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P r e l i m i n a r y  R a d i a t i o n  D o s e  A s s e s s m e n t  to
W I P P  W a s t e  H a n d l i n g  P e r s o n n e l

I . I n t r o d u c t i o n

T h i s  d o c u m e n t  p r e s e n t s  a p r e l i m i n a r y  a s s e s s m e n t  o f  t h e  r a d i a t i o n  d o s e s  
to be r e c e i v e d  by t h e  m a j o r  o c c u p a t i o n a l  g r o u p s  i n v o l v e d  in w a s t e  h a n d l i n g  
o p e r a t i o n s  at t h e  W a s t e  I s o l a t i o n  P i l o t  P l a n t  ( W I P P )  P r o j e c t .  T h e  W I P P  
P r o j e c t  is b e i n g  d e v e l o p e d  by t h e  D e p a r t m e n t  of E n e r g y  f o r  t h e  p u r p o s e  o f  
p r o v i d i n g  a r e s e a r c h  a n d  d e v e l o p m e n t  f a c i 1 i t y to d e m o n s t r a t e  t h e  s a f e  
d i s p o s a l  o f  r a d i o a c t i v e  w a s t e s  ( p r i m a r i 1y t r a n s u r a n i c s )  r e s u l t i n g  f r o m  t h e  
d e f e n s e  a c t i v i t i e s  a n d  p r o g r a m s  o f  t h e  U n i t e d  S t a t e s .  T r a n s u r a n i c  w a s t e  is 
d e f i n e d  as m a t e r i a l  h a v i n g  no s i g n i f i c a n t  e c o n o m i c  v a l u e  w h i c h  is 
c o n t a m i n a t e d  w i t h  a l p h a - e m i t t i n g  r a d i o n u c l i d e s  w i t h  a t o m i c  n u m b e r s  g r e a t e r  
t h a n  92 an d h a l f - 1 i v e s  g r e a t e r  t h a n  20 y e a r s , in c o n c e n t r a t i o n s  g r e a t e r  
t h a n  10 0 n C i / g  ( R e f e r e n c e  1).

T h e  m a j o r  o p e r a t i o n s  c o n s i d e r e d  in t h i s  d o c u m e n t  i n c l u d e  t h e  r e c e i p t  
a nd  e m p l a c e m e n t  of c o n t a c t  h a n d l e d  t r a n s u r a n i c  ( CH T R U ) w a s t e s , t h e  
r e c e i p t  a n d  e m p l a c e m e n t  o f  r e m o t e l y  h a n d l e d  t r a n s u r a n i c  (RH T R U ) w a s t e s , 
a nd  t h e  r e c e i p t  and e m p l a c e m e n t  o f  e x p e r i m e n t a l  o r  d e f e n s e  h i g h  l e v e l  
w a s t e s  ( D H L W ) . T h e  m a n p o w e r  n e c e s s a r y  to p e r f o r m  e a c h  o f  t h e s e  o p e r a t i o n s  
is n o w  a l 1 o c a t e d  to t w o  m a j o r  o c c u p a t i o n a l  g r o u p s  - w a s t e  h a n d l e r s  a n d  
r a d i a t i o n  c o n t r o l  p e r s o n n e l . In a d d i t i o n ,  e s t i m a t e s  o f  t h e  d o s e s  r e c e i v e d  
by t h e s e  p e r s o n n e l  d u r i n g  t h e  v a r i o u s  s u p p o r t  a c t i v i t i e s  w e r e  a l s o  m a d e .

T 0 o b t a i n  t h e  d o s e  a s s e s s m e n t s , t h e  e s t i m a t e d  t i m e  a n d  m a n p o w e r  to 
p e r f o r m  e a c h  r e q u i  r ed  o p e r a t i o n a l  s t e p  c o m p r  i s i n g  t h e  m a j o r  o p e r a t i o n s  w a s  
c o r r e l a t e d  w i t h  t h e  e x p e c t e d  r a d i a t i o n  l e v e l s .  T h e s e  e s t i m a t e s  w e r e  t h e n  
c o m b i n e d  w i t h  th e e x p e c t e d  n u m b e r  o f  r e p e t i t i o n s  o f  e a c h  s t e p  p e r  y e a r  to 
d e t e r m i n e  t h e  a n n u a l  d o s e  ( m a n - r e m )  f o r  e a c h  o c c u p a t i o n a l  g r o u p .
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1 1 . D e s c r i p t i o n  of W a s t e  a n d  H a n d l i n g  A c t i v i t i e s

1 1 .A C o n t a c t  H a n d  1 ed T r a n s u r a n i c  (CH T R U )  W a s t e  H a n d l i n g

C o n t a c t  h a n d l e d  t r a n s u r a n i c  (CH T R U ) w a s t e  r e f e r s  to m a t e r i a l s  t h a t  
h a v e  b e e n  p a c k a g e d  in s u c h  a m a n n e r  t h a t  t h e  s u r f a c e  d o s e  r a t e  o f  t h e  
p a c k a g e  is n o t  g r e a t e r  t h a n  2 0 0  m r e m / h r . T h e  w a s t e  e x i s t s  in a v a r i e t y  o f  
f o r m s  r a n g i n g  f r o m  u n p r o c e s s e d  g e n e r a l  t r a s h  a n d  c o n c r e t e - s t a b i l i z e d  
s l u d g e  to  d e c o m m i s i o n e d  m a c h i n e  t o o l s  a n d  g l o v e  b o x e s . T h e  m a t e r i a l  h a s  
b e e n  p a c k a g e d  to  m i n i m i z e  t h e  p o t e n t i a l  f o r  f i r e s  o r  o t h e r  e v e n t s  w h i c h  
c o u l d  1 ea d to d i s p e r s i o n  i n t o  t h e  ai r .  In a d d i t i o n ,  no f r e e  l i q u i d s  w i l l  
be a c c e p t e d  at t h e  W I P P  P r o j e c t .  T h e  b o u n d i n g  c r i t e r i a  f o r  d e t e r m i n i n g  
w h a t  w a s t e  w i l l  be a c c e p t a b l e  at t h e  W I P P  P r o j e c t  m a y  be f o u n d  in t h e  W I P P  
W a s t e  A c c e p t a n c e  C r i t e r i a  ( R e f e r e n c e  2).

T h e  W I P P  P r o j e c t  h a s  a d e s i g n  t h r o u g h p u t  o f  5 0 0 , 0 0 0  f t ^  o f  CH T R U  
w a s t e  p e r  y e a r . T h e  a c t u a l  a m o u n t s . o f  w a s t e  r e c e i v e d  w i l l  be m u c h  l e s s  a n d  
is e x p e c t e d  to be a b o u t  3 0 0 , 0 0 0  ft p e r  y e a r . M o s t  o f  t h i s  w a s t e  w i l l  
a r r i V  e p a c k a g e d  in f i f t y - f i v e  g a l l o n  s t e e l  d r u m s . F o r  h a n d l i  n g p u r p o s e s  , 
t h e s e  d r u m s  w i l l  be b o u n d  t o g e t h e r  in g r o u p s  o f  s ix  a n d  s e c u r e d  as 
s i x - p a c k s .  T h e s e  s i x - p a c k s  w i l l  in t u r n  be t r a n s p o r t e d  to t h e  W I P P  s i t e  in 
g r o u p s  of six in c o n t a i n e r s  k n o w n  as T R U P A C T s  ( T r a n s u r a n i c  W a s t e  P a c k a g e  
T r a n s p o r t e r ) . A t o t a l  o f  1 0 9 4  T R U  P A C T  sh i p m e n t s  or a b o u t  6 5 6 4  s i x - p a c k s  
a r e  e x p e c t e d  to be r e c e i v e d  e a c h  y e a r .

O n c e  r e c e i v e d  at t h e  W I P P  s i t e ,  a T R U P A C T  w i l l  b e  m o v e d  i n t o  t h e  w a s t e  
h a n d l i n g  fac i 1 ity a nd  t h e  s i x - p a c k s  i n d i v i d u a l l y  r e m o v e d . T h e  T R U P A C T  w i l l  
t h e n  be c h e c k e d  f o r  c o n t a m i n a t i o n  or d a m a g e ,  d e c o n t a m i n a t e d  o r  r e p a i r e d  if 
n e c e s s a r y , an d t r a n s p o r t e d  f r o m  t h e  s i t e  f o r  r e u s e .  T h e  r e m o v e d  s i x - p a c k s  
w i l l  a l s o  be c h e c k e d  f o r  c o n t a m i n a t i o n  o r  d a m a g e  a n d  be d e c o n t a m i n a t e d  or  
o v e r p a c k e d  as r e q u i r e d .  F o r  t h e  p u r p o s e  o f  t h i s  d o s e  a s s e s s m e n t , it is 
a s s u m e d  t h a t  o n e  p e r c e n t  o f  t h e  s i x - p a c k s  (66) r e c e i v e d  w i l l  n e e d  to be 
e i t h e r  d e c o n t a m i n a t e d  o r  o v e r p a c k e d .  A 11 s i x - p a c k s  w i l l  t h e n  be 
p a l l e t i z e d ,  f o u r  to a p a l l e t ,  f o r  e a s e  o f  h a n d l i n g .  T h e s e  p a l l e t s  w i l l  be 
m o v e d  t h r o u g h  t h e  w a s t e  h a n d l i n g  b u i l d i n g  to t h e  h o i s t  c a g e  and 
t r a n s f e r r e d  t w o  at a t i m e  to t h e  u n d e r g r o u n d  a r e a . A n  u n d e r g r o u n d  
t r a n s p o r t e r  w i l l  m o v e  t h e s e  p a l l e t s  to t h e  s t o r a g e  a r e a .  T h e r e  t h e  
s i x - p a c k s  w i l l  be r e m o v e d  f r o m  t h e  p a l l e t s ,  p l a c e d  i n t o  t h e  s t o r a g e  a r e a ,  
a n d  a s a l t  b a c k f i l l  p i a c e d  o v e r  t h e m . A n  o u 1 1 i n e o f  t h e  o p e r a t i o n a l  s t e p s  
i n v o l v e d  in CH T R U  w a s t e  h a n d l i n g  is c o n t a i n e d  in A p p e n d i x  A . S p e c i f i c  
d e t a i l s  c o n c e r n i n g  t h e  o p e r a t i o n a l  s t e p s  i n v o l v e d  in r e c e i v i n g  a n d  
u n l o a d i n g  t h e  T R U P A C T  c o n t a i n e r  w e r e  o b t a i n e d  f r o m  R e f e r e n c e  3.

1 1 .B R e m o t e l y  H a n d l e d  T r a n s u r a n  i c (RH T R U ) W a s t e

R e m o t e l y  h a n d l e d  t r a n s u r a n i c  ( RH T R U ) w a s t e s  a r e  c h a r a c t e r i z e d  as 
p a c k a g e d  m a t e r i a l s  e x h i b i t i n g  an e x t e r n a l  s u r f a c e  d o s e  r a t e  o f  g r e a t e r  
t h a n  2 0 0  m r e m / h r  b u t  less t h a n  1 0 0  rem/hr. T h e  p h y s  i cal or chemical f o r m



W T S D - T M E - 0 0 9

o f  RH T R U  w a s t e  h a s  n o t  b e e n  w e l l  c h a r a c t e r i z e d . B e c a u s e  o f  it s g e n e r a l l y  
i n e r t  n a t u r e  a n d  t h e  s m a l l  t o t a l  q u a n t  i ty p r o d u c e d , RH T R U  w a s t e  h a s  n o t  
b e e n  p r o c e s s e d  u n l e s s  it c o n t a i n e d  c h e m i c a l l y  a c t i v e  w a s t e  m a t e r i a l  s u c h  
as e l e m e n t a l  s o d i u m .

T h e  RH T R U  w a s t e  w i l l  be s h i p p e d  t o  t h e  W I P P  s i t e  by b o t h  r a i l  a n d  
t r u c k  in h e a v i l y  s h i e l d e d  t r a n s p o r t a t i o n  c o n t a i n e r s .  T h e  RH T R U  c a n i s t e r  
i t s e l f  is a c a r b o n  s t e e l  c y l i n d e r  a p p r o x i m a t e l y  10 f e e t  1 o n g  w i t h  an 
o u t s i d e  d i a m e t e r  of a p p r o x i m a t e l y  26 i n c h e s .  T h e  a n n u a l  d e s i g n  t h r o u g h p u t  
f o r  RH T R U  w a s t e s  is a m a x i m u m  of 2 5 0  o f  t h e s e  w a s t e  c a n i s t e r s  o r  
a p p r o x i m a t e l y  7 , 5 0 0  f t ^  o f  w a s t e .  T h e  n u m b e r  o f  c a n i s t e r s  a c t u a l l y  
e x p e c t e d  p e r  y e a r  is m u c h  1 e s s  a n d  is c u r r e n t l y  e s t i m a t e d  at o n l y  50. 
D u r i n g  t h e  f i r s t  f i v e  y e a r s  o f  o p e r a t i o n ,  o n l y  10 RH T R U  w a s t e  c a n i s t e r s  w i l l  be r e c e i v e d  on a t r i a l  b a s i s .

