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T h i s  e n v i r o n m e n t a l  s t a t e m e n t  was p r e p a r e d  i n  a c c o r d a n c e  
w i t h  t h e  N a t i o n a l  E n v i r o n m e n t a l  P o l i c y  A c t  of 1969 i n  s u p p o r t  
of t h e  U n i t e d  S t a t e s  Atomic Energy  Commission 's  p r o p o s a l  f o r  
l e g i s l a t i v e  a u t h o r i z a t i o n  and  a p p r o p r i a t i o n s  fo r  a f i s c a l - y e a r  
1975 p r o j e c t .  The pu rpose  of t h e  p roposed  p r o j e c t  is t o  
d e m o n s t r a t e  t h e  t e c h n o l o g y  fo r  r e f a b r i c a t i o n  of uranium-233 
fo r  u s e  i n  h i g h - t e m p e r a t u r e  gas-cooled reactors o p e r a t i n g  on  
t h e  t h o r i u m  f u e l  c y c l e .  The h i g h - t e m p e r a t u r e  gas-cooled 
reactor ( R T G R )  i s  of i n t e r e s t  a s  an a d d i t i o n a l  s o u r c e  of 
e lectr ical  power b e c a u s e  of i ts  r e l a t i v e l y  e f f i c i e n t  u s e  of 
f i s s i o n a b l e  material, i ts c o n s e r v a t i o n  of n a t u r a l  r e s o u r c e s  
t h r o u g h  t h e  u s e  of t h e  t h o r i u m  fae l  c y c l e ,  a n d  i ts r e l a t i v e l y  
low t h e r m a l  d i s c h a r g e  rate.  Al though t h e  ATGR is a 
c o m m e r c i a l l y  a v a i l a b l e  t y p e  of reactor, t h e  U n i t e d  S t a t e s  
Atomic Energy  Commission ( U S A E C )  is s u p p o r t i n g  t h e  deve lopmen t  
of processes f o r  r e p r o c e s s i n g  a n d  r e f a b r i c a t i n g  HTGR f u e l .  

The c a p i t a l  cost of t h i s  f a c i l i t y  was e s t i m a t e d  i n  
mid-1973 a t  $10 m i l l i o n .  S i n c e  t h a t  time, t h e r e  has been 
a d d i t i o n a l  d e s i g n  work done. I n  a d d i t i o n ,  i n c r e a s i n g  
e s c a l a t i o n  and  l e n g t h e n i n g  c o n s t r u c t i o n  mater ia l  d e l i v e r i e s  
are b e i n g  e x p e r i e n c e d .  C o n s e q u e n t l y ,  t h e  AEC h a s  u n d e r t a k e n  
t o  r e v i e w  and  firm up t h e  e s t i m a t e d  c o s t  p r i o r  t o  s t a r t  of 
c o n s t r u c t i o n .  However, e v e n  a s e v e r a l  f o l d  i n c r e a s e  i n  t h e  
cost of t h i s  f a c i l i t y  would not g r e a t l y  a l t e r  t h e  b a l a n c e  of 
t h e  economical b e n e f i t s  e x p e c t e d  to be d e r i v e d  from its 
c o n s t r u c t i o n  and o p e r a t i o n  t o  HTGR f u e l s  t e c h n o l o g y .  The 
magni tude  of t h e  economic b e n e f i t s  of HTGR f u e l  r e c y c l e  h a v e  
been estimated u s i n g  a n  a n a l y t i c a l  model of t h e  n u c l e a r  e n e r g y  
i n d u s t r y  which i n c l u d e s  l i g h t  water reactors and  l i q u i d  metal 
f a s t  breeder reactors a s  w e l l  a s  t h e  HTGR. By t h e  y e a r  2020, 
s a v i n g s  of n u c l e a r  f u e l  w o r t h  a p p r o x i m a t e l y  $2 b i l l i o n  i n  1974 
d o l l a r s  a re  projected to r e s u l t  from r e c y c l i n g  t h e  fuel in t h e  
H T G R s .  The p r o p o s e d  p r o j e c t  i n c l u d e s  t h e  d e s i g n ,  
c o n s t r u c t i o n ,  and  o p e r a t i o n  of an  i n t e g r a t e d  p i l o t  p l a n t  to 
d e v e l o p  and  d e m o n s t r a t e  t h e  RTGR f u e l  r e f a b r i c a t i o n  
t e c h n o l o g y .  T h i s  p r o j e c t  is c o o r d i n a t e d  w i t h  t h e  ATGR f u e l  
r e p r o c e s s i n g  p i l o t  p l a n t  t h a t  is p l a n n e d  a t  t h e  N a t i o n a l  
Reactor T e s t i n g  S t a t i o n  (NRTS) i n  Idaho F a l l s ,  Idaho. These  
p r o j e c t s  complement e a c h  o t h e r  i n  t h e  deve lopmen t  of HTGR f u e l  
r e c y c l e  t e c h n o l o g y .  

i n s t a l l e d  i n  t h e  e x i s t i n g  Thor ium-Uraniar  F u e l  C y c l e  
Development F a c i l i t y  (TURF) a t  Oak Ridge N a t i o n a l  L a b o r a t o r y  
(ORNL). The TURF is a h o t  cell f a c i l i t y  t h a t  was b u i l t  
s p e c i f i c a l l y  fo r  p i l o t  p l a n t  u s e ,  a n d  t h e  p roposed  p i l o t  p l a n t  
w i l l  occupy t h e  h o t  cells and some a d j a c e n t  b u i l d i n g  areas 
w i t h i n  t h e  TURF. The p r o p o s e d  p i l o t  p l a n t  is s c h e d u l e d  f o r  two 
y e a r s  of o p e r a t i o n ,  b e g i n n i n g  i n  calendar y e a r  1938, f o r  
ref a b r  Cca t i o n  t e c h n o l o g y  demonstrat i o n  p u r  poses . Ann ua 1 o p e r a t i n g  
costs d u r i n g  its two y e a r  life are estimated a t  $4 m i l l i o n .  The 
p l a n t  w i l l  h ave  t h e  c a p a b i l i t y  f o r  p e r f o r m a n c e  of a l l  p r o c e s s i n g  

The p roposed  H T G R  F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  w i l l  be 
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o p e r a t i o n s  b e g i n n i n g  w i t h  t h e  r e c e i p t  of u ran ium n i t r a t e  
s o l u t i o n  from t h e  N a t i o n a l  Storage F a c i l i t y  f o r  uranium-233 
and e n d i n g  w i t h  t h e  d e l i v e r y  of completed f u e l  e l e m e n t s  t o  a n  
o p e r a t i n g  reactor or t h e  HTGR F u e l  S t o r a g e  F a c i l i t y  a t  t h e  
NRTS i n  Idaho .  The  t h r o u g h p u t  c a p a c i t y  of t h e  p l a n t  w i l l  be 
a p p r o x i m a t e l y  2 5  kilograms of heavy metal (two and o n e - h a l f  
f u e l  e l e m e n t s )  p e r  day, w i t h  a y e a r l y  c a p a b i l i t y  of a b o u t  200 
f u e l  e l e m e n t s  o v e r  t h e  2-year  o p e r a t i o n  p e r i o d .  

The e x i s t i n g  TURF is s i t u a t e d  on  a k n o l l  well a b o v e  t h e  
f lood p l a i n  i n  t h e  ! ¶ e l t o n  V a l l e y  area of ORNL, which is a n  
area of i n f r e q u e n t  t o r n a d o s  and  l o w - p r o b a b i l i t y  e a r t h q u a k e s .  
The n e a r e s t  p o p u l a t i o n  c e n t e r  w i t h  o v e r  35,000 p e r s o n s  is 15 
miles away. The ecological s y s t e m s  of t h e  areas s u r r o u n d i n g  
t h e  p r o p o s e d  p r o j e c t  s i t e  a re  t y p i c a l  of t h o s e  i n  t h e  
Appa lach ian  r e g i o n  of t h e  U n i t e d  States .  

