe r  cask. Wi th  a f l e e t  o f  26 t r u c k  casks, a t o t a l  e s t i m a t e d  

i n c r e a s e  i n  c a p i t a l  c o s t  o f  about $1 m i l l i o n  r e s u l t s  f o r  t h e  t o t a l  t r u c k  cask 

f l e e t .  S i m i l a r l y ,  t h e  c a p i t a l  c o s t  o f  t h e  a l t e r n a t i v e  r a i l  cask i s  e s t i m a t e d  

t o  i n c r e a s e  by $27,200 pe r  cask, o r  a t o t a l  i n c r e a s e  of $800,000 f o r  t h e  r a i l  

cask f l e e t  o f  28 casks. 

Due t o  t h e  i nc reased  we igh t  o f  b o t h  t h e  a l t e r n a t i v e  casks, t h e  annual 

t r a n s p o r t  c o s t s  w i l l  a l s o  increase.  The a d d i t i o n  o f  1275 pounds o f  d e p l e t e d  

uranium t o  t i e  t r u c k  cask i nc reases  t h e  t r a n s p o r t  c o s t  by an es t ima ted  $200 p e r  

r o u n d - t r i p ,  o r  a t o t a l  i n c r e a s e  o f  $194,200 p e r  y e a r  f o r  t h e  971 t r u c k  s h i p -  

ments. The r a i l  cask we igh t  i n c r e a s e  o f  6800 pounds would r e s u l t  i n  an e s t i -  

mated i n c r e a s e  i n  t h e  t r a n s p o r t  c o s t  o f  $1800 pe r  r o u n d - t r i p ,  o r  a t o t a l  

i n c r e a s e  f o r  t h e  320 r a i l  shipments i n  a y e a r  o f  $576,000. 

The es t ima ted  c a p i t a l  and annual c o s t s  assoc ia ted  w i t h  t h i s  a l t e r n a t i v e  

a r e  summarized i n  Table 5.23. The p resen t  w o r t h  o f  t h e  a d d i t i o n a l  l i f e - c y c l e  

c o s t s  f o r  t h e  i nc reased  cask s i d e  s h i e l d i n g  a l t e r n a t i v e  has been c a l c u l a t e d  

w i t h  d i s c o u n t  r a t e s  o f  0% and 3% u s i n g  a 21-year l i f e t i m e  and 1987 d o l l a r s .  

The r e s p e c t i v e  values, shown i n  Table 5.23, a r e  es t ima ted  t o  be $12.9 m i l l i o n  

t o  $9.7 m i l l i o n .  

5.4.4 Overview E v a l u a t i o n  o f  I nc reased  Cask S ide  S h i e l d i n g  

It was es t ima ted  t h a t  t h e  i n c r e a s e d  cask s i d e  s h i e l d i n g  would i n c r e a s e  t h e  

o v e r a l l  c o s t s  of t h e  t r u c k  and r a i l  t r a n s p o r t a t i o n  of spent f u e l  b u t  would 

reduce t h e  c o l l e c t i v e  doses t o  workers and p u b l i c .  

es t ima ted  r e d u c t i o n  i n  c o l l e c t i v e  dose f o r  u s i n g  t h e  r a i l  cask system i s  much 

The magnitude o f  t h e  
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TABLE 5.23. Comparison o f  Es t ima ted  L i f e - C y c l e  Costs f o r  t h e  
P o s t u l a t e d  Reference System W 
Increased Cask S ide  S h i e l d i n g  

P o s t u l a t e d  S ide  S h i e l d  Change i n  
c o s t  Reference A 1  t e r n a t i  ve c o s t  

Cat e gory  Cost ( $ )  c o s t  ( $1  ( $ 1  

Truck Cask F l e e t  39,000,000 40,000,000 1,000 , 000 
C a p i t a l  Costs:  

R a i l  Cask F l e e t  

T o t a l  C a p i t a l  Cost 
I n c r e a s e  

70,000,000 70,800,000 800 , 000 

1 , 800 , 000 

Annual Costs: 
Truck T ranspor t  9,904,000 10,098,000 194 , 000 

Rai 1 T ranspor t  

T o t a l  Annual Cost 
D i f f erence 

Presen t  Worth o f  Cost 
D i f f e r e n c e  ( T r u c k ) :  

3% Discoun t  Rate 

0% Discoun t  Rate 

P resen t  Worth o f  Cost 
D i f f e r e n c e  ( R a i l ) :  

3% Discoun t  Rate 

0% Discoun t  Rate 

17,056,000 17,632,000 576 , 000 

770 , 000 

3 , 990,000 

5,070,000 

9,680,000 

12,900,000 

( a )  Costs a r e  shown t o  more s i g n i f i c a n t  f i g u r e s  t h a n  j u s t i f i e d ,  
t o  p r o v i d e  f o r  cons i s tency  i n  t h e  c a l c u l a t i o n s .  
Appendix J f o r  d e t a i l e d  c o s t  c a l c u l a t i o n s .  

See 

s m a l l e r  t h a n  f r o m  t h e  t r u c k  system. 

system based on t h e  3% d i s c o u n t  r a t e  i s  $1030/person-rem avoided. 

Acost/Adose f o r  t h e  r a i l  system based on t h e  -3% d i s c o u n t  r a t e  i s  $20,100/ 
person-rem avoided. Wi th  these  rat ios,, t h e  i n c r e a s e d  cask s i d e  s h i e l d i n g  

a l t e r n a t i v e  may be a t t r a c t i v e  f o r  t r u c k  casks, b u t  may n o t  be a t t r a c t i v e  f o r  

r a i l  casks. I t must be remembered t h a t  t h e  a d d i t i o n a l  s h i e l d i n g  was es t ima ted  

t o  be added t o  t h e  casks w i t h o u t  a f f e c t i n g  cask c a p a c i t y ,  based on p r e l i m i n a r y  

The r a t i o  o f  Acost/Adose f o r  t h e  t r u c k  

The r a t i o  of 
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analyses. T h i s  would have t o  be con f i rmed  by f u r t h e r  c a l c u l a t i o n s .  

a l s o  be no ted  t h a t  t h i s  a l t e r n a t i v e  appears t o  be reasonably  e f f e c t i v e  i n  

r e d u c i n g  t h e  p u b l i c  doses f rom t r u c k  shipments. 

It shou ld  

5.5 ADVANCED D E S I G N  INCLUDING URANIUM SHIELDING AND BURNUP CREDIT 

I n  t h e  p o s t u l a t e d  r e f e r e n c e  system, t h e  casks were assumed t o  be des igned 

as c y l i n d r i c a l  casks w i t h  a l l  neu t ron  and gamma s h i e l d i n g  m a t e r i a l s  i n  t h e  cask 

w a l l s  and neu t ron  po ison  m a t e r i a l s  i n  t h e  baskets .  

assumed t o  be r e l a t i v e l y  t h i c k  i n  o r d e r  t o  m a i n t a i n  t h e  e f f e c t i v e  neu t ron  

m u l t i p l i c a t i o n  f a c t o r  ( k e f f )  below 0.95 when t h e  cask was f i l l e d  w i t h  wa te r  and 

u n i r r a d i a t e d  f r e s h  f u e l .  Fuel w i t h  no o r  very  low burnup i s  n o t  expected t o  be 

sh ipped t o  t h e  r e p o s i t o r y  on a r o u t i n e  bas i s .  

of t h e  f i s s i l e  m a t e r i a l s  i n  t h e  spent f u e l ,  t h e  baskets  w i t h i n  t h e  casks can be 

made w i t h  t h i n n e r  s e p a r a t o r s ,  wh ich  a l l o w s  more space f o r  spent f u e l ,  t h e r e b y  

a l l o w i n g  t h e  cask c a p a c i t y  t o  be i n c r e a s e d  s i g n i f i c a n t l y .  

o p e r a t i o n s  a t  r e a c t o r s  and t h e  r e p o s i t o r y  a r e  independent o f  t h e  amount of 

spent f u e l  w i t h i n  a g i v e n - s i z e  cask, s u b s t a n t i a l  dose r e d u c t i o n s  a r e  p o s s i b l e  

if burnup i s  t aken  i n t o  account d u r i n g  t h e  des ign  o f  t h e  casks and baskets ,  

t he reby  i n c r e a s i n g  cask c a p a c i t y  and r e d u c i n g  t h e  number o f  i n d i  v i  dual  s h i p -  

ment s r e q u i  red. 

The basket d i v i d e r s  were 

By t a k i n g  c r e d i t  f o r  t h e  burnup 

Because many cask 

W i t h i n  t h e  advanced des ign  a l t e r n a t i v e ,  t h r e e  casks a r e  cons ide red  and a r e  

e v a l u a t e d  s e p a r a t e l y :  a l e g a l w e i g h t  t r u c k  cask, an overweight  t r u c k  cask, and 

a r a i l  cask. Each o f  t hese  t h r e e  cask t ypes  can be cons ide red  as a separa te  

a l t e r n a t i v e  f o r  a n a l y s i s .  

5.5.1 D e s c r i p t i o n  o f  Advanced Design Casks 

The basket d i v i d e r s  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system f u e l  basket  a r e  

assumed t o  be 1.5 i nches  t h i c k  and t o  c o n t a i n  a s u b s t a n t i a l  q u a n t i t y  of s t a i n -  

l e s s  s t e e l ,  boron, and space f o r  wa te r  (as neu t ron  abso rbe rs ) ,  as i s  t h e  s t a n -  

da rd  p r a c t i c e  i n  c u r r e n t  casks. However, much o f  t h e  f u e l  s e p a r a t i o n  i s  n o t  

needed t o  p reven t  n u c l e a r  c r i t i c a l i t y  when f u e l  w i t h  s i g n i f i c a n t  burnup i s  

sh ipped i n  t h e  casks. The d i v i d e r  t h i c k n e s s  can be reduced t o  about 3/4 i nch ,  

a l l o w i n g  more room f o r  f u e l  assembl ies i n  a cask o f  t h e  same we igh t  (Sanders 

e t  a l .  1987). 
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With  u t i l i z a t i o n  o f  burnup c r e d i t  and uranium s h i e l d i n g ,  p r e l i m i n a r y  

analyses i n d i c a t e  t h a t  t h e  c a p a c i t i e s  o f  t r a n s p o r t  casks c o u l d  be i nc reased  t o  

4 PWR/9 BWR assemblies ( l e g a l w e i g h t  t r u c k ) ,  t o  7 PWR/15 BWR assembl ies ( o v e r -  

wei gh t  t r u c k )  , and t o  30 PWR/66 BWR assembl i es ( u r a n i  um-shi e l  ded r a i  1 ). These 

i n c r e a s e d  c a p a c i t i e s  a r e  assumed t o  r e s u l t  i n  e x t e r n a l  r a d i a t i o n  dose r a t e s  

w i t h i n  r e g u l a t o r y  l i m i t s .  The number o f  l e g a l w e i g h t  t r u c k  shipments would be 

reduced by 50% (PWR) and by 44% (BWR) compared t o  t h e  p o s t u l a t e d  re fe rence  

system l e g a l w e i g h t  casks. S i m i l a r l y ,  overweight  t r u c k  shipments would be 

reduced by 71% (PWR) and by 67% (BWR). R a i l  cask shipments would be reduced by 

53% (PWR) and by 46% (BWR) compared t o  t h e  p o s t u l a t e d  r e f e r e n c e  system r a i l  

cask. 

5.5.2 Opera t i ona l  and Dose Impacts o f  Advanced Design Casks 

The system e f f e c t s  r e s u l t i n g  f rom t h e  use o f  advanced des ign  t r u c k  and 

r a i l  casks a r e  d iscussed i n  t h i s  s e c t i o n .  A summary o f  t h e  e s t i m a t e d  annual 

c o l l e c t i v e  r a d i a t i o n  dose r e d u c t i o n s  f o r  a t - r e a c t o r ,  i n - t r a n s i t ,  and a t -  

r e p o s i t o r y  o p e r a t i o n s  f o r  t h e  t h r e e  d i f f e r e n t  casks i s  presented i n  Table 5.24. 

Each o f  t h e  d i f f e r e n t  casks i s  t r e a t e d  as a separate a l t e r n a t i v e  and i s  com- 

pared d i r e c t l y  t o  e i t h e r  t h e  l e g a l w e i g h t  t r u c k  o r  s t e e l  r a i l  casks i n  t h e  

p o s t u l a t e d  r e f e r e n c e  system. O v e r a l l  dose r e d u c t i o n s  a r e  s u b s t a n t i a l  because 

many of t h e  p rocess ing  t imes  a r e  independent of t h e  c a p a c i t y  of casks i n  a 

g i v e n  s i z e  range. Thus, h a n d l i n g  t i m e  p e r  MTU o f  f u e l  i s  reduced, and conse- 

quen t l y ,  r a d i a t i o n  doses a r e  reduced. Es t ima ted  c o l l e c t i v e  doses r e c e i v e d  by 
cask h a n d l i n g  workers a t  r e a c t o r s  on an annual b a s i s  f o r  l e g a l w e i g h t  t r u c k  

o p e r a t i o n s  would decrease by 45%, w h i l e  a t - r e p o s i t o r y  doses would be reduced by 

48%. The corresponding annual c o l l e c t i v e  worker  doses f o r  overweight  t r u c k  

cask h a n d l i n g  opera t i ons  and r a i l  cask h a n d l i n g  o p e r a t i o n s  a t  r e a c t o r s  and a t  

t h e  r e p o s i t o r y  would be reduced by an e s t i m a t e d  66% (PWR) and 69% (BWR) f o r  

overweight  t r u c k  shipments, and 38% (PWR) and 50% (BWR) f o r  r a i l  shipments, 

r e s p e c t i v e l y .  

weight  t r u c k  shipments, 67% f o r  overweight  t r u c k  shipments, and 55% f o r  r a i l  

shipments. 

I n - t r a n s i t  doses would decrease by an es t ima ted  50% f o r  l e g a l -  
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TABLE 5.24. Summary Comparison o f  Es t ima ted  C o l l e c t i v e  R a d i a t i o n  
Doses (pe rson - remly r )  f o r  t h e  Three Advanced Design 
Cask A1 t e r n a t  i ves 

( a )  L e g a l w e i g h t  T r u c k  Cask A l t e r n a t i v e  (4/9 c a p a c i t y )  

T r u c k  
'r'ostu I a t e d  
R e f e r e n c e  Dose Change --- 

A t - R e a c t o r  27 1 149 -122 

I n - T r a n s i t  

- Worker  200 104 

- P u b l i c  444 23 1 

-96 

-213 

A t - R e p o s l t o r y  269 

T o t a  is 1184 
- 141 -128 

625 -559 
- - 

O v e r w e i g h t  T r u c k  Cask A l t e r n a t i v e  (7/15 c a p a c i t y ) ( a )  

T r u c k  
P o s t u  I a t e d  
R e f e r e n c e  

(LWT) A I t e r n a t  I ve" )  Dose Change 

A t - R e a c t o r  27 1 93 -178 

I n - T r a n s i t  

- Worker  200 62 -138 

- P u b l i c  444 155 -289 

A t - R e p o s i t o r y  269 82 

T o t a  Is 1184 392 
- - .- 187 

-792 
- 

U r a n i u m - S h i e l d e d  R a i  I Cask A l t e r n a t i v e  (30/66 c a p a c l t y ) ( a )  

R e f e r e n c e  

T r u c k  
P o s t u  I a t e d  

A l t e r n a t i v e  ( d  ) Dose Change 

90 - 54 A t - R e a c t o r  144 

I n - T r a n s i t  

- Worker  21 

- P u b l i c  12 

149 

T o t a  is 326 
- A t - R e p o s i t o r y  

( a )  PWR/BWR a s s e m b l i e s .  
( b )  Based on 1.85 MTU/PWR sh 
( c )  Based on 3.23 MTU/PWR sh  
( d )  Based on 13.2 MTU/PWR sh 

IO 
6 

75 

181 
- 

- 1  1 

-6 

-74 

-145 
- 

pment  and 1.67 MTU/BWR sh ipmen ts .  
pment and 2.79 MTU/BWR s h i p m e n t s .  
pment  and 12.4 MTU/BWR s h i p m e n t s .  

A t  -React o r  Impacts 

The cask h a n d l i n g  a c t i v i t y  s teps  a t  t h e  r e a c t o r  t h a t  a r e  a f f e c t e d  by cask 

c a p a c i t y  changes a r e  11.1 ( i d e n t i f y  spent f u e l  assembl ies t o  be loaded, p e r f o r m  

5.44 

i_-. . ~ . . . . . - . .. . .~  . ,. . . .  . . .- ". . . . . .  . _ _ _ _  ... . . . 



a c c o u n t a b i l i t y )  and 11.2 (move spent f u e l  assemblies t o  l o a d i n g  area, p l a c e  i n  

cask) .  I n  t h e  p o s t u l a t e d  re fe rence  system, 15 minutes i s  es t ima ted  pe r  spent  

f u e l  assembly f o r  each o f  these a c t i v i t i e s .  Thus, t imes f o r  these a c t i v i t i e s  

i n c r e a s e  i n  d i r e c t  p r o p o r t i o n  t o  i nc reased  cask c a p a c i t i e s .  A l l  o t h e r  a c t i v i -  

t i e s  and t i m e  requi rements a t  t h e  r e a c t o r  a re  assumed t o  be independent of t h e  

c a p a c i t y  o f  t h e  casks w i t h i n  a g i ven  s i z e  range. Es t imated a t - r e a c t o r  t u r n -  

around t imes  f o r  t h i s  a l t e r n a t i v e  are  shown i n  Table 5.25. 

TABLE 5.25. Comparison o f  Es t imated At-Reactor  Turnaround Times f o r  t h e  
P o s t u l a t e d  Reference System Wi th  and Wi thout  Advanced Design 
Casks 

Turnaround Time (min/sh ipment)  
Pos t u  1 a t e d  Advanced Desi qn 

Legal  wei ght  Truck Cask (4 /9 )  
Overwei gh t  Truck Cask (7 /15)  

Uran i  um-Shi e l  ded Rai 1 Cask (30/66)  

Cask hand1 i ng worker  r a d i a t i o n  dose 

Reference 
(PWR/BWR 1 
91 5/ 1020 

915/1020 

1370/ 1760 

rece ived  a t  t h  

- 
A1 t e r n a t i  ve 

(P WR/BWR ) 

945/1080 

990/1170 

1610/2210 

r e a c t o r  on a p - 
shipment bas i s  i nc rease  due t o  t h e  a d d i t i o n a l  t i m e  r e q u i r e d  t o  l o a d  t h e  cask. 

However, because t h e  a1 t e r n a t i  ve casks c a r r y  s i g n i f i c a n t l y  more f u e l  t han  t h e  

p o s t u l a t e d  re fe rence  system casks, doses rece ived  pe r  MTU of f u e l  sh ipped 

decrease. Table 5.26 d i s p l a y s  t h e  es t ima ted  annual c o l l e c t i v e  dose impacts  t o  

t h e  r e a c t o r  cask h a n d l i n g  workers o f  imp lement ing  t h i s  a l t e r n a t i v e .  As t h e  

t a b l e  shows, imp lementa t ion  o f  advanced cask des igns i s  es t ima ted  t o  reduce t h e  

r a d i a t i o n  doses s u b s t a n t i a l l y  t o  t h e  workers a t  r e a c t o r s  from cask h a n d l i n g  

opera t i ons .  Because n e a r l y  a l l  a c t i v i t i e s  a t  r e a c t o r s  a re  assumed t o  be i n d e -  

pendent among t r u c k  and r a i l  casks, i n c r e a s i n g  cask c a p a c i t i e s  (which reduces 

t h e  number o f  sh ipments)  i s  one o f  t h e  most d i r e c t  methods t o  reduce doses. 

The average annual doses t o  i n d i v i d u a l  ope ra to rs  d u r i n g  a t - r e a c t o r  l e g a l  - 
we igh t  t r u c k  cask h a n d l i n g  opera t i ons  a re  reduced f rom 898 mrem/year when u s i n g  

t h e  p o s t u l a t e d  re fe rence  l e g a l w e i  ght  cask t o  497 mremlyear when u s i n g  t h e  

advanced des ign l e g a l w e i g h t  cask f o r  PWR opera t i ons ,  and f rom 1035 mrem/year t o  

636 mremlyear f o r  BWR opera t i ons .  Fo r  maintenance-craftsmen, t h e  e q u i v a l e n t  
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TARLE 5.26. Summary Comparison o f  Es t ima ted  At-Reactor  Doses f o r  t h e  
P o s t u l a t e d  Reference System Wi th  and Wi thou t  Advanced 
Design Casks 

P o s t u l a t e d  R e f e r e n c e  Advanced D e s i g n  A l t e r n a t i v e  
Person-mrem/ re rson-mrem/  P e r s o n - r  m/ erson-mrem/ Person-mrem/ P e r s o n - r  m/ 

cat Sh lpmen t  MTU y e a r  ( a t  Sh I pment  MTU y e a r  

L e g a l w e i g h t  T r u c k  Cask A l t e r n a t i v e  

PWR 

BWR 

T o t a  I 

O v e r w e i g h t  T r u c k  

PWR 

BWR 

T o t a  1 

U r a n i u m - S h i e l d e d  

PWR 

BWR 

T o t a  I 

27 1 293 

292 314 

158 

113 

Cask A l t e r n a t i v e  

27 1 293 
292 314 

R a i l  Cask A l t e r n a t i v e  

404 62 

520 78 

27 1 

158 
113 

27 1 
- 

78 

66 

144 
- 

28 1 152' b, 82 

67 312 186' b,  

149 
- 

296 92") 50 

44 

94 
- 342 1 22(c)  

484 35(d) 44 

670 55(d) 46 

90 
- 

a )  Based on 540 MTU of PWR and 360 MTU of BWR s p e n t  f u e l  by t r u c k  and 1200 MTU of PWR and 840 MTU 

b )  Based on 1.85 MTU/PWR s h i p m e n t  was 1.67 MTU/BWR sh ipmen t .  
c )  Based on  3.23 MTU/PWR s h i p m e n t  and 2.79 MTU/BWR sh ipmen t .  

( d )  Based on 13.2 MTU/PWR s h i p m e n t  and 12.4 MTU/BWR sh ipmen t .  

o f  BWR s p e n t  f u e l  by r a i l .  

doses f o r  b o t h  PWR and RWR o p e r a t i o n s  a r e  1011 mremlyear when u s i n g  t h e  

p o s t u l a t e d  re fe rence  l e g a l w e i g h t  cask and would be reduced t o  521 mremlyear 

(PWR) and t o  552 mremlyear (BWR) when u s i n g  t h e  advanced des ign  cask. 

The average annual doses t o  Sndi v i d u a l  o p e r a t o r s  d u r i n g  a t - r e a c t o r  over -  

wei gh t  t ruck  cask hand1 i ng o p e r a t i o n s  a r e  reduced f rom 898 mremlyear when u s i n g  

t h e  p o s t u l a t e d  r e f e r e n c e  ove rwe igh t  cask t o  322 mremlyear when u s i n g  t h e  

advanced des ign  overweight  cask f o r  PWR opera t i ons ,  and f rom 1035 mremlyear t o  

455 mremlyear f o r  BUR opera t i ons .  

doses f o r  b o t h  PWR and BWR o p e r a t i o n s  a r e  1011 mremlyear when u s i n g  t h e  

p o s t u l a t e d  r e f e r e n c e  ove rwe igh t  cask and would be reduced t o  307 mremlyear 

(PWR) and t o  337 mremlyear (BWR) when u s i n g  t h e  advanced des ign  cask. 

F o r  maintenance-craf tsmen, t h e  e q u i v a l e n t  

The average annual doses t o  i n d i v i d u a l  o p e r a t o r s  d u r i n g  a t - r e a c t o r  

u ran ium-sh ie lded  r a i l  cask h a n d l i n g  o p e r a t i o n s  a r e  reduced f rom 217 mremlyear 

when u s i n g  t h e  p o s t u l a t e d  r e f e r e n c e  u ran ium-sh ie lded  r a i l  cask t o  178 mremlyear 

when u s i n g  t h e  advanced des ign  uranium-shie lded r a i l  cask f o r  PWR opera t i ons ,  
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and f r o m  333 mrem/year t o  290 mremlyear f o r  BWR opera t i ons .  

craf tsmen, t h e  e q u i v a l e n t  doses a r e  t h e  same f o r  PWR and BWR o p e r a t i o n s  and 

would be reduced f rom 215 mremlyear when u s i n g  t h e  p o s t u l a t e d  r e f e r e n c e  

uranium-shie lded cask t o  129 mremlyear when u s i n g  t h e  advanced des ign  cask. 

Fo r  maintenance- 

cask 

D e t a i l s  o f  t h e  dose c a l c u l a t i o n s  f o r  t h e  l e g a l w e i g h t ,  overweight ,  and r a i l  

h a n d l i n g  o p e r a t i o n s  a r e  p r o v i d e d  i n  Appendix N e  

I n - T r a n s i  t ImPacts 

A d e t a i l e d  r e - e v a l u a t i o n  was n o t  needed t o  e s t i m a t e  t h e  i n - t r a n s i t  e f f e c t s  

of t h i s  a l t e r n a t i v e .  Because t h e  dose r a t e  maps and t ime /d i s tance /dose  r a t e s  

a r e  assumed t o  be t h e  same f o r  b o t h  t h e  p o s t u l a t e d  r e f e r e n c e  t r u c k  and r a i l  

casks and t h e  a l t e r n a t i v e  l e g a l w e i g h t  t r u c k  and r a i l  casks, t h e  doses r e c e i v e d  

p e r  shipment would be t h e  same. 

t r u c k  cask (7/15 spent f u e l  assembl ies)  and t h e  "nominal"  overweight  t r u c k  cask 

(4/10 spent f u e l  assemblies, d iscussed i n  S e c t i o n  5.1) a r e  a l s o  t h e  same. The 

doses r e c e i v e d  p e r  MTU i n  these  a l t e r n a t i v e s  a r e  reduced because each a l t e r n a -  

t i v e  cask would c a r r y  more f u e l  t h a n  t h e  p o s t u l a t e d  r e f e r e n c e  cask. Tables 

5.27 t h r o u g h  5.29 p resen t  t h e  es t ima ted  doses r e c e i v e d  d u r i n g  i n - t r a n s i t  

a c t i v i t i e s .  

The bases f o r  t h e  advanced des ign  ove rwe igh t  

The annual dose t o  i n d i v i d u a l  t r u c k  d r i v e r s  would remain t h e  same as i n  

t h e  p o s t u l a t e d  reference case because t h e  dose p e r  shipment remains t h e  same 

and t h e  d r i v e r s  would t r a n s p o r t  t h e  same number o f  shipments. 
fewer  shipments, however, fewer t r u c k  d r i v e r s  would be needed. 

Because o f  t h e  

A t -Repos i to ry  Impacts 

Cask h a n d l i n g  a c t i v i t y  s teps  a t  t h e  r e p o s i t o r y  t h a t  a r e  a f f e c t e d  by spent 

f u e l  c a p a c i t y  o f  t h e  casks a r e  those  t h a t  i n v o l v e  un load ing  t h e  spent f u e l  

assembl ies f rom t h e  cask and i n s p e c t i n g  and vacuuming t h e  cask c a v i t i e s .  

a r e  a c t i v i t y  s teps  13.1 (un load spent f u e l  assembl ies),  14.2 (vacuum c a v i t i e s ,  

l i d ,  f u e l  spacer ) ,  14.4 ( r a d i a t i o n  survey o f  cask c a v i t i e s ) ,  14.5 ( i n s p e c t  

c a v i t i e s ) ,  and 14.6 ( a d d i t i o n a l  a l lowance f o r  BWR casks f o r  a c t i v i t y  s teps  

14.2, 14.4, and 14.5). The o p e r a t i o n a l  t i m e s  f o r  t hese  a c t i v i t i e s  a r e  d i r e c t l y  

These 
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TABLE 5.27. Summary o f  I n - T r a n s i t  C o l l e c t i v e  R a d i a t i o n  Dose Es t ima tes  
f o r  t h e  Advanced Design LWT Cask (4 /9 )  A l t e r n a t i v e  

Col 1 e c t  i ve Dose 

Exposure Category 

T ranspor t  Workers 

Truck Crew 

- w h i l e  moving 

- a t  s tops  

S t a t e  I n s p e c t o r s  

S t a t e  E s c o r t s  

T o t a l  T ranspor t  
Worker Dose 

S e r v i c e  A t tendan ts  (4 

P u b l i c  

Whi le  Moving 

- o n - l i n k  

- o f f - l i n k  

A t  Stops 

T o t a l  P u b l i c  Dose 

. ~ _  

Person -r m/ 
Shipment ( aP e MTU On me"/ y e a r  ( c'i 
Person-mre / 

175 98 88 

23 13 12 

6.4 4 3 

2.5 1 1 

2.2 1 1 

207 116 104 

23 13 12 

34 19 17 

400 22 5 20 2 

457 257 231 

(457 1 (495)  (444)  

( a )  These va lues  a r e  unchanged f r o m  t h e  a n a l y s i s  o f  doses f o r  t h e  

( b )  
p o s t u l a t e d  r e f e r e n c e  l e g a l w e i g h t  t r u c k  cask shipments. 
Based' on an average cask c a p a c i t y  o f  1.78 MTU/shipment 
(4 /9 PWR/BWR assembl ies) .  
Based on 900 MTUlyear. 
Not i n c l  uded i n  t o t a l  s. Truck r e f u e l  i ng i s t y p i c a l  l y  performed 
by t h e  d r i v e r s  and t h e  dose i s  a l s o  i n c l u d e d  w i t h  t h e  d r i v e r  
dose. I f  done by t h e  s e r v i c e  a t t e n d a n t ,  t h e  doses t o  d r i v e r s  
would be reduced. 
Numbers i n  parentheses a r e  dose es t ima tes  f o r  t h e  p o s t u l a t e d  
r e f e r e n c e  LWT (2/5 PWR/BWR assembl i es)  s h i  pment f o r  comparison. 
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TABLE 5.28. Summary o f  I n - T r a n s i t  C o l l e c t i v e  R a d i a t i o n  Dose Es t imates  
f o r  t h e  Advanced Design OWT Cask (7 /15)  A l t e r n a t i v e  

Col 1 e c t  i ve Dose 
Person-Eyem/ Person-r  m/ 

( c f  
Person-mre / 

Exposure Category Shipment (ay MTU ( y e a r  
T ranspor t  Workers 

Truck Crew 

- w h i l e  moving 175(b)  

- a t  s tops  27 

S t a t e  I n s p e c t o r s  7.0 

S e r v i c e  A t tendan ts (d )  2.5(') 
S t a t e  Esco r t s  2.2(c) 

T o t a l  T ranspor t  217 
Worker Dose 

(206)  ( e )  

Pub1 i c  

Whi le  Moving 

- o n - l i n k  

- o f f - l i n k  

A t  Stops 

57 51 

9 8 

2 2 

1 1 

1 1 

69 62 

34 .O 11 10 

23.2 8 7 

470 154 138 

T o t a l  P u b l i c  527 

(457 1 
172 155 

(495)  ( 444 1 

These v a l u e s  a r e  unchanged  f r o m  
p o s t u l a t e d  re fe rence  overwe igh t  

t h e  a n a l y s i s  o f  doses  f o r  t h e  
t r u c k  cask shipments 

Based on an average cask c a p a c i t y  o f  3.06 MTU/shipment 
(7/15 PWR/BWR assembl i e s )  
Based on 540 MTU/year o f  PWR and 360 MTU/year o f  BWR spent 
f u e l .  
Not i n c l u d e d  i n  t o t a l  s. Truck r e f u e l  i ng i s  t y p i c a l  l y  per formed 
by t h e  d r i v e r s  and t h e  dose i s  a l s o  i n c l u d e d  w i t h  t h e  d r i v e r  
dose. 
would be reduced. 
Numbers i n  parentheses a re  t h e  dose es t ima tes  f o r  t h e  pos tu-  
l a t e d  re fe rence  LWT (2 /5  PWR/BWR assembl ies)  shipment f o r  
comparison. 

I f  done by a s e r v i c e  a t tendan t ,  t h e  doses t o  d r i v e r s  

5.49 



TABLE 5.29. Summary o f  I n - T r a n s i t  C o l l e c t i v e  R a d i a t i o n  Dose Es t ima tes  
for t h e  Advanced Design R a i l  Cask (30/66) A l t e r n a t i v e  

Col 1 e c t  i ve Dose 
Person-Eyem/ Person-r  m/ 

(CP 
Person-mre / 

Expos u r e  Cat ego ry Shipment ( a9l MTU ( y e a r  

T r a n s p o r t  Workers 

s t o p s  

- S t a t e  I n s p e c t o r s  1.5 
- T r a i n  Handlers 9.1 

0.1 0.2 
0.7 1.5 

- R a i l  Yard Crew 19.8 
- Crew 1.6 
- Escor t s  18.2 

1.5 3.2 
0.1 0.2 
1.4 2.9 

Whi l e  Moving 

- Crew 1.1 0.1 0.2 
- E s c o r t s  13.0 1 .o 2.1 

64 4.9 10.2 

T o t a l  T ranspor t  
Worker Dose (64)(d) (9.9) (20.6) 

Pub1 i c 

s tops  20.1 1.5 3.2 
Whi le  Moving 

- on-Link 0.4 0.03 0.06 

- o f f - L i n k  18.3 1.4 2.9 
T o t a l  P u b l i c  Dose 39 2.9 6.2 

(39) (6.0) (12.4) 

( a )  

( b )  Based on an average cask c a p a c i t y  o f  13.2 MTU/shipment 

( c )  
( d )  

These va lues  a r e  unchanged f r o m  t h e  a n a l y s i s  o f  doses f o r  t h e  
p o s t u l  a t e d  r e f e r e n c e  r a i  1 cask s h i  pments. 

(30/66 PWR/BWR assembl i e s )  . 
Based on shipment o f  2100 MTUlyear. 
Numbers i n  parentheses a r e  t h e  dose es t ima tes  f o r  t h e  p o s t u l a t e d  
r e f e r e n c e  r a i  1 (14/36 PWR/BWR assembl i e s )  shipment f o r  comparison. 



r e l a t e d  t o  t h e  c a p a c i t y  of t h e  cask. 

t o r y  a r e  taken  t o  be t h e  same f o r  a l l  r a i l  and t r u c k  casks. Es t ima ted  t u r n -  

around t i m e s  f o r  u s i n g  t h e  a l t e r n a t i v e  casks a r e  presented i n  Table 5.30. 

A l l  o t h e r  a c t i v i t y  s teps  a t  t h e  r e p o s i -  

TABLE 5.30. Comparison o f  Es t ima ted  A t -Repos i to ry  Turnaround Times f o r  t h e  
P o s t u l a t e d  Reference System Wi th  and Wi thou t  Advanced Design 
Casks 

Turnaround Time (min/sh ipment)  
P o s t u l a t e d  Advanced Design 
Ref e rence A1 t e r n a t i  ve 
(P WR/BWR ) (PWR/BWR) 

Lega l  wei gh t  Truck Cask (4 /9 )  875/980 965/ 1150 

Overwei gh t  Truck Cask (7 /15)  875/980 1105/ 1405 

Uran i  urn-Shiel ded Rai 1 Cask (30/66) 1295/1805 1665/2495 

Es t ima ted  doses r e c e i v e d  by t h e  cask h a n d l i n g  workers a t  t h e  r e p o s i t o r y  

f o r  each shipment i n c r e a s e  o n l y  s l i g h t l y  f o r  t h i s  a l t e r n a t i v e .  T h i s  f a c t o r ,  

combined w i t h  t h e  i nc reased  c a p a c i t y  o f  t h e  a l t e r n a t i v e  casks, r e s u l t s  i n  

s i g n i f i c a n t  r e d u c t i o n s  i n  c o l l e c t i v e  doses t o  t h e  cask h a n d l i n g  workers a t  t h e  

r e p o s i t o r y .  The es t ima ted  c o l l e c t i v e  r a d i a t i o n  doses t o  t h e  r e p o s i t o r y  cask 

h a n d l i n g  workers u s i n g  these  inc reased  c a p a c i t y  casks a r e  g i ven  i n  Table 5.31. 

Dose r e d u c t i o n s  o f  44% t o  53% per  MTU r e s u l t  f rom t h e  use o f  t h i s  r a i l  o r  LWT 

a1 t e r n a t i  ve compared t o  t h e  p o s t u l a t e d  r e f e r e n c e  system; and dose r e d u c t i o n s  of 

67% t o  71% per  MTU r e s u l t  f rom t h e  use o f  t h e  OWT a l t e r n a t i v e  compared t o  t h e  
p o s t u l a t e d  r e f e r e n c e  system. 

Reduct ions o f  annual doses t o  i n d i  v i  dua l  r e p o s i t o r y  cask handl i ng workers 

would a l s o  r e s u l t  f rom u s i n g  t h i s  a l t e r n a t i v e .  I n d i v i d u a l  maintenance- 

craf tsmen r e c e i v e  an es t ima ted  average o f  8.2 rem/year f rom h a n d l i n g  t r u c k  

casks and 5.0 rem/year f rom h a n d l i n g  r a i l  casks i n  t h e  p o s t u l a t e d  r e f e r e n c e  

system. I f  t h e  advanced des ign  concepts a r e  implemented t o  i n c r e a s e  cask 

c a p a c i t y  and t h e  corresponding r e d u c t i o n s  i n  s t a f f  a r e  considered, t h e  mainten-  

ance-craf tsmen dose would be reduced o n l y  s l i g h t l y .  S p e c i f i c a l l y ,  t h e  average 

annual i n d i  v i d u a l  dose t o  a mai ntenance-craf tsman f o r  handl  i ng advanced d e s i  gn 

LWT casks and r e f e r e n c e  r a i l  casks would be 6.2 rem and 7.2 rem, r e s p e c t i v e l y ,  

f o r  a t o t a l  o f  13.4 remlyear  w i t h  a crew o f  18. The average annual dose t o  an 
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TABLE 5.31. Summary Comparison o f  Es t imated Doses a t  t h e  P o s t u l a t e d  Reference 
Repos i to ry  Wi th  and Wi thout  Advanced Design Casks 

Pos tu la ted  Reference Advanced Design A l t e r n a t i v e  
Person-mrern/ rerson-mrem/ re rson - r  rn erson-mrern/ rerson-mrern/ 1 erson-r  m l  ( a t  Sh I pment MTU year  cat ' ' Shipment MTU year  

Legalweight Truck Cask A l t e r n a t i v e  
PWR 276 299 162 277 150' b, 81 

60 BWR 277 298 
Tota I 269 141 

- 107 278 166' b, - 

Overweight Truck Cask A l t e r n a t i v e  
WR 276 299 162 278 86") 46 

36 BWR 277 298 

Tota 1 269 82 
- 107 279 1 oo(c) - 

.Uranium-Shielded R a i l  Cask A l t e r n a t i v e  

PWR 463 72 91 465 34(d) 43 

- 59 469 38(d) - 32 

149 75 

BWR 466 70 

( a )  Based on 540 MTU of PWR and 360 MTU of  BWR spent f u e l  by t r u c k  and 1200 MTU of PWR and 840 MTU 

( b )  Based on 1.85 MTU/PWR shipment and 1.67 MTU/BWR shipment. 
(c )  Based on 3.23 MTU/PWR shlpment and 2.79 MTU/BWR shlpment. 
( d )  Based on 13.2 MTU/PWR shipment and 12.4 MTU/BWR shipment. 

of BWR spent f u e l  by r a i  1 .  

i n d i v i d u a l  maintenance-craf tsman when h a n d l i n g  advanced des ign  OWT casks and 

re fe rence r a i l  casks would be 3.6 rem and 7.2 rem, r e s p e c t i v e l y ,  f o r  a t o t a l  of 

10.8 rem/year. For  t h e  r e f e r e n c e  t r u c k  w i t h  advanced r a i l ,  t h e  average annual 

dose would be 9.7 rem and 2.9 rem, r e s p e c t i v e l y ,  f o r  a t o t a l  o f  12.6 rem/ 

y e a r  w i t h  a crew of 22 maintenance-craf tsmen. Thus, t h e  r e d u c t i o n  i n  c o l l e c -  

t i v e  dose i s  accompanied by o n l y  modest r e d u c t i o n s  i n  annual doses t o  i n d i -  

v i d u a l  workers. D e t a i l s  o f  these dose c a l c u l a t i o n s  a re  con ta ined  i n  

Appendix N. 