T r a n s p o r t e r s  c a r r y i n g  RH T R U  w a s t e  s h i p p i n g  c a s k s  a r e  m o v e d  i n t o  t h e  
RH w a s t e  h a n d l i n g  a r e a  o f  t h e  w a s t e  h a n d l i n g  b u i l d i n g .  T h e  s h i p p i n g  c a s k  
is r e m o v e d  f r o m  t h e  t r a n s p o r t e r , v e n t e d ,  t r a n s f e r r e d  to t h e  c a s k  u n l o a d i n g  
r o o m  f o r  u n l o a d i n g ,  a nd  its e x t e r n a l  s u r f a c e s  d e c o n t a m i n a t e d  as r e q u i r e d .
W a s t e  c a n i s t e r s  a r e  r e m o v  ed f r o m  t h e  s h i p p i n g  c a s k  a n d  m o v e d  i n t o  t h e  h o t
ce l l  w h e r e  t h e y  a r e  i n s p e c t e d  an d p r e p a r e d  f o r  s t o r a g e .  T h e  w a s t e  
c a n i s t e r s  a r e  t h e n  l o a d e d  i n t o  a s h i e l d e d  f a c i l i t y  c a s k , 1 o w e r e d  t h r o u g h  
t h e  w a s t e  s h a f t  to t h e  u n d e r g r o u n d  s t o r a g e  a r e a , a n d  m o v e d  to a s t o r a g e  
r o o m . A s a l a s t  s t e p , t h e  w a s t e  c a n i s t e r s  a r e  i n s e r t e d  h o r i z o n t a l l y  i n t o  
p r e d r i 1 1 ed h o l e s  w i t h  s t e e l  s 1 e e v e s  in t h e  p i l l a r .  A f t e r  t h e  w a s t e  
c a n i s t e r s  a r e  i n s e r t e d ,  a s i e e v e  s h i e l d  p i u g  is i n s t a l 1 ed in t h e  e n d  of 
t h e  s l e e v e .  S l e e v e s  w i l l  n o t  be u s e d  a f t e r  t h e  d e c i s i o n  h a s  b e e n  m a d e  n o t
to r e t r i e v e  t h e  RH T R U  w a s t e  c a n i s t e r s .  A d e t a i l e d  o u 1 1 in e o f  RH T R U  w a s t e
h a n d l i  ng o p e r a t i o n s  is p r o v  i d ed in A p p e n d i x  C .

I I . C E x p e r i m e n t a l  or D e f e n s e  H i g h  L e v e l  W a s t e  ( D H L W )

T h e  e x p e r i m e n t a l  w a s t e  c o n s i s t s  p r e d o m i n a n t l y ,  b u t  n o t  e x c l u s i v e l y ,  of 
h i g h  l e v e l  w a s t e . T h e  w a s t e  w i l l  be  in a b o r o s i 1 i c a t e  g l a s s  m a t r i x  a n d
e n c a s e d  in e i t h e r  a t y p e  3 0 4 L  s t a i n l e s s  s t e e l  o r  Ti C o d e  12 c y l i n d e r .  T h e
o v e r a l 1 l e n g t h  is j u s t  u n d e r  10 f e e t  a n d  h a s  an o u t s i d e  d i a m e t e r  o f  24 
i n c h e s .  If  t h e  s t a i n l e s s  s t e e l  c a n i s t e r  is u s e d ,  t h e n  a r e l a t i v e l y  t h i c k  
w a l l e d  o v e r p a c k  w i l l  be a d d e d  to s a t i s f y  s t r u c t u r a l  a n d  c o r r o s i o n  
r e s i s t a n c e  r e q u i r e m e n t s . T h e  Ti C o d e  12 c y l i n d e r  w i l l  be u s e d  d i r e c t l y  and
r e q u i r e s  no o v e r p a c k . In e i t h e r  c a s e  t h e  s u r f a c e  d o s e  r a t e  o f  t h e  c y l i n d e r
is c a l c u l a t e d  to be a p p r o x i m a t e l y  7 , 0 0 0  r e m / h r  a n d  m a y  n o t  e x c e e d  1 0 , 0 0 0  
r e m / h r .  T h e  e s t i m a t e d  t h e r m a l  o u t p u t  f o r  t h e  r e f e r e n c e  c a s e  is
a p p r o x i m a t e l y  4 7 0  w a t t s ,  b u t  t h e  t h e r m a l  o u t p u t  f o r  c e r t a i n  c a s e s  m a y  be
as h i g h  as 8 0 0  w a t t s . T h e  t h e r m a l  d e n s i t y  a n d  r a d i a t i o n  l e v e l  m a y  be 
e n h a n c e d  by t h e  a d d i t i o n  o f  c e r t a i n  r a d i o n u c l i d e s  ( C s - 1 3 7  o r  S r - 9 0 )  d u r i n g  t h e  v i t r i f i c a t i o n  p r o c e s s .

T h e  o p e r a t i o n a l  a s p e c t s  a n d  e q u i p m e n t  f o r  h a n d l i n g  e x p e r i m e n t a l  w a s t e s  
a r e  s t i l l  in t h e  p r e l i m i n a r y  d e s i g n  p h a s e . B a s e d  on  t h e s e  p r e l i m i n a r y
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d e s i g n s ,  1 t 1 s e x p e c t e d  t h a t  t h e  r e c e i p t  a n d  h a n d l i n g  a s p e c t s  a s s o c i a t e d  
w i t h  t h e  e x p e r i m e n t a l  w a s t e s  w i l l  be s i m i l a r  to  t h a t  f o r  RH T R U  w a s t e  
h a n d l i n g  o p e r a t i o n s .  T h e  e m p l a c e m e n t  o p e r a t i o n  i t s e l f  w i l l  be  v e r t i c a l  
i n s t e a d  o f  h o r i z o n t a l  a n d , b a s e d  on  p r e l i m i n a r y  t i m e  e s t i m a t e s ,  w i l l  t a k e  
a p p r o x i m a t e l y  3 . 5  t i m e s  l o n g e r  to p e r f o r m  t h a n  t h e  RH T R U  e m p l a c e m e n t  
o p e r a t i o n .  11 s h o u l d  be e m p h a s i z e d  t h a t  t h e s e  t i m e s  a r e  b a s e d  on 
p r e l i m i n a r y  d e s i g n s  an d r e p r e s e n t  o n l y  c r u d e  e s t i m a t e s .  T h e s e  e s t i m a t e s  
w i l l  b e c o m e  m o r e  f i r m  as t h e  d e s i g n s  b e c o m e  m o r e  d e t a i l e d  a n d  d e f i n e d .

T h e  e q u i p m e n t  a n d  o p e r a t i o n a l  s t e p s  f o r  r e t r i e v a l  o f  D H L W  c a n i s t e r s  
a r e  in v e r y  e a r l y  s t a t e s  o f  d e v e l o p m e n t . F o r  t h i s  r e a s o n , t h e  r e t r i e v a  1 o f  
D H L W  c a n i s t e r s  w i l l  no t be c o n s  i d e r e d  in t h i s  p r e l i m i n a r y  d o s e  a s s e s s m e n t , 
b u t  w i l l  be c o n s i d e r e d  in f u t u r e  d o s e  a s s e s s m e n t s  a f t e r  t h e  d e s i g n  h a s  
b e c o m e  m o r e  d e v e l o p e d .
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I I I .  D o s e  A s s e s s m e n t  M e t h o d o l o g y

T h i s  s e c t i o n  d e s c r i b e s  t h e  g e n e r a l  m e t h o d o l o g y  u s e d  to a s s e s s  t h e  
e x p e c t e d  r a d  i at ion d o s e s  to W I P P  w a s t e  h a n d l i n g  p e r s o n n e l  d u r i  ng n o r m a l  
o p e r a t i o n s .  T h e  m a j o r  o p e r a t i o n s  c o n s i d e r e d  a r e  t h e  r e c e i p t  a nd  
e m p l a c e m e n t  o f  CH T R U  w a s t e s , t h e  r e c e i p t  a n d  e m p l a c e m e n t  o f  RH T R U  
w a s t e s , a n d  t h e  r e c e i p t  a n d  e m p l a c e m e n t  o f  e x p e r i m e n t a l  o r  d e f e n s e  h i g h  
l e v e l  w a s t e s . B o t h  e x t e r n a l  w h o l e  b o d y  d o s e s  a nd  i n t e r n a l  o r g a n  d o s e s  a r e  
e v a l u a t e d  in t h i s  s e c t i o n .

1 1 1 .A G e n e r a l  D e s c r i p t i o n  o f  M e t h o d

T h e  i n i t i a l  s t e p  in a s s e s s i n g  e x p e c t e d  r a d i a t i o n  d o s e s  w a s  t h e  
d e t e r m i n a t i o n  o f  t h e  i n d i v i d u a l  t a s k s  c o m p r  i s i ng e a c h  m a j o r  o p e r a t i o n .  F o r  
e a c h  0f t h e s e  t a s k s ,  t h e  b a s i c  m a n p o w e r  r e q u i r e m e n t s  a n d  e s t i m a t e d  
p e r f o r m a n c e  t i m e s  w e r e  p r e p a r e d . T w o  m a j o r  o c c u p a t i o n a l  w o r k  g r o u p s  w e r e  
c o n s i d e r e d  in e v a l u a t i n g  m a n p o w e r  r e q u i r e m e n t s .  T h e s e  w e r e  w a s t e  h a n d l e r s  
(W H ) a nd  r a d i a t i o n  c o n t r o l  p e r s o n n e l  (R C ) . F o r  e a c h  g r o u p  t h e  t o t a l  t i m e  
( m a n - m i n u t e s )  to p e r f o r m  e a c h  t a s k  w a s  d i s t r i b u t e d  t h r o u g h  six d o s e  r a t e  
r a n g e s  o r  R a d i a t i o n  Z o n e s  w h i c h  h a d  b e e n  d e v e l o p e d  f r o m  t h e  d o s e  r a t e s  
c a l c u l a t e d  in S e c t i o n  1 1 1 . B . T h e s e  t i m e  d i s t r i b u t i o n s  w e r e  b a s e d  on b e s t  
e s t i m a t e s  o f  t h e  w o r k e r s ‘ l o c a t i o n s  in r e l a t i o n  to t h e  r a d i a t i o n  s o u r c e s  
r e p r e s e n t e d  by t h e  v a r i o u s  w a s t e  c o n f i g u r a t i o n s  to be  h a n d l e d .

T h e  y e a r l y  d o s e  ( m a n - r e m )  p e r  t a s k  w a s  t h e n  c a l c u l a t e d  by m u l t i p l y i n g
t h e  n u m b e r  o f  r e p e t i t i o n s  o f  e a c h  t a s k  in o n e  y e a r  by t h e  t i m e  s p e n t  in 
t h e  R a d i a t i o n  Z o n e  ( m a n - m i n )  and t h e  a v e r a g e  d o s e  r a t e  c a l c u l a t e d  f o r  t h a t  
R a d i a t i o n  Z o n e  ( m r e m / h r ). F o r  R a d i a t i o n  Z o n e  I t h e  u p p e r  b o u n d  o f  t h e  d o s e
r a t e  r a n g e  w a s  u s e d . T h i s  v a l u e  o f  0 .1  m r e m / h r  w a s  e s t i m a t e d  f r o m  t h e  d o s e
r a t e s  c a l c u l a t e d  in S e c t i o n  1 1 1 . B as b e i n g  t h e  a v e r a g e  a m b i e n t  r a d i a t i o n  
l e v e l  n e a r  w o r k  l o c a t i o n s  w i t h i n  t h e  w a s t e  h a n d l i n g  f a c i l i t i e s .  F o r  
R a d i a t i o n  Z o n e  IV t h e  d o s e  r a t e  w a s  v a r i a b l e  a n d  w a s  b a s e d  on an 
a s s e s s m e n t  o f  e a c h  i n d i v i d u a l  t a s k  a n d  w o r k e r  l o c a t i o n .  T h e  e x p e c t e d  d o s e s  
f o r  e a c h  o c c u p a t i o n a l  g r o u p  p e r  i n d i v i d u a l  t a s k  w e r e  t h e n  a c c u m u l a t e d  to 
p r o v i d e  t o t a l  d o s e s  p e r  g r o u p  p e r  m a j o r  o p e r a t i o n .  T h e  d o s e s  c a l c u l a t e d  
f o r  e a c h  o p e r a t i o n  w i l l  be p r e s e n t e d  in t h e  f o l 1 ow i ng s e c t i o n s .

I I I . B  C a l c u l a t e d  D o s e  R a t e s

T h e  d o s e  r a t e s  e x t e r n a l  to  t h e  v a r i o u s  w a s t e  c o n f i g u r a t i o n s  w e r e  
d e t e r m i n e d  by t h e  m e t h o d s  p r e s e n t e d  in T h e  P h o t o n  S h i e l d  ing M a n u a l  by 
A n t h o n y  F o d e r a r o  ( R e f e r e n c e  4). T h i s  m a n u a l  a l 1 o w s  t h e  c a l c u l a t i o n  o f  d o s e  r a t e s  a r o u n d  m o s t  r e g u l a r  g e o m e t r  i c s h a p e s  t h r o u g h  t h e  c o m b i  n ed
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a p p l i c a t i o n  o f  a n a l y t i c a l  s o l u t i o n s  a n d  e m p i r i c a l l y  d e r i v e d  d a t a . 0 f t h e  
t w e n t y  g e o m e t r i c a l  c o n f i g u r a t i o n s  or m o d e l s  d e s c r i b e d  in t h e  m a n u a l  , o n l y  
t w o  m o d e l s , t h e  s i a b  s o u r c e  ( 3 1 0 )  a n d  t h e  c y l i n d r i c a l  s o u r c e  (3 2 0 }  , w e r e  
u s e d  in t h i s  e v a l u a t i o n .  T h e s e  t w o  m o d e l s  w e r e  i n t e r a c t i v e l y  p r o g r a m m e d  to 
f a c i l i t a t e  t h e  1 a r g e  n u m b e r  o f  c a l c u l a t i o n s  r e q u i r e d .  D e t a i l s  o f  t h e  
c a l c u l a t i o n a l  p r o c e d u r e  a r e  c o n t a i n e d  in A p p e n d i x  E .

