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Dear Mr . Reaf Snyder :  

At tached  i s  a l i s t  of comments and  c o n c e r n s  r e l a t i n g  t o  the K-65 
S i l o  Sand Fill P r o j e c t .  These comments were p r e p a r e d  by o u r  
c o n s u l t a n t ,  AWC Nuc lea r  S e r v i c e s ,  and s h o u l d  b e  t h e  main t o p i c  
f o r  d i s c u s s i o n  a t  o u r  May 25 m e e t i n g .  

S i n c e r e l y ,  

Graham E .  M i t c h e l l  
Ohio EPA FMPC C o o r d i n a t o r  

G E M / l a l  

En c 1 o s 11 r e 



4335 W. Tropicana 
Las Vegas, Nevada 891 03 

Telephone (702) 871 -7733 
Telecopy (702) 871 -1 182 

REVIEW OF PROPOSED SAND FILL PAOJECT FOR THE K-65 SILOS AT FMPC - -- ------ 

OVERVIEW 

The p u r p m e  of t h e  K-65 I n t e r i m  S t a b i l i z a t i o n - S a n d  F i l l  P r o j e c t  is t o  
i n s t a l l  a f o u r  ( 4 )  f o o t  t h i c k  layer of s and  o v e r  t h e  s u r f a c e  of  r a d i o a c t i v e  
r e s i d u e  m t e r i a l  i n s i d e  each  of t h e  two K-65 s i l o s .  

The a d v a n t a g e s  g a i n e d  by such  sand  f i l l  r e m e d i a t i o n  would be :  

1. r e d u c t i o n  i n  gamma r a d i a t i o n  by 75% 

2. r e d u c t i o n  of  r adon  i m i s s i o n s  by 95 t o  99% 

3. minimize t h e  a c c i d e n t a l  release o f  r a d i o a c t i v e  
p a r t i c u l a t e s  and r adon  gas /p rogeny  i f  t h e r e  were a 
c a t a s t r o p h i c  f a i l u r e  of  t h e  dome 

INTERIM ACTION VERSUS FINAL REMEDIATION 

The main q u e s t i o n  t o  be r e s o l v e d  is: Is it a c c e p t a b l e  t o  allow t h e  long- 
term s t o r a g e  o r  permanent d i s p o s a l  of t h e  K-65 s i l o  r e s i d u e s  a t  FMPC? 

I f  t h e s e  r a d i o a c t i v e  r e s i d u e s  are t o  remain a t  FIYPC, t h e  f o l l o w i n g  
c o n c e r n s  r e g a r d i n g  t h e  h e a l t h  and s a f e t y  of b o t h  t h e  o n - s i t e  work f o r c e  and 
t h e  o f f - s i t e  p o p u l a t i o n ,  as w e l l  as t h e  p r o t e c t i o n  of t h e  o f f - s i t e  environment  
must be e v a l u a t e d :  

0 r a d o d p r o g e n y  e m i s s i o n s  

O d i r e c t  and " sh ine"  gamma r a d i a t i o n  l e v e l s  

O l e a k i n g  of  t h e  r e s i d u e s  i n t o  t h e  g roundwate r  a n d / o r  s u r f a c e  
waters 

O t h e  necd f o r  c o n t i n u e d  e n v i r o n m e n t a l  m m i t o r i n g  o f  t h e  e f f e c t s  
of  t h e  K-65 r e s i d u e s  

For t h e  proposed s a n d - f i l l  p r o j e c t ,  t h e r e  is p o t e n t i a l  f o r  r e d u c i n g  t h e  
radon e m i s s i o n s  and l o w e r i n g  t h e  gamma r a d i a t i o n  l e v e l  from t h e  K-65 s i l o s .  

No d a t a  h a s  been f u r n i s h e d  r e g a r d i n g  t h e  l e a c h i n g  o f  r a d i o a c t i v e  
materials from t h e  K-65 s i l o s ;  however, t h i s  i m p o r t a n t  e n v i r o n m e n t a l  i s s u e  
must be f u l l y  e v a l u a t e d  i f  t h e  r e s i d u e s  are a l lowed  t o  remain i n - p l a c e .  



Also,  s o  l o n g  as t h e  r e s i d u e s  remain i n - p l a c e ,  a comprehens ive  
env i ronmen ta l  mon i to r ing  network m u s t  c o n t i n u e  t o  be m a i n t a i n e d  and a l l  d a t a  
s c r u t i n i z e d  i n  a t i m e l y  manner t o  i n d i c a t e  any  release of r a d i o a c t i v i t y  i n t o  
t h e  envi ronment .  

T h e r e f o r e ,  b e f o r e  any i n t e r i m  a c t i o n  s u c h  as t h e  Sand F i l l  P r o j e c t  is  
unde r t aken  on t h e  K-65 s i l o s ,  t h e  f o l l o w i n g  i n f o r m a t i o n  shou ld  be provided:  

1. Documentation t h a t  t h e r e  is  no l e a c h i n g  of r a d i o a c t i v e  
materials from t h e  K-65 s i l o r i n t o  t h e  groundwater  a n d / o r  
s u r f a c e  waters. If no r a d i o a c t i v e  materials are be ing  
l e a c h e d / r e l e a s e d  from t h e  s i l o s ,  t h e n  i t  would s u p p o r t  
l e a v i n g  t h e  r e s i d u e s  i n - p l a c e  i n  t h e  s i l o s ;  o t h e r w i s e ,  t h e  
r e s i d u e s  m y  hsve  t o  be removed. 

2. The e x i s t i n g  env i ronmen ta l  mon i to r ing  d a t a  shou ld  be 
p rov ided  showing radon/progeny l e v e l s  and t h e  gamma exposure  
rates i n  t h e  o f f - s i t e  areas w i t h  emphas is  on l o c a t i o n s  
i n h a b i t e d  by real  peop le .  I f  r a d i o l o g i c a l  c o n d i t i o n s  i n  
o f f - s i t e  areas do n o t  i n d i c a t e  l e v e l s  i n  e x c e s s  of  
r e g u l a t o r y  s t a n d a r d s ,  t h e n  i n t e r i m  a c t i o n s  s u c h  as t h e  Sand 
F i l l  P r o j e c t  would n o t  be  j u s t i f i e d .  