The p o s s i b l e  a c c i d e n t s  which c o u l d  o c c u r  d u r i n g  o p e r a t i o n  
of t h e  p r o p o s e d  p i l o t  p l a n t  t h a t  were e v a l u a t e d  i n c l u d e d  t h o s e  
r e s u l t i n g  from f i re ,  e x p l o s i o n s ,  c r i t i c a l i t y ,  a n d  n a t u r a l  
d i s t u r b a n c e s .  Such a c c i d e n t s  h a v e  a low p r o b a b i l i t y  of 
o c c u r r e n c e  b e c a u s e  of t h e  d e s i g n  of t h e  e x i s t i n g  h o t  cell  
f a c i l i t y  a n d  p i l o t  p l a n t  a n d  because of e x i s t i n g  
a d m i n i s t r a t i v e  c o n t r o l s .  

C o n s t r u c t i o n ,  o p e r a t i o n ,  and  decommiss ion ing  of t h e  
p roposed  HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  are e x p e c t e d  t o  
have  a n  i n s i g n i f i c a n t  i m p a c t  on t h e  env i ronmen t .  The g a s e o u s  
and l i q u i d  e f f l u e n t s  t h a t  w i l l  r e s u l t  from o p e r a t i o n  of t h e  
proposed  p i l o t  p l a n t  w i l l  be d i s c h a r g e d  t o  e x i s t i n g  waste 
h a n d l i n g  and  t r e a t m e n t  s y s t e m s ,  and t h e  r a d i o a c t i v e  and 
c h e m i c a l  e m i s s i o n s  w i l l  be s e v e r a l  orders of magn i tude  lower 
t h a n  t h e  e s t a b l i s h e d  g u i d e l i n e s  o r  backqround l e v e l s .  The 
s o l i d  w a s t e s  g e n e r a t e d  by o p e r a t i o n  and decommiss ioning  of t h e  
p roposed  p i l o t  p l a n t  w i l l  be  d i s p o s e d  of and  s tored by  u s i n g  
p r o c e d u r e s  d e s i g n e d  t o  p r o t e c t  t h e  e n v i r o n m e n t  t h a t  w i l l  n o t  
r e q u i r e  a n  e x t e n s i o n  of e x i s t i n g  s o l i d  v a s t e  d i s p o s a l  
f ac i k i t  i e s . 

Because of its small scale and s h o r t  l i fe ,  t h e  p roposed  
p r o j e c t  w i l l  h ave  a n  i n s i g n i f i c a n t  effect on t h e  long- te rm 
p r o d u c t i v i t y  of t h e  e n v i r o n m e n t .  T h e  i r r e v e r s i b l e  and  
i r r e t r i e v a b l e  commitment of r e s o u r c e s  for t h e  p r o j e c t  w i l l  
c o n s i s t  almost e n t i r e l y  of materials f o r  c o n s t r u c t i o n  and 
t h o r i u m  i n  t h e  feed material  i n  amounts  wh ich  a r e  n o t  
s i g n i f i c a n t .  The p roposed  p r o j e c t  is n o t  known t o  be i n  
c o n f l i c t  w i t h  local ,  s ta te ,  o r  r e g i o n a l  p l a n s  or programs. 

The p r i n c i p a l  b e n e f i t s  from t h e  p roposed  p r o j e c t  w i l l  b e  
t h e  g e n e r a t i o n  of t e c h n o l o g i c a l  i n f o r m a t i o n  e s s e n t i a l  t o  t h e  
d e s i g n ,  c o n s t r u c t i o n ,  a n d  o p e r a t i o n  of l a r g e - s c a l e  commercial 
RTGR f u e l  r e f a b r i c a t i o n  p l a n t s  a n d  t h e  v e r i f i c a t i o n  of p r o c e s s  
and equ ipmen t  d e s i g n s  a t  a stage of deve lopmen t  when c h a n g e s  
w i l l  be r e l a t i v e l y  i n e x p e n s i v e .  It is  a l s o  e x p e c t e d  t h a t  
o p e r a t i n g  d a t a  from t h e  p i l o t  p l a n t  w i l l  make p o s s i b l e  a more 
a c c u r a t e  a s s e s s m e n t  of t h e  e n v i r o n m e n t a l  effects of 
l a r g e - s c a l e  f u e l  r e f a b r i c a t i o n  programs, 
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A d d i t i o n a l  b e n e f i t s  of t h e  p roposed  p r o j e c t  w i l l  b e  t h e  
p r o d u c t i o n  of r e f a b r i c a t e d  HTGR f u e l  elements f o r  p o s s i b l e  - u s e  
i n  a n  o p e r a t i n g  HTGR. I - The major a l t e r n a t i v e s  t o  t h e  p roposed  p r o j e c t  t h a t  were 
c o n s i d e r e d  were those of n o  r e c y c l i n g  of HTGR f u e l ,  a d e l a y  i n  
t h e  p r o p o s e d  s c h e d u l e  for p i l o t  p l a n t  o p e r a t i o n ,  p r o c e s s -  and  
equ ipmen t  o p t i o n s ,  and a n o t h e r  l o c a t i o n  for  t h e  p i l o t  p l a n t . .  
It was c o n c l u d e d  t h a t  a n y  of t h o s e  a l t e r n a t i v e s  would r e s u l t  
i n  e i t h e r  a n  i n c r e a s e d  e n v i r o n m e n t a l  i m p a c t  o v e r  t h a t  of t h e  
proposed  project  or i n c r e a s e d  c o s t s  w i t h  n o  r e d u c t i o n  i n  
e n v i r o n m e n t a l  impac t .  

It was c o n c l u d e d  t h a t  t h e  societal  and  e n v i r o n m e n t a l  
cos t s  of t h e  proposed  p r o j e c t  w i l l  be  n e g l i g i b l e  and t h a t  t h e  
monetary c o s t s  w i l l  b e  j u s t i f i e d  by t h e  p r o d u c t i o n  of 
r e f a b r i c a t e d  f u e l  e l e m e n t s  for r e c y c l e  d e m o n s t r a t i o n  i n  a HTGR 
and by t h e  a n t i c i p a t e d  b e n e f i t s  of i n c r e a s e d  t e c h n o l o g y  f o r  
HTGR f u e l  r e f a b r i c a t i o n  fo r  f u t a r e  commercial a p p l i c a t i o n .  

11. BACKGROUND AND DESCRIPTION OF PROPOSED PROJECT 

The p u r p o s e  of t h e  p r o p o s e d  p r o j e c t  i s  t o  d e m o n s t r a t e  t h e  
t e c h n o l o g y  for r e f a b r i c a t i o n  of uranium-233 for use  i n  
h i q h - t e m p e r a t u r e  gas-cooled  reactors o p e r a t i n g  cn  t h e  t h o r i u m  
f u e l  c y c l e , l  and t h e  p r o j e c t e d  cost of t h e  p r o j e c t  is $10 
m i l l i o n  ( t h e  p r e l i m i n a r y  n a t u r e  of t h i s  1973 cost estimate was 
d i s c u s s e d  i n  S e c t i o n  I.) The  p r o p o s e d  p r o j e c t  i n c l u d e s  t h e  
d e s i g n ,  c o n s t r u c t i o n ,  and  o p e r a t i o n  of a n  i n t e g r a t e d  p i l o t  
p l a n t  t o  d e v e l o p  and d e m o n s t r a t e  t h e  t e c h n o l o g y  n e c e s s a r y  fo r  
f a b r i c a t i o n  of HTGR f u e l  elements from r e c y c l e d  uranium-233 
f u e l  f o r  commercial H T G R s .  T h i s  p i l o t  p l a n t  w i l l  h a v e  t h e  
c a p a b i l i t y  for per fo rmance  of a l l  p r o c e s s i n g  o p e r a t i o n s  
b e g i n n i n g  w i t h  t h e  r e c e i p t  of uranium n i t r a t e  s o l u t i o n  from 
t h e  N a t i o n a l  Storage F a c i l i t y  for Uranium-233 (s lag.  3019 at 
ORNL) and e n d i n g  w i t h  the d e l i v e r y  of c o m p l e t e d  f u e l  elements 
t o  a n  o p e r a t i n g  HTGS or  t o  t h e  RTGR F u e l  Storage F a c i l i t y  a t  
NRTS for s t o r a g e .  The t h r o u g h p u t  c a p a c i t y  of t h e  p l a n t  w i l l  
be  a p p r o x i m a t e l y  25 k i l o g r a m s  of heavy  metal per day  or a b o u t  
two and o n e - h a l f  comple t ed  f u e l  e l e m e n t s .  On t h e  basis  of a 
t h r e e - s h i f t  d a y  and a f i v e - d a y  week and  a p r o c e s s i n g  campaign 
of a b o u t  a 2-week d u r a t i o n  e v e r y  s i x  weeks, t h e  p r o d u c t i o n  
c a p a c i t y  of t h e  p l a n t  w i l l  be  a b o u t  200 f u e l  e l e m e n t s  per y e a r  
o v e r  t h e  2-year  p i l o t  p l a n t  o p e r a t i o n  p e r i o d ,  