D o s e  r a t e s  w e r e  c a l c u l a t e d  a r o u n d  t h e  v a r i o u s  d r u m  c o n f i g u r a t i o n s ,  t h e  
T R U P A C T  c o n t a i n e r ,  a n d  t h e  f a c i 1 it y c a s k . T h e  d r u m  o r  s i x - p a c k  
c o n f i g u r a t i o n s  e v a l u a t e d  i n c l u d e d  a s i n g l e  s i x - p a c k ,  s t a c k e d  s i x - p a c k s  (2 
h i g h ) , a n d  t h e  h o i s t  c a g e , s u r g e  s t o r a g e , a n d  u n d e r g r o u n d  s t o r a g e  a r r a y s . 
F o r  e a c h  c o n f i g u r a t i o n ,  t h e  t o t a l  d o s e  r a t e  at a s p e c i f i c  l o c a t i o n  w a s  
d e t e r m i  n e d  by s u m m i n g  t h e  i n d i v i d u a l  d o s e  r a t e  c o n t r i b u t i o n s  f r o m  a l 1 
d r u m s  in t h e  c o n f i g u r a t i o n .  T a b l e  1 p r o v  i d e s  a s u m m a r y  o f  t h e  d o s e  r a t e s  
c a l c u l a t e d  a b o u t  t h e  v a r i o u s  w a s t e  c o n f i g u r a t i o n s .

T h e  d o s e  r a t e s  at t h e  s u r f a c e  of  t h e  T R U P A C T  s h i p p i n g  c o n t a i n e r  w e r e  
b a s e d  on t h e  s o u r c e s  d e r i v e d  f o r  t h e  CH T R U  w a s t e  d r u m .  A f u l l y  1 o a d e d
T R U P A C T  c o n t a i n i n g  s ix  s i x - p a c k s  or a t o t a l  o f  th i r t y - s  i x w a s t e  d r u m s  w a s
a s s u m e d . D e t a i l s  o f  T R U P A C T  c o n s t r u c t i o n ,  s u c h  as w a l l  t h i c k n e s s e s  f o r  
s h i e l d i n g  e v a l u a t i o n ,  w e r e  o b t a i n e d  f r o m  R e f e r e n c e  5. T h e  d o s e  r a t e  
c a l c u l a t e d  at t h e  e x t e r n a l  s u r f a c e  of  t h e  T R U P A C T  a l o n g  t h e  c e n t e r l i n e  o f
t h e  1 o n g  s i d e  o f  t h e  c o n t a i n e r  w a s  0 . 4  m r e m / h r .

3 i m i 1 a r 1y t h e  d o s e  r a t e s  e x p e c t e d  at t h e  s u r f a c e  o f  t h e  RH T R U  
f a c i l i t y  c a s k  w e r e  c a l c u l a t e d  w i t h  a p h o t o n  s o u r c e  s t r e n g t h  d e r i v e d  f o r  a 
RH T R U  c a n i s t e r  w i t h  an a v e r a g e  s u r f a c e  d o s e  r a t e  o f  30  r e m / h r .
I n f o r m a t i o n  c o n c e r n i n g  t h e  s h i e l d i n g  c a p a b i 1 i t i e s  o f  t h e  f a c i 1 i ty  c a s k
w e r e  o b t a i n e d  f r o m  R e f e r e n c e  6. T h e s e  d o s e  r a t e s  w e r e  c a l c u 1 a t e d  at a 
s e r i e s  o f  p o i n t s  p e r p e n d i c u l a r  to t h e  c e n t e r l i n e  o f  t h e  f a c i 1 i ty  c a s k . 
T h e s e  v a l u e s  a r e  s u m m a r i z e d  in T a b l e  2. As m a y  be n o t e d  f r o m  t h e  t a b l e ,  
t h e  f a c i l i t y  c a s k  h as  b e e n  d e s i g n e d  to  m a i n t a i n  d o s e  r a t e s  q u i t e  1 o w .

I l l .C C a l c u l a t e d  D o s e s  f o r  CH T R U  W a s t e  H a n d l i n g  A c t i v i t i e s

T h e  d o s e s  e s t i m a t e d  f o r  CH T R U  w a s t e  h a n d l i  ng o p e r a t i o n s  w e r e  b a s e d  on  
t h e  e x p e c t e d  a n n u a l  r e c e i p t  o f  1 0 9 4  T R U P A C T  sh i p m e n t s  or 6 5 6 4  s i x - p a c k s . 
T h e  o p e r a t i o n a l  s t e p s  a r e  o u t l i n e d  in A p p e n d i x  A a n d  t h e  d o s e s  c a l c u l a t e d  
p e r  o c c u p a t i o n a l  g r o u p  p e r  t a s k  a r e  p r o v i d e d  in A p p e n d i x  B. I n s u m m a r y , 
t h e  a n n u a l  d o s e s  f o r  e a c h  o c c u p a t i o n a l  g r o u p  i n v o l v e d  in CH T R U  w a s t e  
h a n d l i n g  o p e r a t i o n s  a r e  e s t i m a t e d  at 7 . 8 9  m a n - r e m  f o r  t h e  w a s t e  h a n d l e r s  
a n d  1 . 4 8  m a n - r e m  f o r  t h e  r a d i a t i o n  c o n t r o l  p e r s o n n e l .

1 1 1 .D C a l c u l a t e d  D o s e s  f o r  RH T R U  W a s t e  H a n d l i n g  A c t i v i t i e s

T h e  d o s e s  e s t  i m a t e d  f o r  RH T R U  w a s t e  h a n d l i  ng o p e r a t i o n s  w e r e  b a s e d  on
t h e  e x p e c t e d  r e c e i p t  o f  50 RH w a s t e  c a n i s t e r s  p e r  y e a r . F o r  t h e  f i r s t  f i v e
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TABLE 1

S'JMftARV TABLE FOR CH-TRU WASTE CONFISURATIONS 
DOSE RATES (®rsi/hr) VS DISTANCE FROH C0NFI6URATI0N

♦CONFISURATION 0.5 1.0 2.0 DISTANCE FROH CONFISURATION SURFACE (ft)4.0 6.0 8.0 10.0 12.0 14.0 16.0 IS.O 20.0 22.0 24.0

Side of sixpack (2 Y 1) 7 8 5.3 2.7 0.96 0.48 0.28 O.IB 0.14 0.10
Side of sixpack (3 x 1) 9 5 6.6 3.5 1.4 0.70 0.42 0.27 0.21 0.15
Stacked sixoacks (2 x 2) S 3 6.4 3.9 1.7 0.90 0.54 0.36 0.26 0.20 0.16 0.12 0.10
Stacked sixpacks (3 x 2) 10 7 8.3 5.3 2.4 1.3 0.80 0.54 0.39 0.30 0.22 O.IS 0.15
Hoist cage array (4 x 2) 11 9 9.5 6.3 3.0 1.7 1.0 0.70 0.50 0.38 0.30 0.24 0.20 0.16 0. 12
Hoist cage array (6 x 2) 13 6 11.1 7.6 3.9 2.3 1.5 1.0 0.72 0.56 0.44 0.36 0.30 0.24 0. 18
Surge storage (6 x 3) 14 6 12.2 8.9 5.1 3.2 2.1 1.5 1.1 0.82 0.64 0.52 0.42 0.36 0. 30
Suroe storage (12 x 3) 17 I 14.7 11.3 7.1 4.7 3.3 2.4 1.9 1.5 1.2 0.96 0.80 0.68 0. 58
Storage array (15 x 3) 17 9 15.4 11.B 7.5 5.1 3.7 2.8 2.2 1,7 1.4 1.2 0.95 0.80 0. 70

♦The confiouratians are specified as (2 x 1) or 2 druss wide and 1 drus high.

NOTES: 1. The calculated dose rates are based on the assunotion that each CH-TRU waste drua (55 gallon) exhibits an average surface dose rate of 6 srei/hr as aeasured at 4 inches.

TABLE 2
SUHHARY TABLE FDR RH-TRU WASTE CANISTER IN FACILITY CASK 

DOSE RATES (srei/hr) VS DISTANCE F ROH FACILTY CASK

CONFISURATION 0.5 1.0 2.0 DISTANCE FROH FACILITY CASK SURFACE (ft) 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 15.0 20.0
Pergendicular to side of facility cask on the centerline 1.70 1.53 1.23 1.01 0.86 0.72 0.63 0.54 0.48 0,42 0.38 0,21 0.14

NOTES: I. As described in Apoendix E, the RH-TRU waste canister is assuaed to have an average external dose rate of approxiiately 30 res/hr at 4 inches.

I
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y e a r s  o f  o p e r a t i o n ,  o n l y  t e n  RH T R U  w a s t e  c a n i s t e r s  a r e  to  be r e c e i v e d  f o r  
t r i a l  o p e r a t i o n  a n d  e m p l a c e m e n t  at t h e  W I P P  P r o j  e c t . O p e r a t i o n a l  s t e p s  a r e  
o u t l i n e d  in A p p e n d i x  C a n d  t h e  d o s e s  c a l c u l a t e d  p e r  o c c u p a t i o n a l  g r o u p  p e r  
t a s k  a r e  p r o v i d e d  in A p p e n d i x  0. S u m m a r i z i n g  t h e  d o s e s  c a l c u l a t e d  in 
A p p e n d i x  D , t h e  a n n u a l  d o s e  b r e a k d o w n  p e r  o c c u p a t i o n a l  g r o u p  i n v o l v e d  in 
RH T R U  w a s t e  h a n d l i n g  o p e r a t i o n s  is e s t i m a t e d  at  0 . 7 2  m a n - r e m  f o r  t h e  
w a s t e  h a n d l e r s  a n d  0 . 0 8  m a n - r e m  f o r  r a d i a t i o n  c o n t r o l  p e r s o n n e l  .

I l l .E C a l c u l a t e d  D o s e s  f o r  D H L W  H a n d l i n g  A c t i v i t i e s

T h e  p r e l i m i n a r y  n a t u r e  o f  D H L W  e q u i p m e n t  a n d  o p e r a t i o n s  p r e c l u d e d  t h e  
f o r m a t i o n  o f  d e t a i l e d  o p e r a t i o n a l  s t e p s . E x p e c t e d  d o s e s  w e r e  t h e r e f o r e  
d e r i v e d  f r o m  t h e  d o s e s  c a l c u l a t e d  d u e  t o  RH T R U  w a s t e  h a n d  1 ing o p e r a t i o n s . 
T h e  o p e r a t i o n s  a s s o c i a t e d  w i t h  h a n d l i n g  t h e s e  t w o  w a s t e  f o r m s  a r e  e x p e c t e d  
to be s i m i l a r  in m a n y  r e s p e c t s , b u t  f i n a l  o p e r a t i o n a l  s t e p s  a n d  d o s e  r a t e s  
a b o u t  t h e  e m p l a c e m e n t  e q u i p m e n t  f o r  t h e  D H L W  c o u l d  be q u i t e  d i f f e r e n t .  T h e  
d o s e s  c a l c u l a t e d  h e r e  f o r  D H L W  a r e  v e r y  p r e l i m i n a r y  a n d  s h o u l d  t h e r e f o r e  
be u s e d  w i t h  c a r e .

A t o t a l  o f  40 e q u i v a l e n t  c a n i s t e r s  a r e  p l a n n e d  f o r  e m p l a c e m e n t  at 
W I P P .  T h e  e q u i v a l e n t  c a n i s t e r  c o n c e p t  is b a s e d  on a t o t a l  c u r i e  1 i m i t  f o r  
D H L W  at t h e  W I P P  s i t e .  It a l l o w s  t h e  r e c e i p t  a n d  e m p l a c e m e n t  o f  a n y  n u m b e r  
o f  c a n i s t e r s  as l o n g  as t h e  t o t a l  c u r i e  1 i m i t  is n o t  e x c e e d e d . F o r  t h e  
p u r p o s e  o f  t h e s e  d o s e  e s t i m a t e s , 30 D H L W  c a n i s t e r s  a r e  a s s u m e d  to be 
r e c e i v e d  an d e m p l a c e d  d u r i n g  t h e  y e a r . T h e  n u m b e r  o f  c a n i s t e r s  r e c e i v e d  is 
e x p e c t e d  to be m u c h  h i g h e r  in t h e  e a r l y  y e a r s  a n d  t a p e r  o f f  a f t e r  s e v e r a l  
y e a r s . T h e  c o n t r i b u t i o n  of t h i s  c o m p o n e n t  to t h e  t o t a l  y e a r l y  d o s e s  to t h e  
v a r i o u s  o c c u p a t i o n a l  g r o u p s  is t h e r e f o r e  e x p e c t e d  to d e c r e a s e  a f t e r  t h e  
f i r s t  f e w  y e a r s .