5.5.3 Cost Consequences o f  Advanced Design Casks 

Costs f o r  t h e  t h r e e  cases u s i n g  t h e  t h r e e  advanced des ign  casks d iscussed 

i n  t h e  p r i o r  s e c t i o n  a re  developed i n  t h i s  s e c t i o n .  I n  t h i s  s tudy,  t h e  cask 

f l e e t  s i z e  needed f o r  t h e  advanced des ign  LWT cask would be reduced f rom 

26 casks ( i n  t h e  p o s t u l a t e d  re fe rence system) t o  14 casks, t h e  overweight  t r u c k  

cask f l e e t  would be 9 casks t o  hand le  t h e  900 MTU o f  spent f u e l / y e a r ,  and t h e  

r a i l  cask f l e e t  s i z e  would be reduced from 28 casks t o  15 casks. 
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LWT Cask Costs 

The o n l y  change i n  t h e  c a p i t a l  c o s t  e s t i m a t e  f o r  each advanced des ign  LWT 

With t h e  r e d u c t i o n  i n  
cask i s  t o  reduce t h e  amount of s t a i n l e s s  s t e e l  i n  t h e  basket  d i v i d e r s .  T h i s  

r e s u l t s  i n  an es t ima ted  c o s t  sav ings  of $5000 pe r  cask. 

t r u c k  cask f l e e t  s i z e  by 12 casks, t h e  t o t a l  c a p i t a l  c o s t  sav ings due t o  t h e  

advanced des ign  LWT cask i s  es t ima ted  t o  be about $18 m i l l i o n ,  and t h e  t o t a l  

annual cos t  sav ings  i s  es t ima ted  t o  be about $7 m i l l i o n ,  as shown i n  

Table 5.32. 

TABLE 5.32. Comparison o f  Es t imated L i f e - C y c l e  Costs f o r  t h e  P o s t u l a t e d  
Re fe r  n e System With and Wi thout  Advanced Design LWT 
Casks (id 

P o s t u l a t e d  Advanced Design 
c o s t  Reference A1 t e r n a t i  ve Change i n  

Category c o s t  ($1  c o s t  ($1  c o s t  ( $ 1  
C a p i t a l  Costs: 

Truck Cask F l e e t  39,000,000 20,900,000 -18,100, O O O ( b )  

Annual Costs: 

Cask Maintenance 1,950,000 1,050,000 -900,000 

Truck Transpor t  9,900,000 5,310,000 -4,590,000 

At-Reactor  Labor 1 , 060 , 000 593,000 -467,000 

Repos i to ry  Labor 4 , 630,000 3,550,000 -1,080,000 

T o t a l  Annual Cost 
D i f f e r e n c e  -7,040,000 

Present  Worth o f  
Cost D i f f e r e n c e :  

3% Discount  Rate 

0% Discount  Rate 

-127,000,000 

-166,000,000 

( a )  

( b )  

Costs a re  shown t o  more. s i g n i f i c a n t  f i g u r e s  than j u s t i f i e d ,  
t o  p r o v i d e  f o r  cons i s tency  i n  t h e  c a l c u l a t i o n s .  
Appendix 3 f o r  d e t a i l e d  c o s t  c a l c u l a t i o n s .  
A nega t i ve  cos t  denotes a cos t  sav ings.  

See 
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The l i g h t e r  basket  would reduce t h e  advanced des ign  LWT cask we igh t  by an 

es t ima ted  1260 pounds, b u t  t h i s  weight  i s  o f f s e t  by t h e  we igh t  o f  t h e  a d d i -  

t i o n a l  spent f u e l  assembl ies c a r r i e d  i n  t h e  cask. The es t ima ted  t r a n s p o r t  c o s t  

per  r o u n d - t r i p  shipment f o r  t h e  advanced des ign  LWT cask becomes $10,475, wh ich  

i s  $275 more than f o r  t h e  p o s t u l a t e d  r e f e r e n c e  t r u c k .  The decrease i n  t h e  num- 

ber  o f  annual t r u c k  shipments by 464 would reduce t h e  t o t a l  annual t r a n s p o r t  

c o s t  f o r  t r u c k  shipments by approx ima te l y  $4.6 m i l l i o n .  

The i n c r e a s e  i n  t h e  number o f  spent f u e l  assemblies t h a t  each advanced 

des ign  LWT cask ho lds  would l e a d  t o  a s l i g h t  i n c r e a s e  i n  t h e  l a b o r  c o s t  pe r  

cask f o r  l o a d i n g  each cask a t  t h e  reac to rs .  But t h e  reduced number of casks 

be ing  loaded pe r  y e a r  would reduce t h e  a t - r e a c t o r  cask h a n d l i n g  l a b o r  cos ts  by 

an es t ima ted  $470,000 pe r  year .  A t  t h e  r e p o s i t o r y ,  cos t  sav ings  f o r  cask han- 

d l i n g  l a b o r  would r e s u l t  f rom t h e  e l i m i n a t i o n  o f  t h e  t h i r d  s h i f t  of r e c e i v i n g  

and un load ing  personnel  i n  a l l  f o u r  o f  t h e  h o t  c e l l s .  Th i s  would r e s u l t  i n  a 

decrease i n  t h e  number o f  personnel  r e q u i r e d  by 28, a t  an es t ima ted  sav ings  of 

app rox ima te l y  $1.1 m i l l i o n  pe r  year .  As a r e s u l t  o f  t h e  s m a l l e r  f l e e t  s i z e s ,  

t h e  annual cask maintenance cos ts  decrease by $900,000. A l l  o f  t h e  annual c o s t  

sav ings  r e s u l t i n g  f rom t h i s  a l t e r n a t i v e  t o t a l  an es t ima ted  $7.0 m i l l i o n  p e r  

yea r ,  as shown i n  Table 5.32. 

The present  wor th  o f  t h e  es t ima ted  l i f e - c y c l e  cos t  sav ings  f o r  u s i n g  t h e  

advanced des ign  LWT casks r e l a t i v e  t o  t h e  p o s t u l a t e d  re fe rence  LWT casks has 

been c a l c u l a t e d  f o r  d i s c o u n t  r a t e s  o f  0% and 3% u s i n g  a 21-year l i f e t i m e  and 

1987 d o l l a r s .  

$127 m i l l i o n .  

The r e s p e c t i v e  values, shown i n  Table 5.32, a re  $166 m i l l i o n  and 

OWT Cask Costs 

The t o t a l  number o f  t r u c k  shipments needed f o r  t h e  advanced des ign  OWT 

cask i s  296 p e r  year .  The t r u c k  cask f l e e t  s i z e  c o u l d  then  be reduced from 

26 p o s t u l a t e d  r e f e r e n c e  LWT casks t o  9 advanced des ign  OWT casks. 

The p r i o r  OWT cask eva lua ted  i n  S e c t i o n  5.1 was es t ima ted  t o  c o s t  $2 m i l -  
The p r imary  change f rom t h e  p r i o r  OWT cask i s  an i n c r e a s e  i n  t h e  s t a i n -  l i o n .  

l e s s  s t e e l  i n  t h e  basket  due t o  t h e  i nc reased  number of assemblies ( a l t h o u g h  

t h e  basket  web t h i c k n e s s  i s  decreased). T h i s  i nc reased  s t a i n l e s s  s t e e l  r e s u l t s  
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i n  an es t ima ted  i n c r e a s e  i n  c o s t  o f  about $5,000 pe r  cask. 

i n  t r u c k  cask f l e e t  s i z e  by 17 casks, t h e  t o t a l  c a p i t a l  cos t  o f  t h e  t r u c k  f l e e t  

would be reduced by an es t ima ted  $21 m i l l i o n ,  as shown i n  Table 5.33. 

Wi th  t h e  r e d u c t i o n  

TABLE 5.33. Comparison o f  Es t imated L i f e - C y c l e  Costs f o r  t h e  P o s t u l a t e d  
Reference System With and Wi thout  Advanced Design OWT 
Casks(a)  

c o s t  
Cat e gory 

C a p i t a l  Costs: 

Truck Cask F l e e t  

Annual Costs: 

Cask Maintenance 

Truck Transpor t  

At -Reactor  Labor 

Repos i to ry  Labor 

T o t a l  Annual Cost 
D i f f e r e n c e  

Present  Worth o f  
Cost D i  f fe rence  : 

3% Discount  Rate 

0% Discount  Rate 

P o s t u l a t e d  Advanced Design 
Reference A1 t e r n a t i  ve Change i n  

c o s t  ( 9 )  Cost ( $ )  c o s t  ( $ 1  

39,000,000 18,000,000 -21,000,000 ( b  

1,950,000 900,000 -1,050,000 

9,900,000 4,420,000 -5,480,000 

1,060,000 380,000 -680,000 

4,640,000 3,550,000 -1,080,000 

-8,290,000 

-149,000,000 

-195,000,000 

( a )  

( b )  

Costs a re  shown t o  more s i g n i f i c a n t  f i g u r e s  than  j u s t i f i e d ,  
t o  p r o v i d e  f o r  cons i s tency  i n  t h e  c a l c u l a t i o n s .  See 
Appendix J f o r  d e t a i l s  o f  c o s t  es t imates .  
A nega t i ve  s i g n  i n d i c a t e s  a c o s t  sav ings.  

The advanced des ign  changes t o  t h e  OWT cask i n c r e a s e  t h e  we igh t  o f  t h e  

empty cask by 185 pounds. The loaded we igh t  a l s o  i nc reases  due t o  t h e  l o a d i n g  

o f  more.spent f u e l  assemblies i n t o  t h e  cask. The c o s t  p e r  r o u n d - t r i p  shipment 

i s  $14,930 f o r  t h i s  case as compared t o  t h e  p o s t u l a t e d  reference cos t  o f  
$lO,ZOO/round-tr ip shipment. 

r e s u l t  i n  reduced annual t o t a l  t r a n s p o r t  c o s t s  f o r  t r u c k  casks by about  

However, t h e  reduced number of shipments would 
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$5.5 m i l l i o n  p e r  year .  Also,  as a r e s u l t  o f  t h e  s m a l l e r  f l e e t  s i zes ,  t h e  

annual cask maintenance c o s t s  decrease by an es t ima ted  $1.1 m i l l i o n  f o r  t r u c k  

casks. 
/ 

The i n c r e a s e  i n  t h e  number o f  spent f u e l  assembl ies t h a t  each advanced 

des ign  OWT cask ho lds  would l e a d  t o  a s l i g h t  i n c r e a s e  i n  t h e  l a b o r  c o s t  f o r  

l o a d i n g  each cask a t  t h e  r e a c t o r s .  

loaded p e r  y e a r  would reduce t h e  a t - r e a c t o r  cask h a n d l i n g  l a b o r  c o s t s  by an 

e s t i m a t e d  $680,000 pe r  yea r .  A t  t h e  r e p o s i t o r y ,  t h e  c o s t  savings f o r  cask 

h a n d l i n g  l a b o r  would r e s u l t  f rom t h e  e l i m i n a t i o n  o f  t h e  t h i r d  s h i f t  o f  

r e c e i v i n g  and u n l o a d i n g  personne l  f rom a l l  f o u r  o f  t h e  h o t  c e l l s .  T h i s  would 

r e s u l t  i n  a decrease i n  t h e  number o f  personnel  r e q u i r e d  by 28, a t  an e s t i m a t e d  

sav ings o f  about $1.1 m i l l i o n  p e r  yea r .  A l l  o f  t h e  annual c o s t  sav ings 

r e s u l t i n g  f rom t h i s  a l t e r n a t i v e  would t o t a l  an es t ima ted  $8.3 m i l l i o n  p e r  yea r .  

But  t h e  reduced number o f  casks b e i n g  

The p resen t  wor th  o f  t h e  e s t i m a t e d  l i f e - c y c l e  cos t  sav ings f o r  u s i n g  t h e  

advanced des ign  OWT casks r e l a t i v e  t o  t h e  p o s t u l a t e d  r e f e r e n c e  LWT casks has 

been c a l c u l a t e d  f o r  d i s c o u n t  r a t e s  o f  0% and 3% u s i n g  a 21-year l i f e t i m e  and 

1987 d o l l a r s .  

$149 m i l l i o n .  

The r e s p e c t i v e  values, shown i n  Table 5.33, a r e  $195 m i l l i o n  and 

Uran i  um-Shielded Advanced Design Rai 1 Cask Costs 

The c a p i t a l  c o s t  o f  t h e  u ran ium-sh ie lded  r a i l  cask, eva lua ted  i n  Sec- 

t i o n  5.2, was e s t i m a t e d  t o  be $3.82 m i l l i o n .  The p r imary  change f r o m  t h e  p r i o r  

uranium-shie lded r a i l  cask i s  a r e d u c t i o n  o f  s t a i n l e s s  s t e e l  i n  t h e  basket  

d i v i d e r s .  

cask , the reby  reduc ing  t h e  c a p i t a l  c o s t  o f  t h e  u ran ium-sh ie l  ded advanced d e s i  gn 

r a i l  cask t o  $3.8 m i l l i o n .  T h i s  i s  h i g h e r  t h a n  t h e  c o s t  o f  each p o s t u l a t e d  

r e f e r e n c e  system r a i l  cask o f  $2.5 m i l l i o n  (28  r e q u i r e d ) ,  b u t  w i t h  a r e d u c t i o n  

i n  t h e  r a i l  cask f l e e t  s i z e  t o  15 casks, t h e  t o t a l  c a p i t a l  c o s t  f o r  t h e  r a i l  

cask f l e e t  i n  t h i s  a l t e r n a t i v e  would be reduced by about $13 m i l l i o n ,  as shown 

i n  Table 5.34. 

T h i s  reduced m a t e r i a l  would r e s u l t  i n  a c o s t  sav ings o f  $22,000 p e r  

The loaded we igh t  o f  t h e  r a i l  cask i n  t h i s  a l t e r n a t i v e  i nc reases  by 

1900 pounds compared t o  t h e  p o s t u l a t e d  r e f e r e n c e  case. The we igh t  o f  t h e  empty 

advanced des ign  uranium-shie lded r a i l  cask i s  reduced by 17,000 pounds compared 
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TABLE 5.34. Comparison o f  Es t imated L i f e - C y c l e  Costs f o r  t h e  P o s t u l a t e d  
Reference System W i  h and Wi thout  Advanced Design Uranium- 
Sh ie lded  R a i l  Casks ‘Fa) 

P o s t u l a t e d  Advanced Design 
c o s t  Reference A1 t e r n a t i  ve Change i n  

Cat e gory Cost ( $ 1  Cost ($ )  c o s t  ( $ 1  
C a p i t a l  Costs :  

R a i l  Cask F l e e t  70,000,000 57,000,000 -13,000,000 ( 

Annual Costs: 

Cask Maintenance 3,500,000 1,880,000 -1,620,000 

Rai 1 T ranspor t  17,050,000 8,220,000 -8,830,000 

At-Reactor  Labor 590,000 390,000 -200,000 
Repos i to ry  Labor 4,640,000 4,090,000 -550,000 

T o t a l  Annual Cost 
D i f fe rence  -11,200,000 

Present  Worth of 
Cost D i f f e r e n c e :  

3% Discount  Rate -186,000,000 

0% Discount  Rate -249,000,000 

( a )  

( b )  A n e g a t i v e  s i g n  i n d i c a t e s  a cos t  sav ings.  

Costs a re  shown t o  more s i g n i f i c a n t  f i g u r e s  than  j u s t i f i e d ,  
t o  p r o v i d e  f o r  cons i s tency  i n  t h e  c a l c u l a t i o n s .  
Appendix J f o r  d e t a i l s  o f  c o s t  savings. 

See 

t o  t h e  empty p o s t u l a t e d  r e f e r e n c e  cask we igh t ,  which r e s u l t s  i n  a s l i g h t  reduc-  

t i o n  o f  cos t  on t h e  r e t u r n  l e g  o f  each shipment. The t o t a l  r o u n d - t r i p  t r a n s -  

p o r t  c o s t  i s  $51,400 f o r  t h e  advanced des ign  uran ium-sh ie lded r a i l  cask 

compared t o  $53,300 per  r o u n d - t r i p  shipment f o r  t h e  p o s t u l a t e d  re fe rence 

case. As a r e s u l t  o f  t h e  reduced f l e e t  s i z e ,  t h e  annual maintenance cos ts  a l s o  

decrease by $1,620,000, as shown i n  Table 5.34. The r e d u c t i o n  i n  r a i l  s h i p -  

ments o f  160 p e r l y e a r  f o r  thi! ;  a l t e r n a t i v e  r e s u l t s  i n  a r a i l  t r a n s p o r t  c o s t  

decrease o f  about $8.8 m i  11 i on /yea r .  

The increased cask c a p a c i t y  would i n c r e a s e  t h e  cask h a n d l i n g  l a b o r  cos t  

pe r  shipment a t  t h e  r e a c t o r ,  b u t  w i t h  t h e  reduced number of shipments, t h e  

a t - r e a c t o r  l a b o r  cos ts  would be reduced by about $200,00O/year. The inc reased  
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c a p a c i t y  a l s o  a l l o w s  f o r  r e d u c t i o n  of 14 cask h a n d l i n g  workers a t  t h e  r e p o s i -  

t o r y  r e c e i v i n g  f a c i l i t y ,  r e s u l t i n g  i n  a n e t  r e d u c t i o n  i n  r e p o s i t o r y  l a b o r  c o s t s  

o f  $550,00O/year. T o t a l  annual r a i l  o p e r a t i n g  c o s t s  a r e  es t ima ted  t o  be 

reduced by about $11.2 m i l l i o n  f o r  t h i s  a l t e r n a t i v e .  

The p resen t  w o r t h  o f  t h e  e s t i m a t e d  t o t a l  l i f e - c y c l e  c o s t  sav ings when 

u s i n g  t h e  advanced des ign  uranium-shie lded r a i l  casks a t  d i s c o u n t  r a t e s  of 0% 

and 3% a r e  $249 m i l l i o n  and $186 m i l l i o n ,  r e s p e c t i v e l y ,  u s i n g  1987 d o l l a r s .  

5.5.4 Overview E v a l u a t i o n  o f  Advanced Design Casks 

The use o f  advanced des ign  casks i s  es t ima ted  t o  markedly decrease t h e  

o v e r a l l  c o s t s  o f  t h e  t r u c k  and r a i l  t r a n s p o r t  o f  spent f u e l ,  and t o  reduce t h e  

c o l l e c t i v e  doses t o  workers and p u b l i c .  Because t h e  r a t i o s  o f  Acost/Adose f o r  

t h e  a l t e r n a t i v e s  a r e  nega t i ve ,  t h e  r e l a t i v e  v a l u e  

improvements i n  b o t h  c o s t  and r a d i a t i o n  doses. 

It i s  expected t h a t  t h e  advanced des ign  cask 

t i o n a l  l i c e n s i n g  e f f o r t  t o  assure s a f e t y  from nuc 

i s  n o t  s 

concepts 

e a r  c r i  t 

gn i  f i  cant ,  b u t  shows 

would r e q u i r e  a d d i -  

c a l i t y  events.  Such 

a cask system may a l s o  r e q u i r e  new techno logy  such as  burnup meters o r  a d d i -  

t i  ona l  admi n i  s t r a t i  ve procedures t o  v e r i f y  t h e  burnup o f  t h e  spent f u e l  before 

t h e  f u e l  i s  loaded i n t o  t h e  casks. The b e n e f i t s ,  however, appear s u f f i c i e n t  t o  

g i v e  s t r o n g  c o n s i d e r a t i o n  t o  t h i s  concept.  

5.6 SPECIAL IMPACT-WRENCH TOOL FOR CASK L I D  WORK 

I n  t h e  p o s t u l a t e d  r e f e r e n c e  system, s tandard  hand-held impact  wrenches a r e  

assumed t o  be used f o r  cask l i d  work. Thus, two people would t y p i c a l l y  work 2 

t o  3 f e e t  f rom t h e  cask d u r i n g  work a c t i v i t i e s  a t  t h e  l i d  end of t h e  cask. 

These a c t i v i t i e s  c o n t r i b u t e  a major  p o r t i o n  o f  t h e  t o t a l  doses r e c e i v e d  by t h e  

workers a t  t h e  r e a c t o r  and r e p o s i t o r y .  Worker dose r e d u c t i o n s  c o u l d  be 

achieved i f  s p e c i a l  impact-wrench t o o l s  t h a t  a r e  f a s t e r - a c t i n g  and a r e  on 

l o n g e r  handles were used. Wi th  such t o o l s ,  workers c o u l d  s tand an e s t i m a t e d  

3 f e e t  f a r t h e r  f rom t h e  cask i n  l ower  r a d i a t i o n  dose-rate f i e l d s  and complete 

t h e  o p e r a t i o n  i n  l e s s  t ime. T h i s  a l t e r n a t i v e  es t ima tes  impacts on r a d i a t i o n  

doses and c o s t s  f o r  one example o f  numerous t ypes  o f  s p e c i a l  impact-wrench 

--_...I_ ......... ... . .  
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t o o l s ,  when a p p l i e d  t o  t h e  t r u c k  and r a i l  casks i n  t h e  p o s t u l a t e d  re fe rence  

system. Th is  concept would have no e f f e c t s  on i n - t r a n s i t  doses and cos ts .  

5.6.1 D e s c r i p t i o n  o f  Spec ia l  Impact-Wrench Too ls  

The wrenches used f o r  work ing  on t h e  o u t e r  and i n n e r  cask l i d s  i n  t h e  

p o s t u l a t e d  r e f e r e n c e  system were assumed t o  be s tandard  hand-held impact  

wrenches. T h i s  work i s  assumed t o  be done p r i m a r i l y  by two maintenance- 

c ra f t smen  s t a n d i n g  c l o s e  t o  t h e  cask when l i d  b o l t s  a r e  removed o r  t i g h t e n e d .  

Furthermore, i n  t h e  p o s t u l a t e d  r e f e r e n c e  system i t  i s  assumed t h a t  one person 

i s  needed t o  ope ra te  t h e  wrench w h i l e  ano the r  worker i s  a s s i s t i n g .  

One example o f  a s p e c i a l  t o o l  i s  a p a i r  o f  spec ia l l y -moun ted  impact 

wrenches. Two impact wrenches, mounted on a l o n g  bar/handle,  c o n c e p t u a l i z e d  i n  

F i g u r e  5.1, would a l l o w  workers t o  remove two b o l t s  a t  one t i m e  and t o  s tand  

f a r t h e r  away f rom t h e  cask where t h e  dose r a t e s  a r e  lower,  and complete t h e  

work more q u i c k l y ,  I t  i s  env i s ioned  t h a t  t h e s e  t o o l s  would be suppor ted by an 

overhead framework, and t h e  e n t i r e  assembly c o u l d  be moved up and down and 

r o t a t e d  t h r o u g h  360 degrees. The r e l a t i v e  p o s i t i o n s  o f  t h e  impact wrenches 

would be v a r i a b l e ,  t o  accommodate d i f f e r e n t  cask s i zes .  One worker  would be 

p o s i t i o n e d  a t  each end o f  t h e  "strong-back' '  ( o r  suppor t  b a r )  a t  t h e  c o n t r o l  

handles.  I n  unison, t h e  workers would l ower  t h e  strong-back and t h e  two impact  

wrenches t o  connect t h e  d r i v e  sockets  t o  l i d  b o l t s  l o c a t e d  d i r e c t l y  across  from 

one another .  Once t h e  sockets  were engaged t o  t h e  b o l t s ,  t h e  workers would 

power t h e  impact wrenches t o  remove o r  l oosen  t h e  b o l t s .  The workers would 

then  l i f t  t h e  strong-back, r o t a t e  t h e  assembly, and proceed t o  t h e  nex t  two 

b o l t s .  I n  c o n t r a s t  t o  t h e  p o s t u l a t e d  r e f e r e n c e  system, two workers would be 

a b l e  t o  remove two b o l t s  s imu l taneous ly ,  dec reas ing  t h e  t i m e  needed t o  complete 

b o l t  removal. Thus, i n  a d d i t i o n  t o  r e d u c i n g  worker  doses, o p e r a t i o n  t i m e s  

would decrease f o r  t h e  a f f e c t ' e d  a c t i v i t i e s .  

5.6.2 Opera t i ona l  and Dose Impacts o f  Spec ia l  Impact-Wrench Too ls  

The r a d i a t i o n  dose e f f e c t s  t o  workers f r o m  u s i n g  s p e c i a l  impact-wrench 

t o o l s  f o r  cask l i d  work a r e  d iscussed i n  t h i s  s e c t i o n .  A summary o f  t h e  annual 

c o l l e c t i v e  r a d i a t i o n  dose r e d u c t i o n s  f o r  a t - r e a c t o r  and a t - r e p o s i t o r y  workers 

u s i n g  t h i s  a l t e r n a t i v e  i s  presented i n  Table 5.35. ( T h i s  a l t e r n a t i v e  has no 
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Impact Wrench 

1 1 Torque Balancer G 
Swivel and Index 

"n" 

Handle 

T t Reference System Worker Location 4 
-200 mrem/hr 

Worker Location Using Special Tooling A 
Expected Dose Rate -1 0 mrem/hr 

FIGURE 5.1. Spec ia l  Impact-Wrench T o o l i n g  and Power Equipment 

TABLE 5.35. Summary Comparison o f  Es t imated Annual C o l l e c t i v e  R a d i a t i o n  
Doses f o r  t h e  P o s t u l a t e d  Reference System Wi th  and Wi thout  
Speci a1 Impact-Wrench Too ls  

p e r s o n -  r e m l y e a  r 
T r u c k  R a i  1 T o t  a 1 System( a 9 I 

P o s t u l a t e d  S p e c i a l  T o o l s  Dose P o s t u l a t e d  S p e c i a l  T o o l s  Dose P o s t u l a t e d  S p e c i a l  T o o l s  Dose 
R e f e r e n c e  A l t e r n a t i v e  Change R e f e r e n c e  A l t e r n a t i v e  Change R e f e r e n c e  A l t e r n a t i v e  Change 

A t - R e a c t o r  271 246 -25 144 125 -19 415 371 -44 

224 -194 

T o t a l s  540 408 -132 293 187 -106 833 595 -238  
- - - -107 - 149 62 -87 - 418 - 162 A t - R e p o s i t o r y  269 - - 

( a )  

( b )  

Rased on 0.924 MTU/PWR t r u c k  s h i p m e n t ,  0.930 MTU/BWR t r u c k  s h i p m e n t ,  6.47 MTU/PWR r a i l  s h i p m e n t ,  and 6.70 MTU/BWR 
r a i l  s h i p m e n t .  
Cask c a p a c i t y  i s  2 /5  PWR/BWR a s s e m b l i e s  f o r  t r u c k  s h i p m e n t s ,  and 14 /36  PWR/BWR a s s e m b l i e s  f o r  r a i l  sh ipments .  
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e f f e c t  on i n - t r a n s i t  doses.) 

d l i n g  workers would decrease by an es t ima ted  lo%, and doses rece ived  by r e p o s i -  

t o r y  cask h a n d l i n g  workers would decrease by about 46%. R a d i a t i o n  doses t o  

r e a c t o r  cask h a n d l i n g  workers would n o t  decrease as much as t o  r e p o s i t o r y  

workers because t h e  cask i s  i n  t h e  spent f u e l  pool  and f i l l e d  w i t h  water  when 

much of t h e  l i d  work i s  done on a loaded cask a t  a r e a c t o r .  

C o l l e c t i v e  doses rece ived  by r e a c t o r  cask han- 

A t  -React o r  Impacts 

The cask h a n d l i n g  a c t i v i t y  s teps  a t  t h e  r e a c t o r  t h a t  a re  a f fec ted  by t h e  

use o f  t h e  s p e c i a l  impact-wrench t o o l  a re  8.1 (remove o u t e r  l i d  b o l t s  and 

s t o r e ) ,  8.10 ( l oosen  i n n e r  l i d  b o l t s ) ,  15.1 ( i n s t a l l  i n n e r  l i d  b o l t s ,  remove 

l i d - l i f t i n g  f i x t u r e ) ,  and 15.1.0 ( i n s t a l l  o u t e r  l i d ) .  The d i s t a n c e s  f o r  

maintenance-craf tsmen work ing  on cask l i d s  i nc rease  f o r  t h i s  a l t e r n a t i v e ,  which 

reduces t h e  dose r a t e  they  a re  exposed t o .  I n  a d d i t i o n ,  removal of two b o l t s  

s imu l taneous ly  w i t h  t h e  s p e c i a l  impact-wrench t o o l  r e s u l t s  i n  reduced work 

t imes.  The dose r a t e  d u r i n g  t h i s  work i s  reduced f rom 20 mrem/hour i n  t h e  

p o s t u l a t e d  re fe rence  system t o  an es t ima ted  2 mrem/hour f o r  t h i s  a l t e r n a t i v e .  

As be fore ,  t h e  cask i s  s t i l l  f i l l e d  w i t h  water  a t  t h i s  p o i n t .  

t h a t  t u rna round  t i m e  f o r  t r u c k  and r a i l  shipments decreases by 25 and 50 min- 

u tes ,  r e s p e c t i v e l y ,  as a r e s u l t  of t h e  more e f f i c i e n t  t o o l .  

It i s  es t ima ted  

Es t imated c o l l e c t i v e  r a d i a t i o n  doses rece ived  by t h e  r e a c t o r  cask h a n d l i n g  

Doses a re  reduced by about 9% f o r  t r u c k  s h i p -  workers a re  shown i n  Table 5.36. 

ments and by about 11% t o  14% f o r  r a i l  shipments, compared t o  t h e  p o s t u l a t e d  
r e f e r e n c e  system. For  bo th  t r u c k  and r a i l  shipments, about 94% o f  t h e  reduc-  

t i o n  i n  c o l l e c t i v e  worker  dose r e s u l t s  f rom t h e  e f f e c t s  d u r i n g  a c t i v i t y  15. 

Maintenance-craf tsmen b e n e f i t  f rom t h e  m a j o r i t y  o f  t h e  dose r e d u c t i o n s  (90% o f  

t h e  t o t a l  worker  c o l l e c t i v e  dose f o r  t r u c k ,  95% f o r  r a i l ) ,  because t h e y  remove 

a l l  l i d  b o l t s .  

The average annual doses t o  i n d i v i d u a l  ope ra to rs  d u r i n g  a t - r e a c t o r  t r u c k  

cask h a n d l i n g  opera t i ons  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system a re  reduced from 

898 mrem/year t o  883 mremlyear when u s i n g  s p e c i a l  impact-wrench t o o l s  f o r  PWR 

opera t i ons ,  and f rom 1035 mrem/year t o  1019 mrem/year f o r  BWR opera t i ons .  

maintenance-craftsmen, t h e  e q u i v a l e n t  doses a re  t h e  same f o r  bo th  PWR and BWR 

opera t i ons  and would be reduced f rom 1011 mremlyear i n  t h e  p o s t u l a t e d  

For  
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TABLE 5.36. Summary Comparison o f  Es t imated C o l l e c t i v e  R a d i a t i o n  
Doses a t  t h e  P o s t u l a t e d  Reference Reactor  Wi th and 
Wi thout  Speci a1 Impact-Wrench Tools  

Pos tu la ted  Reference Specia l  Tools A l t e r n a t i v e  
Person-mrem/ Person-m em/ p erson~gpmf ’  P erson-mrem/ P ersonByem/ p e r s o n T t p / ‘  

Sh I pment MTU(ay year  Sh I pment MTU year  

Truck 
PWR 27 1 293 158 24 5 26 5 143 

103 BWR 292 314 113 266 286 
Tota I 27 1 246 

- - 

Ral I - 
PWR 404 62 78 34 6 53 61 

58 

Tota I 144 125 
- BWR 520 78 66 462 69 - 

(a)  Based on 0.924 MTU/PWR t r u c k  shipment, 0.930 MTU/BWR t r u c k  shipment, 6.47 MTU/PWR r a i l  

( b )  Based on 540 MTU of  PWR and 360 MTU of BWR spent f u e l  by t r u c k  and 1200 MTU of PWR and 
shipment, and 6.70 MTU/BWR r a i l  shipment. 

840 MTU of BWR spent f ue l  by r a i  I. 

r e f e r e n c e  system t o  824 mrem/year when u s i n g  s p e c i a l  impact-wrench t o o l s .  

D e t a i l s  o f  these dose c a l c u l a t i o n s  a re  con ta ined  i n  Appendix N. 

At -Repos i to ry  Impacts 

Cask h a n d l i n g  a c t i v i t y  s teps  a t  t h e  r e p o s i t o r y  t h a t  a re  a f f e c t e d  by t h e  

use o f  s p e c i a l  impact-wrench t o o l s  f o r  l i d  work a re  s teps  8.3 (remove o u t e r  l i d  

and p l a c e  on p l a t f o r m ) ,  8.5 (remove a l l  b u t  4 b o l t s  on i n n e r  l i d ) ,  18.4 

( i n s t a l l  i n n e r  l i d  b o l t s ) ,  and 18.6 ( i n s t a l l  o u t e r  l i d ) .  The dose r a t e  f o r  

i n n e r  cask l i d  work w i t h  a loaded cask i n  t h i s  a l t e r n a t i v e  i s  per formed i n  a 

10 mrem/hour dose f i e l d ,  r a t h e r  than  i n  a 200 mrem/hour f i e l d  as i n  t h e  

p o s t u l a t e d  re fe rence system. 

I t i s  es t ima ted  t h a t  cask tu rna round  t i m e  a t  t h e  r e p o s i t o r y  i s  reduced by 

25 minutes f o r  a t r u c k  shipment and 40 minutes f o r  a r a i l  shipment f o r  t h i s  

a l t e r n a t i v e .  Es t ima ted  c o l l e c t i v e  r a d i a t i o n  doses rece ived  by cask h a n d l i n g  

workers a t  t h e  r e p o s i t o r y  a r e  shown i n  Tab le  5.37. C o l l e c t i v e  dose r e d u c t i o n s  

o f  about 40% f o r  h a n d l i n g  t r u c k  casks and about 58% f o r  h a n d l i n g  r a i l  casks a re  

noted.  The c o l l e c t i v e  dose f rom a c t i v i t y  8, which i s  t h e  g r e a t e s t  c o n t r i b u t o r  

t o  occupa t iona l  doses a t  t h e  r e p o s i t o r y  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system, i s  
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TABLE 5.37. Summary Comparison o f  Es t imated C o l l e c t i v e  R a d i a t i o n  Doses 
a t  t h e  P o s t u l a t e d  Reference Repos i to ry  Wi th and Wi thout  
Speci a1 Impact-Wrench Too ls  

Pos tu la ted  Reference Specia l  Tools A l t e r n a t l v e  

ersonT67m/ erson-mrem/ P erson-m em/ P 
Sh I pment MTU(a'j - ersonTT67"/ Sh i pment MTU(a!i year  year 

PWR 276 299 162 166 180 97 

65 BWR 277 298 107 167 180 

Tota I 209 162 

Person-mrem/ rerson-m em/ P 

Truck 

- - 

Rai I - 
PWR 463 72 91 195 30 38 

24 

Tota I 149 62 
- BWR 466 70 59 197 29 - 

( a )  Based on 0.924 MTU/PWR t r u c k  shlpment, 0.930 MTU/BWR t r u c k  shlpment, 6.47 MTU/PWR r a i l  

( b )  Based on 540 MTU of PWR and 360 MTU of  BWR spent f ue l  by t r u c k  and 1200 MTU of PWR and 
shipment, and 6.70 MTU/BWR r a i l  shipment. 

840 MTU of BWR spent f u e l  by r a l  I. 

reduced by an es t ima ted  110 person-mrem (59% r e d u c t i o n )  f o r  a t r u c k  shipment 

and an es t ima ted  268 person-mrem (77% r e d u c t i o n )  f o r  a r a i l  shipment. 

As i n  t h e  r e a c t o r  ope ra t i ons ,  maintenance-craftsmen b e n e f i t  most from t h e  

dose reduc t i ons .  The i n d i v i d u a l  mai n tenance-craf tsman's  average annual dose i s  

es t ima ted  t o  decrease f rom 8.il remlyear  f rom t r u c k  shipments and 5.0 remlyear  

f rom r a i l  shipments i n  t h e  p o s t u l a t e d  r e f e r e n c e  system, t o  4.2 rem/year and 

1.7 remlyear ,  r e s p e c t i v e l y ,  f a r  t h i s  a l t e r n a t i v e .  D e t a i l s  o f  these dose 

c a l c u l a t i o n s  a re  con ta ined  i n  Appendix N. 

5.6.3 Cost Consequences o f  Spec ia l  Impact-Wrench Too ls  

As desc r ibed  above, o p e r a t i o n a l  t imes would decrease s l i g h t l y  a t  bo th  t h e  

r e a c t o r s  and t h e  r e p o s i t o r y  by u s i n g  t h e  s p e c i a l  impact-wrench t o o l s .  The 

l a b o r  a t  t h e  r e p o s i t o r y  i s  not reduced enough t o  e l i m i n a t e  one s h i f t  of 
workers, so no l a b o r  cos t  sav ings a r e  assumed t o  r e s u l t  f rom t h i s  a l t e r n a t i v e  

a t  t h e  r e p o s i t o r y .  A t  t h e  reac to rs ,  though, any t i m e  saved i s  assumed t o  

reduce t h e  l a b o r  cos ts  charged t o  t h e  cask l o a d i n g  a c t i v i t i e s .  Thus, t h e  

s p e c i a l  impact-wrench t o o l  a l t e r n a t i v e  r e s u l t s  i n  l a b o r  sav ings  a t  t h e  r e a c t o r  

o f  about $52,600 p e r  year ,  as shown i n  Tab le  5.38. 
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TABLE 5.38. Comparison of Es t imated L i f e - C y c l e  Costs f o r  t h e  P o s t u l a t e d  
Reference Svstem Wi th  and Wi thout  Spec ia l  Impact-Wrench 
Too ls  ( a )  

" 

c o s t  
Category 

C a p i t a l  Costs: 

Too l  Cost 

Annual Costs: 

At -Reactor  Labor 

Present  Worth of 
Cost D i f f e r e n c e :  

3% D i  sco i in t  Rate 

0% Discount  Rate 

P o s t u l a t e d  Speci a1 Too ls  
Reference A1 t e r n a t i  ve Change i n  

c o s t  ( $ )  Cost ( 8 )  c o s t  ($1  

0 105,000 105,000 

1,649,600 1,597,000 -52,600( b, 

-472,000 

-580,000 

( a )  Costs  a re  shown t o  more s i g n i f i c a n t  f i g u r e s  than  j u s t i -  

( b )  

f i e d ,  t o  p r o v i d e  f o r  cons i s tency  i n  t h e  c a l c u l a t i o n s .  
See Appendix J f o r  c o s t  e s t i m a t i n g  d e t a i l s .  
A n e g a t i v e  c o s t  denotes a c o s t  sav ings.  

The c a p i t a l  c o s t  o f  t h e  s p e c i a l  impact-wrench t o o l  i s  composed o f  f o u r  

separa te  c w y o n e n t s :  a d j u s t a b l e  t o o l  suppor t  bar, t o r q u e  ba lancer ,  sw ive l ,  and 

remote c o n t r o l s .  The t o t a l  c o s t  o f  t h e  f o u r  components i s  es t ima ted  t o  be 

$825. Assuming t h a t  t h e  117 opera t i ng ,  and soon-to-be opera t i ng ,  r e a c t o r s  i n  

t h e  U n i t e d  S ta tes  w i l l  need one o f  t hese  t o o l s  and t h a t  t h e  r e p o s i t o r y  w i l l  

need t e n  o f  them, t h e  t o t a l  c a p i t a l  c o s t  i s  es t ima ted  t o  be $104,800 

(127 x $825). 