F i n a l  r e m e d i a t i o n  by r e s i d u e  removal  must be c o n s i d e r e d  u n l e s s  t h e r e  is 
s u f f i c i e n t  documenta t ion  t o  prove  t h a t  l e a v i n g  t h e  K-65 r e s i d u e s  i n - p l a c e  w i l l  
r e s u l t  i n  no releases o f  r a d i o a c t i v i t y  t o  t h e  o f f - s i t e  p o p u l a t i o n  above 
r e g u l a t o r y  s t a n d a r d s .  

INTRODUCTION 

T h i s  d i s c u s s i o n  is  a summary o f  AWC, I n c ' s .  r ev iew and c o n c l u s i o n s  
r e g a r d i n g  t h e  proposed i n t e r i m  s t a b i l i z a t i o n  by sand  f i l l  of t h e  K-65 s i l o s  
l o c a t e d  a t  FMPC, F e r n a l d ,  Ohio. 

T h i s  r ev iew i s  based ox t h e  f o u r  ( 4 )  documents provided  by Ohio-EPA: 

0 Reference 1 - l e t t e r ,  DOE-400-89, J. A. Reafsnyder  t o  
B. G .  C o n s t a n t e l o s ,  "K-65 s i l o s  Near-Term A c t i v i t i e s  
a n d '  F i n a l  Remediat ion P lan" ,  d a t e d  Janua ry  10, 1989. 

O Refe rence  2 - l e t te r ,  .DC)E-628-89, J. A .  Reafsnyder  t o  
B. C o n s t a n t e l o s ,  "Request f o r  T e c h n i c a l  I n f o r m a t i o n  
During J a n u a r y ,  1989 TIE Meet ing",  d a t e d  Februa ry  21, 
1989. 

O Refe rence  3 - l e t te r ,  DOE-712-89, J. A .  Reafsnyder  t o  
R .  Shank, "K-55 s i l o s  I n t e r i m  S t a b i l i z a t i o n - S a n d  F i l l " ,  
d a t e d  March 10, 1939. 

O Refe rence  4 - l e t t e r ,  DOE-1039-89, J. A .  Reafsnyder  t o  

0 0 0 ~ 0 3  G. M i t c h e l l ,  "Ohio EPA Requested I n f o r m a t i o n  on K-65 
S i l o  i n t e r i m  Remedia t ion ,"  d a t e d  May 4 ,  1989. 
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EVALUATION 

The f o l l o w i n g  e v a l u a t i o n s  of t h e  s a n d  f i l l  p r o j e c t  were per formed w i t h  
emphas is  on t h e  o v e r a l l  p r o t e c t i o n  o f  t h e  p u b l i c  h e a l t h  o f  t h e  o f f - s i t e  
p a p u l a t i o n .  However, t h e r e  must be some c o n s i d e r a t i o n  of t h e  r a d i a t i o n  dose  
commitment t o  t h e  o n - s i t e  workers  f o r  comple t ion  of  t h i s  p r o j e c t  i n  o r d e r  t o  
d e r i v e  a ba lance -o f - r i sk  a s s e s s m e n t ,  and t o  a s s u r e  compl i ance  w i t h  a p p l i c a b l e  
r a d i a t i o n  p r o t e c t i o n  s t a n d a r d s  and t h e  concep t  of  e x p o s u r e s  b e i n g  A s  Low A s  
Reasonably Achievable  (ALARA). 

1. Minimiza t ion  o f  E f f e c t s  -- o f  Dome F a i l u r e  - 
The documents f u r n i s h e d  f o r  t h i s  e v a l u a t i o n  d i d  n o t  go 

Apprehension s t i l l  e x i s t s  t h a t  
i n t o  any d e t a i l s  o f  t h e  p o t e n t i a l  f o r  t h e  c a t a s t r o p h i c  
f a i l u r e  of  t h e  s i l o ' s  dome. 
s u c h  a done f a i l u r e  a c c i d e n t  may happen i n  t h e  f u t u r e ,  and  
t h a t  t h e  r e s u l t i n g  u n c o n t r o l l e d  releases of  r a d i o a c t i v i t y  
would s u b j e c t  t h e  o f f - s i t e  p o p u l a t i o n  t o  e x p o s u r e s  which 
c o u l d  be p reven ted  i f  t h e  i n t e r i m  sand  f i l l  p r o j e c t  is 
completed.  

The a d d i t i o n  of  a f o u r  f o o t  t h i c k  s a n d  c o v e r  o v e r  t h e  
r a d i o a c t i v e  r e s i d u e  materials i n  t h e  s i l o  would p r o v i d e  a 
p h y s i c a l  b a r r i e r  which would minimize t h e  release o f  
r a d i o a c t i v e  p a r t i c u l a t e s  i n  t h e  e v e n t  of a dome f a i l u r e .  
Tha t  is, t h e  dome s t r u c t u r e  would cave- in  on t o p  o f  t h e  sand 
r a t h e r  t h a n  f a l l i n g  d i r e c t l y  on t o p  of  t h e  r e s i d u e s  t h e r e b y  
r e l e a s i n g  some c o n c e n t r a t i o n  of  l ong- l ived  r a d i o a c t i v e  
p a r t i c u l a t e s  such as rad ium o r  uranium. 