gamma-emitting d a u g h t e r  p r o d u c t s  from uranium-232, it w i l l  b e  
n e c e s s a r y  for t h e  r e f a b r i c a t i o n  p r o c e s s  t o  be performed i n  a 
r e m o t e l y  o p e r a t e d  ho t .  cell f a c i l i t y .  The p roposed  HTGR F u e l  
R e f a b r i c a t i o n  P i l o t  P l a n t  w i l l  be i n s t a l l e d  i n  t h e  e x i s t i n g  
Thorium-Uranium F u e l  C y c l e  Development F a c i l i t y ,  B u i l d i n g  
7930, a t  ORNL, which  is l o c a t e d  on  t h e  USAEC Oak- Ridge  . 
R e s e r v a t i o n  i n  T e n n e s s e e .  The USAEC Oak R i d g e  R e s e r v a t i o n .  

S i n c e  t h e  uranium f e e d  mater ia l  w i l l  c o n t a i n  



c o n t a i n s  t h r e e  major o p e r a t i n g  facil i t ies:  t h e  Oak R i d g e  
N a t i o n a l  L a b o r a t o r y ,  t h e  Oak Ridge Gaseous D i f f u s i o n  P l a n t ,  
and t h e  Y-12 P l a n t ,  I n  a d d i t i o n ,  t v o  smaller USAEC f a c i l i t i e s  
are i n  t h e  area, T h e s e  a r e  t h e  UT-AEC Compara t ive  Animal 
Research  L a b o r a t o r y  a n d  t h e  Oak Ridge Associated U n i v e r s i t i e s ,  

The Oak R idge  N a t i o n a l  L a b o r a t o r y  is a l a r g e  m u l t i p u r p o s e  
r e s e a r c h  l a b o r a t o r y  whose bas ic  m i s s i o n  is t h e  d i s c o v e r y  of 
new knowledge,  b o t h  basic  a n d  a p p l i e d ,  i n  a l l  areas related t o  
n u c l e a r  e n e r g y .  To a c c o m p l i s h  t h i s  m i s s i o n ,  t h e  E a b o r a t o r y  
c o n d u c t s  r e s e a r c h  i n  a l l  f i e l d s  of modern s c i e n c e  and  
t e c h n o l o g y .  The L a b o r a t o r y  f a c i l i t i e s  c o n s i s t  of n u c l e a r  
reactors, c h e m i c a l  p i l o t  p l a n t s ,  r e s e a r c h  l abora to r i e s ,  
r a d i o i s o t o p e  p r o d u c t i o n  laborator ies  , and s u  ppo r t f ac i l i t i e s  . 
l o c a l l y  r e f e r r e d  t o  a t  ORNL a s  t h e  Thorium-Uranium R e c y c l e  
F a c i l i t y  (TURF)  a n d  is so d e s i g n a t e d  i n  t h e  f o l l o w i n g  
d e s c r i p t i o n  and accompanying  i l l u s t r a t i o n s .  The TURF i s  
l o c a t e d  i n  t h e  f l e l t o n  V a l l e y  area of ORNL, a s  i s  i l l u s t r a t e d  
i n  F ig .  1, and n e a r b y  f a c i l i t i e s  i n c l u d e  t h e  High-Flux I s o t o p e  
Reactor ( H F I R )  , t h e  R F I R  o f f ice  and m a i n t e n a n c e  b u i l d i n g ,  and 
t h e  T r a n s u r a n i u m  P r o c e s s i n g  P l a n t  (TRU) , a s  shown i n  Pig.  2. 

The Thorium-Uranium F u e l  C y c l e  Development P a c i l i t y  is 

----- A. The TURF 

The TURF, B u i l d i n g  79300 is a th ree - s to ry  s t r u c t u r e  w i t h  
a p a r t i a l  b a s e m e n t  t h a t  was d e s i g n e d  i n  a c c o r d a n c e  w i t h  t h e  
S o u t h e r n  B u i l d i n g  Code for Group-G i n d u s t r i a l  occupancy.  It 
is c o n s t r u c t e d  of s t r u c t u r a l  steel, r e i n f o r c e d  c o n c r e t e ,  and  
masonry. The b u i l d i n g  is of i r r e g u l a r  s h a p e  w i t h  a n  o v e r a l l  
w i d t h  of 1 2 4  f t ,  a n  o v e r a l l  l e n g t h  of a b o u t  162 f t ,  and  a 
gross  f l o o r  area of 32,950 f t z ,  e x c l u s i v e  of h o t  cells. 

t e c h n i c a l  p e r s o n n e l  off  ices, cell  o p e r a t i o n  and s a i n t e n e n c e ,  a 
r e c e i v i n g  area, a fuel storage room w i t h  a d e e p  water-filled 
b a s i n ,  h o t  and  cold change  rooms, a c o m p r e s s o r  room, and an  
e l e v a t o r  room, a s  shown i n  F ig .  3, 

T h e  s e c o n d  f l o o r  p r o v i d e s  s p a c e  for  c h e m i c a l  makeup, 
s a m p l i n g  of r a d i o a c t i v e  materials, a deve lopmen t  l a b o r a t o r y ,  a 
warm shop ,  a m i n t e n a n c e  area,  m e c h a n i c a l  a n d  electrical 
equipment  rooms, a c a s k  d e c o n t a m i n a t i o n  s t a t i o n ,  a c h e c k i n g  
and h o l d i n g  areal and  work ing  s p a c e  a round  C e l l  Fir as shown i n  
Fig.  4. 

The t h i r d  f loor ,  a h i g h  bay,  i n c l u d e s  t h e  cell  roof area 
and p r o v i d e s  fac i l i t l es  for cel l  access and e n t r y  of cell 
s e r v i c e s ,  a s  shown i n  F i g ,  5 .  It is equ ipped  w i t h  a 50-ton 
ove rhead  t r a v e l i n g  b r i d g e  c r a n e  w i t h  a 5- ton  a u x i l i a r y  h o i s t .  
Some of t h e  t h i r d - f l o o r  s p a c e  is used  for  cel l  and b u i l d i n g  
v e n t i l a t i o n  equ ipmen t ,  and o t h e r  p o r t i o n s  w i l l  be u s e d  as 
n e c e s s a r y  for  mockup of cell  p r o c e s s  equipment .  