The p resen t  wor th  o f  t h e  es t ima ted  l i f e - c y c l e  c o s t  sav ings  f o r  t h e  s p e c i a l  

impact-wrench t o o l  a l t e r n a t i v e  has been c a l c u l a t e d  f o r  d i s c o u n t  r a t e s  o f  0% and 

3% u s i n g  a 5-year  t o o l  l i f e t i m e  and 1987 d o l l a r s .  The r e s p e c t i v e  va lues,  shown 

i n  Tab le  5.38, a r e  $580,000 and $472,000. 

5.6.4 Overv i  ew Eva1 u a t i  on o f  Speci a1 Impact-W -- rench Tool s 

The use o f  a s p e c i a l  impact-wrench t o o l  would decrease bo th  t h e  o v e r a l l  

cos ts  o f  t h e  t r u c k  and r a i l  t r a n s p o r t a t i o n  o f  spent f u e l ,  and t h e  c o l l e c t i v e  

doses t o  r e a c t o r  and r e p o s i t o r y  cask h a n d l i n g  workers. The r e s u l t a n t  r a t i o  o f  
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Acost/Adose i s  nega t i ve ,  and t h e  concept appears t o  be a t t r a c t i v e  f o r  f u t u r e  

c o n s i d e r a t i o n .  Spec ia l  impact-wrench t o o l s  a l s o  may be an a t t r a c t i v e  a l t e r -  

n a t i v e  f o r  o t h e r  a p p l i c a t i o n s  and c o u l d  be cons idered f o r  such uses as f o r  

impact l i m i t e r  and t iedown removal. There should be l i t t l e  o r  no concerns 

about l i c e n s i n g  i ssues  f o r  t h i s  a l t e r n a t i v e ,  b u t  n o n r a d i o l o g i c a l  occupa t iona l  

r i s k s  shou ld  be eva lua ted  be fore  implementat ion.  

The cos ts  o f  t h i s  a l t e r n a t i v e  migh t  be reduced by t h e  h a u l i n g  of such 

s p e c i a l  t o o l i n g  i n  a separa te  t r u c k  a long w i t h  a l l  o t h e r  accessor ies  needed t o  

p repare  f o r  each campaign, r a t h e r  than  pu rchas ing  a s e t  o f  t o o l s  f o r  each 

r e a c t o r .  Th is  p o s s i b i l i t y  ha!; n o t  been eva lua ted ,  however. 

5.7 SINGLE-ACTION FASTENERS FOR CASK LIDS 

The cask i n n e r  l i d  p rov ides  t h e  p r imary  seal  and s h i e l d i n g  f o r  t h e  spent 

fue l  i n  t h e  cask c a v i t y .  I n  t h e  p o s t u l a t e d  re fe rence  system, t h e  i n n e r  cask 

l i d  i s  secured by 12 b o l t s  for. a t r u c k  cask and by 36 b o l t s  f o r  a r a i l  cask. 

E i g h t  and t w e l v e  b o l t s ,  r e s p e c t i v e l y ,  secure t h e  o u t e r  cask l i d s .  These b o l t s  

a re  i n s t a l  l e d  and removed w i t h  conven t iona l  hand-held impact  wrenches by 

mai n tenance-craf tsmen work i  ng i n  r a d i  a t i  on zones w i t h  dose r a t e s  of 200 mrem/ 

hour ( i n n e r  l i d )  and 30 mrem/hour ( o u t e r  l i d )  f o r  a loaded cask. T h i s  opera- 

t i o n  i s  one of t h e  major  c o n t r i b u t o r s  t o  t h e  r e p o s i t o r y  and r e a c t o r  worker  

r a d i a t i o n  doses. The use o f  s i n g l e - a c t i o n  f a s t e n e r  mechanisms on t h e  i n n e r  and 

o u t e r  l i d s  cou ld  r e s u l t  i n  cons ide rab le  dose r e d u c t i o n s  t o  these workers. T h i s  
concept, however, would have no e f f e c t s  on i n - t r a n s i t  cos ts  o r  doses. 

5.7.1 D e s c r i D t i o n  o f  S i n a l e - A c t i o n  Fasteners 

An a l t e r n a t i v e  t o  t h e  m u l t i p l e  b o l t s  r e q u i r e d  f o r  cask c l o s u r e  c o u l d  be t o  

mod i fy  t h e  i n n e r  and o u t e r  cask l i d s  and t h e i r  assoc ia ted  cask f e a t u r e  t o  a l l o w  

t h e  use o f  s i n g l e - a c t i o n  f a s t e n e r s  f o r  cask c losu re .  An i l l u s t r a t i v e  concept 

f o r  do ing  t h i s  i s  shown i n  F i g u r e  5.2. The 12 b o l t s  on t h e  t r u c k  cask i n n e r  

l i d  and t h e  36 b o l t s  on t h e  r a i l  cask i n n e r  l i d  would be rep laced  by a s i n g l e  

massive s tud  b o l t  l o c a t e d  a t  t h e  t o p  c e n t e r  o f  t h e  i n n e r  cask l i d .  A n e a r l y  

i d e n t i c a l  system would a l s o  r e p l a c e  t h e  b o l t  f a s t e n e r s  on t o p  o f  t h e  o u t e r  

l i d .  The s tud  b o l t  would accommodate a c a s t l e  nu t ,  a t h r u s t  b e a r i n g  washer 

assembly, and t h r e e  o r  more p ie-shaped s e c t o r s  ( l e v e r  arms) t h a t  engage a 
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A A' 

f 

Castle Nut 

Groove 

1 

F I G U R E  5.2. S i n g l e - A c t i o n  Fas tener  f o r  Cask L i d s  

machined groove i n  t h e  cask body. 

screwed down o n t o  t h e  s t u d  b o l t ,  t h e  pie-shaped s e c t o r s  would be i n s e r t e d  i n t o  

machined grooves i n  t h e  cask body. 

As t h e  s i n g l e  nu t  and washer assembly i s  

When f u l l y  i n s e r t e d ,  t h e  s e c t o r s  would 
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compress t h e  cask l i d  s e a l s  and h o l d  t h e  l i d  s e c u r e l y  i n  place. A snap r i n g  

key would be i n s e r t e d  th rough  t h e  c a s t l e  n u t  and t h e  s t u d  b o l t  t o  p r e v e n t  

i n a d v e r t e n t  l o o s e n i n g  of t h e  l i d .  The pie-shaped s e c t o r  concept used on t h e  

s i n g l e - f a s t e n e r  cask c l o s u r e  would a l l o w  f u l l  use o f  t h e  l i d  p e n e t r a t i o n s  and 

1 i d - 1  i f t i  ng dev ice.  

5.7.2 Opera t i ona l  and Dose Impacts o f  S i n g l e - A c t i o n  Fasteners 

The e f f e c t s  o f  u s i n g  s i n g l e - a c t i o n  f a s t e n e r s  f o r  cask l i d  c l o s u r e  a r e  

d i scussed  i n  t h i s  s e c t i o n .  l h e  s i n g l e - a c t i o n  l i d  c l o s u r e  i n  t h i s  a l t e r n a t i v e  

i s  assumed t o  be a p p l i e d  t o  p o s t u l a t e d  r e f e r e n c e  t r u c k  and r a i l  casks w i t h  

c a p a c i t i e s  o f  2/5 PWR/BWR and 14/36 PWR/BWR assemblies, r e s p e c t i v e l y .  A sum- 

mary o f  es t ima ted  c o l l e c t i v e  annual dose r e d u c t i o n s  f o r  cask h a n d l i n g  workers 

a t  t h e  r e a c t o r  and a t  t h e  r e p o s i t o r y  i s  presented i n  Table 5.39. T o t a l  doses 
r e c e i v e d  by r e a c t o r  cask h a n d l i n g  workers a r e  e s t i m a t e d  t o  decrease by 8%, and 

by r e p o s i t o r y  workers by 48%. Reactor  worker doses would n o t  decrease as much 

as r e p o s i t o r y  doses because t h e  cask i s  i n  t h e  spent f u e l  poo l  and f i l l e d  w i t h  

wa te r  when most l i d  work i s  done on a loaded cask a t  a r e a c t o r .  

TABLE 5.39. Summary Comparison o f  Es t ima ted  Annual C o l l e c t i v e  R a d i a t i o n  
Doses f o r  t h e  P o s t u l a t e d  Reference System Wi th  and Wi thou t  
S i n g l e - A c t i o n  Fasteners f o r  Cask L i d s  

p e r s o n  r e m l y e a r  
T r u c k  R a i  1 T o t  a 1 System[ a ,D I 

P o s t u l a t e d  S i  n g l  e - A c t i  on Dose P o s t u l a t e d  S i n g 1  e - A c t i o n  Dose P o s t u l a t e d  S i n g l e - A c t i o n  Dose 
R e f e r e n c e  A l t e r n a t i v e  Ch<inge R e f e r e n c e  A l t e r n a t i v e  Change R e f e r e n c e  A l t e r n a t i v e  Change 

A t - R e a c t o r  2 7 1  253 -18  1 4 4  130 -13  415 384 - 3 1  

418 219 -198 

T o t a l s  540 411 -1 29 293 192 -100 833 603 -229 
- - - -1.11 - 149 62 -87 __ 158 A t - R e p o s i t o r y  269 - - - 

( a )  

( b )  

Based on 0.924 MTU/PWR t r u c k  s h i p m e n t ,  0.930 MTU/BWR t r u c k  s h i p m e n t ,  6.47 MTU/PWR r a i l  sh ipment ,  and 6.70 MTU/BWR 
? a i  1 s h i p m e n t .  
Cask c a p a c i t y  i s  2 /5  PWR/BWR a s s e m h l i e s  f o r  t r u c k  s h i p m e n t s ,  and 14 /36  PWR/BWR a s s e m b l i e s  f o r  r a i l  sh ipments .  

A t -Reactor  Impacts 

The cask h a n d l i n g  a c t i v i t y  s teps  a t  t h e  r e a c t o r  t h a t  a r e  a f f e c t e d  by t h e  

use o f  s i n g l e - a c t i o n  f a s t e n e r s  a r e  8.1 (remove o u t e r  l i d  b o l t s  and s t o r e ) ,  

8.3 ( sea l  b o l t  and p i n  h o l e s ) ,  8.10 ( l oosen  i n n e r  l i d  b o l t s ) ,  8.11 (remove and 

s t o r e  i n n e r  l i d  b o l t s ) ,  15.1 ( i n s t a l l  i n n e r  l i d  b o l t s ,  remove l i d - l i f t i n g  
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f i x t u r e ) ,  and 15.10 ( i n s t a l l  o u t e r  l i d ) .  Maintenance-craf tsmen d i s t a n c e s  from 

t h e  cask would be u n a f f e c t e d  when t h e  s i n g l e - a c t i o n  f a s t e n e r s  a r e  used, b u t  

t i m e s  t o  complete t h e  a c t i v i t y  would be s u b s t a n t i a l l y  reduced, the reby  reduc ing  

t h e  doses they  rece ive .  Turnaround t i m e  i s  e s t i m a t e d  t o  decrease by 60 m inu tes  

f o r  a t r u c k  shipment and by 120 minutes f o r  a r a i l  shipment as a r e s u l t  of t h i s  

a1 t e r n a t i  ve. 

Es t ima ted  c o l l e c t i v e  r a d i a t i o n  doses r e c e i v e d  by cask h a n d l i n g  workers a t  

t h e  r e a c t o r  a r e  shown i n  Table 5.40. Doses would be reduced by about 6% t o  7% 

f o r  t r u c k  shipments and by 8% t o  10% f o r  r a i l  shipments compared t o  t h e  pos tu -  

l a t e d  r e f e r e n c e  system. For  b o t h  t r u c k  and r a i l  shipments, a c t i v i t y  15 i s  

r e s p o n s i b l e  f o r  75% t o  80% o f  t h e  r e d u c t i o n  i n  c o l l e c t i v e  worker  dose. Main- 

tenance-craf tsmen would b e n e f i t  f r om t h e  m a j o r i t y  o f  t h e  dose r e d u c t i o n s  (77% 

o f  t h e  t o t a l  worker  c o l l e c t i v e  dose f o r  t r u c k ,  82% f o r  r a i l ) ,  because t h e y  
p e r f o r m  a1 1 b o l t  removal a c t i v i t i e s  i n  t h e  p o s t u l a t e d  re fe rence  system. 

TABLE 5.40. Summary Comparison of Es t ima ted  C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l a t e d  Reference Reactor  Wi th  and Wi thout  S i  n g l e - A c t i  on 
Fasteners f o r  Cask L i d s  

Truck 

PWR 

B WR 

Tota I 

Rai I - 
PWR 

BWR 

Tota I 

Pos tu la ted  Reference 
Person-mrem/ person-m em/ i~ 

erSon T 6 Y  Sh i p m n t  MTU(a5 year  

27 1 293 158 

113 292 ~ 314 

27 1 
- 

404 62 78 

520 78 66 

144 

S ing le -Ac t i on  A l t e r n a t l v e  
Personmrem/ P erson-m em/ p erson igpmf  

Shipment MTU(a5 year  

252 272 147 

106 273 294 

253 
- 

362 56 70 

60 478 72 

130 
- 

( a )  Based on 0.924 MTU/PWR t r u c k  shipment, 0.930 MTU/BWR t r u c k  shlpment, 6.47 MTU/PWR r a i  I 

( b )  Based on 540 MTU of PWR and 360 MTU of BWR spent f u e l  by t r u c k  and 1200 MTU of  PWR and 
shipment, and 6.70 MTU/BWR r a i l  shipment. 

840 MTU of BWR spent f u e l  by r a i  1 .  

The average annual doses t o  i n d i v i d u a l  o p e r a t o r s  d u r i n g  a t - r e a c t o r  t r u c k  

cask hand1 i ng o p e r a t i o n s  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system a r e  reduced from 

898 mrem/year t o  872 mrem/year when u s i n g  s i n g l e - a c t i o n  f a s t e n e r s  f o r  PWR 

opera t i ons ,  and f rom 1035 mrem/year t o  1008  mremlyear f o r  BWR opera t i ons .  Fo r  
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maintenance-craf tsmen, t h e  e q u i v a l e n t  doses are  t h e  same f o r  b o t h  PWR and BWR 

o p e r a t i o n s  and would be reduced f rom 1011 mrem/year i n  t h e  p o s t u l a t e d  r e f e r e n c e  

system t o  893 mrem/year when u s i n g  s i n g l e - a c t i o n  fas tene rs .  D e t a i l s  o f  t hese  

dose c a l c u l a t i o n s  a r e  con ta ined  i n  Appendix N. 

A t  -Repos i t o r y  Impacts 

Cask h a n d l i n g  a c t i v i t y  s teps  a t  t h e  r e p o s i t o r y  t h a t  a r e  a f f e c t e d  by t h e  

use o f  s i n g l e - a c t i o n  fastener!;  f o r  cask l i d s  a r e  s teps  8.3 (remove o u t e r  l i d  

and p l a c e  on p l a t f o r m ) ,  8.5 (remove a l l  b u t  4 b o l t s  on i n n e r  l i d ) ,  12.2 (remove 

4 b o l t s ) ,  15.4 ( i n s t a l l  4 b o l t s ) ,  18.4 ( i n s t a l l  i n n e r  l i d  b o l t s ) ,  and 18.6 

( i n s t a l l  o u t e r  l i d ) .  A c t i v i t i e s  8.5 and 18.4 a re  e s s e n t i a l l y  e l i m i n a t e d  i n  

t h i s  a l t e r n a t i v e  ( t h e  s i n g l e - a c t i o n  f a s t e n e r  on t h e  i n n e r  l i d  i s  assumed t o  be 

loosened i n  t h e  h o t  c e l l ) .  

I n  t h i s  a l t e r n a t i v e ,  t u rna round  t i m e  i s  e s t i m a t e d  t o  be reduced by 

85 minutes f o r  a t r u c k  shipment and by 130 minutes f o r  a r a i l  shipment. Dose 

r e d u c t i o n s  a t  t h e  r e p o s i t o r y  . for  t h i s  a l t e r n a t i v e  would be s u b s t a n t i a l  because, 

u n l i k e  t h e  r e a c t o r  s i t u a t i o n ,  t h e  cask i s  n o t  f i l l e d  w i t h  water  when l i d  work 

i s  done. The r e d u c t i o n  i n  a c t i v i t y  t imes  would r e s u l t  i n  l ower  doses t o  

personnel .  Est imated c o l l e c t i v e  r a d i a t i o n  doses r e c e i v e d  by cask h a n d l i n g  

workers a t  t h e  r e p o s i t o r y  a r e  shown i n  Table 5.41. 

o f  about 41% f o r  t r u c k  casks dnd about 59% f o r  r a i l  casks a r e  noted. The 

c o l l e c t i v e  dose f rom a c t i v i t y  8, which i s  t h e  g r e a t e s t  c o n t r i b u t o r  t o  occupa- 

t i o n a l  doses a t  t h e  r e p o s i t o r y ,  i s  reduced 113 person-mrem (61% r e d u c t i o n )  f o r  
a t r u c k  shipment and 272 person-mrem (78% r e d u c t i o n )  f o r  a r a i l  shipment. 

C o l l e c t i v e  dose r e d u c t i o n s  

As i n  t h e  r e a c t o r  case, maintenance-craf tsmen a t  t h e  r e p o s i t o r y  b e n e f i t  

most f rom t h e  dose reduc t i ons .  The i n d i  v i d u a l  m a i  ntenance-craf tsman ' s  average 

annual dose i s  es t ima ted  t o  decrease f rom 8.2 rem/year f rom t r u c k  shipments and 

5.0 rem/year from r a i l  shipments i n  t h e  p o s t u l a t e d  r e f e r e n c e  system t o  

4.1 rem/year and 1.7 remlyear ,  r e s p e c t i v e l y ,  f o r  t h i s  a l t e r n a t i v e ,  u s i n g  t h e  

same 26 maintenance-craf tsmen. D e t a i l s  o f  t hese  dose c a l c u l a t i o n s  a r e  con- 

t a i n e d  i n  Appendix N. 
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TABLE 5.41. Summary Comparison o f  Es t imated C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l a t e d  Reference Repos i to ry  Wi th and Wi thout  S i  ng l  e - A c t i  on 
Fasteners f o r  Cask L i d s  

Pos tu la ted  Reference Single-Act ion A l t e r n a t i v e  
ersonT6yn Person-mrem/ PersonTgrjem/ V ersonTgyrn/ erson -mrem 

Sh I prnent MTU year  Sh I pment MTU year 

Truck 
PWR 276 299 162 162 175 95 

63 BWR 277 298 107 163 175 
Tota I 269 158 

- - 

Rai I - 
PWR 463 72 91 191 

BWR 466 70 59 1 94 

Tota I 149 

30 38 
24 29 
62 
- 

( a )  Based on 0.924 MTU/PWR t r u c k  shlpment, 0.930 MTU/BWR t r u c k  shipment, 6.47 MTU/PWR r a i l  

( b )  Based on 540 MTU o f  PWR and 360 MTU of  BWR spent f u e l  by t r u c k  and 1200 MTU of PWR and 
shipment, and 6.70 MTU/BWR r a i l  shipment. 

840 MTU o f  BWR spent fue  I by r a  I I. 

5.7.3 Cost Consequences of S i  n g l  e - A c t i  on Fas teners  

It was es t ima ted  t h a t  o p e r a t i o n a l  t imes  would decrease a t  bo th  t h e  reac -  

t o r s  and t h e  r e p o s i t o r y  by t h e  use o f  s i n g l e - a c t i o n  f a s t e n e r s  on bo th  c l o s u r e s  

on t h e  t r u c k  and r a i l  casks. The cask h a n d l i n g  l a b o r  a t  t h e  r e p o s i t o r y  i s  n o t  

reduced enough t o  e l i m i n a t e  one s h i f t  o f  workers. 

sav ings  a t  t h e  r e p o s i t o r y  a re  taken  t o  be ze ro  f o r  t h i s  a l t e r n a t i v e .  

reac to rs ,  though, any o p e r a t i o n a l  t i m e  i s  assumed t o  reduce t h e  l a b o r  c o s t s  

charged t o  t h e  cask h a n d l i n g  a c t i v i t i e s .  

sure  a l t e r n a t i v e  r e s u l t s  i n  l a b o r  c o s t  sav ings  a t  t h e  reac to rs .  These l a b o r  

sav ings,  as shown i n  Tab le  5.42, a re  e s t i m a t e d  t o  be $115,000 pe r  year .  

There fore ,  l a b o r  c o s t  

A t  t h e  

Thus, t h e  s i n g l e - a c t i o n  f a s t e n e r  c l o -  

The c a p i t a l  cos t  f o r  t h e  s i n g l e - a c t i o n  f a s t e n e r  c l o s u r e s  f o r  each cask i s  

made up o f  two components: 

o u t e r  l i d s ,  and t h e  cos t  o f  m i l l i n g  t h e  grooves i n  t h e  cask. Th is  c a p i t a l  c o s t  

i s  p a r t i a l l y  o f f s e t  by t h e  sav ings  r e s u l t i n g  f rom e l i m i n a t i n g  20 b o l t s  p e r  

t r u c k  cask and 48 b o l t s  p e r  r a i l  cask, and t h e  cos t  t o  d r i l l  and t a p  t h e  ho les  

f o r  t hese  b o l t s .  The n e t  i nc reased  c a p i t a l  c o s t s  f o r  t h e  s i n g l e - a c t i o n  

f a s t e n e r  c l o s u r e  a l t e r n a t i v e  a re  es t ima ted  t o  be $7870 pe r  t r u c k  cask and $8460 

t h e  two l o c k i n g  d i s k  l i d s  f o r  bo th  t h e  i n n e r  and 
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TABLE 5.42. Comparison o f  Es t imated L i f e - C y c l e  Costs f o r  t h e  P o s t u l a t  d 
Reference System With and Wi thout  S i  n g l  e -Ac t i  on Fas teners  7,) 

c o s t  
Category 

C a p i t a l  Costs: 

Truck Cask F l e e t  

R a i l  Cask F l e e t  

T o t a l  C a p i t a l  Costs 

Annual Costs :  

At -Reactor  Labor 

Present  Worth of 
Cost D i f f e r e n c e :  

3% Discount  Rate 

0% Discount  Rate 

P o s t u l a t e d  S i n g l e - A c t i o n  
F!e f e r e  n ce A1 t e r n a t i  ve Change i n  

c o s t  ( $ 1  c o s t  ($1  c o s t  ( $ 1  - 

39,000,000 39,205,000 205,000 

70,000,000 70,235,000 235,000 

440 , 000 

1,649,000 1,534,000 -1 15,000 ( 

-1,340,000 

-1,980,000 

( a )  

( b )  

Costs a re  shown t o  more s i g n i f i c a n t  f i g u r e s  than  j u s t i f i e d ,  
t o  p r o v i d e  f o r  cons i s tency  i n  t h e  c a l c u l a t i o n s .  See 
Appendix J f o r  d e t a i l s  o f  c o s t  sav ings.  
A nega t i ve  cos t  denotes a cos t  sav ings.  

pe r  r a i l  cask, o r  $205,000 ($7870 x 26 casks)  f o r  t h e  t r u c k  cask f l e e t  and 

$235,000 ($8460 x 28 casks)  f o r  t h e  r a i l  cask f l e e t .  

The we igh t  o f  t h e  casks i n  t h i s  a l t e r n a t i v e  i s  es t ima ted  t o  be t h e  same as 
f o r  t h e  p o s t u l a t e d  re fe rence  casks. Thus, t h e r e  would be no e f f e c t  on 

i n - t r a n s i t  cos ts  f o r  u s i n g  t h i s  a l t e r n a t i v e .  

The present  wor th  o f  t h e  es t ima ted  t o t a l  l i f e - c y c l e  c o s t  sav ings  f o r  t h i s  

a l t e r n a t i v e ,  u s i n g  a 21-year l i f e t i m e  and 1987 d o l l a r s ,  i s  $2.0 m i l l i o n  and 

$1.3 m i l l i o n ,  f o r  d i scoun t  r a t e s  o f  0% and 3%, r e s p e c t i v e l y .  

5.7.4 Overview Eva1 u a t i  on o f  Sing1 e-Act i on Fas teners  

The use o f  s i n g l e - a c t i o n  . fasteners i s  es t ima ted  t o  decrease s l i g h t l y  t h e  

o v e r a l l  system cos ts  and decrease r e a c t o r  and r e p o s i t o r y  worker doses. Because 

t h e  r a t i o  o f  AcOSt/AdOSe i s  nega t i ve ,  i t s  magnitude i s  n o t  meaningfu l .  Wi th  

bo th  a cos t  r e d u c t i o n  and a do!;e r e d u c t i o n  t h i s  a l t e r n a t i v e  i s  a t t r a c t i v e .  
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However, i t  shou ld  be no ted  t h a t  i t  may be d i f f i c u l t  t o  l i c e n s e  such a concept 

and t h a t  t h e  a d d i t i o n a l  t e s t i n g  and l i c e n s i n g  c o s t  may overcome t h e  smal l  

p o t e n t i a l  c o s t  savings. 

5.8 BUILT-IN LID-LIFTING FIXTURES 

I n  t h e  p o s t u l a t e d  r e f e r e n c e  system, a l i d - l i f t i n g  f i x t u r e  must be 

i n s t a l l e d  on t h e  i n n e r  cask l i d  p r i o r  t o  l i d  removal. S i m i l a r l y ,  t h e  f i x t u r e  

must be removed a f t e r  t h e  i n n e r  l i d  i s  rep laced.  A l though t h e  t i m e  t o  i n s t a l l  

o r  remove t h e  l i d - l i f t i n g  f i x t u r e  i s  s h o r t  (es t ima ted  a t  5 minutes each), t h e  
work i s  done i n  a r a d i a t i o n  dose f i e l d  o f  up t o  200 mrem/hour. Dose r e d u c t i o n s  

a r e  ach ievab le  w i t h  t h e  use o f  a b u i l t - i n  l i d - l i f t i n g  f i x t u r e ,  t h u s  e l i m i n a t i n g  

t h e  a c t i v i t i e s  f o r  i n s t a l l a t i o n / r e m o v a l  o f  t h e  l i f t i n g  adapter.  

concept would have no e f f e c t s  on i n - t r a n s i t  doses o r  cos ts .  

5.8.1 D e s c r i p t i o n  o f  B u i l t - i n  L i d - L i f t i n g  F i x t u r e s  

Use of t h i s  

A t h r e e - p o i n t  l i d - l i f t i n g  appendage t h a t  i s  a p a r t  o f  t h e  i n n e r  l i d  i s  an 

example o f  an a l t e r n a t i v e  t o  t h e  requi rement  f o r  i n s t a l l i n g  a l i d - l i f t i n g  

d e v i c e  each t i m e  a cask i s  opened/closed. T h i s  concept i s  i l l u s t r a t e d  i n  

F i g u r e  5.3. 

p a r t  o f  t h e  i n n e r  l i d .  

balanced l i f t  and t o  n o t  i n t e r f e r e  w i t h  t h e  s e r v i c e  p i p e s  c u r r e n t l y  proposed 

f o r  t h e  i n n e r  l i d .  A s p e c i a l  yoke t h a t  c o n t a i n s  t h e  g rapp les  f o r  connec t ion  t o  

t h e  p i n t l e s  would be p r o v i d e d  as a p a r t  o f  t h e  h a n d l i n g  equipment package used 

a t  t h e  r e a c t o r  and r e p o s i t o r y  s i t e s .  

designed f o r  e i t h e r  c o n t a c t  o r  remote opera t i on .  

t h e  yoke  would be moved i n t o  p o s i t i o n  by t h e  a p p r o p r i a t e  crane, h o i s t ,  o r  power 

mast and t h e  g rapp les  would be engaged w i t h  t h e  p i n t l e s .  

i n n e r  l i d  c o u l d  be removed o r  rep laced.  A t h r e e - p o i n t  l i f t  on t h e  c i r c u l a r  l i d  

i s  f e l t  t o  p r o v i d e  a more s t a b l e  l i f t / r e t u r n  compared t o  a s i n g l e -  o r  f o u r -  

p o i n t  l i f t  design. 

5.8.2 Opera t i ona l  and Dose Impacts o f  B u i l t - i n  L i d - L i f t i n g  F i x t u r e s  

Th is  d e v i c e  would c o n s i s t  o f  t h r e e  p i n t l e s  t h a t  a r e  an i n t e g r a l  

These p i n t l e s  would be l o c a t e d  on t h e  l i d  t o  p r o v i d e  a 

T h i s  yoke and i t s  g rapp les  would be 

With t h e  o u t e r  l i d  removed, 

A t  t h i s  p o i n t  t h e  

T h i s  s e c t i o n  d iscusses t h e  e f f e c t s  o f  u s i n g  b u i l t - i n  l i d - l i f t i n g  f i x t u r e s ,  

r a t h e r  than  i n s t a l l i n g  an adap te r  every t i m e  t h e  i n n e r  l i d  r e q u i r e s  removal, as 
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Yoke Frame 

-a- Grapples 

Outer Lid I I  I I 

Inner  Cask 

Lid Seals 

‘Cask Body 

Lid 

F I G U R E  5.3 .  B u i l t - i n  L i d - L i f t i n g  F i x t u r e  and Yoke/Grapple Hardware 
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i n  t h e  pos tu  

mated annual 

a t  t h e  repos 

t h e  r e a c t o r s  

Worker doses 

a t e d  r e f e r e n c e  system. 

c o l l  e c t i  ve doses f o r  cask hand1 i ng o p e r a t i o n s  a t  t h e  r e a c t o r  and 

t o r y .  T o t a l  c o l l e c t i v e  doses r e c e i v e d  by cask h a n d l i n g  workers a t  

a r e  es t ima ted  t o  be reduced by 2%, and a t  t h e  r e p o s i t o r y  by 11%. 

Table 5.43 p resen ts  a summary o f  t h e  e s t i -  

a t  t h e  r e a c t o r  a r e  n o t  reduced as much as a t  t h e  r e p o s i t o r y  

because t h e  cask i s  f u l l  o f  wa te r  a t  t h e  r e a c t o r  when t h e  removal o p e r a t i o n  i s  

performed. 

TABLE 5.43. Summary Comparison o f  Es t ima ted  Annual C o l l e c t i v e  R a d i a t i o n  Doses 
f o r  t h e  P o s t u l a t e d  Reference System Wi th  and Wi thou t  B u i l t - i n  L i d -  
L i f t i n g  F i x t u r e s  

person-remlyear 
Truck. Rai 1 T o t a l  System(aybi 

P o s t u l a t e d  L i d  t i x t u r e  Oose Pos tu la ted  L i d  t i x t u r e  Dose P o s t u l a t e d  L i d  F i x t u r e  Dose 
Reference A l t e r n a t i v e  Change Reference A l t e r n a t i v e  Change Reference A l t e r n a t i v e  Change 

At-Reactor 2 7 1  264 -7  144 1 4 2  -2 415 406 -9 
-45  

T o t a l s  540 4 9 8  -42 293  281 -12 8 3 3  779 -54 
- - 31 3 - 418 - 139 -10 - 149 - -35 - 234 At-Repos i to ry  269 - 

( a )  Based on 0.924 MTU/PWR t r u c k  shipment, 0.930 MTU/BWR t r u c k  shipment, 6.47 MTU/PWR r a i l  shipment, and 

( b )  Cask c a p a c i t y  i s  2 / 5  PWR/SWR assemblies f o r  t r u c k  shipments, and 1 4 / 3 6  PWR/@WR assemblies f o r  r a i l  shipments. 
6.70 MTU/RWR r a i  1 shipment. 

A t -Reactor  Impacts 

The cask h a n d l i n g  a c t i v i t y  s teps  a t  t h e  r e a c t o r  t h a t  a r e  a f f e c t e d  by t h e  

use o f  b u i l t - i n  l i d - l i f t i n g  f i x t u r e s  a r e  8.11 (remove and s t o r e  i n n e r  l i d  

b o l t s ,  i n s t a l l  l i d - l i f t i n g  f i x t u r e )  and 15.1 ( i n s t a l l  i n n e r  l i d  b o l t s ,  remove 

l i d - l i f t i n g  f i x t u r e ) .  The t i m e s  t o  p e r f o r m  these  a c t i v i t i e s  a r e  reduced 

because a f i x t u r e  does n o t  need t o  be i n s t a l l e d  o r  removed. Turnaround t i m e  

f o r  bo th  t r u c k  and r a i l  shipments decreases by an es t ima ted  10 minutes.  

Doses r e c e i v e d  by t h e  cask h a n d l i n g  workers a t  t h e  r e a c t o r  a r e  shown i n  

Table 5.44. About a 2% r e d u c t i o n  i n  dose f o r  t r u c k  shipments and about a 1% t c  

2% r e d u c t i o n  f o r  r a i l  shipments a r e  e s t i m a t e d  i n  comparison w i t h  those  f o r  t h e  

p o s t u f a t e d  r e f e r e n c e  case. F o r  b o t h  t r u c k  and r a i l  shipments, a c t i v i t y  15 i s  

r e s p o n s i b l e  f o r  about 90% o f  t h e  r e d u c t i o n  i n  dose. Maintenance-craf tsmen 

would b e n e f i t  f r o m  t h e  m a j o r i t y  o f  t h e  dose reduc t i ons .  
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TARLE 5.44. Summary Comparison of Es t imated C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l a t e d  Reference Reactor  Wi th  and Wi thout  B u i l t - i n  L i d - L i f t i n g  
F i x t u r e s  

Postu la ted  Reference L i d  F i x t u r e  A l t e r n a t i v e  

erSoniLF’ ersonmrem/ P erson-m em/ P 
Sh I pment MTU(a5 - ersoni6tm’ Shipment MTU(a5 year year 

Person-mrem/ rerson-m em/ r 

Truck 

PWR 27 1 293 158 264 28 5 154 

110 BWR 292 314 113 285 306 
Tota I 27 I 264 

Rai  I 

- - 

- 
P WR 404 62 78 39 7 61 77 

65 BWR 520 78 66 513 77 

Tota 1 144 142 
- - 

( a )  Based on 0.924 MTU/PWR t r u c k  shipment, 0.930 MTU/BWR t r u c k  shipment, 6.47 MTU/PWR r a l l  
shipment, and 6.70 MTU/BWR I -ai l  shlpment. 

(b) Based o 540 MTU of  PWR and 360 MTU of  BWR spent fue l  by t r u c k  and 1200 MTU o f  PWR and 
840 MTU of  BWR spent f u e l  b y  r a  I I .  

The average annual doses t o  i n d i v i d u a l  ope ra to rs  d u r i n g  a t - r e a c t o r  t r u c k  

cask h a n d l i n g  o p e r a t i o n s  i n  t h e  p o s t u l a t e d  re fe rence  system a r e  reduced f rom 

898 mremlyear t o  895 mremlyear when u s i n g  b u i l t - i n - l i d - l i f t i n g  f i x t u r e s  f o r  PWR 

opera t i ons ,  and f rom 1035 mremlyear t o  1032 mremlyear f o r  BWR opera t i ons .  

maintenance-craftsmen, t h e  eqig iva lent  doses a re  t h e  same f o r  b o t h  PWR and BWR 

o p e r a t i o n s  and would be reduc1.d f rom 1011 mrem/year i n  t h e  p o s t u l a t e d  r e f e r e n c e  

system t o  963 mremlyear when [us ing b u i l t - i n  l i d - l i f t i n g  f i x t u r e s .  

t h e s e  dose c a l c u l a t i o n s  a r e  conta ined i n  Appendix N. 

For  

D e t a i l s  o f  

A t -RePos i to rv  ImDacts 

Cask h a n d l i n g  a c t i v i t y  s teps  a t  t h e  r e p o s i t o r y  t h a t  a re  a f f e c t e d  by t h e  

use o f  b u i l t - i n  l i d - l i f t i n g  f i x t u r e s  a r e  s teps  8.6 ( i n s t a l l  l i d - l i f t i n g  f i x -  

t u r e )  and 18.3 (remove l i d - l i f t i n g  f i x t u r e ) .  The cask i s  f u l l  o f  f u e l  i n  

s t e p  8.6, and i s  empty i n  s t e p  18.3. 

a l t e r n a t i v e .  

b o t h  t r u c k  and r a i l  shipments. 

These a c t i v i t i e s  a r e  e l i m i n a t e d  i n  t h i s  

Cask tu rna round  t i m e  i s  reduced by an es t ima ted  10 minu tes  f o r  

R a d i a t i o n  doses t o  t h e  CilSk h a n d l i n g  workers a r e  reduced a t  t h e  r e p o s i t o r y  

as a r e s u l t  o f  t h e  reduced cask c o n t a c t  t i m e  i n  t h i s  a l t e r n a t i v e .  C o l l e c t i v e  

cask h a n d l i n g  worker  doses rece ived  a t  t h e  r e p o s i t o r y  a re  shown i n  Tab le  5.45. 
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TABLE 5.45. Summary Comparison of  Es t ima ted  C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l a t e d  Reference R e p o s i t o r y  Wi th  and Wi thou t  B u i l t - i n  L i d -  
L i f t i n g  F i x t u r e s  

Pos tu la ted  Reference L i d  F i x t u r e  A l t e r n a t i v e  

Sh i pment MTU(a5 ersoni6tm’ year Sh 1 pment ersoniF’m/ MTU eGSoni6pm’ ear 
erson-rnrem/ P Person-mrem/ Person-m em/ P 

Truck 

PWR 276 299 162 24 1 26 1 I4 1 

93 BWR 217 298 107 24 1 2 59 

Tota I 269 234 

Rai I 

- - 

PWR 463 72 91 428 67 84 
55 BWR 466 70 59 431 65 

Tota I 149 139 
- - 

( a )  Based on 0.924 MTU/PWR t r u c k  shipment, 0.930 MTU/BWR t r u c k  shipment, 6.47 MTU/PWR r a i l  

( b )  Based on 540 MTU of PWR and 360 MTU of BWR spent f u e l  by t r u c k  and 1200 MTU of PWR and 
shipment. and 6.70 MTU/BWR r a i l  shipment. 

840 MTU of BWR spent f u e l  by r a l  I. 

Es t ima ted  r e d u c t i o n s  i n  c o l l e c t i v e  worker  doses o f  about 13% f o r  h a n d l i n g  t r u c k  

casks and about 8% f o r  h a n d l i n g  r a i l  casks a r e  noted. The c o l l e c t i v e  worker  

dose f rom a c t i v i t y  8 i s  e s t i m a t e d  t o  be reduced by 36 person-mrem (19% reduc- 

t i o n )  f o r  a t r u c k  shipment and 35 person-mrem (10% r e d u c t i o n )  f o r  a r a i l  

shipment . 
Maintenance-craf tsmen would b e n e f i t  f r om n e a r l y  a l l  o f  t h e  dose reduc- 

t i  ons. The average annual dose t o  i n d i  v i  dua l  mai n tenance-craf tsmen i s  e s t i  - 
mated t o  be reduced f rom 13.2 rem/year i n  t h e  p o s t u l a t e d  r e f e r e n c e  system t o  

11.6 re rn ly r  w i t h  t h i s  a1 t e r n a t i  ve ( u s i n g  t h e  same 26 mai n tenance-craf tsmen as 

i n  t h e  p o s t u l a t e d  r e f e r e n c e  system). 

c o n t a i  ned i n Appendi x N. 

D e t a i l s  o f  t h e s e  dose c a l c u l a t i o n s  a r e  

5.8.3 Cost Consequences o f  B u i l t - i n  L i d - L i f t i n g  F i x t u r e s  

The e s t i m a t e d  dose r e d u c t i o n s  d e s c r i b e d  above r e s u l t  f rom reduced a c t i v i t y  

t i m e s  b o t h  a t  t h e  r e a c t o r s  and a t  t h e  r e p o s i t o r y  f r o m  u s i n g  t h e  b u i l t - i n  l i d -  

l i f t i n g  f i x t u r e .  

n o t  enough t o  e l i m i n a t e  one s h i f t  o f  workers,  so no l a b o r  c o s t  sav ings a r e  

assumed t o  r e s u l t  f rom u s i n g  t h i s  a l t e r n a t i v e  a t  t h e  r e p o s i t o r y .  