I n f o r m a t i o n  was n o t  p rov ided  i n  t h e  r e f e r e n c e  dozuments  
t o  i n d i c a t e  any i n c r e a s e d  d e t e r i o r a t i o n  of t h e  s t r u c t u r a l  
i n t e g r i t y  of t h e  done i t se l f ,  n o r  t h a t  t h e r e  is immedia te  
conce rn  t h a t  dome f a i l u r e  c o u l d  o c c u r  i n  t h e  n e a r  f u t u r e .  
I n  f a c t ,  Reference  1 r e p o r t s  t h a t  p r e v i o u s  work, s u c h  as  t h e  
c e n t e r  p r o t e c t i o n  c a p s  and t h e  p o l y u r e t h a n e  foam c o a t i n g ,  
have been e f f e c t i v e  i n  m a i n t a i n i n g  t h e  s t r u c t u r a l  i n t e g r i t y  
of  t h e  dome. 

The s snd  f i l l  p r o j e c t  would be a n  a d v a n t a g e  t o  
minimiz ing  t h e  release of r a d i o a c t i v e  p a r t i c u l a t e s ;  however ,  
i t  would on ly  a p p l y  i f  a done w a s  t o  a c t u a l l y  f a i l  and  cave-  
i n .  

2. Reduct ion  i n  Gamma R a d i a t i o n  -- 

Reference  1 r e p o r t s  t h a t  computer model ing c o m p u t a t i o n s  
i n d i c a t e  t h a t  a p o t e n t i a l  r e d u c t i o n  of  75% i n  gamma 
r a d i a t i o n  is  a t t a i n a b l e  f rom t h e  a d d i t i o n  of  a f o u r  f o o t  
t h i c k  layer of s and .  
computer codes  used f o r  t h e  g e n e r a t i o n  of  t h e  gamma e x p o s u r e  

Reference  1). 

Refe rence  2 p r o v i d e s  two o f  t h e  

ra te  graph  ( s e e  Attachment  3 - Gamma Reduct ion  'from O O O U 0 4  
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The i m p o r t a n t  pDint  h e r e  is t h a t  a l l  o f  t h e s e  computer  

T h e r e f o r e ,  t h e  
modeling computa t ions  p r o v i d e  t h e  gamma exposure  rate 
d i r e c t l y  on t o p  of t h e  s u r f a c e  of t h e  dome. 
effect  of r e d u c i n g  t h e  gamma r a d i a t i o n  exposure  rate by 
a d d i n g  t h e  f o u r  f o o t  sand  c o v e r  would a p p l y  t o  o n - s i t e  
worke r s  who were on t o p  of t h e  dome o r  pe rhaps  i n  t h e x e a r b y  
v i c i n i t y .  Re fe rence  4 r e p o r t e d  t h e  e x p s u r e  rate c u r r e n t l y  
on t o p  of t h e  domes t o  be  125 t o  150 mi l l iRem/hr ;  and t h a t  
it is a n t i c i p a t e d  t h a t  t h e  sand  c o v e r  w i l l  r e d u c e  t h i s  t o  
a b o u t  20 mi l l iRem/hr .  
t h e  s i l o s  is a lso  ment ioned  i n  R e f e r e n c e  4 ,  and is  e s t i m a t e d  
t o  be  abou t  0.04 mil l iRem/hr  f o r  t h e  o n - s i t e  workers .  The 
e f f e c t i v e n e s s  of t h e  s a n d  c o v e r s  t o  r e d u c e  "sky s h i n e "  i s  
e s t i m a t e d  t o  r educe  o n - s i t e  e x p o s u r e s  by .30 t o  90%. 
e v e n t ,  a d e q u a t e  p r o t e c t i o n  can  be g i v e n  t o  any o n - s i t e  
worke r s  who may have  t o  work on t o p  o f  t h e  s i l o s  t h r o u g h  t h e  
e s t a b l i s h e d  FPPC H e a l t h  P h y s i c s  program. 

The s i g n i f i c a n c e  of "sky s h i n e "  from 

I n  any  

Refe rence  1 s ta tes  t h a t  computer c a l c u l a t i o n s  per formed 
by Oak Ridge N a t i o n a l  L a b o r a t o r i e s  showed t h e  maximally 
exposed o f f - s i t e  i n d i v i d u a l  would r e c e i v e  a whole body dose  
of 17 m i l l i R e m  p e r  y e a r  as  a r e s u l t  o f  t o t a l  FMPC a i r b o r n e  
e m i s s i o n s  p r i o r  t o  any r e m e d i a l  work on t h e  s i l o s .  
Re fe renze  1 a l so  s ta tes  t h a t  t h e  p r e s e n t  e x p o s u r e  rate is 
twice t h e  background l e v e l  f o r  t h e  n e i g h b o r s  a d j a c e n t  t o  
Paddy ' s  Run Road. The o n l y  a c t u a l  e n v i r o n m e n t a l  r a d i a t i o n  
measurements o r  dos ime t ry  m o n i t o r i n g  r e c o r d s  which were 
p rov ided  i n d i c a t e s  t h a t  t h e r e  is a n  area a l o n g  Paddy ' s  Run 
Road a t  a b o u t  8 microR/hr above  t h e  background l e v e l  
(Refe rence  4 ,  Attachment 3 ) .  For f u l l - t i m e  occupancy a t  
t h a t  l o c a t i o n ,  t h i s  e l e v a t e d  gamma r a d i a t i o n  would r e s u l t  i n  
a t o t a l  dose  o f  70 m i l l i R e m  p e r  y e a r  assuming t h e r e  are real  
peop le  t h e r e  a l l  t h e  time. 