F r o m  R e f e r e n c e  7, r o u g h  e s t i m a t e s  as to t h e  a c t u a l  t i m e s  e x p e c t e d  to 
p e r f o r m  t h e  e m p l a c e m e n t  o p e r a t i o n s  w e r e  o b t a i n e d .  T h e s e  t i m e s  w e r e  
c o m p a r e d  w i t h  t h o s e  e s t i m a t e d  f o r  o n l y  t h e  e m p l a c e m e n t  t a s k s  f o r  RH T R U  
w a s t e  c a n i s t e r s  a n d  f o u n d  to be a p p r o x i m a t e l y  3 . 5  t i m e s  h i g h e r .  R e c e i p t  
a n d  h a n d l i n g  t a s k s  d e s i g n e d  a r o u n d  t h e s e  e m p l a c e m e n t  t a s k s  w e r e  a s s u m e d  to 
be t h e  s a m e  as f o r  t h e  RH T R U  w a s t e  c a n i  s t e r .  In a d d i t i o n ,  d o s e  r a t e s  
e x t e r n a l  to t h e  w a s t e  h a n d l i n g  e q u  i p m e n t  a n d  f a c  i 1 i ty  c a s k s  w e r e  a s s u m e d  
to be s i m i l a r  f o r  b o t h  w a s t e  o p e r a t i o n s .

T h e  e s t i m a t e d  D H L W  d o s e s  w e r e  n o w  c a l c u l a t e d  in t w o  s e g m e n t s . F i r s t
t h e  RH T R U  o p e r a t i o n s  w e r e  s e p a r a t e d  i n t o  r e c e i p t  a n d  h a n d l i n g ,  a n d  
e m p l a c e m e n t  p h a s e s .  T h e  d o s e s  f o r  e a c h  o f  t h e s e  p h a s e s  w e r e  t h e n  
c a l c u l a t e d  f o r  e a c h  o c c u p a t i o n a l  g r o u p .  T h e  e m p l a c e m e n t  d o s e s  w e r e  
i n c r e a s e d  f o r  b o t h  t h e  w a s t e  h a n d l e r s  a n d  t h e  r a d i a t i o n  c o n t r o l  p e r s o n n e l  
by t h e  i n c r e a s e d  t i m e  f a c t o r  of 3 . 5 .  T h e s e  d o s e s  w e r e  t h e n  a d d e d  to t h e
d o s e s  c a l c u l a t e d  f o r  t h e  o t h e r  o p e r a t i o n a l  s t e p s  i n v o l v e d  in t h e  r e c e i p t
a n d  h a n d l i n g .  S i n c e  t h i s  t o t a l  w a s  b a s e d  o n  50 c a n i s t e r s ,  t h e  t o t a l  w a s  
n o w  s c a l e d  d o w n  to r e p r e s e n t  o n l y  30 c a n i s t e r s  o f  D H L W .  T h e  f i n a l  d o s e s  
c a l c u l a t e d  f o r  D H L W  o p e r a t i o n s  w e r e  1 . 1 6  m a n - r e m  f o r  w a s t e  h a n d l e r s  a n d  
0 . 1 2  m a n - r e m  f o r  r a d  i a t i o n  c o n t r o l  p e r s o n n e l .
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1 1 1 . F D o s e  A s s e s s m e n t  f o r  S u p p o r t  A c t i v i t i e s

D o s e s  r e s u l t i n g  f r o m  t h e  v a r i o u s  s u p p o r t  a c t i v i t i e s  w e r e  a l s o  
e s t i m a t e d .  T h e  t w o  m a i n  a c t i v i t i e s  c o n s i d e r e d  w e r e  R e a l  T i m e  R a d i o g r a p h y  
a n d  A s s a y  ( R T R / A )  and CH T R U  w a s t e  s a l t  c o v e r a g e  or b a c k f i l l i n g .  T h e  R T R / A  
a c t i v i t i e s  w e r e  e s t i m a t e d  to t a k e  w a s t e  h a n d l i n g  p e r s o n n e l  3 6 0  m a n - m i n  p e r  
s h i f t .  T h e  e s t i m a t e d  d o s e  r a t e  f o r  t h i s  a c t i v i t y  w a s  0 . 5  m r e m / h r .  T h e  
t o t a l  a n n u a l  d o s e  f o r  w a s t e  h a n d l i n g  p e r s o n n e l  "for R T R / A  a c t i v i t i e s  w a s  
t h e r e f o r e  c a l c u l a t e d  to be 0 . 7 5  m a n - r e m .

F o r  CH T R U  s a l t  b a c k f i l l i n g ,  d o s e s  a r e  e x p e c t e d  to be r e c e i v e d  by  b o t h  
w a s t e  h a n d l e r s  a n d  r a d i a t i o n  c o n t r o l  p e r s o n n e l . T h e  w a s t e  h a n d l e r s  a r e  
e s t i m a t e d  to s p e n d  2 4 0  m a n - m i n  p e r  s h i f t  p e r f o r m i n g  t h i s  a c t i v i t y  w h i l e  
t h e  r a d i a t i o n  c o n t r o l  p e r s o n n e l  a r e  e x p e c t e d  to s p e n d  60 m a n - m i n  p e r  
s h i f t .  T h e  a v e r a g e  d o s e  r a t e  is e s t i m a t e d  at 0 . 5  m r e m / h r  a n d  t h e  
c a l c u l a t e d  a n n u a l  d o s e s  to  w a s t e  h a n d  1 e r s  a n d  r a d i a t i o n  c o n t r o l  p e r s o n n e l  
d u e  to b a c k f i 1 1 ing o p e r a t i o n s  a r e  0 . 5 0  a n d  0 . 1 3  m a n - r e m , r e s p e c t i v e l y .

In a d d i t i o n  to t h e  a b o v e  a c t i v i t i e s ,  an e s t i m a t e  o f  t h e  d o s e s  
a c c u m u l a t e d  by w o r k e r s  w h i l e  on s i t e  b u t  n o t  d i r e c t l y  i n v o l v e d  in w a s t e  
h a n d l i n g  a c t i v i t i e s  w a s  m a d e .  T h e s e  d o s e s  w e r e  e s t i m a t e d  by f i r s t  
d e t e r m i n i n g  t h e  t o t a l  u n a c c o u n t e d  t i m e s  f o r  w a s t e  h a n d l i n g  (WH) a nd  
r a d i a t i o n  c o n t r o 1 (RC) p e r s o n n e l  on s i t e .  T h i s  d e t e r m i n a t i o n  w a s  m a d e  by 
c a l c u l a t i n g  t h e  t o t a l  t i m e  s p e n t  on s i t e  f o r  a w o r k f o r c e  o f  16 WH a n d  8 RC 
p e r s o n n e l . S t a n d a r d  w o r k  t i m e s  of  25 0 d a y s  p e r  y e a r  w i t h  o n e  e i g h t - h o u r  
s h i f t  p e r  d a y  w e r e  u s e d .  T h e  t o t a l  a c c o u n t e d  t i m e  on s i t e  w a s  d e r i v e d  f r o m  
t h e  w o r k  d e s c r i p t i o n s  a n d  a s s u m p t i o n s  f o r  CH T R U ,  RH T R U ,  a n d  D H L W  w a s t e  
h a n d l i n g  o p e r a t i o n s .  T h e  t o t a l  u n a c c o u n t e d  t i m e  w a s  t h e n  d e t e r m i n e d  by 
s u b t r a c t i n g  t h e  a c c o u n t e d  t i m e  f r o m  t h e  t o t a l  time.

F o r  t h e  w a s t e  h a n d l i n g  g r o u p , e s s e n t i a l l y  a l 1 of t h e  t i m  
a c c o u n t e d  f o r  in t h e  w a s t e  h a n d l i n g  o p e r a t i o n s  a n d  no a d d i t i  
e s t i m a t e  w a s  r e q u i r e d .  T h e  u n a c c o u n t e d  t i m e  f o r  r a d i a t i o n  co 
p e r s o n n e l  r e p r e s e n t e d  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  t o t a l  t i m e  
a s s u m i n g  t h a t  7 5 %  of  t h i s  t i m e  w a s  s p e n t  in t h e  l o w e s t  r a d i a t i  
m r e m / h r ) r a t h e r  t h a n  a b a c k g r o u n d  a r e a , t h e n  a c u m u l a t i v e  d o s e  
m a n - r e m  c a n  be  c a l c u l a t e d .

„ .,..e w a s  
a d d i t i o n a l  d o s e  

c o n t r o l  
t i m e  a n d
i a t i 0n z o n e  (0.1

o f  0 . 6 0

1 1 1 . G I n t e r n a l  D o s e  A s s e s s m e n t

I n t e r n a l  d o s e  c a l c u l a t i o n s  w e r e  b a s e d  on R e f e r e n c e  8, W I P P - D O E - 1 7 6  
( R e v i s i o n  1), E s t i m a t es o f  I n t e r n a l  D o s e  E q u i v a l e n t  F r o m  I n h a l a t i o n  an d 
I n g e s t i o n  o f  SeTec~ted~ R a d  i o n u c l  i d e s . T h i s  d o c u m e n t  c o n t a i n s  c a l c u l a t e d  
e s t i m a t e s  o f  t h e  o n e  y e a r  a nd  f i f t y  y e a r  d o s e  c o m m i t t m e n t  p e r  u n i t  o f  b o t h  
i n g e s t e d  or i n h a l e d  a c t i v i t y .  I n t e r n a l  d o s e  c o n v e r s i o n s  a r e  c a l c u l a t e d  f o r  
t h e  v a r i o u s  r e t e n t i o n  c l a s s e s  ( D , W ,  or Y ) a n d  f o r  p a r t i c l e  s i z e s  
c o r r e s p o n d  ing to a c t i v  i ty m e a n  a e r o d y n a m i c  d i a m e t e r s  ( A M A D )  o f  0 . 3 ,  1 . 0 ,  an d  5 . 0  m i c r o n s .
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T h e  r e s i d e n c e  t i m e s  o f  w o r k e r s  in t h e  v a r i o u s  a b o v e  a n d  b e l o w  g r o u n d  
a r e a s  w e r e  c a l c u l a t e d  f r o m  t h e  t a s k  d e s c r i p t i o n s  c o n t a i n e d  in A p p e n d i c e s  A 
and B . In a d d  i t ion to t h e s e  t i m e s ,  t h e  w o r k e r s  w e r e  f u r t h e r  e s t  i m a t e d  to 
s p e n d  a p p r o x i m a t e l y  75 p e r c e n t  o f  t h e i r  a d d  i t i o n a l  t i m e  o n  s i t e  in e i t h e r  
an a b o v e  o r  b e l o w  g r o u n d  a i r b o r n e  a r e a .  T i m e  on s i t e  w a s  b a s e d  on an e i g h t  
h o u r  d a y  a n d  2 5 0  d a y s  p e r  y e a r . P a r t i c l e s  w e r e  a s s u m e d  to h a v e  an A M A D  o f
1 .0  m i c r o n  a n d  t h e  b r e a t h i n g  r a t e  w a s  t a k e n  as t h a t  f o r  1 i g h t  w o r k  
a c t i v i t y .  A i r b o r n e  c o n c e n t r a t i o n s  in a b o v e  g r o u n d  w a s t e  h a n d l i n g  a r e a s  a n d  
b e l o w  g r o u n d  w a s t e  s t o r a g e  a r e a s  w e r e  t a k e n  f r o m  T a b l e  6 . 2 - 4  o f  t h e  W I P P  
S A R . T h e  50 y e a r  d o s e  c o m m i t t m e n t s  f o r  b o t h  w h o l e  b o d y  a n d  s e l e c t e d  
i n t e r n a l  o r g a n s  a r e  s u m m a r i z e d  in T a b l e  3.

1 0
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T A B L E  3 
I N T E R N A L  D O S E  S U M M A R Y  

F I F T Y - Y E A R  C O M M I T T E D  D O S E  ( m a n - r e m )

O c c u p a t i o n a l C r i t i c a l 0 r o a nG r o u p W h o l e  B o d y L i v e r B o n e L u n g s

W a s t e  H a n d l e r s -  
A b o v e  G r o u n d  
B e l o w  G r o u n d

1. 4 E - 0 1  
1 . 4 E - 0 5 4 . 3 E - 0 1  

4. 4 E - 0 6 2. OE + 00 
2 . 0 E - 0 5

2. 2 E - 0 1  
1 . 4 E - 0 6

T o t a l 1 . 4 E - 0 1 4 . 3 E - 0 1 2 . 0 E + 0 0 2 . 2 E - 0 1

R a d i a t i o n  C o n t r o l  
A b o v e  G r o u n d  
B e l o w  G r o u n d

8 . 3 E - 0 2  
5 . 2 E - 0 7 2 . 6 E - 0 1  

1 . 7 E - 0 6 1. 2E-*-00 
7 . 5 E - 0 6

1 . 3 E - 0 1
5 . 3 E - 0 7

T o t a l 8 . 3 E - 0 2 2 . 6 E - 0 1 1 . 2 E + 0  0 1 . 3 E - 0 1

T o t a l  D o s e 2 . 2 E - 0 1 6 . 9 E - 0 1 3,2E-*-00 3 . 5 E - 0 I

1 1
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IV. S u m m a r y  an d C o n c l u s i o n s

T h e  s e g m e n t s  o f  t h e  w a s t e  h a n d l i n g  o p e r a t i o n s  r e p r e s e n t i  ng t h e  h i g h e s t  
p e r c e n t a g e s  o f  t h e  t o t a l  d o s e s  a r e  s u m m a r i z e d  b e l o w .  F o r  CH T R U  w a s t e  
h a n d l i n g  o p e r a t i o n s ,  t h e  r e c e i p t  a n d  u n l o a d i n g  o f  t h e  T R U P A C T  is e s t i m a t e d  
to r e s u l t  in d o s e s  to t h e  w a s t e  h a n d  1 e r s  a n d  r a d  i a t i o n  c o n t r o l  p e r s o n n e l  
o f  4 . 4 6  m a n - r e m  a n d  0 . 4 5  m a n - r e m , r e s p e c t i v e l y .  0 n a p e r c e n t a g e  b a s i s ,  
t h i s  r e p r e s e n t s  a p p r o x i m a t e l y  57 p e r c e n t  o f  t h e  t o t a l  CH T R U  w a s t e  
h a n d l i n g  d o s e  f o r  w a s t e  h a n d l e r s  a n d  30 p e r c e n t  o f  t h e  t o t a l  CH T R U  w a s t e  
h a n d l i n g  d o s e  f o r  r a d  i a t i o n  c o n t r o l  p e r s o n n e l . T h e s e  r e l a t i v e l y  h i g h  d o s e s  
r e s u l t  f r o m  t h e  e x t e n s i v e  m a n u a l  m a n i p u l a t i o n s  r e q u i r e d  to  h a n d l e  t h e  
T R U P A C T  an d i ts  c o n t e n t s . M a n y  o f  t h e s e  m a n i p u l a t i o n s  m u s t  be p e r f o r m e d  in 
c l o s e  p r o x i m i t y  to t h e  w a s t e  c o n t a i n e r s .