The e s t i m a t e d  decrease i n  l a b o r  needs a t  t h e  r e p o s i t o r y  i s  

A t  t h e  



reac to rs ,  though, any t i m e  saved i s  assumed t o  reduce t h e  l a b o r  cos ts  charged 

t o  t h e  cask l o a d i n g  a c t i v i t i e s .  Thus, t h e  use o f  b u i l t - i n  l i d - l i f t i n g  f i x t u r e s  

r e s u l t s  i n  smal l  l a b o r  c o s t  sav ings  a t  t h e  reac to rs .  These l a b o r  sav ings,  as 

shown i n  Table 5.46, a re  estinnated a t  $17,600 pe r  year .  

TABLE 5.46. Comparison o f  Es t imated L i fe -Cy  l e  Costs f o r  
B u i l t - i n  L i d - L i f t i n g  F i x t u r e s  (a? 

P o s t u l a t e d  L i d  F i x t u r e  
c o s t  Reference A1 t e r n a t  i ve Change i n 

Cat e gory  c o s t  ( $ 1  Cost ( $ 1  c o s t  ( $ )  

C a p i t a l  Costs: 

F i x t u r e  Cost 0 2,800,000 2,800,000 

Annual Costs: 
At -Reactor  Labor 1,649,700 1,632,100 -17 ,600(b) 

Present  Worth o f  
Cost D i f f e r e n c e :  

3% Discount  Rate 

0% Discount  Rate 

2,530,000 

2,430,000 

( a )  Costs a re  shown t o  more s i g n i f i c a n t  f i g u r e s  than  j u s t i -  

( b )  

f i e d ,  t o  p r o v i d e  f o r  cons i s tency  i n  t h e  c a l c u l a t i o n s .  
See Appendix J f o r  d e t a i l s  o f  cos t  sav ings.  
A n e g a t i v e  cos t  denotes a c o s t  sav ings.  

The b u i l t - i n  l i d - l i f t i n g  f i x t u r e  and yoke a r e  a l r e a d y  manufactured by and 

a v a i l a b l e  f rom a vendor i n  t h e  U n i t e d  Sta tes .  The c o s t  f o r  one o f  these u n i t s  

i s  c o n s e r v a t i v e l y  es t ima ted  at. $22,000. 

soon-to-be opera t i ng ,  reac tors ,  i n  t h e  U n i t e d  S t a t e s  w i l l  each need one of t hese  

adapters  and t h a t  t h e  r e p o s i t o r y  w i l l  need t e n  o f  them, t h e  t o t a l  c a p i t a l  c o s t  

f o r  f i x t u r e s  i s  es t ima ted  t o  be $2.8 m i l l i o n  (127 x $22,000). 

Assuming t h a t  t h e  117 opera t i ng ,  and 

The we igh t  o f  t h e  casks i n  t h i s  a l t e r n a t i v e  i s  es t ima ted  t o  be t h e  same 

as f o r  t h e  p o s t u l a t e d  re fe rence  casks. 

i n - t r a n s i t  cos ts  f o r  u s i n g  t h i s  a l t e r n a t i v e .  

Thus, t h e r e  would be no e f f e c t  on 
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As shown i n  Table 5.46, t h e  p resen t  w o r t h  o f  t h e  es t ima ted  t o t a l  l i f e -  

c y c l e  c o s t  sav ings f o r  t h i s  a l t e r n a t i v e ,  u s i n g  a 21-year l i f e t i m e  and 1987 

d o l l a r s ,  i s  $2.4 m i l l i o n  and $2.5 m i l l i o n ,  f o r  d i s c o u n t  r a t e s  o f  0% and 3%, 

r e s p e c t i v e l y .  

5.8.4 Overview E v a l u a t i o n  o f  B u i l t - i n  L i d - L i f t i n g  F i x t u r e s  

The use o f  b u i l t - i n  l i d - l i f t i n g  f i x t u r e s  on t h e  cask i n n e r  l i d s  i s  e s t i -  

mated t o  s l i g h t l y  i n c r e a s e  o v e r a l l  system c o s t s  and t o  decrease cask h a n d l i n g  

worker  doses a t  t h e  r e a c t o r  and r e p o s i t o r y .  

system u s i n g  0% and 3% d i s c o u n t  r a t e s  a r e  $2140 and $2190 pe r  person-rem 

avoided, r e s p e c t i v e l y .  The r a t i o  i s  i n  t h e  range where t h e  a l t e r n a t i v e  war-  

r a n t s  f u r t h e r  d e t a i l e d  c o n s i d e r a t i o n .  One concern i n  u s i n g  t h i s  a l t e r n a t i v e  

c o u l d  be a s l i g h t  i n c r e a s e  i n  d i f f i c u l t y  i n  t h e  making and b r e a k i n g  of connec- 

t i o n s  on t h e  i n n e r  l i d .  A p o s s i b l e  improvement i n  c o s t s  migh t  be r e a l i z e d  by 
t h e  h a u l i n g  o f  t h e  h a n d l i n g  yoke w i t h  t h e  cask r a t h e r  than  pu rchas ing  one s e t  

f o r  each r e a c t o r .  

The r a t i o s  o f  ACOSt/AdOSe f o r  t h e  

5.9 INTEGRAL CASK IMPACT LIMITERS 

I n  t h e  p o s t u l a t e d  r e f e r e n c e  system, t h e  impact  l i m i t e r s  a r e  l a r g e  b a l s a  

wood, po lyurethane,  o r  foam s t r u c t u r e s  t h a t  a r e  separate f rom t h e  cask. 

a r e  b o l t e d  t o  t h e  ends o f  t h e  cask and must be removed b e f o r e  t h e  cask i s  

removed f rom t h e  t r a n s p o r t  v e h i c l e .  

w i t h  t h e  use o f  i n t e g r a l  impact  l i m i t e r s ,  which a r e  p a r t  o f  t h e  casks. 

They 

Dose r e d u c t i o n s  t o  workers a r e  p o s s i b l e  

5.9.1 D e s c r i p t i o n  o f  I n t e g r a l  Cask Impact L i m i t e r s  

The impact l i m i t e r s  used i n  t h e  p o s t u l a t e d  r e f e r e n c e  system must be b o l t e d  

o n t o  t h e  cask a f t e r  t h e  cask i s  p l a c e d  on t h e  t r a n s p o r t  v e h i c l e  (see F i g -  

u r e  4.5). When t h e  cask c o n t a i n s  spent f u e l ,  t h e  doses r e c e i v e d  f rom t h e s e  

a c t i v i t i e s  a r e  s i g n i f i c a n t .  E l i m i n a t i o n  o f  t hese  a c t i v i t i e s  i s  p o s s i b l e  w i t h  

t h e  use o f  i n t e g r a l  impact l i m i t e r s .  F i g u r e  5.4 i l l u s t r a t e s  an example of t h i s  

concept. The bot tom l i m i t e r  must be s t r o n g  enough t o  suppor t  t h e  cask, and 

b o t h  t o p  and bot tom l i m i t e r s  a r e  des igned t o  absorb t h e  shock i f  a cask were 

dropped i n  accordance w i t h  t h e  NRC cask t e s t s  (10 CFR 71). 

i n t e g r a l  w i t h  t h e  cask o u t e r  l i d  i n  t h i s  a l t e r n a t i v e ,  and i s  assumed t o  r e q u i r e  

The t o p  l i m i t e r  i s  
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Options: 
Bail (Shown) 
or Retractable 
Pins and Special 

Bolts to Secure Impact 
Limiter to Outer Lid Seal Bolts 

(Captive) Lift Tool (Option - Weld On) I 

a. Top Impact L i m i t e r  

Cradle Sumon on Vehicle I 

Note 
1 Integral limiter must be able to ruppwt cask weight at all points of contact wlth 

tilting cradle during the upend and down-end operation 

2 Integral limiter lbonom end of a r k )  mun be und and water tlght to prevent 
crud traps when a @ h  is placed into lwding peal a reactor rite 

b .  Bottom Impact L i m i t e r  

FIGURE 5.4. I n t e g r a l  Cask Impact L i m i t e r s  
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I Transport Vehicle Bed I 

c. S ide  View w i t h  Impact L i m i t e r s  i n  P lace  

FIGURE 5.4. ( c o n t d )  

no a d d i t i o n a l  t i m e  f o r  r e r n o v a l / i n s t a l l a t i o n  d u r i n g  t h e  normal o u t e r  l i d  removal 

procedures.  The bot tom l i m i t e r  i s  n o t  removed. It i s  assumed t h a t  t h e  impact  

l i m i t e r s  a r e  designed w i t h  smooth su r faces  t o  f a c i l i t a t e  decontaminat ion,  and 

no i n c r e a s e  i s  r e q u i r e d  i n  t h e  amount o f  decontaminat ion.  It i s  a l s o  assumed 

t h a t  t h e  i n t e g r a l  impact l i m i t e r s  do n o t  a f f e c t  t h e  c a p a c i t y  o f  t h e  casks and 

cranes; however, i t  i s  recognized t h a t  t h e  l i f t i n g  yoke w i l l  be more comp l i -  

c a t e d  and be h e a v i e r  t h a n  i n  t h e  p o s t u l a t e d  re fe rence  system. 

5.9.2 - Opera t i ona l  and Dose Impacts o f .  I n t e g r a l  Cask Impact L i m i t e r s  

The e f f e c t s  o f  u s i n g  i n t e g r a l  cask impact l i m i t e r s ,  r a t h e r  t h a n  separa te  

impact l i m i t e r s  as i n  t h e  p o s t u l a t e d  r e f e r e n c e  system, a r e  d iscussed i n  t h i s  

s e c t i o n .  The es t ima ted  annual c o l l e c t i v e  dose r e d u c t i o n s  f o r  a t - r e a c t o r  and 

a t - r e p o s i t o r y  o p e r a t i o n s  a r e  g i ven  i n  Table 5.47. 

doses r e c e i v e d  a t  r e a c t o r s  decrease by 7%, w h i l e  a t - r e p o s i t o r y  doses a r e  

reduced by 8%. 

T o t a l  cask h a n d l i n g  worker  

I t ’ s h o u l d  be remembered t h a t  t h e r e  a r e  seve ra l  d isadvantages t o  t h e  use o f  

i n t e g r a l  impact l i m i t e r s .  The o v e r a l l  l e n g t h  of t h e  cask i s  i nc reased  and, 

hence, t h e  hook h e i g h t  o f  t h e  r e c e i v i n g  area  crane and t h e  c l e a r  h e i g h t  of t h e  

r e c e i v i n g  area must be i nc reased  by t h e  l e n g t h  of t h e  bot tom impact l i m i t e r .  

The c l e a r  h e i g h t  o f  t h e  cask h a n d l i n g  room and t h e  h e i g h t  o f  t h e  s h i e l d  door 
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TABLE 5.47. Summary Comparison o f  Es t ima ted  Annual C o l l e c t i v e  R a d i a t i o n  Doses 
f o r  t h e  P o s t u l a t e d  Reference System With and Wi thout  I n t e g r a l  Cask 
Impact L i m i t e r s  

person- redyear  
Truck Rai 1 To ta l  
In tegra7  I n t e g r a l  I n t e g r a l  

Pos tu la ted  L i m i t e r  Dose Postu la ted L i m i t e r  Dose Pos tu la ted  L i m i t e r  
Reference A l t e r n a t i v e  Change Reference A l t e r n a t i v e  Change Reference A l t e r n a t i v e  

At-Reactor 27 1 253 -18 144 135 -9 415 3aa 
385 At-Reposi tory  269 - ~ 

418 - -10 - 139 -- 149 - -23 .- 246 
T o t a l s  540 499 -41 293 274 -19 833 173 

Dose 
Change 
-27 
-33 
-60 
- 

( a )  

( b )  

Based on 0.924 MTU/PWR t r u c k  shipment, 0.930 MTU/BWR t ruck  shipment, 6.47 MTU/PWR r a i l  shipment, and 
6 . i O  MTU/BWR r a i l  shipment. 
Cask capac i t y  i s  2/5 PWR/BWR assemblies f o r  t ruck  shipments. and 14/36 PWR/BWR assemblies f o r  r a i l  shipments. 

must a l s o  be increased.  The h e i g h t  o f  t h e  l oadou t  c e l l  may a l s o  need t o  be 

i nc reased  by t h e  h e i g h t  o f  t h e  bot tom impact l i m i t e r .  The a d d i t i o n a l  cask 

l e n g t h  w i l l  a l s o  reduce t h e  wa te r  s h i e l d i n g  depth d u r i n g  cask l o a d i n g  i n  t h e  

r e a c t o r  f u e l  bas ins  and c o u l d  i n c r e a s e  dose ra tes .  Such changes may i n c r e a s e  

t h e  c a p i t a l  c o s t s  o f  t h e  r e c e i v i n g  f a c i l i t y  and may a l s o  add c o s t s  t o  t h e  

r e a c t o r  f a c i  1 i t y ,  which a r e  no t  c u r r e n t l y  considered. 

At -Reactor  Impacts 

A c t i v i t y  s teps  a t  t h e  r e a c t o r  t h a t  a r e  a f f e c t e d  by t h e  use o f  i n t e g r a l  

impact l i m i t e r s  a r e  s teps  5.3 (crane r e t r i e v e s  hooks and g rapp les ) ,  5.4 ( impact  

l i m i t e r  removal ), and 20.3 ( i n s t a l l  impact l i m i t e r s ) .  These a c t i v i t i e s  a r e  a l l  
e l i m i n a t e d  i n  t h i s  a l t e r n a t i v e ,  because t h e  bot tom impact l i m i t e r  i s  no t  

removed and t h e  t o p  impact l i m i t e r  i s  removed w i t h  t h e  o u t e r  l i d  o f  t h e  cask. 

Turnaround t i m e  f o r  a t r u c k  shipment i s  es t ima ted  t o  decrease by 60 minutes,  

and r a i l  shipment tu rna round  t i m e  i s  es t ima ted  t o  be reduced by 90 minutes.  

The g r e a t e s t  dose reduct i ion occurs i n  a c t i v i t y  s t e p  20.3, when t h e  cask i s  
loaded w i t h  f u e l  and i s  be ing  prepared f o r  shipment. C o l l e c t i v e  r a d i a t i o n  

doses r e c e i v e d  by cask h a n d l i n g  workers a t  t h e  r e a c t o r  a r e  shown i n  Table 5.48. 

A dose r e d u c t i o n  o f  6% t o  7% for h a n d l i n g  e i t h e r  t r u c k  o r  r a i l  casks i s  noted 

f o r  t h i s  a l t e r n a t i v e  compared t o  t h e  p o s t u l a t e d  r e f e r e n c e  case. 

and r a i l  shipments, a c t i v i t y  2!0 i s  r e s p o n s i b l e  f o r  about 92% o f  t h e  r e d u c t i o n  

i n  dose. Maintenance-craf tsmen b e n e f i t  f r om t h e  m a j o r i t y  of t h e  dose reduc- 

t i o n s  (78% f o r  t r u c k ,  86% f o r  r a i l ) .  

For bo th  t r u c k  
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TABLE 5.48. Summary Comparison o f  Es t ima ted  C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l  a ted  Reference Reactor  With and Wi thout  I n t e g r a l  Cask Impact 
L i m i t e r s  

I 

Pos tu la ted  Reference I n t e g r a l  L l m l t e r  A l t e r n a t i v e  

ersonT67mf erson-mrem/ P erson-m em/ P 
Shipment e MTU son 7!l'jem/ I-' ersonT6tmf year  S h i pmen t MTU(a'j year 

Person-mrem/ P 

Truck 

PWR 27 1 293 158 252 272 147 

106 BWR 292 314 113 273 294 

Tota I 27 1 253 
- - 

Rai I - 
PWR 404 62 78 374 58 73 

62 BWR 520 78 66 490 74 

Tota I 144 135 
- - 

( a )  Based on 0.924 MTU/PWR t r u c k  shipment, 0.930 MTU/BWR t r u c k  Shipment, 6.47 MTU/PWR r a i l  

( b )  Based on 540 MTU of PWR and 360 MTU of  BWR spent f u e l  by t r u c k  and 1200 MTU of PWR and 
shipment, and 6.70 MTU/BWR r a i l  shipment. 

840 MTU of BWR spent f u e l  by r a l  I .  

The average annual doses t o  i n d i v i d u a l  o p e r a t o r s  d u r i n g  a t - r e a c t o r  t r u c k  

cask h a n d l i n g  o p e r a t i o n s  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system a r e  reduced f r o m  

898 mrem/year t o  873 mremlyear when u s i n g  i n t e g r a l  cask impact l i m i t e r s  f o r  PWR 

opera t i ons ,  and f rom 1035 mrem/year t o  1009 mremlyear f o r  BWR opera t i ons .  F o r  

maintenance-craf tsmen, t h e  e q u i v a l e n t  doses a r e  t h e  same f o r  b o t h  PWR and BWR 

o p e r a t i o n s  and would be reduced f rom 1011 mremlyear i n  t h e  p o s t u l a t e d  r e f e r e n c e  

system t o  889 mrem/year when u s i n g  i n t e g r a l  cask impact l i m i t e r s .  D e t a i l s  o f  

these dose c a l c u l a t i o n s  a r e  con ta ined  i n  Appendix N. 

A t -Repos i to ry  Impacts 

A c t i v i t y  s teps  a t  t h e  r e p o s i t o r y  t h a t  a r e  a f f e c t e d  by t h e  use of i n t e g r a l  

cask impact l i m i t e r s  a r e  s teps  5.2 (c rane r e t r i e v e s  hook and g rapp les ) ,  5.3 

(remove impact l i m i t e r s ) ,  and 21.2 ( i n s t a l l  impact  l i m i t e r s ) .  The cask i s  

loaded w i t h  f u e l  i n  s teps  5.2 and 5.3, and i s  empty i n  s t e p  21.2. A l l  o f  t h e s e  

a c t i v i t i e s  a r e  e l i m i n a t e d  as a r e s u l t  o f  implement ing t h i s  a l t e r n a t i v e .  Turn- 

around t i m e  i s  es t ima ted  t o  be reduced 70 minutes f o r  a t r u c k  shipment and 

100 minutes f o r  a r a i l  shipment. 

The c o l l e c t i v e  r a d i a t i o n  dose t o  cask h a n d l i n g  workers a t  t h e  r e p o s i t o r y  

i s  reduced as a r e s u l t  o f  t h e  e l i m i n a t i o n  o f  t h e  above c o n t a c t  ope ra t i ons .  
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Es t ima ted  doses r e c e i v e d  a t  t h e  r e p o s i t o r y  r e c e i v i n g  f a c i l i t y  a r e  shown i n  

Tab le  5.49. Dose r e d u c t i o n s  t o  workers o f  about 8% f o r  t r u c k  casks and 7% f o r  

r a i l  casks a re  es t ima ted  on a per-cask and per-MTU bas is .  

a c t i v i t y  5 i s  reduced by 22 person-mrem (42% r e d u c t i o n )  f o r  a t r u c k  shipment 

and by 32 person-mrem (41% r e d u c t i o n )  f o r  a r a i l  shipment. 

c ra f tsmen r e c e i v e  n e a r l y  a l l  o f  t h e  dose r e d u c t i o n  b e n e f i t s .  

The dose f rom 

Maintenance- 

TARLE 5.49. Summary Comparison o f  Es t imated C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l a t e d  Reference Repos i to ry  Wi th  and Wi thout  I n t e g r a l  Cask 
Impact L i m i t e r s  

Postulated Reference Integra l  L imi ter  A l te rnat ive  

eCSoniLY’ erson-mrem/ P erson-m em/ P 
Sh i pment MTU(aT - ersoniLYm’ Shlpment MTU(a5 ear year 

Person-mrem/ person-m em/ P 

Truck 

PWR 276 299 162 253 274 148 

98 

Tota I 269 24 6 

Rai I 

- BWR 277 298 107 2 54 273 - 

- 
PWR 463 72 91 430 67 84 

55 BWR 466 70 57 4 33 65 

Tota I 149 139 
- - 

( a )  Based on 0.924 MTU/PWR truck shlpment, 0.930 MTU/BWR truck shlpment, 6.47 MTU/PWR r a i l  

( b )  Based on 540 MTU of PWR and 360 MTU of BWR spent fue l  by t ruck and 1200 MTU of PWR and 
shlpment, and 6.70 MTU/BWR r a l l  shlpment. 

840 MTU of BWR spent fue l  by r a i  I .  

The t o t a l  average annual dose t o  t h e  maintenance-craf tsmen decreases f rom 
13.2 rem/year i n  t h e  p o s t u l a t e d  r e f e r e n c e  system t o  12.0 remlyear  w i t h  t h e  

i n c o r p o r a t i o n  o f  i n t e g r a l  cask impact  1 i m i  t e r s  (assuming 26 maintenance- 

c ra f t smen) .  D e t a i l s  o f  t hese  dose c a l c u l a t i o n s  a r e  con ta ined  i n  Appendix N. 

5.9.3 Cost Consequences o f  I n t e g r a l  Cask Impact  L i m i t e r s  

A t  t h e  reac to rs ,  any t i m e  savea reduces t h e  l a b o r  c o s t s  charged t o  t h e  

cask l o a d i n g  a c t i v i t i e s .  Thus, t h e  use o f  i n t e g r a l  impact  l i m i t e r s  would 

r e s u l t  i n  l a b o r  c o s t  sav ings  a t  t h e  reac to rs .  These sav ings,  as shown i n  

Tab le  5.50, a r e  es t ima ted  a t  $132,000 p e r  year .  The decrease i n  l a b o r  r e q u i r e -  

ments a t  t h e  r e p o s i t o r y  i s  n o t  enough t o  e l i m i n a t e  one s h i f t  o f  workers f o r  one 
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TABLE 5.50. Comparison of Es t ima ted  L i f e - C y c l e  Costs f o r  t h e  P o s t u l a t e d  
ys tem Wi th  and Wi thout  I n t e g r a l  Cask Impact Referencb? L i m i t e r s  

P o s t u l a t e d  I n t e g r a l  L i m i t e r  
c o s t  Reference A1 t e r n a t  i ve Change i n  

Cat ego ry c o s t  ( 8 )  c o s t  ( $ 1  c o s t  ( $ 1  
C a p i t a l  Costs: 

Truck Cast F l e e t  39,000,000 38,986,500 -13 , 500( 

R a i l  Cask F l e e t  70,000,000 70,075,600 75,600 

T o t a l  C a p i t a l  Cost 
I n c r e a s e  62 , 100 

Annual Costs:  

At -Reactor  Labor 1,650,000 1 , 518 , 000 -1 32,000 

Present  Worth o f  
Cost D i f f e r e n c e :  

3% Discount  Rate -1,970,000 

0% Discount  Rate -2,710,000 

( a )  

( b )  

Costs a r e  shown t o  more s i g n i f i c a n t  f i g u r e s  than  j u s t i f i e d ,  t o  
p r o v i d e  f o r  c o n s i s t e n c y  i n  t h e  c a l c u l a t i o n s .  
f o r  c o s t  e s t i m a t i n g  d e t a i l s .  
A n e g a t i v e  c o s t  denotes a c o s t  sav ings.  

See Appendix J 

h o t  c e l l .  

i n t e g r a l  cask impact l i m i t e r  a t  t h e  r e p o s i t o r y .  

The re fo re ,  no l a b o r  c o s t  sav ings  a r e  i n c l u d e d  f rom u s i n g  t h e  

The i n t e g r a l  cask impact  l i m i t e r s  a r e  p a r t  o f  t h e  cask. The t o p  impact 

l i m i t e r  i s  a s t e e l  c y l i n d e r  a t t a c h e d  t o  t h e  o u t e r  l i d .  The bot tom l i m i t e r  has 

s i x  s t e e l  f i n s .  The a d d i t i o n  o f  t h e  a l t e r n a t i v e  l i m i t e r s  adds 1035 pounds of 

s t a i n l e s s  s t e e l  t o  t h e  t r u c k  cask, a t  an e s t i m a t e d  c o s t  o f  $3880 p e r  cask. F o r  

t h e  r a i l  casks, t h e  n e t  a d d i t i o n a l  we igh t  o f  2220 pounds o f  s t a i n l e s s  s t e e l  

i nc reases  t h e  c o s t  by $8325 p e r  cask. 

e l i m i n a t e s  t h e  removable b a l s a  wood l i m i t e r s  t h a t  a r e  b o l t e d  on t h e  p o s t u l a t e d  

r e f e r e n c e  cask. 

$5600 p e r  r a i l  cask. 

c a p i t a l  c o s t  sav ings o f  $520 pe r  t r u c k  cask and a c o s t  i n c r e a s e  o f  $2725 p e r  

r a i l  cask. The c a p i t a l  c o s t  o f  t h e  t r u c k  cask f l e e t  i s  reduced by $13,500, 

Adding t h e  i n t e g r a l  impact l i m i t e r s  

The c o s t  o f  t hese  a r e  e s t i m a t e d  t o  be $4400 p e r  t r u c k  cask and 

Thus, t h e  i n t e g r a l  cask impact l i m i t e r  r e s u l t s  i n  a 
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w h i l e  t h e  c a p i t a l  c o s t  o f  t h e  r a i l  cask f l e e t  i s  inc reased by $75,600, f o r  a 

t o t a l  i n c r e a s e  i n  c a p i t a l  cos ts  o f  $62,100 f o r  t h i s  a l t e r n a t i v e .  

The p resen t  wor th  o f  t h e  es t ima ted  t o t a l  l i f e - c y c l e  cos t  sav ings  f o r  t h e  

i n t e g r a l  cask impact 1 i m i  t e r s  a1 t e r n a t i  ve has been c a l c u l a t e d  w i t h  d i  scount  

r a t e s  o f  0% and 3% u s i n g  a 21-year l i f e t i m e  and 1987 d o l l a r s .  The r e s p e c t i v e  

values, shown i n  Table 5.50, a re  $2.7 m i l l i o n  and $2.0 m i l l i o n .  

5.9.4 Overview E v a l u a t i o n  o f  I n t e g r a l  Cask Impact L i m i t e r s  

The use o f  i n t e g r a l  impact  l i m i t e r s  f o r  t h e  t r u c k  and r a i l  casks would 

s l  i g h t l y  decrease o v e r a l l  system cos ts  and would a1 so s l  i g h t l y  decrease worker  

doses. The r a t i o  o f  Acost/Adase f o r  t h e  system i s  n e g a t i v e  and t h u s  t h e  

magnitude o f  t h e  r a t i o  i s  n o t  meaningfu l .  

The major  concerns about t h i s  a l t e r n a t i v e  i n c l u d e  p o t e n t i a l  changes a t  t h e  

r e a c t o r  and a t  t h e  r e p o s i t o r y  t o  accommodate t h e  l o n g e r  and h e a v i e r  casks, 

a d d i t i o n a l  r e g u l a t o r y  i ssues  because o f  a change i n  techno1 ogy, a s s u r i  ng t h e  

des ign  i s  prepared t o  avo id  d i f f i c u l t i e s  w i t h  decontaminat ion  a f t e r  removal 

f rom t h e  r e a c t o r  poo l ,  t h e  avoidance o f  damage t o  t h e  impact  l i m i t e r s  d u r i n g  

cask h a n d l i n g  opera t i ons ,  and t h e  p o t e n t i a l  need f o r  a more compl ica ted  and 

h e a v i e r  1 i f t i  ng yoke. 

5.10 QUICK-RELEASE CASK IMPACT LIMITERS 

I n  t h e  p o s t u l a t e d  r e f e r e n c e  system, t h e  cask impact  l i m i t e r s  (one f o r  each 
end o f  t h e  cask)  a re  secured t o  t h e  cask by f o u r  b o l t s  f o r  a t r u c k  cask and by 

e i g h t  b o l t s  f o r  a r a i l  cask (see F i g u r e  4.5). The a l t e r n a t i v e  o f  u s i n g  an 

i n t e g r a l  impact l i m i t e r  was desc r ibed  i n  Sec t i on  5.9. Another a l t e r n a t i v e  

would be t o  redes ign  t h e  impact  l i m i t e r  t o  be a t tached  t o  t h e  cask w i t h  a 

s i n g l e  b o l t ,  thus  reduc ing  i n s t a l l a t i o n / r e m o v a l  t imes and t h e  r a d i a t i o n  doses 

r e c e i  ved by cask hand1 i ng workers. 

5.10.1 D e s c r i D t i o n  of Quick-Release Cask ImDact L i m i t e r s  

cy1 i n d r i  c a l  s t  

i mpact s . They 

b o l t s  on a r a i  

The impact  l i m i t e r s  used i n  t h e  p o s t u l a t e d  r e f e r e n c e  system a re  l a r g e  

uc tu res  designed t o  p r o t e c t  t h e  cask body and c l o s u r e  a g a i n s t  

a re  h e l d  i n  p l a c e  by f o u r  b o l t s  on a t r u c k  cask and by e i g h t  

cask. These b o l t s  a re  n o t  l oad -bear ing  b o l t s  f o r  cask suppor t .  
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It i s  assumed t h a t  a conven t iona l  impact l i m i t e r  c o n s t r u c t e d  o f  s t a i n l e s s -  

s tee l - shea thed  b a l s a  wood o r  s i m i l a r  m a t e r i a l  would be acceptable.  To remove 

o r  i n s t a l l  t h e  impact l i m i t e r  r e q u i r e s  t h e  use of a crane t o  l i f t  and p o s i t i o n  

t h e  impact l i m i t e r  t o  t h e  a l i gnmen t  r e q u i r e d  f o r  t h e  i n s t a l l a t i o n  o f  t h e  f o u r  

o r  e i g h t  b o l t s  u s i n g  conven t iona l  hand o r  power t o o l s .  

An a l t e r n a t i v e  would be t o  mod i f y  t h e  impact l i m i t e r  des ign  t o  a l l o w  

F i g u r e  5.5 shows a diagram of a s e c u r i n g  i t  i n  p l a c e  w i t h  a s i n g l e  b o l t .  

concept f o r  t h i s  a l t e r n a t i v e .  

r e f e r e n c e  system would be rep laced  by a l i gnmen t  bars  on t h e  cask s i d e  w a l l s .  

The a l i gnmen t  bars  would mate w i t h  s l o t s  i n  t h e  impact l i m i t e r ,  t hus  ndex ing  

t h e  s i n g l e  s e c u r i n g  b o l t  l o c a t e d  i n  t h e  c e n t e r  o f  t h e  impact l i m i t e r .  Appro- 

p r i a t e  h o i s t i n g  equipment would be used t o  manual ly  o r i e n t  t h e  impact l i m i t e r  

t o  i t s  ma t ing  p o s i t i o n ,  and t h e  c a p t i v e  f a s t e n e r  would t h e n  be t i g h t e n e d  t o  t h e  

des igned torque.  These o p e r a t i o n s  would e s s e n t i a l l y  be reversed f o r  removal o f  

t h e  impact l i m i t e r .  

The f o u r / e i g h t  b o l t s  used i n  t h e  p o s t u  a t e d  

Al ignment Bar 

Single Fastener 
Bolt Hole 

k 
Outer Lid 

Power 
Drive 

Cask Impact Limiter 

FIGURE 5.5. Quick-Release Cask Impact L i m i t e r  
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5.10.2 Opera t i ona l  and Dose Impacts o f  Quick-Release Cask Impact L i m i t e r s  

The e f f e c t s  o f  u s i n g  quic ,k- re lease cask impact l i m i t e r s  a r e  d iscussed i n  

t h i s  s e c t i o n .  The es t ima tes  clf annual dose r e d u c t i o n s  f o r  a t - r e a c t o r  and a t -  

r e p o s i t o r y  o p e r a t i o n s  a r e  g i ven  i n  Table 5.51. T o t a l  doses r e c e i v e d  by t h e  

cask h a n d l i n g  workers a t  r e a c t o r s  would decrease by 3%, and a t - r e p o s i t o r y ,  by 

4% . 
TABLE 5.51. Summary Comparison of Es t ima ted  Annual C o l l e c t i v e  R a d i a t i o n  Doses 

i n  t h e  P o s t u l a t e d  Reference Truck/Rai 1 T ranspor t  System With and 
Wi thout  Quick-Release Cask Impact L i m i t e r s  

person-rem/year 
Truck - Rai 1 Total Svstem'a*o) 

Postulated Ouick-Release Dose Postulated Quick-Release Dose Postulated Quick-Release Dose 
Reference Al ternat ive Charige Reference Al ternat ive Change Reference A l te rna t i ve  Change 

At-Reactor 271 266 -5 144 137 -7 415 403 -12 
-17 

Totals 540 524 -16 293 280 -13 833 801 -29 
- 401 - 418 - -6 - 143 - 149 - -11 -. 258 At-Repository 269 - 

( a )  

(b) 

Based on 0.924 MTU/PWR truck shipment, 0.930 MTU/BWR t ruck  shipment, 6.47 MTU/PWR r a i l  shipment, and 6.70 CTU/BWR 
r a i l  shipment. 
Cask capacity i s  2/5 PWR/BWR assemblies f o r  t ruck shipments, and 14/36 PWR/BWR assembiies f o r  r a i l  shipments. 

A t -Reactor  Impacts 

The a c t i v i t y  s teps  a t  t h e  r e a c t o r  t h a t  a re  a f f e c t e d  by t h e  use o f  q u i c k -  

r e l e a s e  impact l i m i t e r s  a r e  s teps  5.4 ( impact  l i m i t e r  removal)  and 20.3 

( i n s t a l l  impact l i m i t e r s ) .  A c t i v i t y  t imes  a r e  reduced because o n l y  one b o l t  

secures t h e  q u i c k - r e l e a s e  impact l i m i t e r .  Turnaround t i m e  f o r  a t r u c k  shipment 

would be decreased by 30 minutes,  and r a i l  shipment tu rna round  t i m e  would be 

reduced by 60 minutes as a r e s u l t  of t h i s  a l t e r n a t i v e .  

Doses r e c e i v e d  by t h e  cask h a n d l i n g  workers a t  t h e  r e a c t o r  a re  shown i n  

About 2% dose r e d u c t i o n  would r e s u l t  f rom h a n d l i n g  t r u c k  casks, Table 5.52. 

and 3% t o  4% r e d u c t i o n  f rom h a n d l i n g  r a i l  casks compared t o  t h e  p o s t u l a t e d  

r e f e r e n c e  system. A c t i v i t y  s t e p  20.3, when t h e  cask i s  loaded w i t h  f u e l  

and i s  be ing  prepared f o r  shipment, i s  r e s p o n s i b l e  f o r  about 88% t o  92% o f  t h e  

r e d u c t i o n  i n  dose f o r  t h i s  a l t e r n a t i v e .  Maintenance-craf tsmen b e n e f i t  f r om t h e  

m a j o r i t y  o f  t h e  dose reduc t i ons .  
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TABLE 5.52. Summary Comparison o f  Es t ima ted  C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l  a ted  Reference Reactor  Wi th  and Wi thout  Q u i  ck-Release Cask 
Impact L i m i t e r s  

Pos tu la ted  Reference Quick-Release A l t e r n a t i v e  
e r s o n ~ 6 y n r  

son me"/ i-J year  Sh i pment ersonT!45em/ MTU i-J year  Sh i pment MTU 
e rson~ t ; yn /  P erson-mrem/ P Person-mrem/ P 

Truck 
PWR 27 1 293 158 265 28 7 155 

31 1 

Tota I 27 1 266 

R a i l  

- BWR 292 314 113 286 308 - 

- 
PWR 404 62 78 38 7 59 74 

63 BWR 520 78 66 503 75 

Tota I 144 137 
- - 

( a )  Based on 0.924 MTU/PWR t r u c k  shipment, 0.930 MTU/BWR t r u c k  shlpment, 6.47 MTU/PWR r a t  I 

( b )  Based on 540 MTU of PWR and 360 MTU of BWR spent f u e l  by t r u c k  and 1200 MTU o f  PWR and 
shlpment, and 6.70 MTU/BWR r a i l  shlpment. 

840 MTU of BWR spent f u e l  by r a t  I .  

The average annual doses t o  i n d i v i d u a l  o p e r a t o r s  d u r i n g  a t - r e a c t o r  t r u c k  

cask h a n d l i n g  o p e r a t i o n s  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system a r e  reduced from 

898 mrem/year t o  886 mremlyear when u s i n g  q u i c k - r e l e a s e  cask impact l i m i t e r s  

f o r  PWR opera t i ons ,  and f rom 1035 mremlyear t o  1022 mremlyear f o r  BWR opera- 

t i o n s .  For  maintenance-craf tsmen, t h e  e q u i v a l e n t  doses a r e  t h e  same f o r  b o t h  

PWR and BWR o p e r a t i o n s  and would be reduced f rom 1011 rnrem/year i n  t h e  pos tu -  

l a t e d  r e f e r e n c e  system t o  977 mrem/year when u s i n g  q u i c k - r e l e a s e  cask impact  

l i m i t e r s .  D e t a i l s  o f  t hese  dose c a l c u l a t i o n s  a r e  con ta ined  i n  Appendix N. 

At-Reposi t o r y  Impacts 

A c t i v i t y  s teps  a t  t h e  r e p o s i t o r y  t h a t  a r e  a f f e c t e d  by t h e  use of q u i c k -  

The cask i s  loaded w i t h  f u e l  i n  s tep  5.3, and i s  empty i n  

r e l e a s e  impact l i m i t e r s  a r e  s t e p  5.3 (remove impact l i m i t e r s )  and 21.2 ( i n s t a l l  

impact  l i m i t e r s ) .  

s t e p  21.2. A c t i v i t y  t imes  a r e  reduced as a r e s u l t  o f  implement ing t h i s  a l t e r -  

n a t i v e .  Turnaround t i m e  i s  reduced 30 minutes f o r  a t r u c k  shipment and 

60 minutes f o r  a r a i l  shipment. 
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T o t a l  r a d i a t i o n  exposure i s  reduced t o  cask h a n d l i n g  workers a t  t h e  repos-  

i t o r y  as a r e s u l t  o f  t h e  r e d u c t i o n  i n  cask con tac t  t ime.  Es t imated doses 

r e c e i v e d  a t  t h e  r e p o s i t o r y  r e c e i v i n g  f a c i l i t y  f rom t h i s  a l t e r n a t i v e  a re  shown 

i n  Tab le  5.53. 

TABLE 5.53. Summary Comparison o f  Es t imated C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l a t e d  Reference Repos i to ry  Wi th and Wi thout  Quick-Release 
Cask Impact L i m i t e r s  

Postulated Reference 
Person-mrem/ ersong5em/ rersonT6yn/ 

Sh I pment MTU - year 

Truck 

PWR 276 299 162 

107 BWR 277 298 

Tota I 269 
- 

Qulck-Release A l te rnat ive  
Person-mrem/ ersongyem/ Y e r  s on Tgyn/' 

MTU year - Shipment 

266 288 155 

103 

258 
- 266 286 

Rai I - 
PWR 463 72 91 442 69 87 

56 BWR 466 70 59 445 67 

Tota I 149 143 
- - 

( a )  Based on 0.924 MTU/PWR truck shipment, 0.930 MTU/BWR truck shipment, 6.47 MTU/PWR r a i l  

( b )  Based on 540 MTU of PWR and 360 MTU of BWR spent fue l  by t ruck and 1200 MTU of PWR and 
shipment, and 6.70 MTU/BWR r a i l  shipment. 

840 MTU of BWR spent fue l  by r a l  I. 

Dose r e d u c t i o n s  o f  about 4% f o r  h a n d l i n g  t r u c k  casks and 5% f o r  h a n d l i n g  

r a i l  casks a re  noted f o r  t h i s  a l t e r n a t i v e .  The dose f rom a c t i v i t y  5 i s  reduced 

by 10 person-mrem (19% r e d u c t i o n )  f o r  a t r u c k  shipment and by 2 1  person-mrem 

(26% r e d u c t i o n )  f o r  a r a i l  shipment. 