Computer e x t r a p o l a t i o n s  of t h e  o f f - s i t e  gamma e x p o s u r e  
rates r e s u l t i n g  from t h e  s a n d  f i l l  o p e r a t i o n s  were n o t  
p rov ided  i n  any  of t h e  r e f e r e n c e s ;  and i t  is n o t  p r a c t i c a l  
n o r  n e c e s s a r y  t o  comple t e  s u c h  complex c a l c u l a t i o n s  a t  t h i s  
t i m e .  Because of t h e  ground l e v e l  geometry of t h e  o f f - s i t e  
areas w i t h  r e s p e c t  t o  t h e  e l e v a t e d  s i l o s ,  and t h e  r a d i a t i o n  
s h i e l d i n g  p rov ided  by t h e  e x i s t i n g  e a r t h e n  berms s u r r o u n d i n g  
t h e  s i l o s ,  t h e  proposed s a n d  c o v e r  a t  t h e  t o p  of t h e  s i l o s  
w i l l  p robab ly  have  minimal e f fec t  on r e d u c i n g  t h e  a c t u a l  
o f f - s i t e  gamma exposure  rate. I n  a d d i t i o n  t o  t h e  
P a d d y ' s  Run l o c a t i o n ,  a l l  o t h e r  a c t u a l  e n v i r o n m e n t a l  
measurements /dos imet ry  m o n i t o r i n g  d a t a  s h o u l d  be e v a l u a t e d  
t o  d e t e r m i n e  whether  t h e  o f f - s i t e  p o p u l a t i o n ' s  a n n u a l  dose  
l i m i t  i s  be ing  exceeded g i v e n  t h e  e x i s t i n g  s t a t u s  of t h e  
s i l o s .  I f  t h e  o f f - s i t e  ( r e a l  p e a p l e )  p o p u l a t i o n ' s  a n n u a l  
dose  l i m i t  is be ing  exceeded ,  t h e  proposed  s a n d  c o v e r  c o u l d  
be j u s t i f i e d .  

. .  . , : .  . 
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3.  Reduct ion  o f  Radon Emiss ions  -- 
Reference  1 states t h a t  c a l c u l a t i o n s  and  l a b o r a t o r y  

tests f o r  t h r e e  t y p e s  o f  sand  f i l l  would r e d u c e  r a d o n  
e m i s s i o n s  by 95 t o  99%. Refe rences  2 and 4 p r o v i d e  t h e  
r e p o r t s  of  t h e  l a b o r a t o r y  measurements and c o m p u t a t i o n s  of 
t h e  radon f l u x  a t t e n u a t i o n  f a c t o r s  f o r  t h e  t h r e e  sand  t y p e s .  
T h i s  d a t a  was used t o  g e n e r a t e  t h e  g raphs  showing r a d o n  
a t t e n u a t i o n  v e r s u s  v a r i o u s  s a n d s  and  t h i c k n e s s e s  - computer  
c a l c u l a t e d  and from t e s t i n g  ( s e e  a t t a c h n e n t s  t o  R e f e r e n c e  
1). From t h i s  i n f o r m a t i o n ,  the  f o u r  f o o t  d e p t h  f o r  masonry 
sand  was de termined  t o  be t h e  optimum t h i c k n e s s  t o  
p r a c t i c a l l y  e l i m i n a t e  radon e m i s s i o n s  from t h e  s i l o s .  

Review of  t h e  b a s i c  l a b o r a t o r y  d a t a  (see T a b l e  2 - 
Radon Flux  A t t e n u a t i o n  F a c t o r s ,  f rom R e f e r e n c e  2 - 
Attachment  11) i n d i c a t e s  t h a t  t h e  m o i s t u r e  c o n t e n t  of  s a n d  
is more c r i t i ca l  f o r  c o n t r o l l i n g  r adon  d i f f u s i o n  t h a n  t h e  
t y p e  o f  sand  cove r  and i ts  t h i c k n e s s .  For example,  a f o u r  
f o 3 t  t h i c k  c o v e r  of masonry sand  h a s  a r adon  f l u x  f a c t o r  o f  
0.73 f o r  a m o i s t u r e  c o n t e n t  o f  4 . 2 %  v e r s u s  0.39 f o r  9% 
mois tu re .  That  is ,  doub l ing  t h e  m x i s t u r e  c o n t e n t  o f  t h e  
sand  c o v e r  r e s u l t s  i n  a n  a p p r e c i a b l y  lower  r adon  f l u x  (47% 
lower  i n  t h i s  example).  The r e f e r e n z e s  do n o t  s tate what 
m o i s t u r e  c o n t e n t  was used t o  p r e p a r e  t h e  r a d o n  a t t e n u a t i o n  
g raphs .  T h e r e f o r e ,  t h e  s e l e c t i o n  of  t h e  m x t  e f f e c t i v e  
m o i s t u r e  c o n t e n t  of  f i l l  sand  is  e x t r m e l y  i m p o r t a n t  t o  
minimiz ing  radon e m i s s i o n s  from t h e  s i l o s .  

Over time, t h e  i n s t a l l e d  sand  c o v e r  may "dry o u t "  due  
t o  e v a p o r a t i o n  and s a t u r a t i o n  o f  t h e  a tmosphe re  w i t h i n  t h e  
dome's vo id  space, o r  by seepage  i n t o  t h e  u n d e r l y i n g  
r e s i d u e s .  I n  o r d e r  t o  a s s u r e  t h e  c o n t i n u e d  e f f e c t i v e n e s s  of  
t h e  sand  cove r  t o  r e d u c e  r adon  e m i s s i o n s ,  t h e  optimum 
m o i s t u r e  c o n t e n t  of  t h e  sand  f i l l  i t s e l f  w i l l  have  t o  be 
moni tored  and ma in ta ined .  
main tenance  by p e r i o d i c a l l y  w e t t i n g  down t h e  s a n d  c o v e r  
i n s i d e  t h e  s i l o s .  

This may r e q u i r e  a c t i v e  

Refe rence  3 d e s c r i b e s  t h e  mechan ica l  s p r e a d e r /  
b r o a d c a s t e r  t y p e  s y s t e m  which would be  used  t o  i n s t a l l  t h e  
s s n d  w i t h i n  t h e  s i l o .  T h i s  a p p e a r s  t o  be  t h e  b e s t  mgthod 
f o r  t h e  sand  f i l l  o p e r a t i o n .  Sand s p e c i f i c a t i o n s  are 
d i s c u s s e d ;  however,  o n l y  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  
( s i e v i n g  o f  g rab  sand  samples )  w i l l  be  checked .  The m o i s t u r e  
c o n t e n t  o f  s snd  shou ld  be s p e c i f i e d  and checked  d a i l y  t o  
a s s u r e  t h a t  t h e  sand  meets t h e  r e q u i r e d  s p e c i f i c a t i o n s  f o r  
t h e  p r o j e c t .  