A n o t h e r  p o r t i o n  o f  t h e  CH T R U  w a s t e  h a n d l i n g  o p e r a t i o n  w h i c h  is 
e s t i m a t e d  to r e s u l t  in a r e l a t i v e l y  h i g h  p e r c e n t a g e  o f  t h e  t o t a l  d o s e  is 
t h e  t r a n s f e r  o f  CH T R U  w a s t e  c o n t a i n e r s  f r o m  t h e  h o i s t  c a g e  a r e a  a n d  
s u b s e q u e n t  s t o r a g e  in t h e  u n d e r g r o u n d  a r e a s . T h e  d o s e s  c a l c u l a t e d  f o r  
w a s t e  h a n d l i n g  an d r a d i a t i o n  c o n t r o l  p e r s o n n e l  a r e  1 . 8 7  a n d  0 . 4 5  m a n - r e m , 
r e s p e c t i v e l y .  T h e s e  d o s e s  r e p r e s e n t  2 4 p e r c e n t  a n d  30 p e r c e n t  o f  t h e  t o t a l  
CH T R U  w a s t e  h a n d l i n g  d o s e s  f o r  t h e s e  t w o  o c c u p a t i o n a l  g r o u p s . In 
c o m b i n a t i o n  w i t h  t h e  a b o v e , t h e s e  t w o  o p e r a t i o n a l  s e g m e n t s  r e p r e s e n t  
r o u g h l y  80 p e r c e n t  o f  t h e  t o t a l  e s t i m a t e d  d o s e  i n c u r r e d  d u r i n g  CH T R U  
w a s t e  h a n d l i n g  to w a s t e  h a n d l e r s  a n d  a l m o s t  60 p e r c e n t  o f  t h e  t o t a l  
e s t i m a t e d  d o s e  to r a d i a t i o n  c o n t r o l  p e r s o n n e l .

F o r  RH T R U  w a s t e  h a n d l i n g  t h e  d o s e s  a r e  m o r e  e v e n l y  d i s t r i b u t e d  o v e r  
t h e  o p e r a t i o n a l  s t e p s . T h e  o n l y  o p e r a t i o n a l  s e g m e n t  w h i c h  m a y  b e  c l e a r l y  
c o n s i d e r e d  as r e s u l t i n g  in a 1 a r g e  p e r c e n t a g e  o f  t h e  t o t a l  RH T R U  w a s t e  
h a n d l i n g  d o s e  is t h e  e m p l a c e m e n t  o p e r a t i o n .  T h e  s e r i e s  o f  s t e p s  c o m p r i  s ing 
t h e  e m p l a c e m e n t  o p e r a t i o n  r e s u l t  in 0 . 3 5  m a n - r e m  a n d  0 . 0 3 4  m a n - r e m  to t h e  
w a s t e  h a n d l e r s  a nd  r a d i a t i o n  c o n t r o l  p e r s o n n e l  , r e s p e c t i v e l y .  T h e s e  d o s e s  
r e p r e s e n t  49 p e r c e n t  a n d  42 p e r c e n t  o f  t h e  t o t a l  RH T R U  w a s t e  h a n d l i n g  
d o s e s  to t h e s e  r e s p e c t i v e  o c c u p a t i o n a l  g r o u p s .

A n n u a l  , e x t e r n a l  w h o l e b o d y  d o s e s  f o r  al 1 w a s t e  h a n d l i n g  o p e r a t i o n s  a n d  
s u p p o r t  a c t i v i t i e s  a r e  e s t i m a t e d  as 1 1 . 0 2  m a n - r e m  f o r  w a s t e  h a n d l e r s  a n d  
2 . 4 1  m a n - r e m  f o r  r ad  i a t i o n  c o n t r o l  p e r s o n n e l . W i t h  c u r r e n t  m a n p o w e r  1 e v e l s  
o f  16 w a s t e  h a n d l e r s  a n d  8 r a d  i a t i o n  c o n t r o l  p e r s o n n e l  , t h e  c a l c u l a t e d  
d o s e  p e r  w o r k e r  is 0 . 6 9  r e m  f o r  w a s t e  h a n d l e r s  a n d  0 . 3 0  r e m  f o r  r a d i a t i o n  
c o n t r o l  p e r s o n n e l . C o m b i n i n g  t h e  h i g h e s t  c a l c u l a t e d  o r g a n  d o s e  w i t h  t h e  
e x t e r n a l  w h o l e b o d y  d o s e ,  t h e  t o t a l  d o s e  to t h e  b o n e  p e r  w o r k e r  is 0 . 8 1  r e m  
f o r  w a s t e  h a n d l e r s  a n d  0 . 4 5  r e m  f o r  r a d i a t i o n  c o n t r o l  p e r s o n n e l .  T h e s e  
e s t i m a t e d  d o s e s  fa 11 b e l o w  t h e  D e p a r t m e n t  o f  E n e r g y  d e s i g n  r e q u i r e m e n t  
t h a t  t h e  c o m b i n e d  e x t e r n a l  an d i n t e r n a l  d o s e s  be l e s s  t h a n  o n e  r e m  p e r  
p e r s o n  p e r  y e a r  ( R e f e r e n c e  12 ).

1 2
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CQKTfiCT HANDLED WASTES WORK TASK DESCRIPTIONS AND DOSE ASSESSHENTS

Task Subtask Steo ID ID ID StepDescription
Total Time WorkersRgguired Job Per Job Tiae per Radiation Zone isan-ain) (sinutes) Sroup Sroup I II III IV V VI

1. 1. Receive rail car or trucktransporter at site 6.0 RCWH i 6.0

2. Check radiation and contaeination 10.0 RC 1 5.0 5.0levels on TRUPACT and transporter WH I 10.0

3. Transfer TRUPACT into facility
1. Position TRUPACT transporter for unloading 5.0 RCWH 2 1 0 . 0

2. Move straddle carrier over TRUPACT 5.0 RCWH 2 1 0 . 0

3. Release ISO tie downs 3.0 RCWH 2 6.0

4. Hoist TRUPACT & aove onto air pallet 5.0 RCWH 2 1 0. 0

S. Open outer airlock door 1.5 RCWH 2 3.0
6. Move TRUPACT into airlock 1.5 RCWH 2 3.0
7. Close outer airlock door

B. Open inner airlock door

1.5

1.5

RCWH

RCWH

2 3.0

2 3.0
9. Move TRUPACT into facility 3.0 RCWH 2 6.0

10. Close inner airlock door 1.5 RCWK 2 3.0

I

4. Prepare TRUPACT for unloading
1. Usino ratchet-strap assembly remove 2.0 RC 1 2.0load from shear pins WH 2 4.0

2. Retract the shear pins and slonly 5.0 RC 1 5.0open the outer door by use of the WH 2 10.0ratchet-strap assembly
t 15
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Total Tlsie Workersk Steo SteoID ID

1. 4,

5.

I 2. 1.

Step Step ID Description Required(sinutes) JobSroup Per Job Sroup Tise per Radiation Zone (aan-ain) 1 II III IV V VI
3. Perfora contasination survey around the inner door 2.0 RCWH 12 1.04.0 1.0

4. Via the quick-connect oas valves on the inner door, draw a saaple ot the inner cavity ateosphere and verify airborne radioactivity levels are xithin allowable lisits

5.0 RCWH 12 2.54.0 2.5

5. Unbolt the thirty-six closure bolts and open the inner door 60.0 RCWH 12 60.020.0 100.0
b. Perfora contaaination survey around the inner door seals 2.0 RCWH 12 4.0 1.0 1.0

7. Latch the inner and outer doors together in their full open position 2.0 RCWH 12 2.02.0 2.0

8. Install protective covers over seals and seal surfaces 5.0 RCWH 12 5.0 1.0 1.0 3.0 5.0

9. Release anv tie downs and reaove accessible dunnage 10.0 RCWH 12 10.0 20.0

10. Usino the hydraulic puap, raise the cavity rollers to the uo position 2.0 RCWH 12 2.02.0 2.0

11. Alion and engage loading platfora with roller floor 2.0 RCWH 12 2.0 4.0

Unload six-pack fros container (SIX per TRUPACT)
1. Reaove two six-packs over the roller floor to the platfora 1.0 RCWH 12 1.01.0 1.0

2. Reaove six-pack by forklift 3.0 RCWH 12 3.0 6.0

3. Visually inspect six-pack for daaaqe and survey for surface contaaination 2.0 RCWH 12 4.0 1.0 1.0

4. Decon and/or overpack containers (one percent of containers assuaed - 66) 60.0 RCWH 2 30.0 60.0 30,0

5. Check overoacked containers for con­taaination 2.0 RCWH I 2.0

6. Palletize waste containers (six-oack) I.O RCWH 12 1.0 1.0 1.0

Transfer loaded pallet to surge 3.0 RC 1 3.0storaoe area (one percent assusea WH 1 3.0routed tdroush surge storage)

1 6
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Task Subtask StepID ID ID SteoD escriotion
Total Tia e  W o r k e r sRsquirsij Job Per Job Tiae per R a d i a t i o n  Zon e  (aan-ain)(sinutes) Gro u p  Group I II III IV V VI

2. 2. Transter loaded pallets fros surge 3.0 RC i 3.0storage to loading area 1 3.0

3. Load palletized waste onto cageloading car (2 pallets/cage) 4.5 RC 1 4.5 4.5

4. Return unused/esptv pallets to storage 3.0 RCarea (two percent of required - 16) IH 1 3.0

5. Transfer pallets onto hoist cage

1. Open inner airlock door and hoist cage door 1.0 RCyH 1,0

2. Lower eovable rails 0,5 RCyH 1 0.5
3. Run car into hoist cage 1.0 RCyH 1.0

4. Lower pallets onto stands ).5 RC 0.5
5. Resove car froa cage 1.0 RC MH 1,0

6, Raise eovable rails 0.5 RC HH 1 0.5
7. Close hoist cage door and inner airlock door 1.0 RC

1 . 0

Reaove eipty pallets froa hoist cage

1. Open inner airlock door and hoist cage door 1.0 RC KH 1 1.0

2, Lower aovable rails 0.5 RC NH 1 0,5
3. Run car into hoist cage 1.0 RC WH 1 1.0

I
4. Raise pallets off stands

5, Reaove car froa cage

0.5 RC WH

1.0 RC WH

1 0.5

1 1.0 1 7
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Task Subtask SteoIB IB ID StepD escr i p t i o n
Total Tise W o r k e r sR e q u i r e d  Job Pe r  Job Ti s e  per R a d i a t i o n  Zone (san-sin)(sinutesl S r o u p  Sro u p  I I! Ill IV V VI

2. 6. 6. Close inner airlock door 0.5 RCWH 1 0.5

7. Lower waste to repository level 5.0 (No Exposure)

S. Reiove waste fro* hoist cage
1. Open hoist cape door 1.0 RCNH

2. Lower sovable rails 0.5 RCWH 1 0.5

3. Run car into hoist cape 1.0 RCWH 1.0

4. Raise pallets fro* stands 0.5 RCNH 0.5

5. Move car and pallets fros cape 1.0 RCWH 1.0

6. Raise aovable rails

7. Close hoist cage door

0.5

1.0

RCWH

RCWH

1 0.5

1.0

9. Return hoist cage to surface 5.0 (No Exposure)

3. 1. Load pallet on underground transporter
1. Run car into loading area 1.5 RCNH 1.5 1.5

2. Unload pallet froa car and load on underground transporter 5.0 RC :o 5.0

Load eiptv pallets onto hoist cape

1. Spot forklift by eapty pallets 1 . 0 RCNH 1.0
1. 0

I
2. Transfer pallets to cage loading car 2.0

3. Run car into hoist cage 1.0

RCWH

RCWK

2.02.0

1.0
1.0

18
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Task Subtask StepID ID ID StepDescription
Total Tiae Hork e r sR equired Job Pe r  Job Tia e  per R a d i a t i o n  Z o n e  isan-ain)(sinutes) Gro u p  Gro u p  I II III IV V VI

3. 2. 4. LoHer pallets onto stands 0.5 RC
m

0.50.5
S. Hove car out ol hoist cape 1.0 RCHH 1.0

1.0

6. Close hoist cape door 1.0 RCRH 1.0
1. 0

3. Transfer underground transporter to 14.0 RCstorage rooi RH 14.0

4. Unload and stack six-packs withforklift 7,5 RCRH 7.510.0 5.0

5. Return underqround transporter to 14.0 RCcage loading area NH 1 14.0

1. 6. Prepare espty container for dispatch 5.0 RCNH 1 5.0

7. Load cargo container onto transporter

1. Inspect inner area and door seals for oaeaae 10.0 RCNH 1 10.02 20.0

2. Close and bolt inner door 60.0 RCNH 2 120.0

3. Close and secure outer door 3.0 RCRH 2 6.0

4. Open inner airlock door 1.5 RCRH 2 3.0
5. Move TRUPACT into airlock 3.0 RCNH 2 6.0

6. Close inner airlock door 1.5 RCNH 2 3.0

I
7. Open outer airlock 1.5 RCNH 2 3.0

1 9
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Task Subtask SteoID ID ID StepDescription
Total Tiae Work e r sRequ i r e d  Job Per Job Time per R a d i a t i o n  Zone isan-ain)isinutss) Group Group I II III IV V VI

1. 7. 8. Move TRUPACT onto outdoor oad 1.5 RCWH 2 3.0
9. Close outer airlock door 1.5 RCWH 3.0

10. Move straddle carrier over TRUPACT 5.0 RCWH 10.0

II, Hoist TRUPACT and sove onto transporter 10.0 RCWH 2 20.0

12. Secure TRUPACT on transporter Nith 5,0 RCISO tie-downs WH 2 10.0

3. Dispatch transporter fros site 6.0 RC WH 1 6.0

Radiation Zone Definitions

Zone ID Dose Rate Ranqe (sres/hr)
I DR < 0.1II 0.1 < DR < 1.0III 1.0 < DR < 2.0IV 2.0 < DR < 4.0V 4.0 < DR < 6.0VI DR > 6.0

I
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A P P E N D I X  B

CH T R U  W a s t e  H a n d l i n g  D o s e  A s s e s s m e n t
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CONTACT HANDLED WASTES WORK TASK DESCRIPTIONS AND DOSE ASSESSHENTS

Task Subtask Steo ID ID ID

3. 1.