Maintenance-craf tsmen b e n e f i t  f r om nears l y  a1 1 o f  t h e  dose reduc t i ons .  The 

average annual dose t o  an i n d i v i d u a l  mai ntenance-craftsman decreases from 

13.2 remlyear  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system t o  12.6 rem/year w i t h  t h e  

i n c o r p o r a t i  on o f  q u i  ck- re1 ease cask impact  1 i m i  t e r s  (assumi ng 26 mai ntenance- 

c ra f t smen) .  D e t a i l s  o f  these dose c a l c u l a t i o n s  a re  conta ined i n  Appendix N. 

5.10.3 Cost Consequences o f  Quick-Release Cask Impact L i m i t e r s  

The dose r e d u c t i o n s  i n  t h i s  a l t e r n a t i v e  r e s u l t  f rom reduced a c t i v i t y  t imes 

bo th  a t  t h e  r e a c t o r  and a t  t h e  r e p o s i t o r y  f rom u s i n g  qu ick - re lease  cask impact  

l i m i t e r s .  The reduced l a b o r  requ i rements  a t  t h e  r e p o s i t o r y  i s  no t  enough t o  
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e l i m i n a t e  one s h i f t  o f  workers f rom any h o t  c e l l .  Therefore,  no l a b o r  c o s t  

sav ings a r e  i n c l u d e d  f rom u s i n g  t h e  q u i c k - r e l e a s e  cask impact l i m i t e r s  a t  t h e  

r e p o s i t o r y .  A t  t h e  r e a c t o r s ,  t h e  use o f  q u i c k - r e l e a s e  cask impact l i m i t e r s  

r e s u l t s  i n  l a b o r  c o s t  sav ings o f  $66,600 p e r  year ,  as shown i n  Table 5.54. 

TABLE 5.54. Comparison o f  Es t ima ted  L i f e - C y c l e  Costs f o r  t h e  P o s t u l a t e d  
R e f e r e n c y a j  ystem Wi th  and Wi thout  Quick-Release Cask Impact 
L im i  t e r s  

P o s t u l a t e d  Q u i  ck-Release 
c o s t  Reference A1 t e r n a t i  ve Change i n  

Cat e gory  Cost ( $ )  Cost ( 8 )  c o s t  ( 9 )  
C a p i t a l  Costs: 
Cask F l e e t  98,000,000 97,996,000 -4,000 ( b, 

Annual Costs: 
At -Reactor  Labor 1,649,700 1,583,100 -66,600 

Present  Worth o f  
Cost D i f f e r e n c e :  

3% Discount  Rate 

0% Discount  Rate 

-1,030,000 

-1,400,000 

( a )  Costs a r e  shown t o  more s i g n i f i c a n t  f i g u r e s  t h a n  j u s t i f i e d ,  

( b )  A n e g a t i v e  va lue  i n d i c a t e s  a c o s t  savings. 

t o  p r o v i d e  f o r  c o n s i s t e n c y  i n  t h e  c a l c u l a t i o n s .  
Appendix J f o r  c o s t  e s t i m a t i n g  d e t a i l s .  

See 

The q u i c k - r e l e a s e  cask impact l i m i t e r  i s  a s i m p l e r  des ign  t h a n  t h e  pos tu -  

l a t e d  r e f e r e n c e  system cask impact l i m i t e r .  The e l i m i n a t i o n  o f  b o l t s ,  and t h e  

a s s o c i a t e d  t h r e a d i  ng c o s t  , and t h e i  r rep1 acement w i t h  s i m p l e r  a1 i gnment ba rs  

r e s u l t s  i n  an es t ima ted  c a p i t a l  c o s t  sav ings o f  $32 p e r  t r u c k  cask and $108 p e r  

r a i l  cask. The t o t a l  c a p i t a l  c o s t  sav ings f o r  t h e  minimum cask f l e e t  i s  e s t i -  

mated t o  be $4000. 

The p resen t  w o r t h  o f  t h e  e s t i m a t e d  t o t a l  l i f e - c y c l e  c o s t  sav ings f o r  t h e  

q u i c k - r e l e a s e  cask impact l i m i t e r s  a l t e r n a t i v e  has been c a l c u l a t e d  w i t h  

d i s c o u n t  r a t e s  o f  0% and 3% u s i n g  a 21-year l i f e t i m e  and 1987 d o l l a r s .  The 

r e s p e c t i v e  values, shown i n  Table 5.54, a r e  $1.4 m i l l i o n  and $1.0 m i l l i o n .  
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5.10.4 Overview E v a l u a t i o n  o f  Quick-Release Cask Impact L i m i t e r s  

The use o f  qu i ck - re lease  cask impact  l i m i t e r s  i s  es t ima ted  t o  r e s u l t  i n  

decreased o v e r a l l  system Cost!; and a l s o  decreased worker doses. The r a t i o  of 

ACOSt/AdOSe i s  n e g a t i v e  and t h e  magnitude o f  t h e  r a t i o  i s  n o t  mean ing fu l .  

combina t ion  o f  bo th  cos t  r e d u c t i o n  and dose r e d u c t i o n  i m p l i e s  t h a t  t h e  a l t e r -  

n a t i v e  i s  a t t r a c t i v e .  It shou ld  be noted, however, t h a t  cos t  inc reases  f o r  

t e s t i n g ,  demonstrat ion,  and 1, icens ing o f  q u i c k - r e l e a s e  impact l i m i t e r s  have n o t  

been cons idered and c o u l d  s i g n i f i c a n t l y  a l t e r  t h e  ec,t imated c o s t  i n  t h i s  

e v a l u a t i o n .  

The 

5.11 QUICK-RELEASE CASK T I  EDOWNS 

I n  t h e  p o s t u l a t e d  re fe rer ice  system design,  cask t iedown bands a re  made 

Furthermore, t h e  t iedown secure by one c a p t i v e  n u t  a t  each end o f  t h e  band. 

band i s  s t o r e d  s e p a r a t e l y  f rom t h e  t r a n s p o r t  v e h i c l e  when i t  i s  removed. 

e f f i c i e n c y  o f  i n s t a l l a t i o n  and removal o f  cask t iedowns cou ld  p o t e n t i a l l y  be 

improved by u s i n g  a qu i ck - re lease  t iedown concept, and making t h e  t iedown an 

i n t e g r a l  p a r t  o f  t h e  t r a n s p o r t  veh ic le .  The t i m e  saved by these changes would 

t r a n s l a t e  i n t o  dose reduc t i ons  f o r  those workers t h a t  i n s t a l l  o r  remove 

t iedowns. 

The 

5.11.1 D e s c r i p t i o n  o f  Quick-Release Cask Tiedowns 

I n  t h e  p o s t u l a t e d  re fe rer ice  system, t h e  cask t iedown band i s  p laced  over  
t h e  cask and secured t o  t h e  band-anchor s t r u c t u r e  by c a p t i v e  nuts .  Each end 

o f  t h e  band i s  b o l t e d  t o  t h e  band-anchor s t r u c t u r e .  Fo r  cask removal, t h e  two 

c a p t i v e  nu ts  a re  removed and t h e  band i s  l i f t e d  and removed f rom t h e  t r a n s p o r t  

cask. These oper -  

a t i o n s  a re  e s s e n t i a l l y  done by d i r e c t  c o n t a c t  o f  t h e  workers, so t h e  dose r a t e s  

t o  t h e  workers f rom these a c t i v i t i e s  a re  modera te ly  high. 

The t iedown band i s  s t o r e d  away f rom t h e  t r a n s p o r t  veh ic le .  

An example o f  a qu i ck - re lease  t iedown, shown i n  F i g u r e  5.6, would be an 

i n t e g r a l  p a r t  o f  t h e  t ranspor t .  veh ic le .  

i n s t a l l  and re lease  than  i n  t h e  p o s t u l a t e d  re fe rence  system. Wi th t h e  t iedown 

i n  t h e  open p o s i t i o n ,  t h e  cask. would be p laced  i n  i t s  saddle. Then, by use o f  

an a u x i l i a r y  h o i s t ,  t h e  t iedown would be h inged over  t h e  cask and t h e  s e c u r i n g  

It would be s i m p l e r  and q u i c k e r  t o  
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Tiedown Band 

Left Side View End View Right Side View 

FIGURE 5.6. Quick-Release Cask Tiedown 

og would be s e t  i n t o  p lace .  The l o c k i n g  s a f e t y  screw would be t i g h t e n e d  t o  

i r e v e n t  i n a d v e r t e n t  r e l e a s e  o f  t h e  s e c u r i n g  dog. The t e n s i o n  o f  t h e  t i edown 

land would t h e n  be a d j u s t e d  t o  t h e  des igned t o r q u e  u s i n g  t e n s i o n  l e v e r s  t h a t  

i r e  p a r t  o f  t h e  cask saddle.  These o p e r a t i o n s  would be reve rsed  f o r  t i edown  

.emoval. The removal and i n s t a l l a t i o n  o f  t h e  a x i a l  cask r e s t r a i n t  b r a c k e t  i s  
i n a f f e c t e d  by t h i s  a l t e r n a t i v e .  

j.11.2 O p e r a t i o n a l  and Dose Impacts o f  Quick-Release Cask Tiedowns 

The e f f e c t s  o f  u s i n g  q u i c k - r e l e a s e  cask t iedowns a r e  d i scussed  i n  t h i s  

;ec t i on .  The e s t i m a t e s  o f  annual c o l l e c t i v e  dose r e d u c t i o n s  f o r  a t - r e a c t o r  and 

3 t - r e p o s i t o r y  cask h a n d l i n g  o p e r a t i o n s  a r e  g i v e n  i n  Tab le  5.55. 

-ece ived by cask h a n d l i n g  workers a t  r e a c t o r s  decrease by 4%, and 

j t - r e p o s i t o r y ,  by 8%. 

T o t a l  doses 

At-Reactor  Impacts 

The r e a c t o r  a c t i v i t y  s teps  a f f e c t e d  by t h e  use o f  q u i c k - r e l e a s e  cask t i e -  

jowns a r e  s t e p  5.5 ( t i e d o w n  removal, s t o r a g e )  and 20.2 ( i n s t a l l  cask t i e -  

downs). Times t o  p e r f o r m  t h e s e  a c t i v i t i e s  would decrease, which would reduce 

t h e  dose t o  cask h a n d l i n g  workers.  Turnaround t i m e s  f o r  t r u c k  and r a i l  s h i p -  

ments would decrease by an e s t i m a t e d  30 minutes as a r e s u l t  o f  t h i s  

a1 t e r n a t i  ve. 
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TABLE 5.55. Summary Comparison o f  Es t ima ted  Annual C o l l e c t i v e  R a d i a t i o n  
Doses i n  t h e  P o s t u l a t e d  Reference Truck/Rai 1 T ranspor t  System 
Wi th  and Wi thou t  Quick-Release Cask Tiedowns 

person-rem/year 
Total  5 stem(a*bl 

Postulated Quick-Re'lease Dose Postulated Quick-Release Dose Postulated Qui:k-Release 
Reference A l te rnat ive  Change Reference A l te rnat ive  Change Reference A l te rnat ive  Change 

Truck - Rai 1 
Dose 

At-Reactor 2 7 1  259 -12 144 140 -4 415 399 -16 

-32  - 386 - 418 - -11 - 138 - 149 - -21 - 248 At-Reposi t o r y  269 - 
Totals 540 507 -33 293 278 -15 833 785 -48  

( a )  

(b) 

Rased on 0.924 MTU/PWR truck shipment, 0.930 KTU/BWR truck shipment, 6.47 MTU/PWR r a i l  shipment, and 6.70 MTIJ/BWR 
r a i l  shipment. 
Cask capacity i s  2/5  PWR/BWR assemblies f o r  truck shipments and 1 4 / 3 6  PIIR/BWR assemblies f o r  r a i l  shipments. 

The g r e a t e s t  dose r e d u c t i o n  would occur  i n  a c t i v i t y  s t e p  20.2, when t h e  

cask i s  loaded w i t h  f u e l  and b e i n g  prepared f o r  shipment. The dose r a t e  f o r  

t h i s  a c t i v i t y  i s  t h e  same as i n  t h e  p o s t u l a t e d  r e f e r e n c e  system, b u t  because 

t i edown i n s t a l l a t i o n  t i m e  i s  decreased, t h e  t o t a l  dose t o  t h e  workers i s  

reduced. 

Table 5.56. 

h a n d l i n g  r a i l  casks a r e  noted compared t o  t h e  p o s t u l a t e d  re fe rence  case. 

Doses r e c e i v e d  by cask h a n d l i n g  workers a t  t h e  r e a c t o r  a r e  shown i n  

Dose r e d u c t i o n s  o f  about 4% f o r  h a n d l i n g  t r u c k  casks and 3% f o r  

TABLE 5.56. Summary Comparison o f  Es t ima ted  C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l a t e d  Reference Reactor  W i th  and Wi thout  Quick-Release 
Cask Tiedowns 

Postulated Ref er-ence Quick-Release A l te rnat ive  

ersoniLY"" erson-mrem/ r erson-m em/ r e:soniLY' Shlpment MTU(ar year Sh 1 pment MTU(ar - ear 
-F- so -m env 

Truck 

PWR 

BWR 

Tota I 

Ral I - 
PWR 

BWR 

Tcta 1 

27 1 293 158 259 280 151 

108 292 314 113 280 30 1 
27 1 259 

- - 

404 62 78 392 60 76 

64 520 78 66 508 76 

144 140 
- - 

( a )  Based on 0.924 MTU/PWR truck shipment, 0.930 MTU/BWR truck shlpment, 6.47 MTU/PwR r a t  I 

( b )  
shipment, and 6.70 MTU/BWR r a l l  shipment. 
Based on 540 MTU of PWR and 1560 MTU of BWR spent fue l  by t ruck and 1200 MTU of PWR 
and 840 MTU of BWR spent fue l  by r a l l .  
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Maintenance-craf tsmen b e n e f i t  f r om t h e  m a j o r i t y  o f  t h e  dose r e d u c t i o n s ,  because 

t h e y  p e r f o r m  a l l  t iedown i n s t a l l a t i o n / r e m o v a l  a c t i v i t i e s .  

The average annual doses t o  i n d i v i d u a l  o p e r a t o r s  d u r i n g  a t - r e a c t o r  t r u c k  

cask hand1 i n g  o p e r a t i o n s  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system a r e  reduced from 

898 mrernlyear t o  889 mrem/year when u s i n g  q u i c k - r e l e a s e  cask t iedowns f o r  PWR 

opera t i ons ,  and f rom 1035 mremlyear t o  1025 mremlyear f o r  BWR opera t i ons .  

maintenance-craf tsmen, t h e  e q u i v a l e n t  doses a r e  t h e  same f o r  bo th  PWR and BWR 

o p e r a t i o n s  and would be reduced f rom 1011 mremlyear i n  t h e  p o s t u l a t e d  re fe rence  

system t o  922 mremlyear when u s i n g  q u i c k - r e l e a s e  cask t iedowns. 

these  dose c a l c u l a t i o n s  a r e  con ta ined  i n  Appendix N. 

F o r  

D e t a i l s  of 

A t -Repos i to ry  Impacts 

A c t i v i t y  s teps  a t  t h e  r e p o s i t o r y  t h a t  a r e  a f f e c t e d  by t h e  use o f  q u i c k -  

r e l e a s e  t iedowns a r e  s teps  5.4 (remove cask t iedowns, prepare t i l t i n g  c r a d l e ,  

l u b r i c a t e  t r u n n i o n s )  and 21.1 ( i n s t a l l  t i edowns) .  Turnaround t i m e s  f o r  t r u c k  

and r a i l  shipments a r e  es t ima ted  t o  decrease by 30 minutes and 50 minutes,  

respec t  i v e l y  . 
The g r e a t e s t  dose r e d u c t i o n  would occu r  i n  a c t i v i t y  s tep  5.4. The cask 

would be prepared f o r  removal f rom t h e  t r a n s p o r t  v e h i c l e  a t  t h i s  p o i n t .  

r e c e i v e d  by t h e  cask h a n d l i n g  workers a t  t h e  r e p o s i t o r y  a r e  shown i n  

Table 5.57. Dose r e d u c t i o n s  would be about 8% f o r  h a n d l i n g  b o t h  t r u c k  and r a i l  

casks. 

Doses 

Maintenance-craf tsmen b e n e f i t  from t h e  m a j o r i t y  o f  t h e  dose reduc t i ons .  

The average annual exposure f o r  i n d i v i d u a l  maintenance-craf tsmen i s  reduced 

f rom 13.2 remlyear  t o  12.0 rem/year (7.5 rem/year f rom t r u c k  shipments, 

4.5 remlyear  f r o m  r a i l  shipments) w i t h  t h i s  a l t e r n a t i v e .  

c a l c u l a t i o n s  a r e  con ta ined  i n  Appendix N. 
D e t a i l s  o f  t hese  dose 

5.11.3 Cost Consequences o f  Quick-Release Cask Tiedowns 

The dose r e d u c t i o n s  i n  t h i s  a l t e r n a t i v e  r e s u l t  f rom reduced a c t i v i t y  t imes  

The decrease i n  l a b o r  needs a t  t h e  b o t h  a t  t h e  r e a c t o r s  and a t  t h e  r e p o s i t o r y .  

r e p o s i t o r y  i s  n o t  enough t o  e l i m i n a t e  one s h i f t  o f  workers f rom any h o t  c e l l .  

Therefore,  no l a b o r  c o s t  sav ings a t  t h e  r e p o s i t o r y  a r e  i n c l u d e d  f rom u s i n g  

q u i c k - r e l e a s e  t iedowns. A t  t h e  r e a c t o r s ,  though, any t i m e  saved reduces t h e  
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TABLE 5.57. Summary Comparison o f  Es t imated C o l l e c t i v e  R a d i a t i o n  Doses a t  t h e  
P o s t u l a t e d  Reference Repos i to ry  Wi th and Wi thout  Q u i  ck-Re1 ease 
Cask Tiedowns 

Truck 

PWR 

BWR 

Tota I 

Ral I - 
PWR 

BWR 

Tota I 

Postulated Reference 
Person-mrem/ Person-m em,' I-' ersonT69m/' year Sh I prnent MTU(a5 - 

276 299 162 
I07 277 298 
269 
- 

463 72 91 
466 70 59 

149 

Qulck-Release A l te rnat lve  

ersonT69m/- Person-mrem/ erson-m em/ I-' 
Sh I prnent - MTU(a7 year 

255 276 149 
99 256 275 
248 
- 

427 66 83 
55 430 65 
138 
- 

( a )  Based on 0.924 MTU/PWR truck shlpment, 0.930 MTU/BWR truck shipment, 6.47 MTU/PWR r a i l  

( b )  Based on 540 MTU of PWR and 360 MTU of BWR spent fue l  by t ruck and 1200 MTU of PWR 
shipment, and 6.70 MTU/BWR rai l  shlpment. 

and 840 MTU of BWR spent fue l  by r a l  1 .  

l a b o r  cos ts  charged t o  t h e  cask l o a d i n g  a c t i v i t i e s .  Thus, t h e  use o f  q u i c k -  

re lease  cask t iedowns would r e s u l t  i n  l a b o r  c o s t  sav ings a t  t h e  reac to rs .  

These l a b o r  sav ings,  as shown i n  Table 5.58, a re  es t ima ted  a t  $47,600 pe r  year .  

TABLE 5.58. Comparison o f  Es t imated L i fe -Cyc le  Costs f o r  t h e  P o s t u l a t e d  
ystein Wi th and Wi thout  Quick-Release Cask 

T i  Ref edowns erencb? 
P os t u 1 a t  ed Qu i c k -Re1 ease 

cost  R e f  e ren ce A1  t e r n a t i  ve Change i n  
Cat ego ry - c o s t  ( $ )  Cost ( $ 1  c o s t  ( $ 1  

Annual Costs: 

At -Reactor  Labor 1,649,700 1,602,100 -47,600(b) 

Present  Worth o f  
Cost D i f f e rence :  

3% Discount  Rate 

0% Discount  Rate 

-734,000 

-1,000,000 

( a )  

( b )  

Costs a re  shown t o  more s i g n i f i c a n t  f i g u r e s  than j u s t i -  
f i e d ,  t o  p r o v i d e  f o r  cons i s tency  i n  t h e  c a l c u l a t i o n s .  
See Appendix J f o r  c o s t  e s t i m a t i n g  d e t a i l s .  
Negat ive va lues i n d i c a t e  a c o s t  sav ings.  
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Tiedowns s i m i l a r  t o  t h e  concept i n  t h i s  a l t e r n a t i v e  a r e  commerc ia l ly  

a v a i l a b l e  f o r  about $25 each, r e g a r d l e s s  o f  t h e  b racke t  design. T h i s  c o s t  i s  

s u f f i c i e n t l y  low t o  be cons ide red  as z e r o  i n  t h i s  study. I n  a d d i t i o n ,  t h e  

change i n  t h e  b racke t  des ign  shou ld  have no c a p i t a l  c o s t  e f f e c t .  

The p resen t  wor th  o f  t h e  l i f e - c y c l e  c o s t  sav ings  f o r  t h e  q u i c k - r e l e a s e  

cask t iedown a l t e r n a t i v e  has been c a l c u l a t e d  w i t h  d i s c o u n t  r a t e s  o f  0% and 3% 

u s i n g  a 21-year l i f e t i m e  and 1987 d o l l a r s .  

i n  Table 5.58, a r e  $1.0 m i l l i o n  and $734,000. 

The r e s p e c t i v e  c o s t  savings, shown 

5.11.4 Overview E v a l u a t i o n  o f  Quick-Release Cask Tiedowns 

The use o f  q u i c k - r e l e a s e  cask t iedowns i s  es t ima ted  t o  decrease o v e r a l l  

system c o s t s  and t o  decrease cask h a n d l i n g  worker  doses a t  t h e  r e a c t o r  and 

r e p o s i t o r y .  The r a t i o  o f  ACOSt/AdOSe f o r  t h e  system i s  n e g a t i v e  and t h u s  t h e  

magnitude o f  t h e  r a t i o  i s  n o t  meaningfu l .  The combinat ion o f  bo th  c o s t  and 
dose r e d u c t i o n s  makes t h i s  an a t t r a c t i v e  a l t e r n a t i v e  f o r  c o n s i d e r a t i o n .  Some 

a d d i t i o n a l  t e s t i n g  and demons t ra t i on  may be needed f o r  l i c e n s i n g .  

5.12 REMOTE-AUTOMATED HANDLING OF CASKS AT THE R E C E I V I N G  FACILITY 

Cask hand1 i ng workers a t  t h e  r e p o s i t o r y  r e c e i  v i  ng f a c i  1 i t y  accrue most of 

t h e i r  r a d i a t i o n  exposure f rom b e i n g  i n  c l o s e  p r o x i m i t y  t o  t h e  cask. 

n e a r l y  e l i m i n a t e  t h e i r  doses i s  t o  use remote h a n d l i n g  methods so  t h a t  workers 

a r e  n o t  r o u t i n e l y  r e q u i r e d  t o  be near t h e  casks. T h i s  i s  p a r t i c u l a r l y  impor-  

t a n t  f o r  workers a t  t h e  r e p o s i t o r y  r e c e i v i n g  f a c i l i t y  who must handle a l l  of 

t h e  casks i n  t h e  waste management system ( i n  comparison t o  t h e  workers a t  t h e  

ove r  100 r e a c t o r s  who i n d i v i d u a l l y  o n l y  handle a smal l  f r a c t i o n  o f  t he '  t o t a l ) .  

I n  Chapter 4, f o r  t h e  p o s t u l a t e d  r e f e r e n c e  system, i t  was es t ima ted  t h a t  some 

c a t e g o r i e s  o f  r e p o s i t o r y  workers would r e c e i v e  doses h i g h e r  t h a n  t h e  maximum 

i n d i  v i  dual  annual dose a1 1 owed by NRC r e g u l  a t  i ons. 

One way t o  

Conceptual  d e t a i l s  o f  a p o t e n t i a l  remote h a n d l i n g  system a t  t h e  p o s t u l a t e d  

r e f e r e n c e  r e p o s i t o r y  were deve l  oped by.. b lest i  nghouse Hanford Company (WHC) and 

Sandia N a t i o n a l  Labora to ry  (SNL) personnel .  These a r e  presented i n  d e t a i l  i n  

Appendix K. The concepts used he re  a r e  e n v i s i o n e d  f o r  use a t  t h e  r e p o s i t o r y  
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o n l y  i n  t h i s  study, bu t  a re  compat ib le  w i t h  ope ra t i ons  o f  t h e  p o s t u l a t e d  r e f e r -  

ence system a t  t h e  r e a c t o r  and i n - t r a n s i t .  As such, t h e  concepts would o n l y  

a f f e c t  doses and cos ts  a t  t h e  r e p o s i t o r y .  

5.12.1 D e s c r i p t i o n  o f  Remote-Automated Hand l ing  Systems 

Remote-automated techn iques  were conceptual  i zed f o r  a1 1 cask hand1 i ng 

a c t  i v i  t i e s  a t  t h e  r e p o s i t o r y  r e c e i  v i  ng f a c i  1 i t y  i nc'l u d i  ng: 

i n s p e c t i o n ,  cask washdown and survey, removal o f  t h e  casks f rom t h e  v e h i c l e ,  

p r e p a r a t i o n  o f  t h e  casks f o r  un loading,  un load ing  o f  spent fue l  assemblies f rom 

t h e  casks, and r e l o a d i n g  of t h e  casks on to  t h e  v e h i c l e .  

no ted  i n  F i g u r e  5.7, which i d e n t i f i e s  t h e  a c t i v i t i e s  and t h e i r  r e s p e c t i v e  l o c a -  

r e c e i  v i  ng 

These a c t i v i t i e s  a re  

t i o n s  a t  t h e  r e p o s i t o r y  r e c e h i n g  f a c i l i t y .  

conven t iona l ,  hands-on system!; used i n  t h e  p o s t u l a t e d  re fe rence  r e p o s i t o r y .  

Th is  i s  t h e  o n l y  a l t e r n a t i v e  i n v e s t i g a t e d  i n  t h i s  s tudy  t h a t  would r e q u i r e  

major  changes i n  t h e  cask h a n d l i n g  systems a t  t h e  r e p o s i t o r y .  

These systems cou ld  r e p l a c e  t h e  

CASK UNLOADING 

SAMPLE GAS 
FROM 

URVEY CASK 
TRANSPORTER PREPARE CLOSURE 

FOR REMOVAL 

REMOVE SFA 
VISUALLY INSPECT 

VACUUM CASK 
CAVITY I 

I 

CASK HANDLING RECEIVING 
INSPECTION 

I 
WASHDOWN 

AREA 1 
I 

GATEHOUSE 

I ON I TORQUE CLOSURE 
INSTALL CASK 

TRANSPORTER SURVEY EXTERIOR 
, TIEDOWN - INSTALL CASK 

TOP COVER 

I 
SHIPPING 

INSPECTION 
RELEASE 

* PERFORM 
FINAL DECON AS REQ'D 1 I I SURVEY 

HEDL 8810.m6.8 

FIGURE 5.7. Loca t ion  and A c t i v i t i e s  i n  t h e  Repos i to ry  Rece iv ing  
Fac i  1 i t y  f o r  Remote Hand1 i ng Systems 
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Two cases a r e  cons ide red  i n  t h i s  r e p o r t .  The f i r s t  i s  

system as desc r ibed  i n  d e t a i l  i n  Appendix K and summarized 

subsect ion.  The second system l i m i t s  t h e  remote o p e r a t i o n s  

a t o t a l l y  remote 

n t h e  r e s t  o f  t h  

t o  t h e  cask han- 

S 

d l  i ng rooms as d e s c r i  bed i n  t h e  f o u r t h  remote-automated hand1 i ng system, b e l  ow, 

and automates a c t i v i t i e s  8 and 18 (see Table 4.16). 

o p t i m i z e d  f o r  remote opera t i ons .  

o p e r a t i o n s  by people w i t h  r o b o t i c  ope ra t i ons .  

operated a u t o m a t i c a l l y  t h rough  pre-programming as assumed here, o r  t h e y  c o u l d  

be manual l y  c o n t r o l  1 ed. 

N e i t h e r  system has been 

They a r e  s imp ly  replacements o f  c o n t a c t  

The r o b o t s  c o u l d  be n o r m a l l y  

A s e r i e s  o f  f ou r  remote h a n d l i n g  subsystems i s  e n v i s i o n e d  t o  complete a l l  

of t h e  cask h a n d l i n g  f u n c t i o n s  i d e n t i f i e d .  

i n  F i g u r e  5.7 and i l l u s t r a t e d  i n  F i g u r e  5.8, i s  i n  t h e  gatehouse area. 

per forms t h e  f u n c t i o n  o f  i n s p e c t i o n  o f  t h e  cask and v e h i c l e  immediate ly  a f t e r  
a r r i v a l .  I t  u t i l i z e s  a remote t e l e v i s i o n  system and a f i x e d  s e t  o f  r a d i a t i o n  

d e t e c t o r s .  An overhead ra i l -moun ted  r o b o t  and a r o b o t  i n  a p i t  below t h e  

The f i r s t  system, shown a t  t h e  l e f t  
I t  

GANTRY MOUNTED // RO/EOT 

FIGURE 5.8. R o b o t i c  System f o r  t h e  R e p o s i t o r y  I n s p e c t i o n  Gatehouse 
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c a s k / v e h i c l e  a l l o w  f o r  f u l l  coverage o f  t h e  v e h i c l e .  

opera ted  by t h e  robot .  

r e l e a s e  o f  a cask f o r  r e t u r n  t o  t h e  r e a c t o r  a f t e r  t h e  spent f u e l  has been 

removed. 

Var ious  t o o l s  c o u l d  be 

Automat ic  r a d i a t i o n  d e t e c t i o n  i s  a l s o  employed here  f o r  

I n  t h e  washdown and i n s p e c t i o n  area, a second remote-automated system, 

shown second f rom t h e  l e f t  i n  F i g u r e  5.7 and i l l u s t r a t e d  i n  F i g u r e  5.9, i s  

p r o v i d e d  t o  wash t h e  v e h i c l e  and cask, and t o  p r o v i d e  f o r  a d d i t i o n a l  d e t a i l e d  

i n s p e c t i o n  o f  t h e  cask. 

and a g a n t r y  and a track-mounted robo t  w i t h  va r ious  t o o l s  needed t o  per form t h e  

f u n c t i o n s  here. It i s  no t  nor-mally used on a cask a f t e r  removal o f  t h e  spent  

f u e l .  

It i s  composed o f  a remote -con t ro l l ed  washdown u n i t  

FIGURE 5.9. Robo t i c  System f o r  Repos i to ry  Washdown/Inspection Area 

The t h i r d  remote-automated h a n d l i n g  system, shown t h i r d  f rom t h e  l e f t  i n  

F i g u r e  5.7 and i l l u s t r a t e d  i n  F i g u r e  5.10, i s  i n  t h e  r e c e i v i n g  and h a n d l i n g  
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FIGURE 5.10. Robo t i c  System f o r  Cask Removal f rom and Mount ing on 
Veh ic les  a t  t h e  R e p o s i t o r y  

b u i l d i n g  where a l l  o f  t h e  major  o p e r a t i o n s  a r e  handled by a br idge-mounted 

r o b o t  i n  c o n j u n c t i o n  w i t h  t h e  overhead crane i n  each o f  t h e  two wings of t h e  

b u i l d i n g .  

p a r t  o f  t h e  r e p o s i t o r y  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system. These o p e r a t i o n s  

would be per formed on b o t h  f u l l  and empty casks. 

The r o b o t  would p e r f o r m  t h e  same f u n c t i o n s  as done manual ly  i n  t h i s  

The f o u r t h  remote-automated h a n d l i n g  system, shown f o u r t h  f rom t h e  l e f t  

i n  F i g u r e  5.7 and i l l u s t r a t e d  i n  F i g u r e  5.11, i s  an overhead r o b o t  o p e r a t i n g  

f rom a ce i l i ng -suspended  b r i d g e  i n  each o f  t h e  f o u r  cask h a n d l i n g  rooms. 

r o b o t s  would p e r f o r m  t h e  f u n c t i o n s  done manual ly  i n  t h e  p o s t u l a t e d  r e f e r e n c e  

system, i n c l u d i n g  cask l i d  work, u s i n g  s p e c i a l  t o o l s .  The system would a l s o  

These 
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CEILING-SUSPENDED 
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CRANE HOIST 

CONTAMINATION 

ROBOT END EFFECTOR A N D  
TOOL STORAGE 
0 GRAPPLES 
0 LIFTING ADAPTERS 
0 TOROUE WRENCH 
0 CASK LEAK TESTING TOOLS 

RADIATION INSPECTION DEVICES 

CASK TOP COVER 
ON EQUIPMENT 
STORAGE PLATFORM 

FIGURE 5.11. Robot ic  System f o r  Opera t ions  a t  t h e  Cask L i d  Area i n  
t h e  Cask Hand l ing  Room a t  t h e  Repos i to ry  

pe r fo rm r a d i a t i o n  surveys, minimum decontaminat ion,  and l i d  c l o s u r e  f o r  empty 

casks. 

i d e n t i f i e d  above. 

T h i s  system comprises t h e  second s u b a l t e r n a t i v e  of remote hand l i ng ,  as 

The r i gh t -mos t  s e c t i o n  of F i g u r e  5.7 shows t h e  a c t i v i t i e s  and f a c i l i t i e s  

t h a t  a re  unchanged f rom t h e  p o s t u l a t e d  r e f e r e n c e  system. 

s tudy,  t h i s  work i s  done remote ly  f rom t h e  c o n t r o l  room of t h e  h o t  c e l l .  
I n  a l l  cases i n  t h i s  

Each o f  t h e  f o u r  remote-automated systems would be c o n t r o l l e d  f rom a 

c e n t r a l  c o n t r o l  room. 

d l i n g  opera t i ons  f o r  t h e  cask f o r  a l l  a c t i v i t i e s  except  f o r  t h e  movement around 

t h e  r e c e i v i n g  f a c i l i t y  y a r d  and f o r  when t h e  cask i s  mated t o  t h e  p o r t  i n  t h e  

f l o o r  of t h e  f a c i l i t y  h o t  c e l l .  P e r i o d i c  maintenance of t h e  remote-automated 
equipment would be p rov ided  by maintenance-craf tsmen on t h e  s t a f f  a t  t h e  

r e c e i  v i  ng f a c i  1 i ty. 

I n  t o t a l ,  t h e  f o u r  systems would p r o v i d e  f o r  t h e  han- 
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5.12.2 Opera t i ona l  and Dose Impacts o f  Remote-Automated Hand l i ng  Systems 

Wi th  t h e  e l i m i n a t i o n  of most c o n t a c t  o p e r a t i o n s  near t h e  casks, most o f  

t h e  doses f rom t h e  cask and p a r t i c u l a r l y  f rom t h e  cask l i d  work would be e l i m i -  

na ted  i n  b o t h  s u b a l t e r n a t i v e s .  Because t h e  remote systems a re  o n l y  l o c a t e d  a t  

t h e  r e p o s i t o r y ,  t h e y  would n o t  a f f e c t  t h e  p o s t u l a t e d  r e f e r e n c e  case doses a t  

t h e  r e a c t o r  o r  d u r i n g  t r a n s i t .  A summary o f  t h e  e s t i m a t e d  annual c o l l e c t i v e  

r a d i a t i o n  doses f o r  t h e  cask h a n d l i n g  workers a t  t h e  r e p o s i t o r y  i s  shown i n  

Tab le  5.59. 

l i m i t e d  use o f  a l l  f o u r  remote h a n d l i n g  systems. 

t o  t h e  o p e r a t i o n s  i n  t h e  cask h a n d l i n g  rooms a l s o  reduces worker  doses by a 

s i g n i f i c a n t  amount. Th i s  l i m i t e d  automated system w i l l  a l s o  s i g n i f i c a n t l y  

reduce t h e  annual r a d i  a t i o n  doses t o  i n d i  v i  dua l  o p e r a t i n g  personnel  . 

As can be noted, n e a r l y  a l l  o f  t h e  r a d i a t i o n  dose i s  e l i m i n a t e d  by 

L i m i t i n g  t h e  remote h a n d l i n g  

TABLE 5.59. Summary Comparison o f  E s t i m a t e d  Annual C o l l e c t i v e  R a d i a t i o n  
Doses f o r  t h e  P o s t u l a t e d  Reference R e p o s i t o r y  Wi th  and Wi thou t  
T o t a l  Remote or  Remote Cask Hand l ing  

person-remlyear 
Truck Rai 1 T o t a l  System(a~Di 

P o s t u l a t e d  Remote Dose Pos tu la ted  Remote Dose Postu la ted  Remote Dose Reference A l t e r n a t i v e  Change Reference A l t e r n a t i v e  Change Reference A l t e r n a t i v e  Change 
269 3 -266 149 2 -147 418 5 -413 
269 83 -186 149 36 -113 418 119 -299 

T o t a l  Remote 
Remote Cask 

Hand1 i n g  

Based on 0.924 MTU/PWR t r u c k  shipment, 0.930 MTU/BWR t r u c k  shipment. 6.47 MTU/PWR r a i l  shipment, and 
6.70 MTU/BWR r a i l  shipment. 
Cask c a p a c i t y  i s  2 / 5  PWR/BWR assemblies f o r  t r u c k  shipments, and 14/36 PWR/BWR assemblies f o r  r a i l  shipments. 

Es t ima tes  o f  t h e  o p e r a t i o n a l  t i m e s  f o r  t h i s  a l t e r n a t i v e  i n d i c a t e  t h a t  

remote o p e r a t i o n s  shou ld  n o t  t a k e  l o n g e r  than  manual ope ra t i ons .  

improvements, some a c t i v i t i e s  may r e q u i r e  l e s s  t i m e  t h a n  c o n t a c t  ope ra t i ons .  

I n  t h i s  study, t h e  o p e r a t i o n a l  and tu rna round  t i m e s  a r e  es t ima ted  t o  be t h e  

same as f o r  t h e  p o s t u l a t e d  r e f e r e n c e  case. 

however, would impact o n l y  s l i g h t l y  t h e  dose t o  workers because workers would 

n o t  be near  t h e  casks, b u t  t h e y  would be l o c a t e d  i n  c o n t r o l  rooms w i t h  low 

background dose r a t e s .  

Wi th  f u t u r e  

Changes i n  o p e r a t i o n a l  t imes,  

Therefore,  o p e r a t i o n a l  t i m e s  f o r  remote h a n d l i n g  a r e  
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n o t  o f  major  impor tance i n  doses rece ived  by workers. It i s  recognized,  how- 

ever, t h a t  changes i n  o p e r a t i o n a l  t imes cou ld  have impor tan t  e f f e c t s  on system 

cos ts .  

As noted i n  Table 5.59, t h e  es t ima ted  c o l l e c t i v e  dose t o  cask h a n d l i n g  

workers a t  t h e  r e p o s i t o r y  i s  I s t i m a t e d  t o  be reduced f rom 418 person-remlyear  

f o r  t h e  p o s t u l a t e d  re fe rence  ,system t o  5 person-rem/year f o r  t h e  t o t a l l y  remote 

system. Wi th an es t ima ted  t o t a l  crew o f  about 80 people, t h e  average dose t o  

i n d i v i d u a l  workers would be about 60 mrem/year and shou ld  be w e l l  w i t h i n  t h e  

1 rem/year DOE g u i d e l i n e .  L i m i t i n g  t h e  remote opera t i ons  t o  t h e  cask h a n d l i n g  

rooms reduces t h e  es t ima ted  c o l l e c t i v e  worker  dose f rom 418 person-rem/year t o  

about 119 person-remlyear. Wi th  a s t a f f  es t ima ted  a t  96, t h e  average dose t o  

i n d i v i d u a l  workers i s  es t ima ted  t o  exceed t h e  1 remlyear  g u i d e l i n e .  