Two o t h e r  problem areas are n o t  a d d r e s s e d  i n  t h e  sand  
i n s t a l l a t i o n  work p l a n :  

80OUO8 1. o b t a i n i n g  t h e  maximum d e n s i t y  ( i .e . ,  
compact ion)  of  f i l l  s and  
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2. o b t a i n i n g  a good, t i g h t  "seal" a round  t h e  
s i l o ' s  wal ls  

Both of t h e s e  f a c t o r s  d e t e r m i n e  t h e  c o v e r ' s  c a p a b i l i t y  

S i n c e  t h e  u s e  of a 
t o  i n h i b i t  t h e  d i f f u s i o n  of r adon  g a s  t h r o u g h  t h e  po rous  
s a n d  p a r t i c l e  m a t r i x .  
s p r e a d e r / b r o a d c a s t e r  sys t em canno t  by i t s e l f  compact t h e  
s a n d  f i l l ,  and t h e  r e s t r i c t i o n s  of t h e  dome o p e n i n g s  miy 
l i m i t  o t h e r  mechan ica l  t e c h n i q u e s  f o r  compact ing  t h e  f i l l  
s a n d ,  t h e  r e s u l t a n t  s a n d  c o v e r  w i l l  p robab ly  a c h i e v e  minimal 
d e n s i t y .  
p rov ided  i n  t h e  r e f e r e n c e s ;  b u t  u s u a l l y ,  t h e  msximum d e n s i t y  
and m o i s t u r e  c o n t e n t  ( i . e . ,  s a t u r a t i o n )  o f  c o v e r  material is  
s e l e c t e d  t o  minimize  r adon  d i f f u s i o n .  

The optimum sand  compact ion  d e n s i t y  was n o t  

Attachment 3 t o  Refe rence  4 s t a t e s ,  "exac t  optimum 
m o i s t u r e  c o n t e n t  of t h e  s a n d  material w i l l  be  de t e rmined  
upon f i n a l  s e l e c t i o n  o f  t h e  sand  conveying  and s p r e a d i n g  
sys tem."  T h i s  means t h a t  t h e  e x p e c t e d  r e d u c t i o n  i n  r adon  
e m i s s i o n s  may n o t  happen i n  r e a l i t y  because  t h e  f i l l  s a n d  is 
a t  a lower  compaction d e n s i t y ,  and  m 3 i s t u r e  c o n t e n t ,  t h a n  
t h e  optimum p a r a m e t e r s  as used f o r  t h e  l a b o r a t o r y  tests. 

The q u e s t i o n  o f  o b t a i n i n g  a good, t i g h t  seal  between 
t h e  s a n d  f i l l  and t h e  walls of t h e  s i l o  is  c r i t i ca l .  The 
radon  g a s  emanated from t h e  u n d e r l y i n g  r e s i d u e s  would most 
l i k e l y  t a k e  t h e  p a t h  of least r e s i s t a n c e  by m i g r a t i n g  a l o n g  
t h e  s a n d / r e s i d u e  boundary and  t h e n  d i f f u s i n g  upwards a l o n g  
t h e  wal l ' s  s u r f a c e .  

At tachment  3, Refe rence  4 c o n c l u d e s  t h a t  t h e  f l u i d  
n a t u r e  o f  t h e  f i l l  s a n d  w i l l  r e s u l t  i n  a " s e l f - h e a l i n g "  
effect ;  b u t  how t h i s  relates t o  compact ion  o f  t h e  sand  and  
o b t a i n i n g  a good, t i g h t  seal w i t h  t h e  walls of t h e  s i l o  is  
n o t  clear. Without  a good "seal" between t h e  s a n d  and  t h e  
walls, r adon  e m i s s i o n s  from t h e  sand  f i l l e d  s i l o  w i l l  
p robab ly  be no d i f f e r e n t  t h a n  t h e  p r e s e n t  rate o f  e m i s s i o n  
from t h e  s i l o s .  The i n f o r m a t i o n  p r o v i d e d  i n  Refe rence  4 
d o e s  n o t  c l a r i f y  t h e  c o n c e r n  f o r  a c h i e v i n g  a n  optimum f i l l  
s a n d  m o i s t u r e  and compaction d e n s i t y  w i t h i n  t h e  s i l o ;  n o r  
t h e  a b i l i t y  t o  o b t a i n  a good, t i g h t  sea l  between t h e  f i l l  
s and  and  t h e  s i l o ' s  walls. 

Refe rence  1 p r o v i d e s  sme r e s u l t s  of t h e  F " C  r adon  
m o n i t o r i n g  network d u r i n g  1987 and  1988. For example,  t h e  
FMPC s i t e  boundary s t a t i o n s  had a n  a v e r a g e  r adon  
c o n c e n t r a t i o n  of 0.8 p C i / l  ( i n c l u d i n g  n a t u r a l  background) 
f o r  t h e  f i r s t  h a l f  of 1988. The a l l o w a b l e  r adon  g a s  l e v e l  
i n  o f f - s i t e  areas occup ied  by t h e  g e n e r a l  p u b l i c  i s  3.0 
p C i / l  above  background l e v e l s  ( s i e  N R C ' s  10 CFR 20, Appendix 
B ,  T a b l e  11, Column 1 - Maximum P e r m i s s i b l e  C o n c e n t r a t i o n s  
i n  U n r z s t r i c t e d  Areas f o r  168  hour  p e r  week exposure ) .  
T h e r e f o r e ,  e x i s t i n g  e n v i r o n m e n t a l  m o n i t o r i n g  d a t a  i n d i c a t e s  
t h a t  t h e  p r e s e n t  r adon  e m i s s i o n s  from t h e  K-65 s i l o s  are 0 ~ ~ 0 0 ~  
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w e l l  w i t h i n  t h e  a l l o w a b l e  r e g u l a t o r y  l i m i t .  
e n v i r o n m e n t a l  m o n i t o r i n g  d a t a  s h o u l d  be  r e p w t e d  and  
e v a l u a t e d  t o  d e t e r m i n e  whether  r adon  e m i s s i o n s  from t h e  K-65 
s i l o s  are a rsal  problem. 