A p a r t i a l  basersent  p r o v i d e s  s p a c e  f a r  access t o  C e l l  F 
and for  i n s t a l l a t i o n  a n d  m a i n t e n a n c e  of equ ipmen t  i n  a pump 
room a d j a c e n t  to C e l l  G ,  

The first f l o o r  of B u i l d i n g  7930 p r o v i d e s  space for \ 
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F i g .  1 .  Area Map of  Melton Val ley  a t  Oak Ridge Na t iona l  Laboratory.  
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Fig .  2 .  The TURF and Nearby F a c i l i t i e s .  
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Fig .  3 .  F i r s t  F loor  P lan  of Bu i ld ing  7930 (TURF). 
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T h e  f a c i l i t i e s  for r e c e i v i n g ,  h a n d l i n g ,  and  s t o r i n g  
r a d i o a c t i v e  materials cons i s t  of s i x  h e a v i l y  s h i e l d e d  cells 
s e r v e d  by a n  o v e r h e a d  c r a n e  and e l e c t r o m e c h a n i c a l  m a n i p u l a t o r  
s y s t e m  a l o n g  w i t h  m a s t e r - s l a v e  m a n i p u l a t o r s .  I n  a d d i t i o n ,  
t h e r e  is a n  u n s h i e l d e d  g l o v e d  m a i n t e n a n c e  cell, a f u e l  s t o r a g e  
room w i t h  a d e e p  w a t e r - f i l l e d  b a s i n ,  and a c a s k  s u p p o r t  a n d  
decontarn i n a  t i o n  area. 

---------- 1, TURF C e l l  Bank 

The ho t -ce l l  s t r u c t u r e ,  shown i n  P i g s .  6 a n d  7 ,  is i n  t h e  
s h a p e  of a nTn. T h i s  s t r u c t u r e  i s  c o m p r i s e d  of one s t r a i g h t  
sec t ion  whose exterior d i m e n s i o n s  a r e  a b o u t  127 f t  l o n g ,  31 f t  
wide,  and  29 f t  h i g h ,  e x c l u d i n g  t h e  ce l l  p i t  areas, and a 
s e c o n d  s t r a i g h t  s e c t i o n  a b o u t  29 f t  l o n g ,  24 f t  wide, and  27 
f t  h i g h  t h a t  is p e r p e n d i c u l a r  t o  and a b u t s  t h e  f i r s t  s e c t i o n .  
A l i g h t l y  s h i e l d e d  (2 f t  t h i c k )  e q u i p m e n t  s t o r a g e  ce l l  a b o u t  
IS f t  wide,  37 ft  l o n g ,  and 13 f t  h i g h  i s  a d j a c e n t  t o  t h e  
lower e l e v a t i o n  of t h e  b u l k  of t h e  s t r u c t u r e ,  

The f o u r  o p e r a t i n g  cel ls  h a v e  walls of normal  c o n c r e t e  
t h a t  are 5 . 5  f t  t h i c k  t o  a h e i g h t  of 11 f t  a b o v e  t h e  f loor  of 
t h e  o p e r a t i n g  area and  4.5 f t  t h i c k  from t h e r e  t o  t h e  roof, 
which is S - f t - t h i c k  c o n c r e t e .  C e l l  B s h i e l d i n g  walls are  of 
h i g h - d e n s i t y  B a r y t e s  c o n c r e t e  or e q u i v a l e n t  t h a t  are  4 f t  
t h i c k  up t o  t h e  s e c o n d  f loo r  l e v e l  a n d  3 ft t h i c k  from t h e r e  
t o  t h e  c e i l i n g .  C e l l  F h a s  2 f t  of norma l  c o n c r e t e  s h i e l d i n g  
€or t h e  w a l l s  a n d  3 f t  for t h e  c e i l i n g .  The e f f e c t i v e n e s s  of 
each s h i e l d i n g  window is e s s e n t i a l l y  e q u i v a l e n t  t o  t h a t  o f  t h e  
c o n c r e t e  wa l l  i n  which it i s  i n s t a l l e d .  

areas of t h e  b u i l d i n g  t h r o u g h  n a b s o l u t e ' @  t y p e  a i r  f i l t e r s  and  
t h e n c e  t h r o u g h  t h e  cells on a once - th rough  bas i s .  The cell 
v e n t i l a t i o n  s y s t e m  is i l l u s t r a t e d  s c h e m a t i c a l l y  i n  F ig .  8 .  
The a b s o l u t e  f i l ters  on t h e  cell  a i r  i n l e t s  and  s p e c i a l l y  
d e s i g n e d  c h e c k  v a l v e s  p r e v e n t  t h e  f low o f  c o n t a m i n a t e d  g a s  
from t h e  cel ls  back  t o  t h e  o c c u p i e d  areas  i n  t h e  e v e n t  of an  
a c c i d e n t a l  i n c r e a s e  i n  cell p r e s s u r e ,  A i r  l e a v i n g  t h e  cells  
p a s s e s  t h r o u g h  h i g h - c a p a c i t y  r o u g h i n g  f i l t e r s  a t  t h e  p o i n t  of 
e x i t .  I t  is t h e n  d i r e c t e d  t h r o u g h  t w o  b a n k s  of absolute  
f i l t e rs  i n  series and r e l e a s e d  t o  t h e  a t m o s p h e r e  from t h e  
265- f t -h igh  HFXR s t a c k .  

The areas of t h e  TURF t h a t  w i l l  c o n t a i n  a p p r e c i a b l e  
amounts  of f i s s i l e  material or r a d i o a c t i v i t y  a re  d e s i g n e d  t o  
resist t o r n a d o  and seismic o c c u r r e n c e s .  T h e s e  areas are (1) 
C e l l s  B, C, D, E, F, a n d  G ;  (2) t h e  l i q u i d  waste t a n k  p i t ;  (3) 
t h e  f u e l  s t o r a g e  p i t ;  and  (U) t h e  c e l l  v e n t i l a t i o n  f i l t e r  p i t .  

A l l  cells a re  v e n t i l a t e d  by air drawn from t h e  o c c u p i e d  
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Fig. 7 .  Elevation View o f  TURF Operat ing Cells. 
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---- 2. Design  --- Basis for  C e l l  S h i e l d i n q  

The r a d i a t i o n  source t h a t  was u s e d  as a d e s i g n  b a s i s  f o r  
s h i e l d i n g  c a l c u l a t i o n s  for t h e  TURF cells was a f u e l  e l e m e n t  
c o n t a i n i n g  35 kg of a uran iua -233- tho r ium m i x t u r e ,  
a p p r o x i m a t e l y  1.75 kg of uranium-233 (wi th  6 0 0  ppm 
uranium-232) ,  a n d  t h e  a s s o c i a t e d  f i s s i o n  p r o d u c t s  t h a t  had 
been i r r a d i a t e d  t o  25,000 IJUD/ton and decayed  f o r  9 0  days.  

pe r fo rmed  w i t h  a l l  f i s s i o n  p r o d u c t s  p r e s e n t ,  d u r i n g  normal 
operation, t h e  p e n e t r a t i n g  r a d i a t i o n  d o s e  r a t e  i n  n o r m a l l y  
o c c u p i e d  areas  (cell o p e r a t i o n  area, o p e r a t i o n s  off ice ,  c h a n g e  
room, etc.) would be no greater t h a n  0.2s mrem/hr w i t h  
p e r m i s s i b l e  h o t  s p o t s  i n  smal l  areas, s u c h  a s  t h o s e  o p p o s i t e  
wa l l  p e n e t r a t i o n s ,  no greater  t h a n  2.5 mrem/hr. I n  l i m i t e d  
access areas  no t  no rma l ly  i n h a b i t e d  by  o p e r a t i n g  p e r s o n n e l  
(cell roof area, s a m p l i n g  area, s torage  cell c o r r i d o r ,  etc.), 
t h e  d o s e  ra te  would b e  less t h a n  2.5 mrem/hr w i t h  l i m i t e d  area 
h o t  s p o t s  n o  greater t h a n  10 times t h i s  v a l u e .  The d o s e  r a t e  
i n  t h e  m a i n t e n a n c e  o p e r a t i n g  area a n d  equipment  a i r lock is 
p e r m i t t e d  t o  be a s  h i g h  as  10 mrem/hr f o r  s h o r t - t e r m  
n o n r o u t i n e  o p e r a t i o n  d u r i n g  which  t h e  a f f e c t e d  a reas  are 
v a c a t e d  . 