StepDescription

ReceivB rail car or trucktransporter at site

I

2. Check radiation and contasinationlevels on TRUPACT and transoorter

3. Transfer TRUPACT into facility
3, Position TRUPACT transporter for unloading

2. Hove straddle carrier over TRUPACT

3. Release ISO tie downs

4. Hoist TRUPACT I sove onto air pallet

5. Open outer airlock door

6. Hove TRUPACT into airlock

7. Close outer airlock door 

6. Open inner airlock door

9. Move TRUPACT into facility 

10. Close inner airlock door

4, Prepare TRUPACT for unloadino
1, Using ratchet-strap asseablv remove load from shear pins

2. Retract the shear pins and slowlyopen the outer door by use of the ratchet-strap assembly

Total Time

6.0

Workers

30.0

5.0

3.0

3.0

5.0

1.5

1.5

1.5

1.5

3.0

1.5

2.0

5.0

Group Group I

RCWH 1 0.0109

RC 3 0.0091WH 1 0.0182

RCWH 2 0.0182
RCWH 2 0.0182

RCWH i 0.0109

RCWH 2 0.0102

RCWH 2 0.0055
RCWH 2 0.0055
RCWH 2 0.0055
RCWH 2 0.0055
RCWH 2 0.0109

RCWH 2 0.0055

RC 1 0.0036WH 2 0.0073
RC 1 0.0091WH L O.01S2

Whole Body Saeea Dose per ation Zone oer Year (aan-reII III IV V VI

2 2
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ID

1.

I 2.

SubtaskID StepID StepDescription
Total Ti ae Reguired (tinutes) DobBroup

Horkers Per JobBroup
Hhole Body Batta Dose per Radiation Zone per Year (tan-ret) 1 11 111 IV V

4. 3. Perfors contatination survey around the inner door 2.0 RCDH 12 0.0018 0.0100 0.0073
4. Via the puick-connect pas valves on the inner door, draw a saapie of the inner cavity atiosphere and verify airborne radioactivity levels are within allowable liiits

5.0 RCHH 12 0.0046 0.0251 0.0073

5. Unbolt the thirty-six closure bolts and open the inner door 60.0 RC
m

12 0.10940.0365 1.0028
6. Perfori contatination survey around the inner door seals 2.0 RC

m
12 0.0073 0.0547 0.0912

7. Latch the inner and outer doors together in their full open position 2.0 RCNH 12 0.00360.0036 0.0201
B. Install orotectivB covers over seals and seal surfaces 5.0 RCDH 12 0.0091 0.0100 0.0274 0.1641 0.4558
9. Release any tie downs and retove accessible dunnage 10.0 RCIfH 12 0,0182 1.8233

10. Using the hydraulic putp, raise the cavity rollers to the up position 2.0 RC 12 0.00360.0036 0.0547
11. Align and engage loading platfora with roller floor 2.0 RCUH 12 0.0036 0.0401

5. Unload six-pack froi container (six per TRUPACT)
i. Retove two six-packs over the roller floor to the platfori 1.0 RCHH 12 0.00550.0055 0.2735
2. Retove six-pack by forklift 3.0 RCHH 12 0.0328 0.3610
3. Visually inspect six-pack for daiage and survey for surface contatination 2.0 RCNH 12 0.1641 0.32820.0438 ..
4. Decon and/or overpack containers (one percent of containers assuied - 66) 60.0 RCHH 2 0.0033 0.0363 0.0495
5. Check overoacked containers for con- tasination 2.0 RCHH 1 0.0012

6. Palletize waste containers (six-pack) 1.0 RCHH 12 0.0109 0.0602 0.1641

1. Transfer loaded pallet to suroe storage area (one percent assuted routed through surge storage)
3.0 RCHH I1 0.0001 0.0004

VI

23
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Task Subtask SteoID ID ID SteoD e scription
Total Tiig Horkers H bo i e  Body S a B i a  D o s e  perRequ i r e d  Job Per Job R a d i a t i o n  Zon e  per Ye a r  (ean-rei)(Binutes) Gro u p  S r o u o  I II III IV V VI

2. 2. Transfer loaded pallets fro* suroestorage to loadinq area 3.0 RC I 0.0001iH 1 0.0004

3. Load palletized Haste onto cageloading car (2 pallet s / c a g e ) ' 4.5 RCHH 0.0000 0.3692

4. Return unused/esotv pallets to storage 3.0 RCarea (tso percent of required - 16) HH i 0.0001

5. Transfer pallets onto hoist cage

1. Open inner airlock door and hoist cage door l.C RCHH 0.0206
2. Loner aovabie rails 0,5 RC HH 1 .0000

3. Run car into hoist cage 1.0 RCHH 0.0411
4. Loner pallets onto stands 0.5 RCHH 0.0206
5. Reaove car froa cage 1.0 RCHH 0.0411
6. Raise aovabie rails 0.5 RCHH I .0000
7. Close hoist cage door and inner airlock door 1.0 RCHH 0.0206

6. Reiove eapty pallets froi hoist cage

1. Open inner airlock door and hoist cage door 1.0 RCHH 1 0.0014
2. Lomer lovable rails 0.5 RCHH 1 0.0007
3. Run car into hoist cage 1.0 RCHH 1 0.0014

I
4. Raise pallets off stands

5. Reiove car fro* cage

0.5

1.0

RCHH

RCHH

1 0,0007

1 0.0014 2 4
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Task Subtask SteoID ID ID StSDBsscriDtion
Total Tise W o r k e r s  Who l e  Bod y  G a s s a  Dose perR e q u i r e d  Job Per Job R a d i a t i o n  Zone per Tear (jian-res)(fflinutes) Gro u p  Srouo I II III IV V VI

2. 6. 6. Close inner airlock door 0.5 RC 1 0.0007

Lower waste to reoository level 5.0 (No Exoosure)

Resove waste froi hoist cage 
1. Open hoist cage door 1.0 RCWH 0.0206
2. Lower aovabie rails 0.5 RCWH I 0.0007
3. Run car into hoist caoe 1.0 RCWH 0.0411
4. Raise oallets fro* stands 0.5 RCWH .0206
5. Move car and pallets fro® cape 1.0 RCNH 0.0411
6. Raise aovabie rails 0.5 RCNH 1 0.0007
7. Close hoist cage door 1.0 RCNH 0.0206

9. Return hoist cage to surface 5.0 (No Exoosure)

3. 1. Load pallet on underground transporter
1. Run car into loading area 1.5 RC 0.0113 0.0617
2. Unload pallet froa car and load on underground transporter RCNH 0.0377 0.2055

2, Load espty pallets onto hoist cage

1. Spot forklift fav espty pallets 1.0

2. Transfer pallets to cage loading car 2.0

3. Run car into hoist cage i.O

RCNH

RCNH
RCNH

1 0 1 0
1 0 1 0
1 0 1 0

00140014

00270027

00140014
2 5



W T S D - T M E - 0 0 9

Task Subtask SteoID ID IQ StesDescription
Total Tiae W o r k e r s  Whole B o d y  Gaa a a  Do s e  perRequ i r e d  Job Per Job R a d i a t i o n  Zon e  per Year (aan-rei)(iinutes) Broup Group I II III IV V VI

3. 2. 4. Loner pallets onto stands 0.5 RC 1 0.00071 0.0007
5. Move car out oT hoist caoe 1.0 RCWH 1 0.00141 0.0014
6. Close hoist caqe door 1.0 RCWH 1 0.00141 0.0014

3. Transfer underqround transporter to 14.0 RCstoraqe rooa WH 0.2877

4. Unload and stack six-oacks withforklift 7.5 RC 0.45130.6017 0.8205

S. Return underground transporter to 14.0 RCcage loading area NH 1 0.0192

1. 6. Prepare espty container for dispatch 5.0 RCWH 1 0.0091

7. Load cargo container onto transporter

1. Inspect inner area and door seals 10.0 RC 1 0.0182for daiage NH 2 0.0365

2. Close and bolt inner door 60.0 RCNH 2 0.2188
3. Close and secure outer door 3.0 RCNH 2 0.0109
4. Open inner airlock door 1.5 RCNH 2 0.0055
5. Move TRUPftCT into airlock 3.0 RC 2 0.0109
6. Close inner airlock door 1.5 RCNH 2 0.0055

I
7. Open outer airlock 1.5 RCNH 2 0 . 0 0 5 5

26



WTSD-TME-009

Task Subtask SteoID ID ID SteoD e s c n o t i o n
Total Tise K o r k e r s  Nhole B o d y  Sasiaa Dos e  oerRequ i r e d  Job Per Job Radi a t i o n  Zo n e  per Tear (san-res)(fflinutes) Srouo Sro u o  I II III IV V VI

1. 7. B. Move TRUPACT onto outdoor oad 1.5 RCNH 2 0.0055
9. Close outer airlock door 1.5 RCNH 2 0.0055

10. Move straddle carrier over TRUPACT

11. Hoist TRUPACT and eove onto transDorter

5.0 RC NH
10.0 RC NH

2 0.0182 

2 0.0365

12. Secure TRUPACT on transporter with 5.0 RCISO tie-downs NH 2 0.0182

8. Dispatch transoorter froi site 6.0 RCNH 1 0.0109

Radiation Zone Definitions 

Zone ID Dose Rate Ranpe (arei/hr)

CH TRU Naste Handlino Dose Suisaaries

Radiation Control 1.48
1 DR 0.1 Naste Handlers 7.09II 0.1 < DR 1.0 - - - -

III 1.0 < DR 2.0 Total Dose 9.37IV 2.0 < DR 4.0V 4.0 < DR 6.0VI DR > 6.0

2 7



W T S D - T M E - 0 0 9

A P P E N D I X  C

RH T R U  W a s t e  H a n d l i n g  A c t i v i t i e s

I
2 8



Task Subtask StepID ID ID

REKOTELV HANDLED WASTES WORK TASK DESCRIPTIONS AND DOSE ASSESSMENT

StepDescription

W T S D - T M E - 0 0 9

Total Tint WorkirsRequired Dob Per Job Tiae oer Radiation Zone (aan-ein) (iinutes) Broun Broup I II III IV V VI

1. i. Receive transporter at RH dock

1. Open door 2.0 RCWH 2.0 2.0

2. Transfer cask transporter intobuilding 2.0 RCHH 2.0 2.0

3. Disconnect car aover 2.0 RCWH 2.0 2.0

4. ReiOve orise stover to outside of building 2.0 RCWH 2.0 2.0

5. Close door 2.0 RCWH 2.0 2.0

Unload cask froa transoorter

1. Inspect cask for contatination 10.0 RC 1 5.0 5.0HH 3 10.0 10.0 10.0
2. Attach cask lifting yoke

3, Lift and rotate cask to vertical and place on air tover

11.0

15.0

RCNH

RCWH

3 11.0 11.0 6.0 5.0

3 25.0 10.0 10.0

3. Transfer cask to decontaaination and 10.0 RC 1preparation area WH 2 10.020.0
4. Prepare cask for unloading

1. Vent cask 14.0 RC WH 4.0 5.0 5.0
12.0 8.0 8.0

I
2. Reiove cask head bolts

3. Install cask head reioval adapter and cask seal collar

60.0 RC WH

2 0 . 0  RCWH

15.0 15.0 90.0

5.0 5.0 30.0
2 9



Task Subtask SteoID ID ID StepDescri p t i o n

W T S D - T M E - 0 0 9

Total Tiae Wor k e r sR e o u i r e d  dob Per Job Tiae per R a d i a t i o n  Zone (aan-sin)(ainutes) Broup Group I II III IV V VI.,

1. 5. Transfer cask to unloadino rooa

1. Move cask to shield door and Qoen door 7.0 RCWH 7.04.0 10.0
2. Move cask to unloading rooa 5.0 RC 5.03.0 7.0
3, Set down air aover 2.0 RCNH 2.01.0 3.0
4, Inflate seal collar and close shield door 5.0 RC 5.03.0 7.(