This 

No d a t a  was p rov ided  f o r  t h e  n i n e  o f f - s i t e  r a d o n  
m o n i t o r i n g  s t a t i o n s .  
compared t o  t h e  MPC s i t e  boundary f e n c e  s s m p l i n g  l o c a t i o n s  
t o  d e t e r m i n e  i f  t h e r e  is i n d e e d  a s i g n i f i c a n t  d i f f e r e n c e  
between t h e  p r e s e n t  o n - s i t e  r adon  l e v e l s  v e r s u s  t h e  o f f - s i t e  
l e v e l s  a t t r i b u t a b l e  t o  r adon  e m i s s i o n s  from t h e  K-65 s i l o s .  
U n l e s s  it can  be shown t h a t  e l e v a t e d  r adon  l e v e l s  e x i s t  i n  
t h e  o f f - s i t e  areas s u r r o u n d i n g  F'MPC, and t h e r e  s h o u l d  a l so  
be  a real  p o p u l a t i o n  a t  r i s k ,  t h e  need t o  f u r t h e r  r e d u c e  t h e  
p r e s e n t  r adon  e m i s s i o n s  from t h e  K-65 s i l o s  is n o t  r e q u i r e d  
by any r e g u l a t o r y  s t a n d a r d .  

Such d a t a  s h o u l d  be  r ev iewed  and  

Radon Releases During Sand F i  1 l i n g  O p e r a t i o n s  

Refe rence  3 p r o v i d e s  d e t a i l e d  work p l a n s  f o r  t h e  s a n d  
f i l l  o p e r a t i o n  (see Work P l a n  f o r  t h e  K-65 S t o r a g e  s i l o s  
I n t e r i m  S t a b i l i z a t i m  P r o j e c t  - I n s t a l l a t i o n  o f  Sand L a y e r ) .  
These work p l a n s  a p p e a r  t o  p r o v i d e  a d e q u a t e  s a f e t y  a n d  
r a d i a t i o n  p r o t e c t i o n  c o n s i d e r a t i o n s  f o r  t h e  w o r k e r s  
a s s o c i a t e d  w i t h  t h e  s a n d  f i l l i n g  o 2 e r a t i o n s .  

An area which is  n o t  a d d r e s s e d  i n  t h e s e  work p l a n s  i s  
how t o  c o n t r o l  t h e  release of radon/progeny f rom t h e  s i l o  
when t h e  manways (dome o p e n i n g s )  are uncovered t o  p e r m i t  t h e  
sand  f i l l  o p e r a t i o n s .  S e c t i o n  3.6 of t h e  s u b j e c t  work p l a n  
d i s c u s s e s  r adon  sampl ing  of t h e  s i l o ;  b u t  o n l y  t h e  c r i te r ia  
f o r  a u t h o r i z i n g  t h e  open ing  of a manway i s  p r o v i d e d  - "under 
no c i r c u m s t a n c e s  w i l l  t h e  s i l o s  be opened t o  t h e  env i ronmen t  
when : 

O t h e . r a d i a t i o n  dose  rate on t h e  s i l o  s u r f a c e  
is above  100 mRem/hr, o r  

O t h e  e x p e c t e d  release of r a d i o a c t i v i t y  
is  more t h a n  4 C u r i e s ,  o r  

O t h e  r adon  c o n c e n t r a t i o n  i n s i d e  t h e  s i l o  
is g r e a t e r  t h a n  3 x lo6 p C i / l  

A f t e r  a msnway o r  s w n d i n g  p i p e  is opened ,  t h e r e  w i l l  
be no method t o  c o n t r o l  t h e  release t o  t h e  env i ronmen t  of 
p D t e n t i a l l y  h i g h  a c t i v i t i e s  of r a d o d p r o g e n y .  Working L e v e l  
g r a b  samples  w i l l  be c o l l e c t e d  n e x t  t o  t h e  open manways, and 
t h i s  i n f o r m a t i o n  w i l l  be  used  t o  d e t e r m i n e  t h e  r s q u i r e d  
r e s p i r a t o r y  p r o t e c t i o n  f o r  t h e  o n - s i t e  worke r s .  The 
c o n t i n u o u s  r adon  g a s  m o n i t o r i n g  network a t  t h e  K-65 
f e n c e l i n e  w i l l  be used  t o  mon i to r  radon releases. An a c t i o n  
l e v e l  of 1500 p C i / l  h a s  been e s t a b l i s h e d  which w i l l  r e q u i r e  
t h a t  t h e  manway c o v e r s  w i l l  be r e i n s t a l l e d  and  s e c u r e d .  oo 'ouo~ 
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The radon  t r e a t m e n t  sys t em w i l l  be  p e r i o d i c a l l y  
o p e r a t e d  t o  r e d u c e  t h e  r adon  c o n c e n t r a t i o n  i n s i d e  t h e  s i l o ,  
b u t  t h i s  sys t em p robab ly  canno t  be r u n  c o n t i n u o u s l y  d u r i n g  
t h e  sand  f i l l i n g  o p e r a t i o n s .  
des igned  t o  f i l t e r  o u t  t h e  heavy d u s t  l o a d  d u r i n g  t h e  s a n d  
f i l l i n g  o p e r a t i o n ,  t h e  r adon  t r e a t m e n t  sys t em c o u l d  be  r u n  
l o n g e r  and pe rhaps  a " n e g a t i v e  p r z s s u r e "  c o u l d  be m a i n t a i n e d  
w i t h i n  t h e  s i l o  t h e r e b y  minimiz ing  r a d o d p r o g e n y  releases 
w h i l e  t h e  manways are open. 