S i n c e  f i s s i o n  p r o d u c t s  w i l l  h a v e  been  removed from t h e  
f e e d  materials to t h e  p r o p o s e d  p i l o t  p l a n t ,  t h e  p e n e t r a t i n g  
r a d i a t i o n  d o s e  rates r e s u l t i n g  from p i l o t  p l a n t  r e f a b r i c a t i o n  
o p e r a t i o n s  w i l l  b e  much lower t h a n  t h o s e  of t h e  TURF d e s i g n  
cond it i o n  s . 

Based on t h e  a s s u m p t i o n  t h a t  r e p r o c e s s i n g  o p e r a t i o n s  are 

I B EITGR F g e l  R e f a b r i c a t i o n  P i l o t  P l a n t  

The HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  w i l l  b e  made up  
of a l l  equ ipmen t ,  f a c i l i t i e s ,  a n d  s e r v i c e s  n e c e s s a r y  t o  
p r e p a r e  f u e l  e l e m e n t s  m e e t i n g  HTGR s p e c i f i c a t i o n s  from 
r e c y c l e d  f u e l ,  i n c l u d i n g  f u e l  r e f a b r i c a t i o n  p r o c e s s i n g ,  waste 
t r e a t m e n t  and  d i s p o s a l ,  and  material h a n d l i n g ,  

The f u e l  r e f a b r i c a t i o n  p r o c e s s i n g  s t e p s  i n c l u d e  s o l  
p r e p a r a t i o n ,  m i c r o s p h e r e  p r e p a r a t i o n ,  m i c r o s p h e r e  coat ing,  
f u e l  rod fabr ica t ion ,  a n d  f u e l  e l e m e n t  assembly .  A l l  
p r o c e s s i n g  e q n i p m e n t  f o r  the proposed  p i l o t  p l a n t  w i l l  be  
i n s t a l l e d  i n  e x i s t i n g  processing cells and a d j a c e n t  f a c i l i t i e s  
i n  t h e  TURF, B u i l d i n g  3930, The e x i s t i n g  cells are  d e s i g n e d  
t o  accommodate t h e  processes i n v o l v e d ,  and major m o d i f i c a t i o n s  
t o  t h e s e  ce l l s  w i l l  n o t  be r e q u i r e d .  The  p r o d u c t ,  materials 
i n v o l v e d ,  and t h e  p r o c e s s i n g  o p e r a t i o n s  per formed i n  t h e  major 
s y s t e m s  o r  u n i t s  of equ ipmen t  i n  t h e  p i l o t  p l a n t  are d e s c r i b e d  
i n  t h e  f o l l o w i n g  s u b s e c t i o n s .  

I 
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------- 1. HTGR F u e l  Element  a n d  F u e l  

The f u e l  e l e m e n t  f o r  t h e  r e f e r e n c e  1160-8W(e) HTGR i s  a 
h e x a g o n a l  b l o c k  of g r a p h i t e  a p p r o x i m a t e l y  31 in, l o n g  and  1 U  
i n .  across t h e  f l a t s ,  as shown i n  F ig .  9. T h e s e  f u e l  
e l e m e n t s  w i l l  b e  s t a c k e d  i n  a c l o s e l y  packed  a r r a y  i n  b o t h  t h e  
r e f e r e n c e  HTGR a n d  t h e  F o r t  S t .  V r a i n  HTGR (PSVR) c u r r e n t l y  
n e a r i n g  commercial operation. No s u p p o r t i n g  s t r u c t u r e  or I 

a d d i t i o n a l  m o d e r a t o r  material i s  needed. 
element fo r  t h e  FSVR conta ins  108  h e l i u m  coolant h o l e s  and  210 
f u e l  h o l e s ,  w h e r e a s  t h e  t y p i c a l  f u e l  e l e m e n t  f o r  t h e  
1160-WU(e) HTGR c o n t a i n s  7 2  c o o l a n t  h o l e s  a n d  1 3 2  f u e l  h o l e s .  
A s l i g h t l y  m o d i f i e d  f u e l  e l e m e n t ,  shown f n  Fig.  10, c o n t a i n s  
l a rge  h o l e s  f o r  t h e  c o n t r o l  r o d s .  

The s t a r t u p  f u e l  u sed  i n  t h e  H T G R  i s  i n  t h e  form of 
ceramic k e r n e l s  ( a i c r o s p h e r e s )  c o a t e d  w i t h  p y r o l y t i c  c a r b o n  
and s i l i c o n  c a r b i d e  and  bonded i n t o  r o d s  t h a t  f i t  i n t o  t h e  
f u e l  h o l e s  i n  t h e  g r a p h i t e  b l a c k s . *  The c o a t i n g s  on  t h e  
k e r n e l s  p r e v e n t  t h e  release of a l l  b u t  m i n u t e  q u a n t i t i e s  of 
f i s s i o n  p r o d u c t s  t o  t h e  reactor  coolant  system. An i n n e r  
l a y e r  of l o w - d e n s i t y  p y r o l y t i c  c a r b o n  is a p p l i e d  t o  a l l  
k e r n e l s  t o  p r o v i d e  v o i d s  f o r  t h e  f i s s i o n  p r o d u c t s  and  t o  
p ro tec t  t h e  o u t e r  c o a t i n g  from f i s s i o n  r eco i l  damage. The 
o u t e r  l a y e r s ,  which  may be  e i t h e r  a s i n g l e  l a y e r  of 
h i g h - d e n s i t y  p y r o l y t i c  carbon or a l a y e r  of s i l i c o n  c a r b i d e  
sandwiched  be tween  two l a y e r s  of h i g h - d e n s i t y  p y r o l y t i c  c a r b o n  
(which is t h e  c o a t i n g  used  i n  FSVR f u e l )  , ac t  a s  a p r e s s u r e  
v e s s e l  t o  c o n t a i n  t h e  f i s s i o n  p r o d u c t s .  The  s i l i c o n  c a r b i d e  
coa t ing  on t h e  s t a r t u p  f issi le p a r t i c l e s  used i n  t h e  
1160-HU(e) HTGR serves as a n  e f f e c t i v e  d i f f u s i o n  b a r r i e r  t o  
some f i s s i o n  p r o d u c t s  and a l s o  k e e p s  fissile p a r t i c l e s  i n t a c t  
d u r i n g  t h e  e a r l y  stages of head-end r e p r o c e s s i n g .  

r e s p e c t  t o  geomet ry  and  d i m e n s i o n s ,  t h r e e  t y p e s  of elements 
may be used .  T h e s e  t h r e e  t y p e s  of elements are c l a s s i f i e d  by 
t h e  t y p e s  of p a r t i c l e s  t h e y  c o n t a i n ,  and a d e s c r i p t i o n  of t h e  
f u e l  p a r t i c l e  makeup for t h e s e  t h r e e  elements is g i v e n  i n  
T a b l e  1. These  t h r e e  t y p e s  are (1) t h e  I8 element, which 
c o n t a i n s  uranium-235 a n d  t h o r i u m  and is to  b e  u s e d  i n  i n i t i a l  
and makeup f u e l  l o a d i n g s ;  (2) t h e  uranium-233 r e c y c l e  e lement ,  
which c o n t a i n s  uranium-233 and  t h o r i u m  and is  t o  be u s e d  a s  
t h e  major r e c y c l e  e l emen t ;  and  (3) t h e  uranium-235 r e c y c l e  
e l emen t ,  which c o n t a i n s  r e c y c l e d  uranium-235 and  t h o r i u m  and 
is t o  be  u s e d  when it i s  d e s i r a b l e  t o  p a s s  uranium-235 t h r o u g h  
t h e  reactor more t h a n  once. Any c o m b i n a t i o n  of t h e s e  elements 
may b e  u s e d  i n  a n y  g i v e n  reactor core. Both t h e  uranium-233 
r e c y c l e  elements and  t h e  uranium-235 r e c y c l e  elements must  b e  
refa b r i c a t e d  r e m o t e l y  . 