2. 1. Process waste canister throughhot cell

1. Remove hot cell shield slugs and cask head 15.0 RC 15.030.0
2. Remove spacer and lay down 5.0 RC 5.0

10.0

3. Remove canister and transfer to inspection station 12.0 RC 12.024.0

4. Transfer drawer travel (2x3.0 sin) 6.0 RCNH 6.012.0
5. Swipe canister and verify clean 84.0 RC 84.0168.0
6. Count swipes 20.0 RCWH 20.040.0
7. Wait for crane 3.0 RCNH 3.06.0
8. Open hot cell shield valve 15.0 RCNH 15.030.0
9. Place canister in transfer cell shuttle car 7.0 RCWH 7.014.0

10. Raise grapple and close hot cell shield valve 5.0 RCNH ■5.010.0

3 0



W T S D - T M E - 0 0 9

Task Subtask StsDID ID ID StepD escr i p t i o n
Total Tise Workers

3. 1. Load canister into facility cask

I

1. Position canister under valve andengage telescoping port shield

2. Open loading rooe shield valve

3. Open cask valves

4. Lower orapoie and pull canister into cask

5. Close bottoa cask valve

6. Close loading rooa shield valve and retract telescoping shield

7, Release grapple troa cylinder and retract to shield bell

8. Close top cask valve

9. Lift shield bell and grapple

10. Downend cask to horizontal position

11. Connect power cable

2. Load facility cask car ontoconveyance

1. Open shaft roos shield door

2. Open gate and lower pivoting rails

3. Run RH car into conveyance

4. Disconnect power cable and retract

5. Raise pivoting rails up

8.0

1.5

3.0

5.0

1.5

3.5

1.0

1.5

7.5

2.0

0.5

1.0

2.0

1.0

0.5

Group Group I

RC 1 8.0WH 2 16.0

RC 1 1.5WH 2 3.0
RC 1 3.0WH 2 6.0
RC 1 5.0WH 2 10.0
RC 1 1.5WH 2 3.0

RC 1 3.5WH 2 7.0

RC 1 i.OWH 2 2.0

RC 1 1.5WH 2 3.0

RC 1 1.5WH 2 3.0

RC 1 7.5WH 2 15.0

RC 1 2.0WH 2

RC 1 0.5WH 1 0.5

RC 1 1.0HH 1 i.O
RC 1 ■2.0WH 1

RC 1 1.0WH 1

RC 1 0.5WH 1

11 111 IV V VI-

2.0 2.0

1 . 0 1 . 0

1.0

0.5
3 1



W T S D - T M E - 0 0 9

Task Subtask SteoID ID ID SteoDescription

3. 2. 6, Close oate and close shatt rooashield door

3, Lower waste to repository level

4. Unload cask Tros conveyance

It Ooen gate and lower pivoting rails

2. Connect underground tractor and power cable to RH car

3. Pull RH car out of conveyance

4. Raise pivoting rails and close gate

5. RH car tugged to unloading area

5. Load cask onto transoorter

1. Pick UD cask with forklift

2. Set on transoorter

3. Transporter to esolaceaent area and RH car to shunt station

6. Waste esolaceaent
1. Transoort alionient fixture asseibly to borehole location

2. Install aligneent fixture asseably on sleeve

3. Hook up control console and power supply cabinets

4. Lower screw jacks on aligneent fixture asseably

5. Transoort waste transfer lachine assesdlv to borehole location

6. Install waste transfer lachine assetblv on alignaent fixture

Total Tile

1.0

5.5

1.0

3.0

1.5

1.0

3.5

10.0

10.0

5.0

5.0

5.0

10.0

WorkersJob Per Job TineSroup Group I
RC 1 1.0WH 1

(No Exposure)

RC 1 1.0WH 2 2.0
RC 1 3.0WH 2 2.0
RC 1 1.5WH 2 1.0
RC 1 1.0WH 2 2.0

RC 1 3.5WH 2 7.0

RC 1 3.0WH 2

RC 1 5.0WH 2

RC 1 15.0WH 2 20.0

RCWH 4 40.0
RCWH 4 40.0
RCWH 4 20.0
RCWH 4 20.0
RCWH 4 20.0
RCWH 4 40.0

1.0

2.0 2.0 2.0

3.0 4.0 3.0

3 2



W T S D - T M E - 0 0 9

Task Subtask StepID ID ID StepD e s c r i p t i o n
Total Tiae K o r k e r sR e q u i r e d  Job Pe r  Job Tii e  pe r  R a d i a t i o n  Zone faan-Bin)(iinutes) Sro u p  Sroup 1 II III IV V VI-

3. 6. 7. Install cables between the twoassetblies 5.0 RCWH 4 20.0
8. Align waste transfer machine asseebly 5.0 RCby operatinp rear screw jack WH 4 20.0
9. Retract staging platfori 10.0 RCWH 4 40.0

I

10. Install facility cask on waste transfer lachine asseibly

11. Hook up air supply and cable connections to facility cask
12. Check for alignaent and sake any adjustients as required

13. Extend staging platfora to engage facility cask with slesye

14. Extend transfer carriage

IS. Install waste package in borehole

16. Retract transfer sechaniss

17. Retract transfer carriage

18. Hove plug to eiplaceeent area

19. Install shield plug carriage with shield plug

20. Install shield plug in borehole

21. Retract transfer eechanisi

22. Extend transfer carriage

23. Retract staging platfori

5.0

5.0

10.0

10.0

15.0

15.0

lO.O

15.0

15.0

5.0

10.0

10.0

5.0

10.0

RCWH

RCWH
RCWH

RCWH

RCWH

RCWH

RCWH

RCWH

RCWH

RCWH

RCWH

RCWH

RCWH

RCWH

5.0

5.05 .0 10.0 5.0

5.0 10.0 5.0
10.0

10 .0 2 0 .0 10.0

10.030.0 5,0 5.C

15.0 40.0 20.0

10.0 5.020.0 20.0 20.0

10.0
1 0 .0 2 0 .0 10.0

15.015.0 30.0 15.0

15.0 15.0

5.05.0 10.0 5.0

10.0
1 0 .0 2 0 .0 10 .0

10.0
10 .0 2 0 .0 10.0

5.05.0 10.0 5.0

10.0
10 .0 2 0 .0 10.0

3 3



Task Subtask StesID ID ID StesD e scription

W T S D - T M E - 0 0 9

Total Tiae W o r k e r sR equ i r e d  Job Per Job Tiae pe r  R a d i a t i o n  Zone (aan-sin)(ainutes) Gro u p  Gro u p  I II III IV V VI-

3. 6. 24. Disconnect air supply and cableconnections froi facility cask 5.0 RCWH 5.0 10.0 5.0
25. Unload facility cask froi waste transfer Bachine asseably 5.0 RCWH 5.0 10.0 5.0
26. Disconnect cables between alionient fixture and waste transfer aachine 5.0 RC 5.0 lO.O 5.0
27. Reaoye waste transfer aacbine asseably froa aliqnaent fixture asseably 5.0 RC 1 5.0WH 4 5.0 10.0 5.0
28. Disconnect aliqnaent fixture asseibly 5.0 RCfroa sleeye WH 1 5.04 5.0 10.0 5.0

29. Transport alionaent fixture to the next borehole location 5.0 RC 5.0 10.0 5.0

7. Return cask to conyevance (reverse of 3.5) 23.0 RCWH 23.0 11.5 11.5
8. Return cask to loadinq root(reverse of 3.4, 3.3.b 3.2) 19.5 RC 2 19.5 19.5

I

Radiation Zone Definitions 

Zone ID Dose Rate Ranoe (sres/hr)
I DR < 0.1II 0.1 < DR < 0.5III 0.5 < DR < 1.0IV 1.0 < DR < 1.5V 1.5 < DR < 2.0VI OR > 2.0

3 4
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A P P E N D I X  D

RH T R U  W a s t e  H a n d l i n g  D o s e  A s s e s s m e n t
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Task Subtask Step 10 ID ID

REMOTELY HANDLED WASTES WORK TASK DESCRIPTIONS AND DOSE ASSESSMENT

StepDescription

W T S D - T M E - 0 0 9

Total Tise Workers Whole Sodv Sasaa Doss perRequired Job Per Job Radiation Zone oer Year (aan-ret! (ainutes) Group Group I II III IV V VI
1. 1. Receive transporter at RH dock

1. Open door 2.0 RCNH 0.0005 0.0012
2. Transfer cask transporter into building 2.0 RCWH 0.0005 0.0012

3. Disconnect car sover 2.0 RCWH 0.0005 0.0012
4. Reiove prise sever to outside of building 2.0 RC 0.0005 0.0012

5. Close door 2.0 RCWH 0.0005 0.0012

2. Unload cask froa transporter

1. Inspect cask for contaiination 10.0 RC 1 0.0052 0.0072NH 3 0.0008 0.0025 0.0062

2. Attach cask lifting yoke 11.0 RCNH 3 0.0009 0.0027 0.0037 0.0052

3. Lift and rotate cask to vertical and place on air sever 15.0 RCNH 3 0.0020 0.0025 0.0062

3. Transfer cask to decontaaination and preparation area 10.0 RC 1 0.0025NH 2 0.005

4. Prepare cask for unloading

1. Vent cask 14.0 RC NH 0.001 0.0031 0.0052 0.003 0.005 0.0083

I
2. Reiove cask head bolts

3. Install cask head resoval adapter and cask seal collar

60.0 RC NH

20.0 RC NK

0.0093 0.0156 0.1312

0.0031 0 . 0 0 5 2  0 . 0 4 3 7

3 6



W T S D - T M E - 0 0 9

Task Subtask StepID ID ID SteoD e s c r i p t i o n
Total Tiae W o r k e r s  W h o l e  Body S a o s a  Dos e  perR e a u i r e d  Job Per Job R a d i a t i o n  Zone oer tear (uan-rsi)(ainutes) G r o u p  Gro u p  I II III IV V -- VI

1. 5. Transfer cask to unloadino rooa

I

1, Hove cask to shield door andopen door 7.0 RC 0.0017 0.001 0.0062
2. Move cask to unloading rooa 5.0 RCWH 0.00120.0007 0.0043
3. Set dOHn air aover 2.0 RCNH 0.00050.0002 O.OOIB
4. Inflate seal collar and close shield door 5.0 RCWH 0.00120.0007 0.0043

2. 1. Process waste canister throughhot cell

1. Resove hot cell shield plugs and cask head 15.0 RCWH 1 0 .0 0 1 22 0.0025

2. Resove spacer and lav down 5.0 RCWH 1 0.00042 0.0008

3. Resove canister and transfer to inspection station 12.0 RC 0.00!0.002

4. Transfer drawer travel (2x3.0 sin) 6.0 RCWH 1 0.0005
2 0.001

S. Swipe canister and verify clean 84.0 RCWH 0.0070.014

6. Count swipes 20.0 RCNH 1 0.00162 0.0033

7, Wait for crane 3.0 RCNH 1 0 .0 0 0 22 0.0005
S. Open hot ceil shield valve 15.0 RCNH 1 0.00122 0.0025

9. Place canister in transfer cell shuttle car 7.0 RCWH 1 0.0005
2 0 . 0 0 1 1

10. Raise grapple and close hot cell shield valve 5.0 RC 1 0.00042 O.OOOB

3 7



W T S D - T M E - 0 0 9

Task Subt a s k  StepID ID ID StepD e s c r i p t i o n
Total Tii e  W o r k e r s  Who l e  Bod y  S a s s a  Dose perR e q u i r e d  Dob Per Dob R a d i a t i o n  Zone per Tear (»an-rea)(Iinutes) G ro u p  Group I II III IV V .. VI

3. 1. Load canister into Tacility cask

1, Position canister under valve and enqaqe telescoping port shield 8.0 RCWH 1 0.0006 2 0.0013
2. Open loading rooa shield valve 1.5 RCWH 1 O.OOOi2 0.0002

3. Open cask valves 3.0 RCWH 1 0.00022 0.0005
4. Lower grapple and pull canister into 5.0 RC 1 0.0004cask ■ WH 2 0.0008

5. Close bottoa cask valve 1.5 RCWH 1 0 .000 12 0.0002

6. Close loading rooa shield valve and retract telescoping shield 3.5 RCWH 1 0 .0 0 0 2  2 0.0005

7, Release grapple Troi cylinder and retract to shield bell 1.0 RCWH 1 0 .0 0 0 0
2 0 .0 00 1

8. Close too cask valve 1.5 RCWH 1 0 .0 00 12 0.0002

9. Lift shield bell and grapple 1.5 RC
m

1 0 .0 00 12 0.0002

10. Downend cask to horizontal position 7.5 RCWH 1 0.0006
2 0 .0 0 1 2

U .  Connect power cable 2.0 RC 1 0.0001WH 2 0.0005 0.0029

2. Load facility cask car onto conveyance

1. Open shaft rooi shield door 0.5 RCWH 0.00000.0000

2. Open gate and lower pivoting rails 1.0 RCWH 0.00000.0000

3. Run RH car into conveyance 2.0 RCWH 1 O.-OOOl 1 0.0010 0.0014

4. Disconnect power cable and retract 1.0 RCWH 0.0000 0 . 0 0 1 4

S. Raise pivoting rails up 0.5 RCWH 0.0000 0. 0 0 0 5 3 8



W T S D - T M E - 0 0 9

Task Subtask StepID ID ID StepD e s c r i p t i o n
Total Tis e  Workers Whole Bodv Sas s a  Do s e  perR e q u i r e d  Job Per Job R a d i a t i o n  Zo n e  oer Tear (aan-rss)(sinutfis! Broup Broup I II III IV V .. VI