If some mechanism c a n  be  

6. Sand Radwaste Volume 

The r e p o r t e d  K-65 r e s i d u e  volume i s  7,200 c u b i c  y a r d s  
(o r  194,430 c u b i c  f e e t ) .  
f o o t  t h i c k  sand  COVET would 'add  a n  a d d i t i o n a l  r a d w a s t e  
volume o f  40,205 c u b i c  f e e t .  T h i s  r e p r e s e n t s  a n  o v e r a l l  
r adwas te  volume i n c r e a s e  o f  21%. T h i s  r a d w a s t e  volume 
(40,205 c u b i c  f e e t  o f  f i l l  s a n d ) ,  would r e s u l t  i n  e x t r a  
time, manpower, r a d i a t i o n  dose ,  and  cos ts  t o  remove, 
package ,  and d i s p o s e  o f  s u c h  s a n d  s h o u l d  a subsequen t  
d e c i s i o n  be  made t o  remove t h e  u n d e r l y i n g  K-65 r e s i d u e s .  
For example,  i f  t h i s  volume o f  f i l l  s and  was t o  be  
repsckaged  i n  55 g a l l o n  drums f o r  d i s p o s a l ,  a t  least 5,361 
drums would be  r e q u i r e d ,  and  107 t ra i ler  t r u c k s  would be  
needed t o  t r a n s p o r t  j u s t  t h e  f i l l  s s n d .  

The a d d i t i o n  of t h e  proposed  f o u r -  

Reducing r a d i o a c t i v e  waste volumes s h o u l d  be  a goal  o f  
any FMPC s i t e  r e m e d i a t i o n  a c t i v i t y .  
are t o  be e v e n t u a l l y  removed, a d d i t i o n a l  r a d i a t i o n  d o s e s  
w i l l  be a c c r u e d  by t h e  b o r k e r s  d u r i n g  t h e  removal  of t h e  
sand  c o v e r s .  I n c r e a s i n g  t h e  o v e r a l l  waste volume of t h e  
s i l o s  cou ld  be j u s t i f i e d  o n l y  if t h e r e  is a p o s i t i v e  
r e d u c t i o n  of dose  commitment ( i . e . ,  t h e  dose  r e d u c t i o n s  t o  
t h e  FMPC work f o r c e  and  t h e  o f f - s i t e  p o p u l a t i o n  d u r i n g  t h e  
time p e r i o d  o f  i n t e r i m  s t a b i l i z a t i o n  s h o u l d  be  g r e a t e r  t h a n  
t h e  real  dose  r e c e i v e d  by worke r s  i n s t a l l i n g ,  and  
s u b s e q u e n t l y  removing t h e  sand  f i l l ) .  

I f  t h e  K-65 materials 

7. O t h e r  C o n s i d e r a t i o n s  

Approval o f  t h e  proposed  s a n d  fill p r o j e c t  s h o u l d  be  
based  on i n c r e a s e d  p r o t e c t i o n  of t h e  p u b l i c  h e a l t h  and  t h e  
envi ronment .  T h i s  s h o u l d  a l s o  be a c o n s i d e r a t i o n  f o r  
minimiz ing  o n - s i t e  w o r k e r ' s  e x p o s u r e s  t o  r a d i a t i o n  and  
radon/progeny e m i s s i o n s  from t h e  K-65 s i l o s .  
t o  s u c h  r a d i a t i o n  p r o t e c t i o n  a c t i v i t i e s ,  t h e  a p p l i c a b l e  
f e d e r a l  r e g u l a t i o n s / s t a n d a r d s  s h o u l d  be  c l e a r l y  s t a t e d .  
Then, a comparison c o u l d  be  made o f  t h e  e x p e c t e d  b e n e f i t s  
f o r  comple t ing  r e m e d i a l  a c t i o n s  and  f o r  t h e  f i n a l  s o l u t i o n  
t o  be c e r t a i n  t h a t  any proposed  a c t i o n  would r e s u l t  i n  
compl iance  w i t h  s u c h  s t a n d a r d s .  

With r e s p e c t  
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For example, U.S. P A  regulations are specified in 40 
CFR 190-192, "Environmental Radiation Protection Standards 
for Nuclear Power Operations". 
limits for the radiation doses received by members of the 
public in the general environment as a result of 
which are part of the nuclear fuel cycle. These EPA 
standards specify that the annual radiation dose equivalent 
to the off-site population should not exceed 25 milliRem to 
the whole body. The U.S. NRC regulations are contained in 
10 CFR Part 20 and Part 61. In particular, Part 61.41 
specifies an annual dose limit of 25 milliRem to the whole 
body from land disposal of radioactive waste. These 
standards for the off-site population should not be confused 
with the 100 milliRem dose discussed in Reference 1 which 
deals with "radiation proteceion standards for public 
entering a controlled area" [see DOE 5480.11 (12/21/88)]. 
Therefore, it should be stated whether or not the goal of 
remedial activities at FMPC is to achieve an off-site 
radiation dose limit of 25 milliRem per year. 

556 8 
These standards contain 

operations 

Available environmental monitoring data should then be 
reviewed to determine whether the public's allowable dose 
limit is being met under the existing status of the K-65 
silos. If the dose limits are presently being exceeded, 
then it is justified to consider remedial work or more 
importantly, a final solution for the K-65 silos. In any 
case, the expected reductions in radiation exposure rates 
and expxure to radodprogeny emissions should be compared 
to the allowsble dose limit to justify completion of 
proposed work. 

Also, a comparison should be made between the committed 
dose to the'workers to complete a proposed interim project 
versus the reduction of dose to both the on-site and off- 
site populations if the project is completed. For example, 
in the case of the proposed sand fill project, numerous on- 
site workers will receive substantial whole body dose while 
working on top of the silos or nearby the radon gas 
treatment system. Workers and off-site populations may be 
exposed to higher radodprogeny levels during the sand fill 
project due t o  the radioactivity releases while the 
manways/sounding pipes are open. 
should be compared to the d:>se saved by both the on-site and 
off-site populations resulting from the reduced gamma 
exposure rate (direct and "sky shine" radiation) and lower 
radon/progeny levels due to the sand cover in the silos. 