S e v e r a l  t y p e s  of p a r t i c l e s  a r e  u s e d  t o  allow fo r  
m a i n t a i n i n g  s e p a r a t i o n  of s p e n t  uranium-235 from uranium-233 
t o  minimize cross mix ing  of t h e  uranium-236 w i t h  t h e  
uranium-233 in t h e  r e c y c l e  f u e l  stream. The four p a r t i c l e  
t y p e s  a r e  one fert i le p a r t i c l e  and  t h r e e  f i s s i l e  p a r t i c l e s ;  a 

The t y p i c a l  f u e l  

Al though t h e  f u e l  elements are s imi l a r  i n  d e s i g n  w i t h  
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Table 1 .  HTGR Reference Fuel  P a r t i c l e  D e s c r i p t i o n s a  
~~ ~ 

P r,o p e r t y 

I M  b Elements 233U Recycle Element 235U Recycle Element 
F e r t i l e  F i s s i l e  F e r t i l e  F i s s i l e  F e r t i l e  F i s s i l e  

P a r t i c l e  P a r t i c l e  P a r t i c l e  P a r t i c l e  P a r t i c l e  P a r t i c l e  

Kernel  Composition 

Kernel  Diameter,  pm 

Type Coating'  f 

Coat ing  Thickness ,  
B u f f e r  Carbon 
I n n e r  Dense Carbon 
S i l i c o n  Carb ide  
Outer Carbon 

T o t a l  P a r t i c l e  Diameter,  pm 

2 3 5 ~  

UC, 
200 

TRISO 

85 
25 
25 
35 

540 

Th 235u Th 233 U-Th 

Thq, (4 .25 Th,U)Q ThO, uc, 
500 400 500 200 

BISO B I S O  BISO TRISO 

85 90 

7 5  80  

8 20 7 40 

85 85 
25 
25 

75 35 

820 540 

Th 

ThO, 
500 

BISO 

P 
4 

85 

75 

820 

a P a r t i c l e s  w i l l  be  bonded i n t o  f u e l  s t i c k s  f o r  i n s e r t i o n  i n t o  hexagonal g r a p h i t e  b lock  f u e l  

bFor i n i t i a l  and makeup loadings .  

'TRISO d e s i g n a t e s  t h r e e  t y p e s  o f  c o a t i n g s  o f  t h e  k e r n e l :  b u f f e r ,  s i l i c o n  c a r b i d e ,  and dense 

dBISO d e s i g n a t e s  two t y p e s  o f  c o a t i n g s  o f  t h e  k e r n e l :  

e lements .  

p y r o l y t i c  carbon.  

b u f f e r  and dense  p y r o l y t i c  carbon.  
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f i ss i le  p a r t i c l e  c o n t a i n i n g  new uranium-235 w i t h  b o t h  
p y r o l y t i c  c a r b o n  a n d  s i l i c o n  c a r b i d e  c o a t i n g ,  a r e c y c l e  
uranium-235 p a r t i c l e  c o n t a i n i n g  r e c y c l e d  uranium-235 c o a t e d  
w i t h  b o t h  p y r o l y t i c  c a r b o n  a n d  s i l i con  c a r b i d e ,  and a r e c y c l e  
uranium-233 p a r t i c l e  c o n t a i n i n g  uranium-233 and tho r ium w i t h  
o n l y  p y r o l y t i c  c a r b o n  coat ings.  Only o n e  t y p e  of f i ss i le  
pa r t i c l e  is u s e d  i n  a n y  o n e  f u e l  e l e m e n t .  F i s s i l e  p a r t i c l e s  
are mixed w i t h  fert i le p a r t i c l e s  before t h e  f u e l  r o d  is 
formed. 

_.-------------- 2 Uran ium Feed  Haterial 

The uranium-233 w i l l  be r e c e i v e d  a t  t h e  N a t i o n a l  Storage 
F a c i l i t y  for  Uranium-233, B u i l d i n g  3019, a t  ORNL i n  t h e  form 
of uranium n i t r a t e  or o x i d e .  The r e c e i v e d  mater ia l  w i l l  b e  
stored, d i s s o l v e d  i f  n e c e s s a r y ,  p u r i f i e d ,  a n d  t r a n s f e r r e d  from 
B u i l d i n g  3019 t o  t h e  TURF a s  a u r a n y l  n i t ra te  s o l u t i o n .  
R e c e i v i n g ,  s t o r i n g ,  d i s s o l v i n g  when n e c e s s a r y ,  and p u r i f y i n g  
of uranium-233 a re  an i n t e g r a l  p a r t  of t h e  s to rage  o p e r a t i o n s  
per formed i n  B u i l d i n g  3019. *-. The uranium f e e d  material 
d e l i v e r e d  t o  t h e  p i l o t  p l a n t  w i l l  b e  a s o l u t i o n  w i t h  a uranium 
c o n c e n t r a t i o n  of 100 t o  250 g p e r  l i t e r  t h a t  w i l l  c o n t a i n  less 
t h a n  0 - 5  molar n i t r i c  a c i d  when U = 100 g / l i t e r ,  uranium-233 
w i t h  less t h a n  1000 ppm of uranium-232, and uranium-233 
r e c e n t l y  p u r i f i e d  from uranium-232 d a u g h t e r  p r o d u c t s .  

-L------- 3 Uranium Feed  Haterial  T r a n s f e r  

The uranium feed material ,  p u r i f i e d  u r a n y l  n i t r a t e  
s o l u t i o n ,  w i l l  be t r a n s f e r r e d  from t h e  N a t i o n a l  Storage 
F a c i l i t y  for uranium-233 a t  ORNL, B u i l d i n g  3019, t o  t h e  TURF 
i n  a s p e c i a l l y  d e s i g n e d  carrier which w i l l  be t r a n s p o r t e d  by 
t r u c k  and lowboy trailer. 

The carr ier  i n  which t h e  f e e d  material  is t r a n s p o r t e d  is 
a s t a i n l e s s  steel t o r o i d  s h i e l d e d  w i t h  B a r y t e s  c o n c r e t e .  The 
2- in . - th ick  v e r t i c a l  t o r o i d a l  i n t e r i o r  p o r t i o n  of t h e  carrier 
i s  46 i n .  h i g h  and h a s  a n  i n s i d e  d i a m e t e r  of 38 i n .  and a 
maximum c a p a c i t y  of 174 liters. The t o r o i d  i s  c o v e r e d  w i t h  a 
t h i n  cadmium s h e e t ,  t h e  B a r y t e s  c o n c r e t e  c o n t a i n s  cadmium 
f i n e s ,  a n d  t h e  t o p  and bot tom p l a n e s  of t h e  t o r o i d  are  
e n c l o s e d  by a s t a i n l e s s  steel membrane f i l l e d  w i t h  p a r a f f i n .  
A g l o v e d  box of 1 /2- in . - th ick  steel p l a t e  is  a f f i x e d  t o  t h e  
t o p  of t h e  carrier. This g l o v e d  box h a s  8 - i n . - d i a n e t e r  g l o v e  
p o r t s ,  a n d  it contains  t h e  i n t e r n a l  p i p i n g  n e c e s s a r y  t o  make 
and b r e a k  a l l  f e e d  material  c o n n e c t i o n s  u n d e r  d o u b l e  
c o n t a i n m e n t  c o n d i t i o n s .  Steel g u s s e t s  h a v e  been  i n s t a l l e d  on 
t h e  carrier t o  p r o t e c t  t h e  c o v e r e d  g l o v e d  box i f  t h e  carrier 
s h o u l d  b e  i n v o l v e d  i n  a n  a c c i d e n t .  