Fo r  t h e  maintenance-craftsmen, t h e  normal o p e r a t i o n a l  dose would be near  

ze ro  f o r  cask h a n d l i n g  i n  t h e  t o t a l l y  remote system, 

remote h a n d l i n g  i n  t h e  cask h a n d l i n g  room on ly ,  t h e  annual c o l l e c t i v e  dose 

would be reduced t o  an es t ima ted  87 person-rem f o r  t h e  mai ntenance-craftsmen. 

Wi th  a reduced s t a f f  o f  17, t h e  es t ima ted  average annual dose t o  i n d i v i d u a l  

mai n tenance-craf tsmen would be 5.1 rem. 

For  t h e  system w i t h  

5.12.3 Cost Consequences o f  Remote-Automated Hand1 i ng Systems 

T o t a l l y  Remote-Automated System 

The cos ts  o f  u s i n g  r o b o t i c s  i n  t h e  t o t a l  r e p o s i t o r y  cask h a n d l i n g  system 
were es t ima ted  by personnel  a t  WHC and SNL. D e t a i l s  o f  these es t ima tes  a r e  

g i ven  i n  Appendix K. The two major  elements o f  t h e  cos ts  a re  t h e  i n i t i a l  c a p i -  

t a l  cos ts  ( i n c l u d i n g  development and demonst ra t ion  c o s t s )  and l a b o r  costs .  The 

inc remen ta l  c a p i t a l  cos t  es t ima tes  f o r  t h e  t o t a l l y  remote system a re  summarized 

i n  Tab le  5.60 and a re  es t ima ted  t o  be n e a r l y  $19 m i l l i o n .  

The use o f  a t o t a l l y  remote-automated system a t  t h e  r e c e i v i n g  and h a n d l i n g  

f a c i l i t y  would r e s u l t  i n  an es t ima ted  r e d u c t i o n  i n  s t a f f  o f  31 persons compared 

t o  t h e  p o s t u l a t e d  re fe rence  case, as shown i n  Table 5.61, which compares t h e  

s t a f f i n g  requi rements i n  t h e  va r ious  areas o f  t h e  r e p o s i t o r y  cask r e c e i v i n g  and 

h a n d l i n g  f a c i l i t i e s .  A d d i t i o n a l  d e t a i l s  on s t a f f i n g  requi rements a re  con ta ined  

i n  Tab le  4.18 and i n  Table K * ? .  The t o t a l l y  remote-automated system reduces 
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TABLE 5.60. Summary of Es t ima ted  Inc reased  
T o t a l  l y  Remote-Automated Handl 

Cost Element 

Gatehouse ( 1 )  ( a )  

R e c e i v i n g  & Hand l i ng  Areas ( 2 )  

Cask Hand l i ng  Rooms ( 4 )  

C o n t r o l  Room ( 1 )  

Development & V e r i f i c a t i o n  

I n s t a l l a t i o n  & S t a r t u p  

T o t a l  

C a p i t a l  Costs Due t o  
ng A1 t e r n a t i  ve 

Inc reased  
c o s t  ( B )  

2,680,000 

2 , 310 , 000 

2,075,000 

1,140,000 

6 , 520,000 

3 , 795,000 

18,520,000 

( a )  Numbers i n  parentheses i n d i c a t e  t h e  num- 
be r  o f  remote-automated systems needed. 

TABLE 5.61. Es t ima ted  Personnel  Requirements f o r  A l l  S h i f t s  w i t h  
Remote-Handling a t  t h e  R e p o s i t o r y  

Number o f  S t a f f  
P o s t u l a t e d  1 o t a l  l y  

F a c i l i t y  L o c a t i o n  
Reference 

Svstem 

Rece iv ing  and 
D i s p a t c h i n g  Gatehouse 

I nspect i on Area 

Washdown Area 

Recei v i  ng and 
Handl i ng Area 

Hot C e l l  Crews 

Decontami n a t i  on C e l l  
Crews 

Automated Area 
Maintenance 

C o n t r o l  Room 

T o t a l  

12 

8 

3 

24 

60 

6 

113 
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Remot e 
System 

8 

-- 
4 

-- 

36 

6 

12 

12 

82 
- 

Remote Cask 
Handl i ng Only 

12 

8 

3 

24 

36 

6 

3 

4 
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t h e  requi rements f o r  opera tors ,  maintenance-craftsmen, q u a l i t y  c o n t r o l  persons, 

crane opera to rs ,  and r a d i a t i o n  mon i to rs .  A d d i t i o n a l  s t a f f  f o r  o p e r a t i o n  of t h e  

c o n t r o l  room and a maintenance-craftsmen crew f o r  r o b o t i c  maintenance would be 

needed. Reducing t h e  r e p o s i t o r y  l a b o r  f o r c e  by t h e  above amount r e s u l t s  i n  an 

es t ima ted  decrease i n  l a b o r  cos ts  of $1.3 m 

Tab le  5.62. 

TABLE 5.62. Comparison o f  Es t imated L 
ReferencyaSystem With and 
Handl i ng 

P o s t u l a t e d  
c o s t  Reference 

Cat ego ry cos t  ( $ 1  
C a p i t a l  Cost: 

Robot ics  Equipment 0 

Annual Cost: 

Repos i to ry  Labor 4,640,000 

Present  Worth o f  
Cost D i f f e rence :  

3% Discount  Rate 

0% Discount  Rate 

l l i o n  pe r  year ,  as shown i n  

fe -Cyc le  Costs f o r  t h e  P o s t u l a t e d  
Wi thout  T o t a l l y  Remote-Automated 

Remot e 
A l t e r n a t i v e  Change i n  

c o s t  ( $ )  c o s t  ( $ 1  

18 , 520 , 000 18 , 520 , 000 

3,310,OOO -1,330 ,OOO(b) 

-1,940,000 
-9,360,000 

( a )  Costs a re  shown i n  more s i g n i f i c a n t  f i g u r e s  than  j u s t i f i e d ,  
t o  p r o v i d e  f o r  cons is tency  i n  t h e  c a l c u l a t i o n s .  See 
Appendix K f o r  d e t a i l s  of c o s t  sav ings.  

( b )  A nega t i ve  cos t  denotes a c o s t  sav ings.  

Remote-Automation i n  t h e  Cask Handl i n g  Rooms Only 

The increased c a p i t a l  cos ts  assoc ia ted  w i t h  t h e  remote-hand1 i n g  i n  t h e  

Th is  i n c l u d e s  t h e  c o s t s ' f o r  t h e  development and v e r i f i c a t i o n  

f o u r  cask h a n d l i n g  rooms a r e  es t ima ted  t o  be $5.2 m i l l i o n  based on Tab le  K.13 
i n  Appendix K. 
($1.9 m i l l i o n ) ,  i n s t a l l a t i o n  and s t a r t u p  ($0.9 m i l l i o n ) ,  c o n t r o l  room 

($0.3 m i l l i o n ) ,  and r o b o t i c  systems ($2.1 m i l l i o n )  f o r  t h e  cask h a n d l i n g  

rooms. L i m i t i n g  t h e  remote h a n d l i n g  t o  t h e  cask h a n d l i n g  rooms would r e s u l t  i n  

an es t ima ted  r e d u c t i o n  i n  s t a f f  o f  17 people compared t o  t h e  p o s t u l a t e d  
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re ference case, as shown i n  Tab le  5.61. These changes i n  l a b o r  requi rements 

would reduce t h e  c o s t s  of t h e  r e p o s i t o r y  cask h a n d l i n g  l a b o r  f o r c e  by $690,000 

p e r  yea r ,  as shown i n  Table 5.63. 

TABLE 5.63. Comparison o f  Es t ima ted  L i f e - C y c l e  Costs f o r  t h e  P o s t u l a t e d  
Reference Sys t  m Wi th  and Wi thout  Remote-Automated Cask 
Hand1 i ng Rooms ‘ia 1 

c o s t  
Category 

C a p i t a l  Costs:  

Robo t i cs  Equipment 

Annual Costs:  

R e p o s i t o r y  Labor 

Present  Worth of 
Cost D i  f f e rence : 

3% D iscoun t  Rate 

0% Discoun t  Rate 

P o s t u l a t e d  Remote Room 
Reference A1 t e r n a t i  ve Change i n  
Cost ( $ 1  c o s t  ( $ )  c o s t  ($ )  

0 5 , 2OU,OOO 5 , 200 , 000 

4,640,000 3,950,000 -690 , 000 ( b, 

-5,400,000 
-9,300,000 

( a )  Costs a r e  shown i n  more s i g n i f i c a n t  f i g u r e s  than  j u s t i f i e d ,  
t o  p r o v i d e  f o r  c o n s i s t e n c y  i n  t h e  c a l c u l a t i o n s .  
Appendix K f o r  d e t a i l s  of c o s t  savings. 

( b )  A n e g a t i v e  c o s t  denotes a c o s t  sav ings.  

See 

The p resen t  w o r t h  o f  t h e  e s t i m a t e d  l i f e - c y c l e  c o s t  changes f o r  t hese  

a l t e r n a t i v e s  has been c a l c u l a t e d  w i t h  d i s c o u n t  r a t e s  o f  0% and 3% u s i n g  a 

21-year l i f e t i m e  and 1987 d o l l a r s .  The r e s p e c t i v e  values, shown i n  Table 5.62, 

show an es t ima ted  c o s t  sav ings o f  $9.4 m i l l i o n  and $1.9 m i l l i o n  f o r  t h e  t o t a l l y  

remote-automated system. The e q u i v a l e n t  r e s p e c t i v e  values f o r  t h e  remote- 

automated system i n  t h e  cask h a n d l i n g  rooms on ly ,  shown i n  Table 5.63, a r e  

e s t i m a t e d  a t  $9.3 m i l l i o n  and $5.4 m i l l i o n .  

5.12.4 Overview E v a l u a t i o n  o f  Remote-Automated Hand l i ng  Systems 

The use o f  remote-automated h a n d l i n g  systems a t  t h e  r e p o s i t o r y  i s  e s t i -  

mated t o  decrease bo th  c o s t s  and c o l l e c t i v e  worker  doses. The r a t i o s  o f  

ACOSt/AdOSe f o r  t hese  a l t e r n a t i v e s  a r e  n e g a t i v e  and b o t h  appear a t t r a c t i v e .  
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The t o t a l l y  remote a l t e r n a t i v e  i s  t h e  o n l y  s i n g l e  a l t e r n a t i v e  (i.e., n o t  i n  

combina t ion  w i t h  o t h e r  a l t e r n i i t i  ves) t h a t  has been es t ima ted  t o  decrease t h e  

annual doses t o  i n d i v i d u a l  workers a t  t h e  r e p o s i t o r y  r e c e i v i n g  f a c i l i t y  so t h a t  

t hey  would be i n  conformance w i t h  DOE des ign  o b j e c t i v e s  f o r  new f a c i l i t i e s .  

However, t hese  a l t e r n a t i  es i n v o l v e  t h e  use of  h i g h  techno logy  w i t h  i t s  

assoc i  a ted  concern on re1  / a b i  *I i ty and mai ntenance r e q u i  rements. The use of 

remote techno logy  may a l s o i  be expected t o  i n t r o d u c e  new issues,  such as r o b o t i c  

system ma l func t i ons ,  i n t o  r e g u l a t o r y  c o n s i d e r a t i o n s  and t h e  l i c e n s i n g  process. 

'YI 

Comparison o f  t h e  two remote-automated a1 t e r n a t  i ves i n d i c a t e s  t h a t  t h e  

more l i m i t e d  system may save up t o  about an es t ima ted  $3.5 m i l l i o n  more ove r  

t h e  21-year o p e r a t i o n a l  p e r i o d  than  t h e  t o t a l l y  remote system; however, t h e  

annual c o l l e c t i v e  dose t o  r e p o s i t o r y  workers would i nc rease  by about  

114 person-rem/year, o r  about 2400 person-rem over  t h e  assumed 21-year f a c i l i t y  

l i f e .  Th is  would r e s u l t  i n  a Acost/Adose r a t i o  o f  about $1500/person-rern f o r  

t h e  t o t a l l y  remote system compared t o  t h e  p a r t i a l l y  remote system. The r a t i o  

i s  i n  t h e  range where s e r i o u s  c o n s i d e r a t i o n  shou ld  be g i ven  t o  t h e  t o t a l l y  

remote a l t e r n a t i v e .  Other  f a c t o r s  shou ld  a l s o  be cons idered i n  any d e c i s i o n  

process  . 
5.13 IMPROVED TRUCK OPERATIONS ALTERNATIVE 

I n  t h e  p o s t u l a t e d  re fe rer ice  system, c o n s e r v a t i v e  parameter va lues  f o r  

i n - t r a n s i t  t r u c k  s top  t imes arid d i s tances  t o  t h e  cask, based on parameters i n  
t h e  RADTRAN-I11 computer model (DOE 1986b), were used f o r  t h e  t r u c k  o p e r a t i o n a l  

c h a r a c t e r i  s t i  cs. 

t r a n s p o r t  exper ience t o  de f i ne  some l e s s  c o n s e r v a t i v e  assumptions about t r u c k -  

i n g  opera t i ons .  I n  t h i s  a l t e r n a t i v e ,  p o s t u l a t e d  re fe rence  case t r u c k s  a r e  

assumed t o  m a i n t a i n  somewhat h i g h e r  average speeds, made p o s s i b l e  by t h e  recen t  

i n c r e a s e  i n  t h e  n a t i o n a l  speed l i m i t  and s h o r t e r  s tops  f o r  food, f u e l ,  and corn- 

muni c a t i o n s  . The t r u c k s  a re  a1 so  assumed t o  be admi n i  s t r a t i  v e l y  d i  r e c t e d  t o  

o n l y  use t r u c k  s tops t h a t  a l l o w  f o r  p a r k i n g  f a r t h e r  f rom f a c i l i t i e s  occupied by 

t h e  p u b l i c .  Improved t r u c k  opera t i ons  would n o t  a f f e c t  a t - r e a c t o r  o r  

The a1 t e r n a t i  ve p resented  here  uses so& recen t  spent f u e l  
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a t - r e p o s i t o r y  o p e r a t i o n s  o r  doses. 

annual r a d i a t i o n  doses f o r  t h e  improved t r u c k  o p e r a t i o n s  a l t e r n a t i v e  i s  g i v e n  

i n  Table 5.64. 

A summary o f  t h e  es t ima ted  c o l l e c t i v e  

TABLE 5.64. Summary Comparison o f  Es t ima ted  Annual C o l l e c t i v e  
R a d i a t i o n  Doses D u r i n g  I n - T r a n s i t  f o r  t h e  P o s t u l a t e d  
Reference System Wi th  and Wi thou t  Improved Truck 
Operat ions 

person - remlyea r 
P o s t u l a t e d  Improved Truck ose 
Reference A l t e r n a t i v e  Ch:nge(ayb) 

I n - t r a n s i t  

Worker 200 

444 P u b l i c  

T o t a l s  644 
- 

155 

110 

20 5 
- 

-55 

-334 

-389 

( a )  Based on 540 MTU of PW,, and 360 MTU o 
f u e l .  

BWR spent 

( b )  Cask c a p a c i t y  i s  assumed t o  be 215 PWRIBWR assem- 
b l  i e s  p e r  s h i  pment . 

5.13.1 D e s c r i p t i o n  o f  Improved Truck Opera t i ons  

Based on r e c e n t  exper ience w i t h  spent  f u e l  t r u c k  s h i p p i n g  campaigns (Ruska 

and Schoonen 1986; Aerospace Corp. 1987; Ger tz  1987), i t  i s  recognized t h a t  t h e  

t r u c k  s top  and t r a v e l  t i m e s  t h a t  were assumed f o r  t h e  p o s t u l a t e d  re fe rence  

system a n a l y s i s  a r e  very  c o n s e r v a t i v e .  Th is  a l t e r n a t i v e  rep resen ts  improved 

t r u c k  o p e r a t i o n s  r e l a t i v e  t o  t h e  p o s t u l a t e d  r e f e r e n c e  system t h a t  a r e  con- 

s i s t e n t  w i t h  t h e  t r u c k  s top  t i m e s  and average speeds exper ienced i n  r e c e n t  LWT 

and OWT s h i p p i n g  campaigns. T h i s  a l t e r n a t i v e  would reduce t h e  r o u n d - t r i p  t i m e  

requi rements,  which would a f f e c t  t h e  cask f l e e t  requi rements and t r a n s p o r t a t i o n  

cos ts .  The e f f e c t s  on i n - t r a n s i t  r a d i a t i o n  doses and t r a n s p o r t a t i o n  c o s t s  a r e  

d i scussed  i n  t h i s  sec t i on .  
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5.13.2 Opera t i ona l  and Dose Impacts of Improved Truck Operat ions 

A complete r e - a n a l y s i s  of i n - t r a n s i t  o p e r a t i o n s  and doses was performed 

f o r  t h e  improved t r u c k  o p e r a t i o n s  a l t e r n a t i v e .  Th is  r e - a n a l y s i s  i n c l u d e s  a 

t i m e / d i s t a n c e  s tudy  as w e l l  as dose es t ima tes .  

Some o f  t h e  fundamental bases f o r  d e r i v i n g  t h e  es t ima tes  f o r  t h i s  a l t e r -  

n a t i v e  a r e  t h e  same as those  used f o r  t h e  p o s t u l a t e d  r e f e r e n c e  system a n a l y s i s .  

These i n c l u d e  t h e  s h i p p i n g  d i s t a n c e  (1,780 m i l e s ) ,  number o f  r e f u e l i n g  s tops  

( 3 ) ,  number o f  d r i v e r s  ( 2 ) ,  number o f  s t a t e  i n s p e c t i o n s  (Z), and t h e  dose r a t e s  

from t h e  casks. 

Key assumptions t h a t  were r e v i s e d  i n  t h e  improved t r u c k  o p e r a t i o n s  a n a l -  

y s i s  i n c l u d e  t h e  average speeds w h i l e  moving i n  r u r a l ,  suburban, and urban 

areas, as w e l l  as t h e  d u r a t i o n s  o f  s tops  enroute.  Average t r u c k  speeds w h i l e  

moving were i nc reased  t o  r e f l e c t  a h i g h e r  average t r i p  speed than  was assumed 

i n  t h e  p o s t u l a t e d  r e f e r e n c e  system a n a l y s i s .  The average speeds w h i l e  moving 

t h a t  a r e  used i n  t h i s  a l t e r n a t i v e  are:  r u r a l  - 55 mph; suburban - 35 rnph; and 

urban - 25 mph. 

urban and suburban zones because most t r u c k s  t r a v e l  on i n t e r s t a t e  highways and 

be l tways  i n  these  zones. 

because r e 1  a t  i v e l y  i n f  requent d e l  ays have been exper ienced i n  these  areas. 

Stop d u r a t i o n s  were reduced t o  r e f l e c t  t h e  s h i p p i n g  exper ience d e s c r i b e d  i n  

Ruska and Schoonen (1986). Thle assumed s t o p  d u r a t i o n s  are:  1 )  s t a t e  

i n s p e c t i o n s  - 30 minutes;  2 )  f o o d / r e s t / r e f u e l i n g  s tops  - 60 minutes;  and 

3)  communication s tops  - 15 minutes. 

o p e r a t i n g  sequence f o r  t h e  improved t r u c k  o p e r a t i o n s  shipment t h a t  i s  shown in 
Table 5.65. 

shipment a re  summarized i n  Table 5.66. Doses t o  u n i n v o l v e d  persons a t  t r u c k  

s tops  a r e  a l s o  reduced by assuming t h e  t r u c k  and cask i s  parked 50 meters f r o m  

t h e  occupied b u i l d i n g s  r a t h e r  t h a n  20 meters, as i n  t h e  p o s t u l a t e d  re fe rence  

system. 

These speeds more a c c u r a t e l y  r e f l e c t  t h e  average speeds i n  

The average speed i n  r u r a l  zones was inc reased  

These va lues were used t o  develop t h e  

The impor tan t  c h a r a c t e r i s t i c s  o f  t h e  improved t r u c k  o p e r a t i o n s  

The es t ima ted  r a d  a t i o n  doses t o  t h e  p u b l i c  and workers, bo th  w h i l e  t h e  

t r u c k s  are  moving and a t  stops, would be l ower  f o r  t h e  improved t r u c k  opera- 

t i o n s  a l t e r n a t i v e  t h a n  those  es t ima ted  f o r  t h e  p o s t u l a t e d  r e f e r e n c e  t r u c k  oper-  

a t i o n s  because t r a v e l  and s top t imes  a r e  reduced. Times w h i l e  moving a r e  
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TABLE 5.65. D e t a i l e d  O p e r a t i n g  Sequence f o r  t h e  Improved Truck 
Opera t i  ons A1 t e r n a t  i ve 

M i l e s  Elapsed Elapsed 
A c t i v i t y  H r s / A c t i v i t y  T rave led  hr:min M i l e s  

S t a t e  i n s p e c t i o n / d e p a r t  s i t e  
D r i v e  t o  i n t e r s t a t e  
D r i v e  2 hours on i n t e r s t a t e  
Communi c a t i o n s  s t o p  
D r i v e  2 hours 
Food / res t  s top  
D r i v e  2 hours 
Communications s top  
D r i v e  2 hours 
F o o d / r e s t / r e f u e l  s top  
D r i v e  3 hours 
Communi c a t i o n s  s top  
D r i v e  2 hours 
Food/ r e s t  s top  
D r i v e  2 hours 
Communications s t o p  
D r i v e  2 hours 
Communications s t o p  
D r i v e  2 hours 
F o o d / r e s t / r e f u e l  s t o p  
D r i v e  2 hours 
Communi c a t i o n s  s top  
D r i v e  3 hours 
Food/rest  s t o p  
D r i v e  2 hours 
Commu n i c a t  i ons s t o p  
D r i v e  2 hours 
F o o d / r e s t / r e f u e l  s t o p  
D r i v e  3 hours 
Communi c a t i o n s  s t o p  
D r i v e  2 hours 
Food/rest  s t o p  
D r i v e  2 hours 
S t a t e  i n s p e c t i o n  s t o p  
D r i v e  2 hours t o  d e s t i n a t i o n  

: 30 
: 45 

2: 00 
: 15 

2: 00 
l:oo 
2: 00 
: 15 

2: 00 
l:oo 
3: 00 
: 15 

2:oo 
l:oo 
2: 00 
: 15 

2: 00 
: 15 

2: 00 
l:oo 
2: 00 
: 15 

3: 00 
l:oo 
2: 00 
: 15 

2: 00 
1:oo 
3: 00 
: 15 

2: 00 
l:oo 
2: 00 
: 30 

1:30 
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0: 30 
1:15 
3: 15 
3: 30 
5: 30 
6: 30 
8: 30 
8: 45 
10 : 45 
11:45 
14 : 45 
15:OO 
17:OO 
18: 00 
2o:oo 
20: 15 
22: 15 
22: 30 
24: 30 
25: 30 
27:30 
27:45 
30 : 45 
31:45 
33 : 45 
34: 00 
36 : 00 
37:OO 
40:OO 
40: 15 
42: 15 
43: 15 
45: 15 
45: 45 
47:15 

0 
40 
150 
150 
250 
250 
350 
350 
46 0 
460 
600 
600 
680 
680 
780 
780 
880 

970 
970 
1070 
1070 
1210 
1210 
1310 
1310 
1400 
1400 
1540 
1540 
1640 
1640 
1715 
1715 
1780 

880 



TABLE 5.66. Summary o f  Est imated Opera t i ona l  C h a r a c t e r i s t i c s  
f o r  t h e  Improved Truck Operat ions A1 t e r n a t i  ve 

AGGREGATED 

T o t a l  d i s t a n c e :  1,780 m i l e s  
Moving Time: 37.25 hours 
Stop Time: 10 . 00 hou r s 
T o t a l  Time: 47 .25hours  

DETAILS 

Number i n  crew: 2 
Average speed: 37.7 mph 
Average speed w h i l e  moving: 

55 mph - r u r a l  
35 mph - suburban 
25 mph - urban 

F r a c t i o n s  o f  T r a v e l :  .Rura l  - 79%; Suburban - 20%; Urban - 1% 

Stops: 7 f o r  f o o d / r e s t / r e f u e l i  7 hours 

8 f o r  communi c a t i o n s  = 2 hours 
2 f o r  s t a t e  i nsplect i ons 1 hour 

T o t a l  10.00 hours 

( a )  Fo r  t h e  o r i g i n a t i n g  and f i n a l  s t a t e s  only,, 

reduced somewhat ( f r o m  44.75 Ihours t o  37.25 hours) ,  b u t  s top  t imes  a r e  reduced 

s i g n i f i c a n t l y  ( f r o m  30 hours t o  10 hours )  f o r  t h e  improved t r u c k  o p e r a t i o n s  

shipment. Thus, t h e  es t ima ted  doses r e c e i v e d  a t  t r u c k  s tops w i l l  be s i g n i f i -  

c a n t l y  l ower  than  those  w h i l e  moving, compared t o  t h e  p o s t u l a t e d  r e f e r e n c e  

opera t i ons .  

Doses t o  d r i v e r s  were r e c a l c u l a t e d  t o  account f o r  reduced s t o p  and t r a v e l  
t imes .  

l a t e d  r e f e r e n c e  system was used f o r  t h e  improved t r u c k l o p e r a t i o n s  a l t e r n a t i v e .  

Assuming t h e  dose r a t e  i n  t h e  t r u c k  cab i s  2 mrem/hour, t h e  c o l l e c t i v e  

r a d i a t i o n  dose t o  t h e  two d r i v e r s  w h i l e  movinq i s  149 per&-mrem f o r  each 

shipment. 

The same method t h a t  was used t o  e s t i m a t e  d r i v e r  doses f o r  t h e  pos tu -  

The s t o p  t imes f o r  each improved t r u c k  o p e r a t i o n s  shipment t o t a l  10 hours. 

As f o r  t h e  p o s t u l a t e d  re fe rence  case, i t  i s  assumed t h a t  t h e  d r i v e r s  each spend 

about h a l f  o f  t h e  s top  t i m e  at; 10 meters f rom t h e  t o p  of t h e  cask and h a l f  a t  

50 meters f rom t h e  s i d e  of t h e  cask. Assuming t h e  same dose r a t e s  a t  t hese  

d i s t a n c e s  t h a t  were c a l c u l a t e d  f o r  t h e  p o s t u l a t e d  reference t r u c k  cask 

(0.6 mrem/hour and 0.02 mrem/hour, r e s p e c t i v e l y )  and m u l t i p l y i n g  by 10 s t o p -  
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hours/sh ipment ,  t h e  t o t a l  c o l l e c t i v e  r a d i a t i o n  dose t o  t h e  two d r i v e r s  a t  s tops  

i s  es t ima ted  a t  about 6.2 person-mrem/shipment. Thus, t h e  t o t a l  c o l l e c t i v e  

dose t o  t h e  d r i v e r s  f o r  t h i s  a l t e r n a t i v e  i s  es t ima ted  a t  about (149 + 6 )  = 

155 person-mrem/shipment compared t o  198 person-mrem i n  t h e  p o s t u l a t e d  r e f e r -  

ence system a n a l y s i s .  

The maximum i n d i v i d u a l  dose t o  t h e  t r u c k  d r i v e r  i s  t h e  produc t  o f  t h e  dose 

per  shipment and t h e  number o f  t r i p s  p e r  year .  

t i o n s ,  t h e  t r a v e l  t imes a re  reduced by about 26.5 hours each way so t h a t  t h e  

t o t a l  c y c l e  t i m e  i s  reduced f rom 180 hours i n  t h e  p o s t u l a t e d  re fe rence  system 

t o  127 hours i n  t h e  improved o p e r a t i o n s  system. Assuming t h e  d r i v e r s  a re  

a v a i l a b l e  t h e  same number o f  hours f o r  bo th  t h e  p o s t u l a t e d  re fe rence  system and 

t h e  a l t e r n a t i v e  system, t h e  d r i v e r s  would complete about 42 t r i p s  p e r  y e a r  

compared t o  t h e  30 t r i p s  i n  t h e  p o s t u l a t e d  r e f e r e n c e  system. 

Wi th t h e  improved t r u c k  opera- 

Th is  would r e s u l t  

i n  an es t ima ted  average annual dose t o  each d r i v e r  o f  3.3 rem compared t o  
3.0 rem/year annual dose i n  t h e  p o s t u l a t e d  r e f e r e n c e  system. 

R a d i a t i o n  doses t o  t h e  p u b l i c  i n  t h i s  a l t e r n a t i v e  a t  s tops  would a l s o  

change because o f  t h e  reduced s top  t i m e  and an i n c r e a s e  i n  t h e  average exposure 

d i s t a n c e  f rom 20 meters t o  50 meters. T h i s  l o n g e r  average d i s t a n c e  can be 

achieved by s e l e c t i n g  s p e c i f i c  s u i t a b l e  s top  l o c a t i o n s  t h a t  have l a r g e  p a r k i n g  

areas d u r i n g  per-sh ipment  p l a n n i n g  a c t i v i t i e s .  Doses a t  s tops  t o  members of 

t h e  p u b l i c  were es t ima ted  f o r  t h e  p o s t u l a t e d  re fe rence  system based on t h e  

r e s u l t s  o f  t h e  RADTRAN 111 analyses f o r  LWT t h a t  were desc r ibed  i n  t h e  r e p o s i -  

t o r y  EAs (DOE 1986b). Th i s  dose ca tegory  i n c l u d e s  two subcategor ies :  doses t o  

bys tanders  and passersby a t  t h e  stop, and doses t o  t h e  p u b l i c  t h a t  r e s i d e  near  

t h e  s top.  The c o l l e c t i v e  p u b l i c  dose a t  s tops  was es t ima ted  f o r  t h e  p o s t u l a t e d  

r e f e r e n c e  t r u c k  shipment a t  about 400 person-mrem per-shipment (see Sec- 

t i o n  4.3.2.1). Doses t o  bystanders f o r  t h e  p o s t u l a t e d  re fe rence  system were 

es t ima ted  assuming t h a t  50 persons a r e  exposed a t  an average d i s t a n c e  o f  

20 meters f rom t h e  s h i p p i n g  cask. Th is  r e s u l t e d  i n  an es t imated  dose t o  

bystanders o f  about 216 person-mrem per  shipment. Thus, t h e  dose t o  r e s i d e n t s  

f o r  t h e  p o s t u l a t e d  re fe rence  t r u c k  shipment was es t ima ted  t o  be 400 - 216 = 

184 person-mrem p e r  shipment. 
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For t h i s  a1 t e r n a t i  ve where t h e  average exposure d i s t a n c e  between 

bystanders and a cask a t  t r u c k  s tops i s  i nc reased  t o  50 meters and t h e  t o t a l  

s t o p  t i m e  i s  reduced t o  10 hours/shipment, t h e  es t ima ted  per-shipment c o l l e c -  

t i v e  dose t o  t h i s  group would be 10 person-mrem/shipment. 

t o  r e s i d e n t s  near t h e  t r u c k  s top  would a l s o  be reduced as a r e s u l t  o f  t h e  

reduced t o t a l  s top  t i m e  f o r  t h e  improved t r u c k  o p e r a t i o n s  Shipment. The popu- 

l a t i o n  dose i s  assumed t o  be approx ima te l y  l i n e a r  w i t h  respec t  t o  t o t a l  s t o p  

t ime.  Because t h e  s top  t i m e  f o r  t h e  improved t r u c k  o p e r a t i o n s  shipment i s  

e s t i m a t e d  t o  be 10 hours verslus 30 hours f o r  t h e  p o s t u l a t e d  r e f e r e n c e  t r u c k  

shipment, t h e  dose t o  r e s i d e n t s  was reduced t o  10/30 o f  t h e  p o s t u l a t e d  r e f e r -  

ence dose. Thus, t h e  dose t o  r e s i d e n t s  near t h e  t r u c k  s top  i s  reduced t o  an 

es t ima ted  (10/30)(184)  = 61 person-mrem/ shipment. The t o t a l  c o l l e c t i v e  p u b l i c  

dose a t  s tops  i s  thus  es t ima ted  t o  be 61 t 10 = 7 1  person-mrem/shipment. 

The c o l l e c t i v e  dose 

R a d i a t i o n  doses t o  e s c o r t s  f o r  t h e  improved t r u c k  o p e r a t i o n s  shipment a r e  

l o w e r  t h a n  f o r  t h e  p o s t u l a t e d  r e f e r e n c e  shipment because o f  t h e  i nc reased  

t r a v e l  speed and reduced s t o p  t imes  i n  t h e  a l t e r n a t i v e .  As i n d i c a t e d  i n  Sec- 

t i o n  4.3.2.1, e s c o r t s  a r e  assumed t o  be r e q u i r e d  i n  urban areas on ly .  It was 

a l s o  shown t h a t  app rox ima te l y  1% (about 18 m i l e s )  of t h e  t r u c k  shipment r o u t e  

i s  t h r o u g h  urban areas where e s c o r t s  a r e  used. A t  an average speed of 25 mph, 

a t o t a l  of 0.7 hours i s  es t ima ted  t o  be i n  urban areas w i t h  e s c o r t s .  Assuming 

t h a t  each shipment i s  preceded and f o l l o w e d  by two-person e s c o r t  teams ( t o t a l  

of 4 e s c o r t s )  a t  an average exposure d i s t a n c e  o f  50 meters, t h e  c o l l e c t i v e  dose 
t o  e s c o r t s  w h i l e  moving i s  es t ima ted  a t  about 0.04 person-mrem/ shipment. I t  

was assumed i n  t h e  p o s t u l a t e d  r e f e r e n c e  case t h a t  t h e  e s c o r t s  would a l s o  be 

p r e s e n t  f o r  an e n t i r e  stop. Assuming t h e  s t o p  d u r a t i o n  i s  1 hour  and t h e  ave r -  

age exposure d i s t a n c e  i s  20 meters, t h e  c o l l e c t i v e  r a d i a t i o n  dose t o  t h e  f o u r  

e s c o r t s  a t  s tops  i s  es t ima ted  a t  about 0.7 person-mrem/shipment. 

R a d i a t i o n  doses t o  t h e  p u b l i c  w h i l e  t h e  t r u c k  'shipment i s  moving w i l l  be 

l o w e r  f o r  t h e  improved t r u c k  c iperat ions shipment t h a n  f o r  t h e  p o s t u l a t e d  r e f e r -  

ence t r u c k  shipment because t h e  average speeds a r e  s l i g h t l y  h i g h e r  and thus  t h e  

exposure t imes  w i l l  be lower  i n  t h e  former case. 

were es t ima ted  i n  t h e  p o s t u l a t e d  r e f e r e n c e  a n a l y s i s  were r e c a l c u l a t e d  f o r  t h e  

improved t r u c k  opera t i ons  a n a l y s i s  by assuming t h e  doses are  approx ima te l y  

The c o l l e c t i v e  doses t h a t  
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l i n e a r  b u t  i n v e r s e l y  p r o p o r t i o n a l  w i t h  respec t  t o  t h e  average speed w h i l e  

moving. Thus, t h e  u n i t  dose f a c t o r s  f o r  o n - l i n k  and o f f - l i n k  p o p u l a t i o n  groups 

i n  t h e  p o s t u l a t e d  re fe rence  system a n a l y s i s  were m u l t i p l i e d  by t h e  r a t i o  of t h e  

average t r a v e l  speeds t h a t  were assumed f o r  t h e  p o s t u l a t e d  r e f e r e n c e  t r u c k  

shipment t o  t h e  average speeds assumed f o r  t h e  improved t r u c k  opera t i ons  s h i p -  

ment. The r e v i s e d  u n i t  dose f a c t o r s  were then m u l t i p l i e d  by t h e  t r a n s p o r t  

d i s t a n c e  t o  es t ima te  t h e  o n - l i n k  and o f f - l i n k  doses. The r e s u l t i n g  c o l l e c t i v e  

dose t o  t h e  p u b l i c  w h i l e  t h e  t r u c k  i s  moving f o r  t h e  improved t r u c k  o p e r a t i o n s  

a l t e r n a t i v e  were es t ima ted  a t  about 25 and 17 person-mrem per  shipment, respec-  

t i v e l y ,  f o r  o n - l i n k  and o f f - l i n k  doses. 

The f i n a l  ca tegory  o f  t r a n s p o r t  worker  r a d i a t i o n  doses a t  s tops  i s  t h e  

doses rece ived  d u r i n g  i n s p e c t i o n s  o f  t h e  shipment a t  t h e  o r i g i n a t i n g  f a c i l i t y  

and a f t e r  t h e  shipment crosses t h e  bo rde r  o f  t h e  d e s t i n a t i o n  s t a t e .  

doses were es t ima ted  i n  t h i s  a l t e r n a t i v e  by assuming one i n s p e c t o r  i s  exposed 

f o r  0.5 hour (1.0 hour was used f o r  t h e  p o s t u l a t e d  r e f e r e n c e  t r u c k  sh ipment)  

p e r  i n s p e c t i o n .  An average exposure d i s t a n c e  o f  5 meters f rom t h e  s i d e  of t h e  

cask was used t o  e s t i m a t e  these  doses. Thus, t h e  per-sh ipment  dose t o  s t a t e  

i n s p e c t o r s  was es t ima ted  t o  be about (3.2 mrem/hour) (0.5 h o u r / i n s p e c t i o n )  

(1 p e r s o n / i n s p e c t i o n )  ( 2  i nspec t i ons /sh ipmen t ) ,  o r  3.2 person-mremjshipment. 

These 

The es t ima ted  r a d i a t i o n  doses f o r  t h e  improved t r u c k  opera t i ons  a l t e r -  

n a t i v e  a r e  summarized i n  Tab le  5.67. 

5.13.3 Cost Consequence o f  Improved Truck Opera t ions  

The major  cos t  changes f rom t h i s  a l t e r n a t i v e  r e s u l t  f rom t h e  reduced 

r o u n d - t r i p  t r a n s i t  t imes and t h e  r e s u l t a n t  reduced cask f l e e t  s i ze .  Compared 

t o  t h e  p o s t u l a t e d  r e f e r e n c e  LWT cask opera t i ons ,  t h e  improved t r u c k  opera t i ons  

I 

I 

I would reduce t h e  t o t a l  t u rna round  t i m e  f rom 7.7 t o  about 6.6 days f o r  PWR f u e l  

and f rom 7.9 t o  about 6.8 days f o r  BWR f u e l ,  r e s p e c t i v e l y .  Th i s  would a l l o w  

f o r  an es t ima ted  r e d u c t i o n  i n  t h e  cask f l e e t  t o  13 casks f o r  PWR f u e l  and 

9 casks f o r  BWR f u e l ,  f o r  a t o t a l  cask f l e e t  o f  22 versus 26 f o r  t h e  p o s t u l a t e d  

r e f e r e n c e  system. Th is  s m a l l e r  f l e e t  s i z e  would reduce t h e  es t imated  c a p i t a l  

c o s t s  f o r  casks by $6 m i l l i o n  and t h e  maintenance cos ts  by $300,00O/year, as 

shown i n  Table 5.68. A l l  o t h e r  cos ts  shou ld  remain t h e  same as f o r  t h e  pos tu -  

l a t e d  r e f e r e n c e  case. 
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TABLE 5.67. Summary o f  Est imated I n - T r a n s i t  C o l l e c t i v e  R a d i a t i o n  Doses f o r  t h e  
P o s t u l a t e d  Reference System With and Wi thout  Improved Truck 
Operat i ons 

Expos u r e  C a t  e gory 

T ranspor t  Workers 

Truck Crew 

- Whi le moving 

S t a t e  I n s p e c t o r s  

S e r v i c e  A t t e n d a n t s ( c )  

S t a t e  Esco r t s  

T o t a l  T ranspor t  Workers 

- A t  Stops 

Pub1 i c  

Whi le  moving 

- o n - l i n k  

- o f f - l i n k  

A t  s tops  

T o t a l  P u b l i c  

Person -mrem/ 
Shipment 

149 

6.2 

2. 5 (d)  

0.7 

162 

( 2 0 6 ) ( e )  

3.2 

Person-m em/ 
MT" (a7 

161 

6.7 

3.5 

2.7 

0.8 -- 
175 

(223) 

Peyrsoniw e a r  

145 

6.0 

3.1 

2.4 
0.7 

25 27 24 

17 18 1 7  
89 77 71 

113 122 110 
- -- - 

(45!) (495) ( 444 ) 

( a )  Based on an average cask c a p a c i t y  o f  0.924 MTU/shipment. 
( b )  Based on 900 MTU/year. 
( c )  Not i n c l u d e d  i n  t o t a l s .  Truck r e f u e l i n g  i s  t y p i c a l l y  

performed by t h e  d r i v e r s  and t h e  dose i s  i n c l u d e d  w i t h  t h e  
d r i v e r  doses. 
t o  t h e  d r i v e r s  would be reduced. 