These committed doses 

Although the occupational radiation exposure of the on- 
site workers should be adequately controlled by the DOE and 
its site operator to be within the permissible federal 
radiation protection standards, it is this on-site 
population which is most at risk from the presence of the 

remediation of the K-65 silos must fully consider all 
K-65 silos. Therefore, any proposed interim or final 0 0 0 0 % ~  
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r a d i a t i o n  e x p o s u r e s  r e c e i v e d  by a l l  
t h e  o f f - s i t e  as  w e l l  as t h e  o n - s i t e  
even worke r s  go home. 

SUMMARY 

T h i s  r e v i e w  o f  t h e  s a n d  f i l l  p r o j e c t  f o r  
f o l l o w i n g  : 

f 

"real peop le"  i n  b o t h  
p o p u l a t i o n s .  Afterall ,  

t h e  K-65 s i l o s  i n d i c a t e s  t h e  

P o s i t i v e  F i n d i n g s  

O The sand  c o v e r  is e x p e c t e d  ( v i a  computer  model ing)  t o  
r e d u c e  gamma r a d i a t i o n  exposure  rates by 75% on t o p  of 
t h e  s i l o .  

O The sand  c o v e r  is expec ted  t o  r e d u c e  r a d o n  g a s  
e m i s s i o n s  from t h e  s i l o s  by 95 t o  98% based  on 
l a b o r a t o r y  a n a l y s i s  of radon d i f f u s i o n  t h r o u g h  samples  
o f  f i l l  s and .  

O I n  t h e  e v e n t  of done f a i l u r e ,  t h e  dome s t r u c t u r e  would 
f a l l  on t o p  o f  t h e  f i l l  sand  r a t h e r  t h a n  f a l l i n g  on t h e  
r a d i o a c t i v e  r e s i d u e s ;  t h e r e f o r e ,  t h e r e  would be  n 3  
a c c i d e n t a l  release o f  r a d i o a c t i v e  p a r t i c u l a t e s .  

Nega t ive  F i n d i n g s  

O The s s n d  f i l l  a t  t h e  t o p  o f  t h e  s i l o s  i s  n o t  e x p e c t e d  
t o  a p p r e c i a b l y  r e d u c e  t h e  d i r e c t  gamna r a d i a t i o n  exposure  
rate a t  ground l e v e l  f o r  t h e  o f f - s i t e  p o p u l a t i o n .  

O The sand  c o v e r  is n o t  expec ted  t o  be a b l e  t o  a c h i e v e  
t h e  d e s i r e d  r e d u c t i o n  i n  r adon  e m i s s i o n s  u n l e s s  t h e  
optimum m o i s t u r e  c o n t e n t  and sand  compact ion ,  as used  
i n  t h e  l a b o r a t o r y  tests,  are m a i n t a i n e d  w i t h i n  t h e  
s i l o s .  

O Without  compact ion ,  t h e r e  is  no means of o b t a i n i n g  a 
good, t i g h t  sea l  between t h e  f i l l  s a n d  and t h e  w a l l s  of 
t h e  s i l o ;  t h e r e f o r e ,  radon g a s  w i l l  most l i k e l y  m i g r a t e  
a round  t h e  sand  f i l l  and be e m i t t e d  a t  a rate 
comparable  t o  t h e  p r e s e n t  release rate .  

RECOMMENDATIONS 

1. E s t a b l i s h  t h e  a p p l i c a b l e  o f f - s i t e  r a d i a t i o n  dose  l i m i t ;  e . g . ,  25 ailliRem 
whole body dose  p e r  year t o  any member o f  t h e  g e n e r a l  p u b l i c .  

2. Review a v a i l a b l e  e n v i r o n m e n t a l  m o n i t o r i n g  d a t a  t o  d e t e r m i n e  i f  t h e  
a p p l i c a b l e  o f f - s i t e  dose  l i m i t s  are p r e s e n t l y  be ing  exceeded. 

0 0 ~ 0 1 ~  
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3. 

4 .  

If the off-site dose limits are being exceeded, determine the most 
effective method to reduce radodprogeny emissions and/or the gamma 
exposure rate in order to achieve regulatory compliance. 

There should be a consideration of the dose "saved" to the actual ox-site 
and off-site populations versus the actual dose received by the workers 
to complete such an interim, remedial project.. 

CONCLUSION 

The proposed sand fill project for the K-65 silos should be completed if: 

1. It can be shown that applicable regulatory off-site 
dose limits are presently being exceeded; or 

2. That upon completion of the sand fill project, the 
estimated dose commitment to the on-site workers and to 
the off-site population will be significantly reduced and 
will be As Low As Reasoxably Achievable (ALARA); o r  

3. That the reduction in committed dose (i.e., dose saved) to 
the FMPC workforce and the off-site pDpulation over 
subsequent years would be greater than the dose received 
by workers to complete the ssnd fill project. 

FINAL REMEDIATION 

The ultimate, permanent solution to eliminating radon/progeny emissions 
and to reduce gamma exposure rates from the K-65 silos would be to dig up and 
remme all of the residues. 
any potential leaching of radioactivity from the silos. Also, if all 
radioactive residues are removed, the comprehensive radon and progeny 
environmental monitoring network would not be needed. 

This residue removal would obviously eliminate 

Hopefully, such final remediation will be fully addressed in the 
forthcoming RI/FS Record of Decision scheduled for November, 1990. 
time, it seems imprudent to complete the proposed sand fill project of the K- 
65 silos unless it can be shown that such interim work will result in 
compliance with the applicable off-site dose limits and lead to an overall 
reduction in dose commitment to both on-site workers and off-site populations. 

At this 

' S'regefryG. Eadie 
Health Physicst 
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