3. 2. 6. Close gate and close shaft roo®shield door 1.0 RC 1 0.0000WH 1 0.0002
3. Lower waste to repository level 5.5 (No Exposure)

4. Unload cask fro# conveyance

1. Open qate and lower pivoting rails 1,0 RCWH 1 0 .0 0 0 0
2 0 . 0 0 0 1

2. Connect underaround tractor and power 3.0 RCcable to RH car WH 1 0.00022 0.0001 0.0005 0,0012
3. Pull RH car out of conveyance 1.5 RC I 0.0001WH 2 0.0000 0.0002 0.0006
4. Raise pivotinp rails and close gate 1,0 RCWH 1 0.0000

2 0 .0 00 1

5. RH car tugged to unloading area 3.5 RCWH 1 0.0002 2 0.0005
5. Load cask onto transporter

1. Pick up cask with forklift 3.0 RCWH 1 0 .0 0 0 2  2 0.0005 0.0012 0.0020
2. Set on transporter 5.0 RCWK 1 0.0004 0.0007 0.0025 0.0031

I

3. Transporter to esplaceient area and RH car to shunt station

6. Waste ecplaceaent
1. Transport alipnsent fixture asseably to borehole location

2. Install alignaent fixture asseably on sleeve

3. Hook up control console and power supply cabinets
4. Lower screw jacks on alionaent fixture asseably

5. Transport waste transfer aachine asseebly to borehole location

6. Install waste transfer eichine asseibly on alignient fixture

15,0

10.0

10.0

5.0

5.0

5.0

10.0

RCWH

RCWH

RCWH

RCWH

RCWH

RCWH

RCWH

0.00120.0016 0.0025

0.0033

0.0033

).0016

3.0016

0.0016

0 . 0 0 3 3 3 9



W T S D - T M E - 0 0 9

Task Subtask StepID 10 ID StepD e s c r i p t i o n
Total Tii e  H o r k e r s  Hho l e  Bo d y  G a a a a  D o s e  oerR e q u i r e d  Job Per Job Radi a t i o n  Zone oer Tear (aan-re«)(ainutes) G r o u p  Srouo I II III IV V "  VI

3. b, 7. Install cables between the two assemblies 5.0 RCWH 4 0.0016
B. Align waste transfer aachine asseably 5.0 RCby operating rear screw jack HH 4 0.0016

9. Retract staging platfora 10 .0 RCHH 4 0.0033
10. Install facility cask on waste transfer aachine asseably 5.0 RC 1 0,0031

m  4 0.0012 0.0062 0.0052
11. Kook up air supply and cable connections to facility cask 5.0 RC 1 0.0004WH 4 0.0012 0,0062 0.0052
12. Check for alignaent and sake any adjustments as reguired 10.0 RC 1 0.0025WH 4 O.OOOB 0.005 0.0062
13. Extend staging platfora to engage facility cask with sleeve 10.0 RC 1 0.0025WH 4 0.0025 0.0012 0.0031
14. Extend transfer carriage 15.0 RC 1 0.0037WH 4 0.0033 0.005
15. Install waste package in borehole 15.0 RCWH 0.0025 0.0031 0.005 0.0125 0.0203
16, Retract transfer aechanisa 10.0 RCWH 0.00250.0025 0.0125 0.0104
17. Retract transfer carriage 15.0 RCWH 0.00370.0037 0.0137 0.0156
18. Hove plug to eiplacesent area 15.0 RCWH 2 0.0012 0.0037

19. Install shield plug carriage with shield plug 5.0 RC 1 0.0004HH 4 0.0004 0.0025 0.0031

20. Install shield plug in borehole 10 .0 RCWH 0.00250.0025 0.0125 0.0104
21. Retract transfer mechanisi 10.0 RCHH 0,00250.0025 0.0125 0.0104
22. Extend transfer carriage 5.0 RCHH 0.00120.0012 0.0062 0.0052

I
23, Retract staging platfcri 10.0 ftCHH 0.00250.0025 0.0125 0.0104

4 0



W T S D - T M E - 0 0 9

I

Task Subtask SteoID ID ID StepDescr i o t i o n

3. 6. 24. Disconnect air supolv and cableconnections froa taciiitv cask

Total TiieRe q u i r e d  Dob(iinutes) Sro u p

5.0 RCWH

W o r k e r s  Whole Bo d v  Bassa Dos e  oerPer Jo b  R a d i a t i o n  Z o n e  per fear (san-ret)Srouo I II III IV V ■- VI

0.0012 0.00S2 0.0052

25. Unload facility cask fro# waste transfer lachine asseibly 5.0 RCWH 0.0012 0.0062 0.0052

26. Disconnect cables between alianient fixture and waste transfer sachine 5.0 RCWH 0.0012 0.0062 0.0052

27. Reiove waste transfer sachine asseably froa alignaent fixture asseably 5.0 RC 1 0.0004WH 4 0.0012 0.0062 0.0052
28. Disconnect aliqnaent fixture asseably 5.0 RCfroa sleeve WH 1 0.00044 0.0012 0.0062 0.0052

29. Transport alignaent fixture to the next borehole location 5.0 RCWH 4 0.0004 0.0025 0.0031
7. Return cask to conveyance (reverse of 3.5) 23.0 RCWH 2 0.0019 0.0028 0.0071

3. Return cask to loadinq roos (reverse of 3.4, 3.3,& 3.2) 19.5 RCWH 2 0.0016 0.0048

Radiation Zone Definitions 

Zone ID Dose Rate Range (sres/hr)
I DR < 0.1II 0.1 < DR < 0.5III 0.5 < DR < 1.0IV I.O < DR < 1.5V 1.5 < DR < 2.0VI DR > 2.0

RH TRU Waste Handling Dose Susaaries

Radiation Control 0.08
Waste Handlers 0.72

Total Dose 0.80

41



W T S D - T M E - 0 0 9

A p p e n d i x  E ; D o s e  R a t e  A s s e s s m e n t  M e t h o d o l o g y

T h e  d o s e  r a t e s  e x t e r n a l  to t h e  v a r i o u s  w a s t e  c o n f i g u r a t i o n s  w e r e  
d e t e r m i n e d  by t h e  m e t h o d s  p r e s e n t e d  in T h e  P h o t o n  S h i e l d i n g  M a n u a l  by 
A n t h o n y  F o d e r a r o  ( R e f e r e n c e  4). T h i s  m a n u a l  al 1 o w s  t h e  c a l c u l a t i o n  o f  d o s e  
r a t e s  a r o u n d  m o s t  r e g u l a r  g e o m e t r i c  s h a p e s  t h r o u g h  t h e  c o m b i n e d  
a p p l i c a t i o n  o f  a n a l y t i c a l  s o l u t i o n s  a n d  e m p i  r i c a l l y  d e r i v e d  d a t a . 0 f t h e  
t w e n t y  g e o m e t r i c a l  c o n f i g u r a t i o n s  or  m o d e l s  d e s c r i b e d  in t h e  m a n u a l , o n l y  
t w o  m o d e l s , t h e  s 1 ab s o u r c e  ( 3 1 0 )  an d t h e  c y 1 i n d r i c a l  s o u r c e  ( 3 2 0 ) ,  w e r e  
u s e d  in t h i s  e v a l u a t i o n .  T h e s e  t w o  m o d e l s  w e r e  i n t e r a c t i v e l y  p r o g r a m m e d  to 
f a c i 1 i t a t e t h e  1 a r g e  n u m b e r  of  c a l c u l a t i o n s  r e q u  i r e d .

T h e  c a l c u l a t e d  d o s e  r a t e s  w e r e  b a s e d  on a v e r a g e  s o u r c e  s t r e n g t h s  
d e r i v e d  f o r  e a c h  o f  t h e  t w o  p r i m a r y  w a s t e  g e o m e t r i e s , t h e  s t a n d a r d  
5 5 - g a l l o n  d r u m  an d t h e  r e m o t e l y - h a n d l e d  ( R H ) w a s t e  c a n  i s t e r . I n t h e  
5 5 - g a l  1 on d r u m  c a s e , t h e  d r u m  w a s  m o d e 1 ed as a r i g h t  c y l i n d e r  w i t h  a 
h e i g h t  of 3 4 . 8 1  in ( 8 8 . 4 2  c m ) , a r a d i u s  of  1 1 . 7 5  in ( 2 9 . 8 5  c m ) , a n d  a d r u m  
w a l l  t h i c k n e s s  o f  0 . 0 4 7 8  in ( 0 . 1 2 1 4  c m ) . F r o m  T a b l e  6 . 2 - 1  o f  t h e  W I P P  3 A R , 
an a v e r a g e  p h o t o n  e n e r g y  o f  1 . 0  M e v  w a s  a s s u m e d . U s i n g  a p h o t o n  s o u r c e  
s t r e n g t h  of 1 . OE +6 p h o t o n s / s e c - c m  , a d o s e  r a t e  o f  6 7 1 7  m r e m / h r  w a s  
c a l c u l a t e d  at 4 i n c h e s  or 1 0 . 1 6  c m . 3 c a l i n g  t h i s  f a c t o r  by t h e  e x p e c t e d  
m e a n  s u r f a c e  d o s e  r a t e  o f  a p p r o x i m a t e l y  6 . 0  m r e m / h r  ( a s s u m e d  m e a s u r e d ^ a t  4 
i n c h e s ) , an a v e r a g e  p h o t o n  s o u r c e  s t r e n g t h  o f  8 . 9 3 E  +2 p h o t o n s / s e c - c m “ 
w a s  o b t a i n e d . T h e  m e a n  s u r f a c e  d o s e  r a t e  w a s  d e t e r m i n e d  by w e i g h t i n g  t h e  
d o s e  r a t e s  r e p o r t e d  by t h e  s h i p p e r s  ( R e f e r e n c e  9) by t h e  v o l u m e  f r a c t i o n s  
e x p e c t e d  to b e  r e c e i v e d  f r o m  e a c h  s h i p p e r  ( R e f e r e n c e  1 0 ) .

3 i m i 1 a r 1y , t h e  RH c a n i s t e r  p h o t o n  s o u r c e  s t r e n g t h  w a s  d e r i v e d  b a s e d  on 
a c a l c u l a t e d  a v e r a g e  s u r f a c e  d o s e  r a t e  o f  30 r e m / h r . T h i s  d o s e  r a t e  w a s  
a g a i  n d e t e r m i  n e d  by w e i g h t i  ng t h e  d o s e  r a t e s  r e p o r t e d  by t h e  sh i p p e r s  
( R e f e r e n c e  11) by t h e  e x p e c t e d  v o l u m e  f r a c t i o n s  to be r e c e i v e d  f r o m  e a c h  
s h i p p e r  ( R e f e r e n c e  1 0 ) .  T h e  RH c a n i s t e r  w a s  m o d e l e d  as a r i g h t  c y l i n d e r  
w i t h  a w a s t e  h e i g h t  o f  1 1 4 . 5  in ( 2 9 0 . 8  c m ) , a r a d i u s  o f  1 2 . 6 3  in ( 3 2 . 0 7  
cm) , a n d  a c a n i s t e r  w a l l  t h i c k n e s s  o f  0. 3 7 5  in (0 . 9 5 3  cm) . U s i n g  a p h o t o n  
s o u r c e  s t r e n g t h  of 1 . OE +7 p h o t o n s / s e c - c m  a t  an a v e r a g e  e n e r g y  o f  1 . 0  
M e v , a s u r f a c e  d o s e  r a t e  o f  1 8 . 6  r e m / h r  w a s  c a l c u l a t e d  at t h e  r e f e r e n c e  
d i s t a n c e  of 4 i n c h e s .  3 ca  1 in g t h e  p h o t o n  s o u r c e  s t r e n g t h  by t h e  30  r e m / h r  
a v e r a g e  d o s e  r a t e , a p h o t o n  s o u r c e  s t r e n g t h  o f  1 . 6 1 E +7 p h o t o n s / s e c - c m  
w a s  c a l c u l a t e d .

U s i n g  t h e s e  d e r i v e d  s o u r c e  s t r e n g t h s  t h e  d o s e  r a t e s  w e r e  t h e n  
c a l c u l a t e d  a b o u t  t h e  v a r i o u s  w a s t e  c o n f i g u r a t i o n s ,  c o n t a i n e r s ,  a n d  c a s k s .
I n t h e  c a s e  of  t h e  s i x - p a c k s  a n d  s t a c k e d  c o n f i g u r a t i o n s ,  t h e  o u t e r m o s t  
d r u m s  ( t h o s e  n e a r e s t  t h e  d o s e  r a t e  l o c a t i o n )  w e r e  f o u n d  to c o n t r i b u t e  t h e  
m a j o r i t y  of t h e  d o s e  r a t e . T h e  i n n e r m o s t  d r u m s  w e r e  f o u n d  t o  be 
e f f e c t i v e l y  sh i e l d e d  by t h e  o u t e r  d r u m s  a n d  c o n t r i b u t e  v e r y  l i t t l e  t o  t h e  
d o s e  r a t e s  a r o u n d  t h e  v a r i o u s  w a s t e  c o n f i g u r a t i o n s .  T h e  d o s e  r a t e s  
c a l c u 1 a t e d  f o r  t h e  v a r i o u s  w a s t e  c o n f i g u r a t i o n s  at v a r y i n g  d i s t a n c e s  a r e  
c o n t a i n e d  in T a b l e s  1 a n d  2 in 3 e c t i o n  1 1 .
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