( d )  T h i s  va lue  i s  unchanged f rom t h e  p o s t u l a t e d  r e f e r e n c e  system 
a n a l y s i s .  

( e )  Numbers i n  parentheses a r e  dose es t ima tes  f o r  t h e  p o s t u l a t e d  
r e f e r e n c e  LWT (2 /5)  s h i  pment. 

I f  done by a s e r v i c e  s t a t i o n  a t tendan t ,  t h e  dose 

The p resen t  wor th  o f  t h e  e s t i m a t e d  c o s t  sav ings o f  t h e  improved t r u c k  

o p e r a t i o n s  a l t e r n a t i v e ,  w i t h  d i s c o u n t  r a t e s  o f  0% and 3% and u s i n g  a 21-year 

l i f e t i m e  and 1987 d o l l a r s ,  i s  $12.3 m i l l i o n  and $10.6 m i l l i o n ,  r e s p e c t i v e l y .  
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TABLE 5.68. Comparison o f  Es t imated L i f e - C y c l e  Costs f o r  t h e  P o s t u l a t e d  
Reference System With and Wi thout  Improved Truck O p e r a t i o n s ( a )  

P o s t u l a t e d  Improved Truck 
c o s t  Ref e rence A1 t e r n a t i  ve Change i n  

Cat e gory  Cost ( $ )  c o s t  c o s t  ( $ 1  
C a p i t a l  Cost: 39,000,000 33,000,000 -6,000 , OOO(b) 

Annual Cost: 
Maintenance 5,450,000 5 , 150,000 -300,000 

Present  Worth of 
Cost D i f f e r e n c e :  

3% Discount  Rate 

0% Discount  Rate 

-10,600,000 

-12,300,000 

( a )  Costs a re  shown t o  more s i g n i f i c a n t  f i g u r e s  than j u s t i f i e d ,  

( b )  Negat ive  va lues i n d i c a t e  a c o s t  sav ings.  

t o  p r o v i d e  f o r  cons i s tency  i n  t h e  c a l c u l a t i o n s .  See 
Appendix J f o r  d e t a i l s  o f  c o s t  savings. 

5.13.4 Overview E v a l u a t i o n  o f  Improved Truck Opera t ions  

The p o t e n t i a l  improvements i n d i c a t e d  i n  t h i s  a l t e r n a t i v e  appear t o  be very 

b e n e f i c i a l .  S i g n i f i c a n t  r e d u c t i o n  i n  c o l l e c t i v e  doses t o  t h e  p u b l i c  and t o  t h e  

t r a n s p o r t  workers, as w e l l  as a r e d u c t i o n  i n  cos ts ,  a re  a n t i c i p a t e d .  However, 

t h e  maximum i n d i v i d u a l  dose t o  t h e  t r u c k  d r i v e r s  does no t  decrease. The a l t e r -  

n a t i v e  appears a t t r a c t i v e  f o r  imp lementa t ion .  

r a t i o  i s  n o t  meaningfu l  s i n c e  t h e  r a t i o  i s  negat ive .  

a l t e r n a t i v e  a l s o  i n d i c a t e s  t h a t  a c t i o n s  t h a t  t end  t o  r e t a r d  t h e  t r u c k  shipments 

w i l l  t e n d  t o  i nc rease  p u b l i c  dose and t r a n s p o r t  worker doses. 

C a l c u l a t i o n  o f  t h e  ACOSt/AdOSe 

The a n a l y s i s  o f  t h i s  

5.14 OTHER CONSIDERATIONS NOT EVALUATED 

It must be remembered t h a t  w h i l e  t h e  r a t i o  o f  Acost/Adose i s  a use fu l  

f i g u r e  o f  m e r i t  f o r  e v a l u a t i o n  o f  system a l t e r n a t i v e s ,  o t h e r  f a c t o r s  a l s o  need 

t o  be cons idered when making any f i n a l  s e l e c t i o n  o f  system a l t e r n a t i v e s  f o r  

implementat ion.  These a d d i t i o n a l  f a c t o r s  a re :  1) t h e  p o t e n t i a l  R&D c o s t s  

assoc ia ted  w i t h  b r i n g i n g  a g iven concept t o  a f u l l y  f u n c t i o n a l  s t a t u s ;  2 )  t h e  
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ease o r  d i f f i c u l t y  ( t i m e  and/or c o s t )  of o b t a i n i n g  an NRC l i c e n s e  f o r  a cask o r  

f a c i  1 i ty  t h a t  i n c o r p o r a t e s  t h e  a1 t e r n a t i  ve concept; 3)  t h e  i n c r e a s e  o r  decrease 

i n  system n o n r a d i o l o g i c a l  r i s k  a s s o c i a t e d  w i t h  implementat ion o f  a g i v e n  con- 

cept ;  4) e f f e c t s  on r a d i o l o g i c a l  a c c i d e n t  r i s k s ;  5 )  acceptance o f  concepts by 

t h e  p u b l i c  o r  by i n s t i t u t i o n s ;  6 )  impacts  on i n t e r f a c i n g  p a r t s  o f  t h e  system 

(e.g. highways, r a i l r o a d s ) ;  arid 7 )  l o g i s t i c s  and schedul ing.  

One example o f  t h e  impact o f  t hese  c o n s i d e r a t i o n s  may be i l l u s t r a t e d  f o r  

t h e  concept o f  t h e  s i n g l e - a c t i o n  f a s t e n e r  on t h e  cask l i d s .  It i s  expected 

t h a t  a s i g n i f i c a n t  e n g i n e e r i n g  design, a n a l y s i s  and demonstrat ion e f f o r t  would 

be r e q u i r e d  t o  assure t h a t  t h e  concept would be accep tab le  f rom t h e  s t a n d p o i n t  

o f  a c c i d e n t  r i s k s  and l i c e n s i n g  requirements.  Thus, t h e  p r o j e c t e d  r e d u c t i o n s  

i n  c a p i t a l  and o p e r a t i o n a l  cos ts  c o u l d  be o f f s e t  by t h e  developmental and o t h e r  

c o s t s  and by t i m e  de lays  due t o  l i c e n s i n g .  

Another  example o f  t h e  impact o f  o t h e r  c o n s i d e r a t i o n s  would app ly  t o  a l l  

o f  t hose  concepts t h a t  i nc rease  t h e  c a p a c i t y  o f  t h e  t r a n s p o r t  casks. 

cases, e s p e c i a l l y  f o r  t r u c k  shipments, t h e  i nc reased  c a p a c i t i e s  r e s u l t  i n  l a r g e  

r e d u c t i o n s  i n  doses and i n  t h e  number o f  shipment-mi les r e q u i r e d  t o  t r a n s p o r t  a 
g i v e n  q u a n t i t y  o f  spent f u e l .  These r e d u c t i o n s  would a l s o  be expected t o  

reduce t h e  n o n r a d i o l o g i c a l  r i s k  t o  t h e  p u b l i c  and t o  t r a n s p o r t  workers,  

p r i n c i p a l l y  f rom r e d u c t i o n  i n  t r a f f i c  a c c i d e n t s  and exhaust emissions. 

i l l u s t r a t i o n  o f  t h e  r e l a t i v e  impacts, cons ide r  t h e  u n i t  r i s k  f a c t o r s  f o r  f a t a l -  

i t y  f rom t r u c k  t r a n s p o r t ,  g i ven  i n  Cashwell (1986); t h e  r i s k  o f  f a t a l i t y  p e r  
k i l o m e t e r  t r a v e l e d  f o r  spent f u e l  shipments by t r u c k  i s  about 3.5 x f r o m  

b o t h  r o u t i n e  and a c c i d e n t  r a d i a t i o n  exposure and about 6.4 x f rom non- 

r a d i o l o g i c a l  hazards. On a g iven shipment, t h e  r a d i a t i o n  exposure would occur  

o n l y  on t h e  loaded segment o f  t h e  round t r i p ,  whereas t h e  n o n r a d i o l o g i c a l  

hazards would be p resen t  on ba th  segments o f  t h e  t r i p .  Using t h e  r i s k  f a c t o r s  

g iven,  t h e  chances o f  f a t a l i t y  p e r  r o u n d - t r i p  f rom n o n r a d i o l o g i c a l  hazards 

would be n e a r l y  a f a c t o r  o f  4 t imes  t h a t  f rom t h e  r a d i a t i o n  exposure. 

t h e  reduced number o f  shipments would have an even g r e a t e r  b e n e f i t  f o r  reduc ing  

t o t a l  r i s k s  than  f o r  reduc ing  r o u t i n e  r a d i a t i o n  r i s k s .  

I n  t h e s e  

As an 

Thus, 
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5.15 OTHER ALTERNATIVES 

Numerous o t h e r  a l t e r n a t i v e s  w i t h  t h e  p o t e n t i a l  f o r  reduc ing  r o u t i n e  r a d i a -  

t i o n  doses i n  t h e  t r a n s p o r t a t i o n  system were i d e n t i f i e d  d u r i n g  t h i s  s tudy  (see 

Appendix M).  T h i s  s tudy i s  no t  i n tended  t o  be exhaus t i ve ,  and o t h e r  a l t e r n a -  

t i v e s  c o u l d  be evaluated.  These o t h e r  a l t e r n a t i v e s ,  cons idered e a r l y  i n  t h i s  

study, have n o t  been eva lua ted  and d e s c r i b e d  i n d i v i d u a l l y  because t h e y  were 

considered beyond t h e  scope of t h i s  s tudy o r  t h e i r  b e n e f i t s  appeared t o  be 

marg ina l  r e l a t i v e  t o  those  evaluated.  

d e s c r i p t i o n s ,  as p o t e n t i a l  a d d i t i o n a l  improvements t o  be considered d u r i n g  

development o f  t h e  t r a n s p o r t a t i o n  system o r  o t h e r  f u t u r e  system o p t i m i z a t i o n  

s t u d i e s .  

They are  l i s t e d  here, w i t h o u t  d e t a i l e d  

1. T a i l o r  t h e  des ign o f  t h e  combined casks and t h e i r  t r a n s p o r t  v e h i c l e s  

t o  m in im ize  t h e  v e h i c l e  weight  and maximize t h e  cask payload, w h i l e  
rema in ing  w i t h i n  we igh t  and d imensional  r e s t r i c t i o n s .  

2. Use r a i l  casks o f  l a r g e r  s i z e s  and h i g h e r  weights .  

3. Design casks f o r  f u e l  coo led  more t h a n  10 years.  Add inc remen ta l  

s h i e l d i n g  t o  cask c a v i t i e s  o r  baskets  as f u e l - c o o l i n g  p e r i o d  

decreases. 

4. Design t r a n s p o r t  v e h i c l e s  so t h a t  t h e  s t r u c t u r a l  members a l s o  enhance 

cask s h i e l d i n g  and a c c i d e n t  p r o t e c t i o n .  

Design cask t o p  and bot tom ' 'corners"  t o  p r o v i d e  t h e  same s h i e l d i n g  as 

t h e  cask w a l l .  

5. 

6. E l e c t r o p o l i s h  cask sur faces.  

7. Use c a p t i v e  b o l t s  i n  cask l i d s .  

8. Use m u l t i p l e  bo l t - remova l  t o o l s .  

9. Use s e l  f - e r e c t i  ng cask mechani sms on v e h i c l e s .  

10. Use l o c a l  o r  shadow-shie ld ing p l a t e s  f o r  i n n e r  and o u t e r  l i d  work a t  

r e a c t o r s  and a t  t h e  r e p o s i t o r y .  

11. Use ded ica ted  t r a i n s  t o  reduce shipment t i m e s  and doses d u r i n g  r a i l  

t r a n s i t .  
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12. Use s p e c i a l l y  designed t o o l s  f o r  r a p i d  impact l i m i t e r  removal, e t c .  

13. T ranspor t  more spent fue l  by r a i l  and l e s s  by t r u c k .  

14. Sh ip  loaded casks w i t h  water  i n  c a v i t y .  ( T h i s  i s  c o n t r a r y  t o  

c u r r e n t l y  a l l owed  p r a c t i c e  and would l e a d  t o  l i c e n s i n g  d i f f i c u l t i e s . )  
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6.0 EVALUATION OF DOSE AND COST OF AN EXAMPLE ALTERNATIVE 

TRANSPORTATION SYSTEM INCORPORATING A 

COMBINATION OF ALTERNATIVES - - 

As demonstrated i n  Chapter 5, r a d i a t i o n  doses i n  t h e  p o s t u l a t e d  re fe rence 

t r a n s p o r t a t i o n  system can be reduced th rough  t h e  imp lementa t ion  o f  c o s t -  

e f f e c t i v e  dose- reduc t ion  a l t e r n a t i v e s .  T h i s  chapter  p rov ides  an example o f  

system dose r e d u c t i o n s  t h a t  can be achieved th rough t h e  use of a combina t ion  o f  

t h e  a l t e r n a t i v e s  analyzed i n  Chapter 5.(a) 

Whi le  t h e  a l t e r n a t i v e s  assembled i n  t h e  example a l t e r n a t i v e  system e v a l u -  

a ted  i n  t h i s  chapter  were s e l e c t e d  t o  i l l u s t r a t e  t h e  p o t e n t i a l  f o r  dose r e d u c t -  

i o n  and r e l a t e d  inc rementa l  c o s t  changes, i t  i s  recogn ized t h a t  many o t h e r  

f a c t o r s  (e .geY t e c h n i c a l  and i n s t i t u t i o n a l  f e a s i b i l i t y ,  o p e r a t i o n a l  r e l i a b i l i t y  

and m a i n t a i n a b i l i t y )  would n e c e s s a r i l y  be cons idered i n  s e l e c t i n g  and imp le -  

ment ing  a l t e r n a t i v e s  t o  o p t i m i z e  t h e  o v e r a l l  t r a n s p o r t a t i o n  system. Numerous 

o t h e r  combinat ions a re  p o s s i b l e  t h a t  would war ran t  f u r t h e r  e v a l u a t i o n s .  

The dose- reduc t ion  a l t e r n a t i v e s  s e l e c t e d  f o r  t h e  example a l t e r n a t i v e  

system are :  

e An overwe igh t  t r u c k  subsystem t r a n s p o r t i n g  900 MTU o f  spent f u e l  
annual l y  ( b )  

- A cask c a p a c i t y  of 7 PWR or  15 BWR f u e l  assemblies u s i n g  "advanced 

des ign"  casks i n c o r p o r a t i n g  burnup c r e d i t  and increased end s h i e l d i n g  

(see Sec t ions  5.1, 5.3y and 5.5). 

- Improved t r u c k i n g  opera t i ons  (see S e c t i o n  5.13). 

o A r a i l  subsystem t r a n s p o r t i n g  2100 MTU o f  spent fue l  a n n u a l l y  

( a )  T h i s  combinat ion o f  a l t e r n a t i v e s  i s  h e r e i n a f t e r  r e f e r r e d  t o  as t h e  

( b )  
' 'example a l t e r n a t i v e  system" i n  t h i s  r e p o r t .  
T h i s  n o t  i n tended  t o  imp ly  t h a t  no l e g a l w e i g h t  t r u c k i n g  would be u t i l i z e d ;  
o n l y  t h a t  overweight  t r u c k i n g  would be u t i l i z e d  t o  t h e  maximum e x t e n t  
poss ib le ,  depending on success i n  o b t a i n i n g  highway pe rm i t s  and r e s o l u t i o n  
of a few r e a c t o r  f a c i  1 i t y  i n t e r f a c e  c o n s t r a i n t s .  
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- A cask c a p a c i t y  o f  30 PWR o r  66 BWR f u e l  assembl ies u s i n g  "advanced 

des ign "  casks i n c o r p o r a t i n g  burnup c r e d i t  and i n c r e a s e d  end s h i e l d i n g  

(see Sec t ions  5.2, 5.3, and 5.5). 

0 Handl ' i  ng a1 t e r n a t i  ves app l  i c a b l e  t o  b o t h  r a i  1 and t r u c k  subsystems 

- s p e c i a l  impact wrench t o o l  (see S e c t i o n  5.6). 

- cask l i d - l i f t i n g  f i x t u r e s  (see S e c t i o n  5.8). 

- 

- q u i c k - r e l e a s e  t iedowns on casks (see S e c t i o n  5.11). 

q u i c k - r e l e a s e  impact  l i m i t e r s  on casks (see S e c t i o n  5.10). 

The above example a l t e r n a t i v e  system rep resen ts  a f o r m i d a b l e  c h a l l e n g e  t o  

c a s k - v e h i c l e  des igners,  o p e r a t i o n s  and t r a f f i c  management personnel  , and t h o s e  

r e s p o n s i b l e  f o r  r e s o l u t i o n  o f  i n s t i t u t i o n a l  i ssues .  A c h i e v i n g  t h e  7/15 and 

30/66 cask c a p a c i t i e s  w i t h  a d d i t i o n a l  end s h i e l d i n g ,  improved h a n d l i n g  f e a t u r e s  
and dependence on burnup c r e d i t  w i l l  r e q u i r e  i n n o v a t i v e  des ign  and t e s t i n g  

approaches i n  bo th  casks and veh i  c l  es. 

c o n t r o l  o f  s t o p  t i m e  and p r o x i m i t y  o f  shipments t o  people i n  t r u c k i n g  opera- 

t i o n s  w i  11 r e q u i  r e  c a r e f u l  p l a n n i n g  and procedure deve l  opment. 

L i  kewi se, a c h i  evement o f  improved 

I n  a d d i t i o n ,  r e d u c t i o n  o f  l e g a l w e i g h t  t r u c k i n g  i n  f a v o r  o f  ove rwe igh t  

t r u c k i n g  w i l l  n e c e s s i t a t e  more u n i f o r m  highway t r a n s p o r t a t i o n  p e r m i t t i n g  i n  

many s t a t e s  and c a r e f u l  s c h e d u l i n g  t o  m in im ize  t i m e - o f - t r a v e l  r e s t r i c t i o n s  

(e.g., n i g h t s ,  weekends, h o l i d a y s )  t h a t  may be i n c l u d e d  i n  some pe rm i t s .  How- 

ever ,  even i f  o n l y  l i m i t e d  success i s  achieved i n  t h e  p e r m i t t i n g  e f f o r t ,  t h e  

40-ton (nomina l )  7/15 cask concept has a t t r a c t i v e  dose - reduc t i on  p o t e n t i a l  and 

may p r o v i d e  o p e r a t i o n a l  f l e x i b i l i t y  i n  i n te rmode l  ( t r u c k - r a i l )  s e r v i c e  w i t h  

reasonable o v e r a l l  system economics. 

N o t w i t h s t a n d i n g  t h e  above cha l l enges ,  t h e  example a l t e r n a t i v e  system 

chosen serves t o  i l l u s t r a t e  t h e  p o t e n t i a l  f o r  system dose r e d u c t i o n  and 

approx imate t h e  i nc remen ta l  c o s t  changes f o r  use i n  pl 'anning and conduct o f  

ongoing system o p t i m i z a t i o n  s tud ies .  

A summary comparison o f  annual c o l l e c t i v e  t r a n s p o r t a t i o n  system r a d i a t i o n  

doses f o r  t h e  p o s t u l a t e d  r e f e r e n c e  system and f o r  t h e  example a l t e r n a t i v e  

system i s  shown i n  Table 6.1. As shown i n  Table 6.1, t o t a l  annual c o l l e c t i v e  
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TABLE 6.1. Summary Comparison o f  Es t imated Annual C o l l e c t i v e  R a d i a t i o n  
Doses f o r  t h e  P o s t u l a t e d  Reference and Example A l t e r n a t i v e  
Systems 

- person-rem 
Postu 1 a t e d  Reference A1 t e r n a t  i ve Dose 

System Change - System - 
A t  -Reactors 415 112 -303 

I n - t r a n s i t  677 53 -624 

A t  -Repos i t o r y  418 

T o t a l  1510 

30 -388 

195 -1315 
- 

dose f o r  t h e  system i s  reduced f rom 1,510 person-rein f o r  t h e  p o s t u l a t e d  

re fe rence system t o  195 person-rem f o r  t h e  example a l t e r n a t i v e  system ana lyzed 

here. 

The a n a l y s i s  o f  t h e  dose f rom cask l o a d i n g  o p e r a t i o n s  a t  t h e  r e a c t o r  s i t e  

i s  p resented  i n  S e c t i o n  6.1. The i n - t r a n s i t  dose a n a l y s i s  i s  desc r ibed  i n  

S e c t i o n  6.2, and t h e  a n a l y s i s  o f  t h e  dose f rom t r a n s p o r t  cask un load ing  opera- 

t i o n s  a t  t h e  r e p o s i t o r y  i s  p r o v i d e d  i n  Sec t i on  6.3. The es t ima ted  cos t  impact  

o f  i n c o r p o r a t i n g  t h e  example a l t e r n a t i v e  system i s  p resented  i n  S e c t i o n  6.4. 
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6.1 AT-REACTOR DOSES 

The r a d i a t i o n  doses f rom cask l o a d i n g  o p e r a t i o n s  a t  t h e  r e a c t o r  s i t e  were 

c a l c u l a t e d  u s i n g  t h e  same methodology as i n  Chapters 4 and 5. 

dose r a t e s  were s e l e c t e d  as a p p r o p r i a t e  and used i n  t h e  spreadsheet models. 

D e t a i l e d  values a r e  c o n t a i n e d  i n  Appendix L. 

The t i m e s  and 

The example a l t e r n a t i v e  system s e l e c t e d  f o r  t h e  a t - r e a c t o r  a n a l y s i s  i s  

e s t i m a t e d  t o  reduce t h e  c o l l e c t i v e  dose t o  r e a c t o r  cask h a n d l i n g  workers from 

415 person-rem/year f o r  t h e  p o s t u l a t e d  r e f e r e n c e  system t o  112 person-rem f o r  

t h e  example a l t e r n a t i v e  system h a n d l i n g  3,000 MTU/year. 

Es t ima ted  c o l l e c t i v e  doses f o r  t h e  example a l t e r n a t i v e  t r u c k  cask h a n d l i n g  

a r e  155 person-mrem/shipment o r  186 person-mrem/shipment f o r  PWR o r  BWR spent  

f u e l ,  r e s p e c t i v e l y .  The e s t i m a t e d  dose f o r  each a c t i v i t y  i s  compared t o  t h a t  

i n  t h e  p o s t u l a t e d  r e f e r e n c e  system i n  Table 6.2. C o l l e c t i v e  dose i s  e s t i m a t e d  

t o  be reduced by 106 t o  116 mrem/shipment, p r i m a r i l y  due t o  i nc reased  cask end 
s h i e l d i n g .  

A summary o f  t h e  e s t i m a t e s  o f  average annual doses t o  i n d i v i d u a l  r e a c t o r  

workers f o r  h a n d l i n g  t r u c k  shipments '  i s  shown i n  Table 6.3. Operators  a r e  

e s t i m a t e d  t o  r e c e i v e  t h e  h i g h e s t  annual dose, a t  an average of about 

0.2 r e m / i n d i v i d u a l .  The r e s u l t i n g  e s t i m a t e d  c o l l e c t i v e  annual dose f o r  a l l  
t r u c k  cask h a n d l i n g  workers a t  a s i n g l e  r e a c t o r  t h a t  s h i p s  30 MTUlyear ranges 

f rom 1.5 t o  2.0 person-remlyear  (18% t o  22% o f  t h e  p o s t u l a t e d  r e f e r e n c e  system 

dose),  depending on r e a c t o r  type.  

Es t ima ted  c o l l e c t i v e  doses f o r  t h e  example a l t e r n a t i v e  r a i l  cask h a n d l i n g  

subsystem a r e  309 person-mrem/shipment o r  495 person-mrem/shipment f o r  PWR o r  

BWR spent f u e l ,  r e s p e c t i v e l y .  

Table 6.4. C o l l e c t i v e  dose i s  e s t i m a t e d  t o  be reduced by 25 t o  

95 mrem/shipment. 

Es t ima ted  dose f o r  each a c t i v i t y  i s  shown i n  

A comparison o f  t h e  e s t i m a t e s  o f  average annual doses t o  i n d i v i d u a l  

r e a c t o r  cask workers f o r  h a n d l i n g  r a i l  shipments i s  shown i n  Table 6.5. The 

r e s u l t i n g  e s t i m a t e d  c o l l e c t i v e  annual dose f o r  r a i l  cask h a n d l i n g  workers a t  a 

s i n g l e  r e a c t o r  t h a t  s h i p s  30 MTU/year ranges f rom 0.93 t o  1.5 person-remlyear 

(50% t o  64% o f  t h e  p o s t u l a t e d  r e f e r e n c e  system dose),  depending on r e a c t o r  

type.  Operators,  t h e  maximal ly  exposed c r a f t ,  a r e  es t ima ted  t o  r e c e i v e  an 

annual average dose o f  0.2 t o  0.3 r e m / i n d i v i d u a l .  
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TABLE 6.2. Comparison o f  Es t ima ted  C o l l e c t i v e  R a d i a t i o n  Dose by 
A c t i v i t y  a t  t h e  Reactor  f o r  t h e  P o s t u l a t e d  Reference 
Truck and t h e  Example A l t e r n a t i v e  OWT Subsystems 

person-mremlshi pment 

A c t i v i t y  
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Postulated 

A c t i v i t y  Location Systemlay 
F a c i l i t y  Refere c 

Receive t ranspor t  veh ic le  an,$ empty Outer 0.017 
cask, monitor, inspect Guardhouse 

Move t ranspor t  veh ic le  and c,tsk t o  
inspec t ion  and washdown area 

Wash t ranspor t  veh ic le  and c<isk. 
monitor, inspect 

Move t ranspor t  veh ic le  and cask 
t o  load ing  area 

Prepare cask f o r  removal f r o n  
t ranspor t  veh ic le  

Remove cask from veh ic le  and place on 
cask serv ice  pad 

Remove t ranspor t  veh ic le  front loading 
area 

Prepare cask for  p l a c i n g  i n  loading 
P i t  

Place cask i n  loading p i t  

Prepare cask f o r  loading 

Place spent f u e l  assenbties i n  cask 

I n s t a l l  fue l  spacers and inner  l i d  on 
t h e  shipping cask 

L i f t  cask from load ing  p i t  and p lace  
on serv ice  pad 

Decontaminate cast e x t e r i o r  

Prepare cask for  shipment 

Move cask t o  load ing  area 

Nove veh ic le  t o  loading area 

Place cask on t ranspor t  vehic'le 

Perform contamination survey 

Prepare loaded veh ic le  for  shipment 

F i n a l  i nspection and contamination 
survey 

Move t r a n s p o r t  veh ic le  cut of s e c u r i t y  
area 

Release cask and t ranspor t  veh ic le  t o  
c a r r i e r  

Not i f y  appropriate organizat i ons 
of shipment departure 
Tota ls  PUR 

BM 

F a c i l i t y  
Grounds 

Uashdown 
Pad 

Faci 1 i t y  
Grounds 

Loading 
Area 

Loading 
Area 

Faci 1 i t y  
Grounds 

Service 
Pad 

Service 
Pad 

Loading 
P i t  

Loading 
P i t  

Loading 
P i t  

Loading 
P i t  

Service 
Pad 

Service 
Pad 

Service 
Pad 

F a c i l i t y  
Grounds 

Loading 
Area 

Loading 
Area 

Loading 
Area 

Loading 
Area 

F a d l  i t y  
Grounds 

Outer 
Guardhouse 

Supervisor's 
Of f i ce  

0 

0.150 

0.167 

3.33 

3.19 PUR 
3.73 BUR 

0.167 

10.00 

4.32 

7.13 

10.0 PUR 
25.0 BUR 

3.68 

8.03 

5.58 

117.0 

8.52 

0.167 

4.25 PUR 
9.75 BUR 

16.5 

51.6 

14.3 

0.417 

1.33 

0 

271 
292 

Examole 
A l te rna  i e 

Systemthy Dose Change 
0.017 

0 

0.150 

0.167 

2.02 

3.19 PUR 
3.73 BUR 

0.167 

7.64 

4.25 

6.87 

20.0 PUR 
45.0 BUR 

3.68 

8.04 

5.58 

23.8 

8.52 

0.167 

3.46 PUR 
8.96 BUR 

16.5 

24.5 

14.3 

0.417 

1.33 

0 

155 
186 

0 

0 

0 

0 

-1.31 

0 PUR 
0 BUR 

0 

-2.36 

-0.07 

-0.27 

10.0 PUR 
20.0 BUR 

0 

-0.79 

0 

-93.2 

0 

0 

-0.79 PUR 
-0.79 BUR 

0 

-27.1 

0 

0 

0 

0 

-116 
-106 

(a) Reference t ruck  cask capacfty i s  2 PUR o r  5 BUR assemblies. 
( b )  A l t e r n a t i v e  t ruck  cask capacity i s  7 PWR o r  15 BUR assemblfes. 
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TABLE 6.3. Comparison o f  Es t ima ted  Average Annual R a d i a t i o n  Doses(a) 
Received by I n d i v i d u a l  Workers i n  Each C r a f t  a t  t h e  
Reactor  f o r  t h e  P o s t u l a t e d  Reference Truck and Example 
A l t e r n a t i v e  OWT Subsystems 

P o s t u l a t e d  Referen e System 
T ri I c k S h i pment s tb 9 ) 

Example A l t e r n a t i  e Sys em 
Truck Shipments 9 d 9 e  

r 5  
Number o f  

C r a f t  Workers mrern/Shipment mremlyear mrem/Shi pment mrernlyear 

Crane Opera tors  1 13,0114.5 4 29 14 79 12.8114.4 128 11 57 

Opera to rs  4 27.2131.4 898 11036 19/25 190/276 

R a d i a t i o n  M o n i t o r s  1 14.0/14 .O 4621462 14/14 1351149 

Qual i ty  C o n t r o l  1 10.4/13.4 34 2 144 2 12/17 1171184 
I n s p e c t o r s  

Yard D r i v e r s  1 1.3/1.3 43/43 1.311.3 13/15 

S e c u r i t y  Guards 1 0.310.3 10/10 0.2610.26 3 / 3  

Maintenance- 
Craf tsmen 4 30.7 130.7 101 311 0 13 10/10 98/107 

T o t a l s  13 ( f )  8780/9410( 9) 154 5/2043(g) 

(a )  

( b )  
( c )  
( d )  
(e )  
( f )  

(9 )  C o l l e c t i v e  annual dose f o r  a l l  cask h a n d l i n g  workers.  

The average annual  i n d i v i d u a l  doses assume t h a t  t h e  doses a r e  d i s t r i b u t e d  u n i f o r m l y  
among each worker  i n  each c r a f t  i n  t h e  d e d i c a t e d  work crews. 
Assumes a l l  shipments f r o m  a g i v e n  r e a c t o r  a r e  by  t r u c k .  
P o s t u l a t e d  re fe rence  system can s h i p  30 MTU i n  33 t r u c k  casks o f  e i t h e r  f u e l  t ype .  
Data  shown a r e  f o r  t h e  average o f  each worker  f rom e i t h e r  PlrlR o r  BWR shipments. 
Example a l t e r n a t i v e  system can s h i p  30 MTU i n  10 PWR o r  11 BWR t r u c k  cask shipments.  
Superv i so rs  a r e  n o t  i n c l u d e d  because t h e y  a r e  assumed t o  p e r f o r m  no work i n  r a d i a t i o n  
zones. 
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TABLE 6.4. Comparison o f  Es t ima ted  C o l l e c t i v e  R a d i a t i o n  Dose by 
A c t i v i t y  a t  t h e  Reactor  f o r  t h e  P o s t u l a t e d  Reference 
and t h e  Exaimple A l t e r n a t i v e  R a i l  Subsystems 

person-mremlshipment 

Act i v i  t y  
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

1 7  

18 

19 

20 

21 

22 

23 

24 

Postu la ted  Example 
F a c i l i t y  Refere c A l t e r n a  i e 

A c t i v i t y  SystemTaP - sys temfby Locat ion  

Receive t r a n s p o r t  v e h i c l e  and empty 
cask. monitor.  inspec t  

Move t r a n s p o r t  v e h i c l e  and cask t o  
i n s p e c t i o n  and washdown area 

Wash t r a n s p o r t  v e h i c l e  and cask, 
monitor,  inspec t  

Move t r a n s p o r t  v e h i c l e  and cask t o  
l o a d i n g  area 

Prepare cask f o r  removal from t rans-  
p o r t  v e h i c l e  

Remove cask from v e h i c l e  and p lace  on 
cask s e r v i c e  pad 

Remove t r a n s p o r t  v e h i c l e  f r o m  l o a d i n g  
area 

Prepare cask f o r  p l a c i n g  i n  load ing  
P i t  

Place cask i n  l o a d i n g  p i t  

Prepare cask f o r  l o a d i n g  

Place spent f u e l  assemblies i n  cask 

I n s t a l l  fue l  spacers and i n n e r  l i d  
on t h e  sh ipp ing  cask 

L i f t  cask from load ing  p i t  and p lace  
on s e r v i c e  pad 

Decontaminate cask 

Prepare cask f o r  shipment 

Move cask t o  load ing  area 

Move v e h i c l e  t o  load ing  area 

Place cask on t h e  t r a n s p o r t  v e h i c l e  

Perform contaminat ion survey 

Prepare loaded v e h i c l e  f o r  shipment 

F i n a l  i n s p e c t i o n  and contaminat ion 
survey 

Move t r a n s p o r t  v e h i c l e  out c i f  
s e c u r i t y  area 

Release cask and t r a n s p o r t  v e h i c l e  
t o  c a r r i e r  

N o t i f y  appropr ia te  organizat.ions 
of shipment depar tu re  

T o t a l s  PUR 
BUR 

Outer 
Guardhouse 

F a c i l i t y  
Grounds 

Uashdown 
Pad 

F a c i l i t y  
Grounds 

Loading 
Area 

Loading 
Area 

F a c i l i t y  
Grounds 

Serv ice  
Pad 

Service 
Pad 

Loading 
P i t  

Loading 
P i t  

Loading 
P i t  

Loading 
P i t  

Serv ice  
Pad 

Serv ice  
Pad 

Serv ice  
Pad 

Fac i  1 f t y  
Grounds 

Loading 
Area 

Loading 
Area 

Loading 
Area 

Loading 
Area 

Faci 1 i ty  
Grounds 

Outer 
Guard hou s e 

Superv isor 's  
Of f i ce  

0.017 

0 

0.150 

0.167 

3.87 

3.44 PUR 
3.98 BUR 

0.250 

14.90 

5.15 

10.20 

70.0 PWR 
180.0 BUR 

4.68 

9.17 

7.00 

162.0 

9.02 

0.167 

4.46 PUR 
9.96 BWR 

19.0 

61 .8 

16.0 

0.417 

1.42 

0 

404 
5 20 

0.017 

0 

0.150 

0.167 

1.85 

3.44 PUR 
3.98 BWR 

0.250 

11.12 

5.08 

9.92 

150.0 PUR 
330.0 BWR 

4.68 

8.37 

7.00 

31.8 

9.02 

0.167 

3.67 PUR 
9.17 BUR 

19.0 

25.7 

16.0 

0.417 

1.42 

0 

309 
4 95 

Dose Change 

0 

0 

0 

0 

-2.02 

0 PWR 
0 BUR 

0 

-3.78 

-0.07 

-0.30 

80.0 PUR 
150.0 BUR 

-0 

-0.80 

0 

-130.2 

0.00 

0.000 

-0.78 PUR 
-0.79 BWR 

0 

-36.1 

0 

0 

0 

0 

-95 
-25 

- 

a) Reference r a i l  cask capac i ty  i s  14 PWR o r  36 BWR assemblies. I b )  A l t e r n a t i v e  r a i l  cask capac i ty  i s  30 PUR o r  66 BWR assenbl ies.  
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TABLE 6.5. Comparison o f  Est imated Average Annual R a d i a t i o n  Dose(a) 
Received by I n d i v i d u a l  Workers i n  Each C r a f t  a t  t h e  
Reactor  f o r  t h e  Pos tu , la ted  Reference and Example 
A l t e r n a t i v e  R a i l  Subsystems 

P o s t u l a t e d  Reference System Example A l t e r n a t i  e Sys em 
Truck S h i pment s ( 9 9 Truck Shipments Y j  b y d 9 e  

Number o f  
C r a f t  Workers mrem/Shipment mrem/year mrem/Shipment mremlyear 

Crane Opera tors  7. 15.2116.7 76/a3.5 15/16.5 45/50 

Opera tors  4 43.4/66.5 2171333 48/85 144/256 

R a d i a t i o n  M o n i t o r s  1 1 6.7 11 6.7 83.5183.5 16/16 48/48 

Qual i t y  C o n t r o l  1 24.2146.2 121/231 39 17 5 117/225 
I n s p e c t o r s  

Yard D r i v e r s  1 1.4 /1.4 7.017 .O 1.4/1.4 4 /4 

S e c u r i t y  Guards 1 0.3/6.3 1.5/1.5 . 3 / . 3  1/1 

Maintenance- 
C r a f t  smen 4 43/43 2151215 11/11 33/33 

T o t a l s  1 3 ( f )  1870/2330( 9) 926/1485( 9) 

The average annual i n d i v i d u a l  doses assume t h a t  t h e  doses a r e  d i s t r i b u t e d  u n i -  
f o r m a l l y  among each worker  i n  each c r a f t  i n  t h e  ded ica ted  work crews. 
Assumes a l l  shipments f rom a g i v e n  r e a c t o r  a r e  100% b y  r a i l .  
P o s t u l a t e d  re fe rence  system can s h i p  30 MTU i n  5 r a i l  cask shipments. 
Data  shown a r e  f o r  t h e  average o f  each worker  f rom e i t h e r  PWR o r  BWR shipments. 
Example a l t e r n a t i v e  system can s h i p  30 MTU i n  3 r a i l  cask shipments. 
Superv i so rs  a r e  n o t  i n c l u d e d  because t h e y  a r e  assumed t o  p e r f o r m  no work i n  r a d i a t i o n  
zones. 
C o l l e c t i v e  annual dose f o r  a l l  cask h a n d l i n g  workers.  
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6.2 IN-TRANSIT DOSES 

The approach t o  e s t i m a t i n g  t h e  annual system i n - t r a n s i t  doses f o r  t h e  

example a l t e r n a t i v e  system was t o  mod i fy  t h e  p o s t u l a t e d  r e f e r e n c e  system doses 

u s i n g  t h e  f r a c t i o n a l  change iln doses f o r  each s i n g l e  a l t e r n a t i v e .  These f r a c -  

t i o n s  were m u l t i p l i e d  s e q u e n t i a l l y  by t h e  p o s t u l a t e d  re fe rence  system doses t o  

e s t i m a t e  t h e  t o t a l  r e v i s e d  dose f o r  t h e  example a l t e r n a t i v e  system. 

For  t h e  t r u c k  subsystem, t h e  per-shipment doses es t ima ted  i n  S e c t i o n  5.1 

f o r  t h e  overwe igh t  t r u c k  cask were used as t h e  s t a r t i n g  p o i n t .  The s t a r t i n g  

p o i n t  f o r  t h e  r a i l  subsystem was t h e  r a i l  cask doses f rom t h e  i nc reased  cask 

end s h i e l d i n g  a l t e r n a t i v e ,  d iscussed i n  Sec t i on  5.3. The changes i n  doses due 

t o  advanced des ign (burnup c r e d i t )  were based o n l y  on d i f f e r e n c e s  of cask 

c a p a c i t i e s  because t h i s  a l t e r n a t i v e  does no t  change t h e  dose r a t e  f i e l d  s u r -  

round ing  t h e  cask, no r  does i t  change t h e  t i m e  spent i n  a r a d i a t i o n  f i e l d .  