The s o l u t i o n  carrier w i l l  b e  f i l l e d  w i t h  f e e d  material  a t  
t h e  l o a d i n g  s t a t i o n  a t  B u i l d i n g  3019. The l o a d e d  carrier w i l l  
b e  t r a n s f e r r e d  t o  t h e  t r u c k  t ra i le r ,  t o  which i t  w i l l  b e  
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s e c u r e d  before t h e  trailer i s  moved, fo r  t r a n s p o r t  t o  t h e  
TURF. After t h e  carrier h a s  been  t r a n s p o r t e d  t o  t h e  TURF, it 
w i l l  be removed from t h e  t r a i l e r  and  t r a n s p o r t e d  i n t o  t h e  TURF 
t h r o u g h  e x i s t i n g  a i r  l o c k s  w i t h  e x i s t i n g  b u i l d i n g  c r a n e s  and 
d e p o s i t e d  a t  t h e  t r a n s f e r  s t a t l o n  o n  t o p  of t h e  p r o c e s s i n g  
cell for u n l o a d i n g ,  Un load ing  of t h e  carrier a t  t h e  t r a n s f e r  
s t a t i o n  w i l l  be a c c o m p l i s h e d  by a p p l y i n g  vacuum to t h e  s t o r a g e  
t a n k s  l o c a t e d  i n  t h e  p r o c e s s i n g  cell. 

B o t h r B u i l d i n g  3019 and  t h e  TURF h a v e  a t r a n s f e r  s t a t i o n  
which a f f o r d s  m a i n t e n a n c e  of d o u b l e  c o n t a i n m e n t  d u r i n g  a feed 
material t r a n s f e r  o p e r a t i o n .  Each of t h e  t r a n s f e r  s t a t i o n s  
c o n t a i n s  t h e  main p r o c e s s  l i n e s  for f i l l i n g  and emptying  t h e  
carrier a s  v e l 1  a s  t h e  s e r v i c e s  r e q u i r e d  t o  l e a k  t es t  t h e  
t r a n s f e r  l i n e s ,  effect t h e  t r a n s f e r ,  and  t h e n  f l u s h  and d r y  
t h e  t r a n s f e r  l i n e s .  The  g l o v e d  box on t h e  carrier is 
c o n n e c t e d  t o  t h e  r a d i o a c t i v e  off-gas s y s t e m  a t  each  s t a t i o n .  
The carrier is p o s i t i o n e d  on a movable platform for  t r a n s f e r  
o p e r a t i o n s  t o  p r o v i d e  t h e  c o n t r o l l e d  movement r e q u i r e d  t o  j o i n  
t h e  carrier p i p i n g  w i t h  t h e  s t a t i o n  p i p i n g ,  

T h i s  t r a n s f e r  s y s t e m  i s  p a t t e r n e d  a f t e r  t h e  e x i s t i n g  
p r o c e d u r e  u s e d  a t  ORML for t h e  t r a n s f e r  of h i g h - l e v e l  wastes 
from t h e  Transu ran ium P r o c e s s i n g  P l a n t  (TRU) t h a t  h a s  been  
used  s a t i s f a c t o r i l y  a t  ORNL for s e v e r a l  years w i t h o u t  
i n c i d e n t .  

-.--- 4 F u e l  ---------- R e f a b r i c a t i o n  Processiqq 

The uranium n i t r a t e  f e e d  s o l u t i o n  t o  t h e  p i l o t  p l a n t  w i l l  
b e  mixed w i t h  v i r g i n  t h o r i u m  n i t r a t e  s o l u t i o n  p r e p a r e d  i n  
f a c i l i t i e s  a t  t h e  p i l o t  p l a n t .  The r a t i o  of t h o r i u m  t o  
uran$um c a n  r a n g e  from 0 t o  20. T y p i c a l l y ,  t h e y  are mixed i n  
a r a t i o  of 4.25 p a r t s  t h o r i u m  t o  1 p a r t  uranium and r e d u c e d  t o  
a s t ab le  t h o r i u m  d iox ide -u ran ium t r i o x i d e  s o l  b y  an amine  
e x t r a c t i o n  process (sol p r e p a r a t i o n ) .  The d i l u t e  sol is 
c o n c e n t r a t e d  by e v a p o r a t i o n  and passed down t h r o u g h  a t a p e r e d  
column c o u n t e r c u r r e n t  t o  upward f l o w i n g  2-ethyl-1-hexanol  
(2-EH) t o  form g e l  m i c r o s p h e r e s  w i t h  diameters of 
q p p r o x i m a t e l y  500 microns.  The m i c r o s p h e r e s  are t h e n  d r i e d  
and f i r e d  t o  form d e n s e  t h o r i u m  d iox ide -u ran ium d i o x i d e  
s p h e r e s  ( m i c r o s p h e r e  p r e p a r a t i o n )  . After d r y i n g  and f i r i n g ,  
t h e  d i a m e t e r  of t h e  m i c r o s p h e r e s  is a p p r o x i m a t e l y  350 microns .  
A flow diagram of t h e s e  t u o  p r o c e s s e s  is shown i n  E n g i n e e r i n g  
Drawing F-lI416-EP-OOl-E, which i s  g i v e n  i n  Appendix E. 

and weighed, and  t h o s e  u h i c h  exceed out -of - roundness ,  s ize ,  o r  
d e n s i t y  t o l e r a n c e s  are removed, T h e  r e j e c t e d  m i c r o s p h e r e s  a r e  
r e c y c l e d .  The a c c e p t e d  m i c r o s p h e r e s  are t r a n s f e r r e d  to a 
f l u i d i z e d - b e d  f u r n a c e  where  t h e y  are first c o a t e d  w i t h  a 
b u f f e r  l a y e r  of p o r o u s  c a r b o n  by t r e a t m e n t  w i t h  a m i x t u r e  of 
a c e t y l e n e  a n d  i n e r t  gases, and  t h e n  t h e y  a r e  coated w i t h  a 
d e n s e  and  i m p e r v i o u s  l a y e r  of p y r o l y t i c  c a r b o n  by t r e a t m e n t  
w i t h  p r o p y l e n e ,  p r o p r a n e ,  o r  methane ( m i c r o s p h e r e  c o a t i n g  

Before c o a t i n g ,  t h e  m i c r o s p h e r e s  a r e  i n s p e c t e d ,  sor ted ,  
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o p e r a t i o n ) .  An i n t e r m e d i a t e  a n n e a l i n g  s t e p  may be  used  p r i o r  
t o  d e p o s i t i o n  of t h e  f i n a l  c o a t i n g  l a y e r  o n  t h e  m i c r o s p h e r e s  
t o  r e d u c e  c r a c k i n g  of t h e  c o a t i n g s  u n d e r  reactor s e r v i c e  
c o n d i t i o n s .  After each  coa t ing  s t e p ,  a sample  of t h e  
m i c r o s p h e r e s  is t r a n s f e r r e d  t o  a n  i n s p e c t i o n  s t a t i o n  where t h e  
m i c r o s p h e r e s  are checked  f o r  s ize ,  d e n s i t y ,  c o a t i n g  t h i c k n e s s ,  
uranium-233 c o n t e n t ,  t h o r i u m  c o n t e n t ,  c a r b o n  c o n t e n t  of t h e  
c o a t i n g ,  s u r f  ace c o n t a m i n a t i o n ,  c r u s h i n g  s t r e n g t h ,  and  heavy 
metal exposed  t h r o u g h  d e f e c t i v e  c o a t i n g s .  The uranium c o n t e n t  
of t h e  soot  d i s c h a r g e d  t o  t h e  c o a t i n g  f u r n a c e  g a s e o u s  waste 
t r e a t m e n t  s y s t e m  is a l s o  d e t e r m i n e d .  The f i n i s h - c o a t e d  
m i c r o s p h e r e s  are a g a i n  s o r t e d  and weighed  t o  remove t h o s e  
which do n o t  meet out -of - roundness ,  s i ze ,  and  d e n s i t y  
tolerances.  B a t c h e s  from s e v e r a l  f u r n a c e  c h a r g e s  a t e  b l e n d e d  
t o  p r o d u c e  large,  homogeneous b a t c h e s  for s u b s e q u e n t  
o p e r a t i o n s .  A flow d iag ram of t h i s  p r o c e s s  i s  shown i n  
E n g i n e e r i n g  Drawing P-11416-ER-OOl-D, which i s  g i v e n  i n  
Appendix E. 