Advanced des ign  was assumed t o  a f f e c t  o n l y  spent f u e l  t r a n s p o r t  cask capac i -  

t i e s .  

shipment doses ( c a l c u l a t e d  usling t h e  f r a c t i o n s  d iscussed above) were d i v i d e d  by 

t h e  cask c a p a c i t i e s ,  i n  MTU p e r  shipment, f o r  t h e  advanced des ign  a l t e r n a t i v e s  

( 7  PWR/15 BWR assemblies o r  3,,23/2.79 MTU/shipment f o r  t h e  advanced des ign  OWT 

cask and 30 PWR/66 BWR assemblies o r  13.8/12.3 MTU/shipment f o r  t h e  advanced 

des ign  r a i l  cask) .  The r e s u l t i n g  va lues rep resen t  t h e  r e v i s e d  u n i t  i n - t r a n s i t  

doses f o r  t h e  example a l t e r n a t i v e  system. 

To account f o r  change -i.n t r a n s p o r t  cask c a p a c i t i e s ,  t h e  r e v i s e d  p e r -  

The f a c t o r s  used t o  a d j u s t  t h e  OWT shipment doses were d e r i v e d  as fo l l ows .  

The p o s t u l a t e d  re fe rence system LWT shipment doses were es t ima ted  t o  be 457 

person-mrem/shipment t o  t h e  p u b l i c  and 210 person-mrem/shipment f o r  workers. 

The a n a l y s i s  of improved t r u c k i n g  opera t i ons  a l t e r n a t i v e  (see S e c t i o n  5.13) 

i n d i c a t e d  these doses would be reduced t o  113 and 162 person-mrem/shipment, 

r e s p e c t i v e l y .  

dmes ,  r e s p e c t i v e l y ,  t h a t  were c a l c u l a t e d  f o r  t h e  re fe rence  LWT shipment. As a 

r e s u l t ,  t h e  per-shipment p u b l i c  and worker  dose es t ima tes  f o r  t h e  OWT shipment 

a l t e r n a t i v e  o n l y  were m u l t i p l i e d  by these f r a c t i o n s  t o  e s t i m a t e  t h e  p e r - s h i p -  

ment dose f o r  t h e  OWT/improved-operations combinat ion.  

Th is  rep resen ts  about 23% and 76% o f  t h e  p u b l i c  and worker  

The inc reased  cask end s h i e l d i n g  a l t e r n a t i v e  was i n c o r p o r a t e d  i n t o  t h i s  

example a l t e r n a t i v e  system i n  a s i m i l a r  manner. For  t h e  i nc reased  cask end 
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s h i e l d i n g  a l t e r n a t i v e ,  t h e  f r a c t i o n a l  dose r e d u c t i o n s  amounted t o  1.0 f o r  

p u b l i c  doses (i.e., t h i s  a l t e r n a t i v e  does n o t  a f f e c t  p u b l i c  doses) and 0.11 f o r  

worker  doses. The r e s u l t i n g  per-sh ipment  doses f o r  t h e  OWT/improved-opera- 

t ions / inc reased-end-sh ie ld ing  subsystem a re  thus  t h e  es t ima ted  OWT shipment 

doses (527 person-mrem/shipment f o r  t h e  p u b l i c  and 215 person-mrem/shipment f o r  

workers )  t imes t h e  a p p r o p r i a t e  f r a c t i o n s  l i s t e d  above. The r e s u l t i n g  doses f o r  

t h e  subsystem a re  132 person-mrem/shipment f o r  t h e  p u b l i c  and 18 person-  

mrem/shipment f o r  workers, f o r  a t o t a l  c o l l e c t i v e  dose o f  150 person-  

mrem/shi pment . 
The f i n a l  s tep  i n  c a l c u l a t i n g  t h e  u n i t  dose f o r  t h i s  subsystem was t o  

conver t  t h e  per-shipment doses t o  per-MTU doses u s i n g  t h e  cask c a p a c i t y  e s t i -  

mated f o r  t h e  advanced des ign  t r u c k  cask a l t e r n a t i v e  (3.23/2.79 MTU/ship- 

ment). The r e s u l t i n g  u n i t  p u b l i c  and worker doses a r e  41 person-mrem/MTU and 
5.6 person-mrem/MTU, r e s p e c t i v e l y .  Assuming t h a t  900 MTU i s  hau led  by t r u c k  

annua l l y ,  t h e  t o t a l  annual dose f o r  t h i s  subsystem i s  es t ima ted  a t  42.4 person-  

remlyear  (which c o n s i s t s  o f  37 person-remlyear  t o  t h e  p u b l i c  and 5.4 person-  

remlyear  t o  workers ) .  Us ing a s i m i l a r  method, t h e  average annual dose t o  i n d i -  

v i d u a l  t r u c k  d r i v e r s  i s  es t ima ted  t o  be 0.17 r e d y e a r .  

The u n i t  doses f o r  t h e  r a i l  cask subsystem shipment were es t ima ted  i n  a 

manner s i m i l a r  t o  t h e  t r u c k  cask subsystem shipment d iscussed above. However, 

no f r a c t i o n a l  dose r e d u c t i o n s  were a p p l i e d  because o n l y  t h e  i nc reased  cask end 

s h i e l d i n g  a l t e r n a t i v e  changes t h e  dose r a t e  f rom t h e  s h i p p i n g  cask. 

no changes t o  t h e  amounts o f  t i m e  spent by workers o r  t h e  p u b l i c  i n  t h e  c a s k ' s  

r a d i a t i o n  f i e l d .  

a l t e r n a t i v e  a n a l y s i s  were used as t h e  s t a r t i n g  p o i n t .  These doses were e s t i -  

mated t o  be 39 person-mremlshipment and 32 person-mrern/shiprnent t o  t h e  p u b l i c  

and workers, r e s p e c t i v e l y  (see Tab le  5.15). These per-shipment doses were 

d i v i d e d  by t h e  i nc reased  cask c a p a c i t y  i n  t h i s  a l t e r n a t i v e  (i.e., 13.8/12.3 

MTU/shipment) t h a t  r e s u l t s  f rom advanced tack designs t o  es t ima te  t h e  r e v i s e d  

u n i t  dose f o r  t h e  r a i l  cask subsystem. The r e s u l t i n g  u n i t  doses a re  

2.8 person-mrem/MTU f o r  t h e  p u b l i c  and 2.3 person-mrem/MTU f o r  workers. 

There were 

There fore ,  t h e  r e s u l t , s  o f  t h e  i nc reased  cask end s h i e l d i n g  

The 
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t o t a l  annual dose f o r  s h i p p i n g  2,100 MTUlyear by r a i l  i s  t hus  es t ima ted  t o  be 

10.7 person-rem/year (which c o n s i s t s  of 5.9 person-rem/year f o r  t h e  p u b l i c  and 

4.8 person-rem/year f o r  workers ) .  

The r e s u l t s  o f  t h e  a n a l y s i s  o f  i n - t r a n s i t  doses f o r  t h e  example a l t e r n a -  

t i v e  system a re  compared w i t h  t h e  i n - t r a n s i t  doses f o r  t h e  p o s t u l a t e d  r e f e r e n c e  

system i n  Table 6.6. The 624 person-rem/year dose r e d u c t i o n  shown i n  Tab le  6.6 

rep resen ts  a 92% decrease i n  i n - t r a n s i t  dose f o r  t h e  example a l t e r n a t i v e  system 

compared t o  t h e  p o s t u l a t e d  rePerence system. 

occurs i n  t h e  p u b l i c  dose f rom t r u c k  shipments. Th is  decrease amounts t o  about 

407 person-rem/year, o r  about a 92% r e d u c t i o n  i n  p u b l i c  dose f rom t r u c k  s h i p -  

ments. Worker doses a re  reduced by 195 person-remlyear  i n  t h e  example a l t e r n a -  

t i v e  system. The t o t a l  p u b l i c  p l u s  worker  doses a re  decreased by about 94% f o r  

t h e  example a l t e r n a t i v e  system. 

The most s i g n i f i c a n t  decrease 

The t o t a l  annual doses f rom r a i l  shipments a re  a l s o  decreased s i g n i f i -  

c a n t l y .  P u b l i c  doses f rom r a i i l  shipments a re  reduced by 6 person-remlyear  
(50%) and worker  doses a re  decreased by about 16 person-rem/year (77%) compared 

t o  t h e  p u b l i c  and worker  doses, r e s p e c t i v e l y ,  f o r  t h e  p o s t u l a t e d  r e f e r e n c e  

TABLE 6.6. Comparison o f  Es t imated C o l l e c t i v e  Annual I n - T r a n s i t  
R a d i a t i o n  Dose f o r  t h e  P o s t u l a t e d  Reference and t h e  
Example A l t e r n a t i v e  Subsystems 

person-remlyear  ( a )  
-1st u 1 a t  ed 
Reference System System Dose Change 

A1 t e r n a t i  ve 
-_ 

Truck:  I n - t  rans i t 
- worker  200 
- p u b l i c  444 

R a i l  : I n - t r a n s i t  
- worker 21 

12 - p u b l i c  - 

5 
37 

5 
6 
I 

-195 
-407 

-16 
-6 

T o t a l s  677 96 -624 

( a )  For  s h i p p i n g  900 MTU/,year by t r u c k  and 2100 MTU/year by r a i l ;  spent 
f u e l  i s  60% f rom PWRs and 40% f rom BWRs. 
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system r a i l  shipments. T h i s  amounts t o  a t o t a l  annual dose r e d u c t i o n  f o r  r a i l  

shipments o f  about 22 person-rem/year, o r  about 67% o f  t h e  dose e s t i m a t e  f o r  

t h e  p o s t u l a t e d  r e f e r e n c e  system r a i  1 shipments. 
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6.3 AT-REPOSITORY DOSES 

The r a d i a t i o n  doses f rom t r a n s p o r t  cask u n l o a d i n g  o p e r a t i o n s  a t  t h e  

r e p o s i t o r y  were c a l c u l a t e d  u s i n g  t h e  same methodology as i n  Chapters 4 and 5. 

The t imes  and dose r a t e s  were s e l e c t e d  as a p p r o p r i a t e  and used i n  t h e  spread- 

sheet models. D e t a i l e d  va1ue:s a r e  con ta ined  i n  Appendix L. 

S i  gn i  f i cant  r e d u c t i o n s  i n  c o l  1 e c t  i ve worker  r a d i  a t  i o n  doses f rom t r a n s p o r t  

cask u n l o a d i n g  o p e r a t i o n s  a t  t h e  r e p o s i t o r y  a r e  e s t i m a t e d  t o  r e s u l t  from t h e  

imp lemen ta t i on  o f  t h e  example a l t e r n a t i v e  system. 

annual c o l l e c t i v e  dose i s  e s t i m a t e d  t o  be reduced f rom 418 t o  30 person-  

r e d y e a r  f o r  r e c e i v i n g  3000 MrU/year a t  t h e  r e p o s i t o r y .  

As shown i n  Table 6.1, 

Es t ima ted  c o l l e c t i v e  doses by a t - r e p o s i t o r y  a c t i v i t y  f o r  overweight  t r u c k  

u n l o a d i n g  o p e r a t i o n s  a r e  shown i n  Table 6.7. C o l l e c t i v e  r e p o s i t o r y  worker  

doses a r e  e s t i m a t e d  t o  be reduced by 211 person-mrem/truck shipment r e l a t i v e  t o  

t h e  p o s t u l a t e d  r e f e r e n c e  system, f o r  a t o t a l  dose o f  app rox ima te l y  65 person-  

mrem/t ruck s h i  pment . 
A summary o f  t h e  es t ima tes  o f  average annual doses t o  i n d i v i d u a l  r e p o s i -  

t o r y  workers f rom h a n d l i n g  t r u c k  shipments i s  p r o v i d e d  i n  Table 6.8. The 

maximal ly  exposed c r a f t  f rom overweight  t r u c k  cask hand1 i ng i s  maintenance- 

craf tsmen. Each i n d i v i d u a l  c ra f t sman  i s  es t ima ted  t o  r e c e i v e  an average annual 

dose o f  about 0.6 rem. The es t ima ted  296 shipments would r e s u l t  i n  an e s t i -  

mated 19.1 person-rem/year o f  c o l l e c t i v e  dose t o  t h e  cask h a n d l i n g  workers (7% 
of t h e  p o s t u l a t e d  re fe rence  system dose). 

Es t ima ted  c o l l e c t i v e  a t - r e p o s i t o r y  worker  doses by a c t i v i t y  f o r  r a i l  cask 

It i s  h a n d l i n g  i n  t h e  example a l t e r n a t i v e  system a r e  shown i n  Table 6.9. 

e s t i m a t e d  t h a t  t h e  c o l l e c t i v e  dose i s  reduced by about 395 person-mrem/shipment 

r e l a t i v e  t o  t h e  p o s t u l a t e d  r e f e r e n c e  system, f o r  a t o t a l  c o l l e c t i v e  dose of 

about 70 person-mrem/shipment. 

The e s t i m a t e d  average annual doses t o  i n d i v i d u a ' l  r e p o s i t o r y  workers f rom 

h a n d l i n g  t h e  160 r a i l  shipments/year r e q u i r e d  f o r  2,100 MTU/year o f  spent f u e l  

a re  shown i n  Table 6.10. The maximal ly  exposed c r a f t  f rom r a i l  cask h a n d l i n g  

i s  maintenance craf tsmen. Each i n d i v i d u a l  c ra f t sman  i s  es t ima ted  t o  r e c e i v e  an 
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average annual dose o f  0.32 rem. The c o l l e c t i v e  r e p o s i t o r y  dose r e s u l t i n g  f rom 

r a i l  cask un load ing  a t  t h e  r e p o s i t o r y  i s  es t ima ted  t o  be 11.1 person-rem/year 

(7% o f  t h e  p o s t u l a t e d  r e f e r e n c e  system dose). 

T o t a l  annual r a d i a t i o n  doses t o  i n d i v i d u a l  r e p o s i t o r y  cask r e c e i v i n g  and 

un load ing  workers a re  t h e  sum o f  those f rom h a n d l i n g  900 MTU/year sh ipped by 

t r u c k  and 2100 MTUlyear sh ipped by r a i l .  The sums o f  these es t ima tes  a r e  

presented  g r a p h i c a l l y  i n  F i g u r e  6.1. The maintenance-craf tsmen a re  es t ima ted  

t o  r e c e i v e  t h e  h i g h e s t  average annual dose (0.92 r e m / i n d i v i d u a l ) ,  f o l l owed  by 

s e c u r i t y  guards (0.34 r e m / i n d i v i d u a l ) .  

workers shown i n  Tables 6.8 and 6.9. 

These doses a re  based on t h e  number of 

The es t ima ted  c o l l e c t i v e  r a d i a t i o n  doses i n  t h e  t o t a l  system f o r  t h i s  

example a l t e r n a t i v e  system a re  lower  than  f o r  any o f  t h e  a l t e r n a t i v e s  by 

themselves. I n  a d d i t i o n ,  t h e  es t ima ted  annual doses t o  i n d i v i d u a l  r e p o s i t o r y  
workers would a l l  meet t h e  DOE des ign  o b j e c t i v e s  f o r  i n d i v i d u a l  f a c i l i t y  worker  

doses. O p t i m i z a t i o n  o f  s e l e c t e d  a l t e r n a t i v e s  and o t h e r  combina t ions  o f  these 

a l t e r n a t i v e s  shou ld  r e s u l t  i n  f u r t h e r  r e d u c t i o n s  i n  system r a d i a t i o n  doses. 
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TABLE 6.7. Compari son o f  E:st i mated Col 1 e c t  i ve Radi a t  i on Dose by Ac t  i v i  ty  
a t  t h e  Repositciry f o r  t h e  P o s t u l a t e d  Reference Truck and t h e  
Example A l t e r n a t i v e  OWT Subsystems 

person-mrem/shipment 
Pos t u 1  a t  ed Example 

A l t e r n a  i e 
Loca t ion  System Ref “‘l3 - SystemlbY Dose Change 
F a c i l i t y  

Receiv ing 5 -50 5.50 0 
Gatehouse 

A c t i v i t y  
No. 

1 
- Act i v i  t y  

Receive t r a n s p o r t  v e h i c l e  and loaded 
cask a t  t he  r e p o s i t o r y  s i t e .  Moni-, 
t o r ,  i n s p e c t ,  unhook over- the-road 
c a r r i e r ’ s  d r i v e  u n i t  and a t t a c h  
r e p o s i t o r y  d r i v e  u n i t  

Move t h e  t r a n s p o r t  v e h i c l e  and cask 
t o  p a r k i n g  area and w a i t  f o r  washdown 
s t a t i o n ,  hook up t o  car p u l l e r  when 
ready 

Wash t r a n s p o r t  v e h i c l e  and cask, open 
personnel  b a r r i e r ,  mon i to r ,  i n s p e c t  
and d ry  

Move t r a n s p o r t  v e h i c l e  and cask t o  
r e c e i v i n g  and handl i ng area 

2 1.53 1.53 0 Park ing  
Area 

Was hdown 
Area 

16 .O 

0.092 

16 .O 

0.092 Receiv ing 
and Han- 
d l i n g  Area 

Prepare cask f o r  removal f rom 
t r a n s p o r t  v e h i c l e  

Recei v i  ng 53.5 
and Han- 
d l i n g  Area 

Receiv ing 3.73 
and Han- 
d l  i n g  Area 

11.8 

3.73 

-41.7 

0 Remove cask f rom t r a n s p o r t  v e h i c l e  
and p l a c e  on cask c a r t  

Move c a r t  and cask t o  cask h a n d l i n g  
room and c l o s e  r o l l - u p  door t o  
handl i ng room 

Prepare cask f o r  un loading,  p o s i t i o n  
p l a t f o r m ,  i n s t a l  1 con tamina t ion  
b a r r i e r  adapter,  remove o u t e r  l i d .  
pressure/gas sample cask c a v i t y ,  
remove i n n e r  l i d  b o l t s  and i n s t a l l  
l i d  l i f t i n g  adapter  

Open s l i d i n g  s h i e l d i n g  door t o  uri load- 
i n g  room ( i f  necessary) ,  r e t r a c t  
p l a t f o r m ,  move c a r t  and cask t o  
un load ing  room 

Mate t h e  cask t o  the hot  c e l l  e n t r y  
p o r t  and c l o s e  s h i e l d i n g  door 

Using 20-ton hot  c e l l  crane, remove 
h o t  c e l l  p o r t  p lugs 

Remove remain ing i n n e r  l i d  b o l t s  and 
remove i n n e r  l i d  and spent f u e l  
assembly spacer 

Unload spent f u e l  assemblies and 
p lace  i n t o  i n - c e l l  l a g  s to rage  

Handl i ng 
Room 

0.675 

187 

0.675 

18 

0 

-16s Handl i ng 
Room 

2.70 2.70 0 9 Unloading 
Room 

1.53 

0.083 

0.217 

1.53 

0.083 

0.217 

10 

11 

12 

Unloading 
Room 

Hot C e l l  

Unloading 
Room/Hot 
C e l l  

13 Unloading 0.150 PWR 
Room/Hot 0.375 BWR 
C e l l  

Unloading 0.350 PWR 
Room/Hot 0.650 BWR 
C e l l  

0.300 PWR 
0.675 BUR 

0.150 PWR 
0.300 BWR 

14 Mon i to r  and vacuum cask c a v i t y  and 
f u e l  basket  

0.650 PWR 
1.200 BWR 

0.300 PWR 
0.550 BWR 
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TABLE 6.7. (contd)  

A c t i v i t y  
No. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Act i v i  t y  

Replace spent f u e l  assembly spacer 
and rep lace  i n n e r  l i d  and h o t  c e l l  
p o r t  p lugs  

Unmate cask f rom h o t  c e l l  p o r t  and 
open unloading room s h i e l d i n g  door 

Move c a r t  and cask t o  hand l i ng  room 

( I f  wet decontaminat ion i s  t o  be per-  
formed, r e f e r  t o  wet decontaminat ion 
s teps  i n  Tahle 7.3). I n s t a l l  p l a t -  
form, remove contaminat ion b a r r i e r  
adapter and l i f t i n g  adapter,  i n s t a l l  
i n n e r  and ou te r  l i d s ,  secure a l l  
openings t o  t h e  cask, mon i to r  and 
decontaminate e x t e r i o r  o f  cask, open 
r o l l - u p  door and r e t r a c t  p l a t f o r m  

Move cask and c a r t  t o  r e c e i v i n g  and 
hand1 i n g  area 

Place cask on t h e  t r a n s p o r t  v e h i c l e  

Prepare cask f o r  shipment, i n s t a l l  
cask t iedowns and impact l i m i t e r s  
and c l o s e  personnel  b a r r i e r  

Move t r a n s p o r t  v e h i c l e  and cask t o  
i n s p e c t i o n  area, d isconnect  repos i -  
t o r y  d r i v e  u n i t  

Hook up over- the-road c a r r i e r ,  move 
t o  gatehouse, per form f i n a l  moni tor -  
i n g  and i n s p e c t i o n  o f  empty cask 

N o t i f y  app rop r ia te  o rgan iza t i ons  o f  
t h e  shipment depar ture 

To ta l s  PWR 
BWR 

F a c i l i t y  
Loca t ion  

Unloading 
RoomIH o t 
C e l l  

Unloading 
Room 

Handl i ng 
Room 

Handl i ng 
Room 

Recei v i  ng 
and Han- 
d l  i n g  Area 

Receiv ing 
and Han- 
d l i n g  Area 

Receiv ing 
and Han- 
d l i n g  Area 

Inspec t i on  
Area 

Gatehouse 
Recei v i  ng 
and D is -  
pa tch ing  

Superv i -  
s o r ' s  
O f f i c e  

(a )  
( b )  

Reference t r u c k  cask capac i t y  i s  2 PWR o r  5 BWR assemblies. 
A l t e r n a t i v e  t r u c k  cask capac i t y  i s  7 PWR o r  15 BWR assemblies. 

6.16 

person-mrem/shipment 

Pos tu la ted  Example 
Refere c A l t e r n a  i e 
sys t emla7 SystemtbY Dose Change 

0.400 0.4 0 

0.025 0.025 0 

0.008 0.008 0 

1.267 0.775 -0.492 

0.008 

0.150 

1.53 

0.017 

0.150 

0 

276 
277 

0.008 

0.150 

0.62 

0.017 

0.150 

0 

0 

-0.91 

0 

0 

0 0 

65 -211 
66 -211 



TABLE 6.8. Comparison o f  Es t ima ted  Average Annual R a d i a t i o n  Doses(a) 
Received by I n d i v i d u a l  Workers i n  Each C r a f t  a t  t h e  
R e p o s i t o r y  f o r  t h e  P o s t u l a t e d  Re fe r  nc Truck and t h e  
Example A1 t e i - n a t i  ve OWT Subsystems &c7 

P o s t u l a t e d  R e f e r e n c e  s s tem 
T r u c k  Sh ipments (d f  

Example A l t e r n a t i v e  S s tem 
T r u c k  S h i pme n t s ce-l( 

Number o f  Number o f  
C r a f t  Workers  - /sh ipment  mrem/year  Workers mrem/shipment  mremlyear  

Crane O p e r a t o r s  6 0.3 291 3 0.5 155 

O p e r a t o r s  47 0.8 777 29 0.7 196 

R a d i a t i o n  M o n i t o r s  10 0.6 583 7 0.6 1 8 1  

Q u a l i t y  C o n t r o l  
I n s p e c t o r s  

12 6.3 291 6 0.4 123 

Yard  D r i v e r s  4 0.5 486 4 0.5 139 

S e c u r i t y  Guards 8 0.8 777 8 0.8 228 

M a i n t e n a n c e -  
C r a f t  smen 26 14 2.1 613 8.5 8,250 -- 

T o t a l s  1 1 3 ( f )  270,OOO(g) 7 l ( f )  19,1oo(g)  

The a v e r a g e  annua l  i n d i v i d u a l  do!;es assume t h a t  t h e  doses a r e  d i s t r i b u t e d  u n i f o r m l y  among 
each w o r k e r  i n  each c r a f t  i n  t h e  d e d i c a t e d  work crews. 
F o r  sh ipment  o f  900 MTU/year b y  t r u c k .  
Dose d i f f e r e n c e s  be tween PWR/BWR f u e l  t y p e s  a r e  n e g l i g i b l e  f o r  t h i s  a n a l y s i s .  
t h e  average o f  each w o r k e r  f rom e i t h e r  PWR o r  BWR sh ipments .  
9 7 1  LWT s h i p m e n t s  p e r / y e a r  r e q u i r e d .  
296 OWT s h i p m e n t s  p e r / y e a r  r e q u i r e d .  
S u p e r v i s o r s  a r e  n o t  i n c l u d e d  because t h e y  a r e  assumed t o  p e r f o r m  n o  work i n  r a d i a t i o n  zones.  
C o l l e c t i v e  annua l  dose f o r  a l l  cask h a n d l i n g  workers .  

D a t a  shown a r e  f o r  
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TABLE 6.9. Comparison o f  Es t imated C o l l e c t i v e  R a d i a t i o n  Dose by A c t i v i t y  
a t  t h e  Repos i to ry  f o r  t h e  P o s t u l a t e d  Reference and t h e  Example 
A1 t e r n a t i  ve Rai 1 Subsystems 

person-mrem/shipment 

Example 

System ternafAye Dose Change 

6.25 0 

Faci  1 i ty 
Locat  i on 

Receiv ing 
Gatehouse 

Park ing 
Area 

Was hdown 
Area 

Rece iv ing  
and Han- 
d l i n g  Area 

Recei v i  ng 
and Han- 
d l i n g  Area 

Receiv ing 
and Han- 
d l i n g  Area 

Handl i ng 
Room 

Handl i ng 
Room 

Unloading 
Room 

Unloading 
Room 

Hot C e l l  

Unloading 
Room 1 Hot 
C e l l  

Unloading 
RoomIHot 
C e l l  

Unl oadi  ng 
Room/Hot 
C e l l  

6.18 

Act i v i  t y  
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

A c t i v i t v  

Receive t r a n s p o r t  v e h i c l e  and loaded 
cask a t  t h e  r e p o s i t o r y  s i t e .  Moni- 
t o r ,  i n s p e c t ,  unhook over- the-road 
c a r r i e r ' s  d r i v e  u n i t  and a t t a c h  
r e p o s i t o r y  d r i v e  u n i t  

Move t h e  t r a n s p o r t  v e h i c l e  and cask 
t o  p a r k i n g  area and w a i t  f o r  washdown 
s t a t i o n ,  hook up t o  ca r  p u l l e r  when 
ready 

Wash t r a n s p o r t  v e h i c l e  and cask, open 
personnel  b a r r i e r ,  mon i to r ,  i n s p e c t  
and d ry  

Move t r a n s p o r t  v e h i c l e  and cask t o  
r e c e i v i n g  and hand1 i ng a rea  

1.88 1.88 0 

0 11.9 11.9 

0.092 0.092 0 

-66.9 12.1 Prepare cask f o r  removal f rom 
t r a n s p o r t  v e h i c l e  

79 .D 

Remove cask f rom t r a n s p o r t  v e h i c l e  
and p lace  on cask c a r t  

4.33 4.33 0 

Move c a r t  and cask t o  cask h a n d l i n g  
room and c lose  r o l l  -up door t o  
h a n d l i n g  room 

Prepare cask f o r  un loading,  p o s i t i o n  
p l a t f o r m ,  i n s t a l  1 con tamina t ion  
b a r r i e r  adapter,  remove ou te r  l i d ,  
pressure/gas sample cask c a v i t y ,  
remove i n n e r  l i d  b o l t s  and i n s t a l l  
l i d  l i f t i n g  adapter  

Open s l i d i n g  s h i e l d i n g  door t o  un load-  
i n g  room ( i f  necessary) ,  r e t r a c t  
p l a t f o r m ,  move c a r t  and cask t o  
un load ing  room 

Mate the  cask t o  the  hot c e l l  e n t r y  
p o r t  and c l o s e  s h i e l d i n g  door 

Using 20-ton hot  c e l l  crane, remove 
ho t  c e l l  p o r t  p lugs  

Remove remain ing i n n e r  l i d  b o l t s  and 
remove i n n e r  l i d  and spent  f u e l  
assembly spacer 

Unload spent f u e l  assemblies and 
p lace  i n t o  i n - c e l l  l a g  s to rage  

0.425 0.425 0 

350 22 -328 

1.70 1.70 0 

1.020 

0.083 

0.242 

1.030 

0.083 

0.242 

1.05 PWR 
2.70 BWR 

0.60 PWR 
1.50 BWR 

2.25 PWR 
4.95 BWR 

1.25 PWR 
2.70 BWR 

1.20 PWR 
2.25 BWR 

Mon i to r  and vacuum cask c a v i t y  and 
f u e l  basket  

0.65 PWR 
1.20 BWR 



TABLE 6.9. (contd) 

A c t i v i t y  
No. 

15 

16 

17 

18 

19 

20 

21  

22 

23 

24 

A c t i v i t y  

Replace spent  f u e l  assembly spacer 
and rep lace  i n n e r  l i d  and h o t  c e l l  
p o r t  p lugs  

Unmate cask f rom h o t  c e l l  p o r t  and 
open un load ing  room s h i e l d i n g  door 

Move c a r t  and cask t o  hand l i ng  room 

( I f  wet decontaminat ion i s  t o  be per -  
formed, r e f e r  t o  wet decontaminat ion 
s teps  i n  Table 4.17). I n s t a l l  p l a t -  
form, remove contaminat ion b a r r i e r  
adapter  and l i f t i n g  adapter,  i r i s t a l l  
i n n e r  and o u t e r  l i d s ,  secure a l l  
openings t o  t h e  cask, mon i to r  itnd 
decontaminate e x t e r i o r  of cask,, open 
r o l l - u p  door and r e t r a c t  p l a t f o r m  

Move cask and c a r t  t o  r e c e i v i n q  and 
hand l i ng  area 

Place cask on t h e  t r a n s p o r t  v e h i c l e  

Prepare cask f o r  shipment, i n s t a l l  
cask t iedowns and impact l i m i t e r s  
and c l o s e  personnel  b a r r i e r  

Move t r a n s p o r t  v e h i c l e  and cask t o  
i n s p e c t i o n  area, d isconnect  repos i -  
t o r y  d r i v e  u n i t  

Hook up over- the-road c a r r i e r ,  move 
t o  gatehouse, pe r fo rm f i n a l  mon i to r -  
i n g  and i n s p e c t i o n  o f  empty cask 

N o t i f y  a p p r o p r i a t e  o rgan iza t i ons  o f  
t h e  shipment depar tu re  

T o t a l s  PWR 
BWR 

F a c i l i t y  
Loca t ion  

Unl oad i  ng 
Room/Hot 
C e l l  

Unloading 
Room 

Handl i ng 
Room 

Handl i ng 
Room 

Rece iv ing  
and Han- 
d l  i n g  Area 

Rece iv ing  
and Han- 
d l i n g  Area 

Recei v i  ng 
and Han- 
d l  i ng Area 

I n s p e c t i o n  
Area 

Gatehouse 
Rece iv ing  
and D i s -  
pa tch ing  

Superv i -  
s o r ' s  
O f f i c e  

person-mrem/shipment 

Pos tu la ted  Example 
Refere c A l t e r n a  i e 
sy s t  emlaf SystemlbY Dose Change 

0.400 0.400 0 

0.025 0.025 0 

0.008 0.008 0 

1.65 1.01 -0.64 

0.008 

0.175 

2.190 

0.033 

0.250 

0 

463 
466 

0.008 

0.175 

0.625 

0.033 

0,250 

0 
67.6 
71.8 

0 

0 

-1.57 

0 

0 

0 
-395 - 394 

(a )  
( b )  

Reference r a i l  cask capac i t y  i s  14 PWR o r  36 BWR assemblies. 
A l t e r n a t i v e  r a i l  cask capac i t y  i s  30 PWR o r  66 BWR assemblies. 
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TABLE 6.10. Comparison o f  Es t ima ted  Average Annual R a d i a t i o n  Doses(a) 
Received by t h e  I n d i v i d u a l  Workers i n  Each C r a f t  a t  t h e  
R e p o s i t o r y  f o r  t h e  P o s t u l a t  R f e r e n c e  and t h e  Example 
A l t e r n a t i v e  R a i l  Subsystems P b 7  

P o s t u l a t e d  R e f e r e n c e  S s tem Example  A l t e r n a t i v p  Sys tem 
R a i l  S h i p m e n t s ( d y  R a i l  Sh ipmen ts  e 

Number o f  Number o f  
C r a f t  Worke rs  mrem/sh ipment  mrem/year  Worke rs  mrem/sh i  pment mrem/year  

Crane  O p e r a t o r  6 0.6 192 3 0.8 127 

O p e r a t o r s  47 0.8 256 29 0.7 117 

R a d i a t i o n  M o n i t o r s  10 0.7 2 24 7 0.7 114 

Qual  i t y  C o n t r o l  1 2  0.4 128 6 0.6 103 
I n s p e c t o r s  

Yard  D r i v e r s  

S e c u r i t y  Guards 8 0.7 2 24 8 0.7 116 

14 2.0 315 

4 0.4 128 4 0.6 90 

M a i n t e n a n c e -  26 15.5 4,960 - 
T o t a l s  113( f )  148 ,OOO( 9)  7 1 ( f )  11 ,100(~)  
C r a f t  smen 

( a )  

( b )  
( c )  

( d )  
( e )  
( f )  
( 9 )  C o l l e c t i v e  a n n u a l  dose  f o r  a l l  cask h a n d l i n g  w o r k e r s .  

The a v e r a g e  a n n u a l  i n d i v i d u a l  doses  assume t h a t  t h e  doses  a r e  d i s t r i b u t e d  u n i f o r m l y  
among each  w o r k e r  i n  each c r a f t  i n  t h e  d e d i c a t e d  work  c rews.  
F o r  s h i p m e n t  o f  2100 MTU/year b y  r a i l .  
Dose d i f f e r e n c e s  be tween  PWR/BWR f u e l  t y p e s  a r e  n e g l i g i b l e  f o r  t h i s  a n a l y s i s .  
f o r  t h e  a v e r a g e  o f  each w o r k e r  f rom e i t h e r  PWR o r  BWR s h i p m e n t s .  
320 s h i p m e n t s  p e r  y e a r  r e q u i r e d .  
160 s h i p m e n t s  p e r  y e a r  r e q u i r e d .  
S u p e r v i s o r s  n o t  i n c l u d e d  because  t h e y  p e r f o r m  no  work  i n  r a d i a t i o n  zones .  

D a t a  a r e  shown 

Crane Operators 

Operators 

Radiation Monitors I 

Quality Control Inspectors 

Yard Drivers 

Security Guard 

I 1 rem/yr 
DOE Design 

I 

I 'A Objective 
i 

I 

Maintenance-Craftsmen I 
I 

0.0 0.2 0.4 0.6 0.8 1.0 
rem/yr 

FIGURE 6.1. Es t ima ted  Annual R a d i a t i o n  Dose f o r  I n d i v i d u a l  Cask 
H a n d l i n g  Workers a t  t h e  R e p o s i t o r y  f o r  t h e  Example 
A1 t e r n a t i  ve System 
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6.4 COST IMPACTS OF THE EXAMPLE ALTERNATIVE SYSTEM 

Using t h e  c a p i t a l  and o p e r a t i n g  c o s t s  p resen ted  f o r  t h e  i n d i v i d u a l  a l t e r -  

n a t i v e s  i n  Chapter 5, t h e  t o t a l  c o s t  impact o f  implement ing t h e  example 

a l t e r n a t i v e  system was est imated.  The c o s t  d i f f e r e n c e s  a r e  summarized i n  

Table 6.11 and a r e  g i ven  i n  more d e t a i l  i n  Appendix J.  
t h e  example a l t e r n a t i v e  system i s  e s t i m a t e d  t o , r e s u l t  i n  sav ings i n  b o t h  

c a p i t a l  and o p e r a t i n g  costs ,  p r i m a r i l y  due t o  reduced cask f l e e t  s i z e  and 

reduced l a b o r  requi rements.  T o t a l  t r a n s p o r t a t i o n  system c a p i t a l  c o s t s  a r e  

reduced by an es t ima ted  $27.6 m i l l i o n ,  and annual o p e r a t i n g  cos ts  a r e  reduced 

by an e s t i m a t e d  $18.6 m i l l i o n .  

a l t e r n a t i v e  system a r e  est imaited t o  be reduced by about $418 m i l l i o n  and 

$314 m i l l i o n ,  f o r  p resen t  wor th  d i s c o u n t  r a t e s  o f  0% and 3%, r e s p e c t i v e l y .  

The imp lemen ta t i on  of  

T o t a l  l i f e - c y c l e  c o s t s  f o r  t h e  example 

Because bo th  t h e  r a d i a t i o n  doses and c o s t s  a r e  es t ima ted  t o  be reduced i n  

t h e  example a l t e r n a t i v e  system, t h e  combinat ion l o o k s  a t t r a c t i v e  f o r  d e t a i l e d  

c o n s i d e r a t i o n .  Because t h e  r a t i o  o f  ACOSt/AdOSe i s  negat ive,  t h e  va lue  of t h e  

r a t i o  i s  n o t  s i g n i f i c a n t .  A s  s t a t e d  e a r l i e r ,  however, a wide v a r i e t y  o f  o t h e r  

a l t e r n a t i v e  systems i s  p o s s i b l e ,  and o t h e r  systems w i l l  be e v a l u a t e d  be fo re  t h e  

f i n a l  t r a n s p o r t a t i o n  system i s  implemented. 
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TABLE 6.11. Comparison o f  Es t imated L i f e - C y c l e  Costs f o r  t h e  
P o s t u l a t e d  Reference and t h e  Example A l t e r n a t i v e  

c o s t  
Cat e gory  

Exarnpl e 
P o s t u l a t e d  A I  t e r n a t i  ve 
Reference System 
c o s t  ( 8 )  c o s t  ( 8 )  

Change i n  
c o s t  ( 8 )  

C a p i t a l  Costs: 
Truck Cask F l e e t  
R a i l  Cask F e t 
Othe r  Costs 2 b e  

Net Change i n  C a p i t a l  Costs  

Annual Costs: 
A t -Reactor  Labor  
A t -Repos i to ry  Labor 
F l e e t  Maintenance Charges 
T ranspor t  Charges 

Net Change i n  Annual Costs  

T o t a l  Change i n  S stem 
L i f e - C y c l e  Cost ( dY 

Present  Worth: 
3% D iscoun t  Rate 
0% D iscoun t  Rate 

39,000,000 20,700,000 
70,000,000 57,800,000 

2,900,000 

18,300,000 
12,200,000 

-2,900,000 ( 4  

27,600,000 

1,649,700 1,637,300 
4,636,000 2,346,000 
5,450,000 2,775,000 

26,960,200 13,327,800 

12,400 
2,290,000 
2,675,000 

13,633,000 

18,600,000 

4 1  8,000,000 

314,000,000 
418,000,000 

( a )  Costs a r e  shown t o  more s i g n i f i c a n t  f i g u r e s  than  j u s t i f i e d ,  t o  
p r o v i d e  f o r  cons i s tency  i n  t h e  c a l c u l a t i o n s .  

( b )  T o t a l  c o s t s  o f  s p e c i a l  t o o l s ,  l i d - l i f t i n g  f i x t u r e s ,  and qu ick -  
re1  ease impact  1 i m i  t e r s .  

( c )  Nega t i ve  va lue  i n d i  ca tes  an a d d i t i o n a l  cos t .  
( d )  Assumes 21 yea rs  o f  system opera t i on .  
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