The f i s s i l e  t h o r i u m  d i o x i d e - u r a n i u m  d i o x i d e  m i c r o s p h e r e s  
produced  i n  t h e  p a r t i c l e  c o a t i n g  o p e r a t i o n  are b l e n d e d  w i t h  
v i r g i n  t h o r i u m  d i o x i d e  fe r t i l e  m i c r o s p h e r e s ,  which are 
produced  a n d  c o a t e d  i n  f ac i l i t i es  o u t s i d e  of t h e  p i l o t  p l a n t .  
The b l e n d e d  m i c r o p s h e r e s  are me te red  i n t o  t h e  molds of a 
m u l t i - s t a g e  and  mul t i - f  u n c t i o n  mold ing  machine.  The q u a n t i t y  
of m i c r o s p h e r e s  i n  any mold is c o n t r o l l e d  v i t h i n  * 0 . 5 g  of 
heavy  metal, and  t h e  m i c r o s p h e r e s  a r e  p l a c e d  i n  e a c h  mold so 
t h a t  t h e r e  is n o  more t h a n  10 w t  96 v a r i a n c e  of heavy metal i n  
any  l - i n .  l e n g t h  of t h e  f i n i s h e d  f u e l  rod .  The r o d s  are 1/2 
t o  5 / 8  i n .  i n  d i a m e t e r  and 2 t o  3 i n .  l ong .  The molds and  
c o n t e n t s  a r e  h e a t e d ,  a n d  t h e  m i c r o s p h e r e s  i n  t h e  molds are  
embedded i n  a c a r b o n a c e o u s  m a t r i x  t o  form t h e  , f u e l  rod. 
Embedment is accompl i shed  b y  i n j e c t i n g  a mol t en  mixture  of 
c a r b o n  a n d  p i t c h  i n t o  t h e  i n t e r s t i c e s  be tween m i c r o s p h e r e s  
u n d e r  p r e s s u r e ,  The molded "green" f u e l  r o d s  a r e  t h e n  h e a t e d  
t o  h i g h  t e m p e r a t u r e  t o  c a r b o n i z e  t h e  m a t r i x  and d r i v e  off  t h e  
v o l a t i l e s  ( f u e l  r o d  f a b r i c a t i o n ) .  A flow d i a g r a m  of t h i s  
p r o c e s s  i s  shown i n  E n g i n e e r i n g  Drawing F-11416-Ef!-007-D, 
which is g i v e n  i n  Appendix E. 

After an  i n s p e c t i o n  s t e p ,  t h e  f u e l  r o d s  are  as sembled  i n  
t h e  h o l e s  of a machined g r a p h i t e  f u e l  e l e m e n t  b l o c k ,  which is 
p r e p a r e d  i n  a f a c i l i t y  o u t s i d e  t h e  p i l o t  p l a n t .  Approx ima te ly  
2000 f u e l  rods a r e  r e q u i r e d  for p s i n g l e  f u e l  e l e m e n t .  The  
a s sembled  f u e l  elements are i n s p e c t e d ,  packaged ,  and  s t o r e d  
p r e p a r a t o r y  t o  s h i p m e n t  t o  t h e  reactor. A flow d i a g r a a  of t h e  
f u e l  e l e m e n t  a s sembly  process is i l l u s t r a t e d  i n  E n g i n e e r i n g  
Drawing F-1 lY16-EH-008-D, which i s  g i v e n  i n  Appendix E. 

---------- 5 .  F u e l  Element  Storws 

c o m p l e t e d  f u e l  elements, i n c l u d i n g  b o t h  approved  and r e j e c t e d  
elements, from t h e  i n s p e c t i o n  s t a t i o n  t o  d r y  s t o r a g e  r a c k s  i n  
t h e  p r o c e s s i n g  cell. The e x i s t i n g  i n - c e l l  crane and 

F u e l  element s t o r a g e  c o n s i s t s  of t h e  t r a n s f e r  of 
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e l e c t r o m e c h a n i c a l  m a n i p u l a t o r  w i l l  b e  used  t o  effect t h e  
transfer of t h e  elements f o r  storage.  

D e m o n s t r a t i o n  of t h e  p r o c e s s e s  w i l l  r e q u i r e  t h e  
p r o d u c t i o n  of a b o u t  150 a c c e p t a b l e  r e c y c l e  f u e l  e l emen t s .  The  
e s t i m a t e d  reject ra te  of 1% for  f u e l  e l e m e n t s  a n d  t h e  
e s t i m a t e d  rejects d u r i n g  i n i t i a l  o p e r a t i o n  w i l l  r e s u l t  i n  t h e  
need  fo r  s to rage  of u p  t o  a b o u t  165 f u e l  elements. S u f f i c i e n t  
s torage s p a c e  is a v a i l a b l e  in t h e  p r o c e s s i n g  cell  t o  
accommodate t h e  p i l o t  p l a n t  p r o d u c t i o n  ra te  and s h i p p i n g  ra te ,  
based on t h e  a s s u m p t i o n  t h a t  o n e  s h i p p i n g  c a s k  w i l l  be  used  
80% of t h e  time, 

------- 6 .  F u e l  Element  T rans fe r  a n d  Sh ipmen t  

of r e f a b r i c a t e d  HTGR f u e l  e l e m e n t s  from t h e  p r o c e s s i n g  cell 
i n t o  a s h i e l d e d  s h i p p i n g  c o n t a i n e r  o r  c a s k  ( f u e l  e l e m e n t  
l o a d i n g )  and  t h e  t r a n s p o r t  o f  t h i s  l o a d e d  c a s k  by motor 
f r e i g h t  t o  a reactor or  t h e  ATGB f u e l  s torage  f a c i l i t y  i n  
I d a h o  ( f u e l  element s h i p m e n t )  . 

F u e l  t ransfer  and sh ipmen t  is c o m p r i s e d  of t h e  t ransfer  

fi) F u e l  Element  U a d i n q .  The m a s t e r - s l a v e  m a n i p u l a t o r s ,  
t h e  e l e c t r o m e c h a n i c a l  m a n i p u l a t o r ,  and  t h e  i n - c e l l  c r a n e  w i l l  
b e  used  t o  t r a n s f e r  t h e  c o m p l e t e d  f u e l  e l e m e n t s ,  one  a t  a time 
t o  a n  e l e m e n t  l o a d i n g  s t a t i o n  l o c a t e d  i n  t h e  p r o c e s s i n g  cell.  
Each f u e l  e l emen t  w i l l  b e  c h e c k e d  f o r  r a d i o a c t i v e  
c o n t a m i n a t i o n ,  a n d  d e c o n t a m i n a t e d  i f  n e c e s s a r y ,  p r i o r  t o  
a p p l i c a t i o n  of a p r o t e c t i v e  material a round  it. 

After a p p l i c a t i o n  of t h e  p r o t e c t i v e  mater ia l ,  e a c h  
e l e m e n t  w i l l  be  t r a n s f e r r e d  i n t o  a s i n g l e - e l e m e n t  c a s k  v i a  a 
t r a n s f e r  p o r t  i n  t h e  roof of t h e  p r o c e s s i n g  cell .  H o i s t i n g  of 
t h e  e l e m e n t  i n t o  t h e  t r a n s f e r  c a s k  w i l l  b e  a c c o m p l i s h e d  by  
means of a hoist b u i l t  into the t r a n s f e r  cask. 

The 50-ton b u i l d i n g  crane w i l l  be u s e d  to t r a n s f e r  t h e  
l o a d e d  c a s k  to t h e  s h i p p i n g  c a s k s  l o c a t e d  on t h e  t r a i l e r  i n  
t h e  TURF r e c e i v i n g  area. The s h i p p i n g  c a s k  and can  w i l l  be i n  
t h e  v e r t i c a l  p o s i t i o n  f o r  l o a d i n g .  The s i n g l e - e l e m e n t  
transfer c a s k  w i l l  mate w i t h  t h e  s h i p p i n g  c a s k ,  and t h e  f u e l  
e l e m e n t  w i l l  be l o w e r e d  i n t o  a c a n  w i t h i n  t h e  s h i p p i n g  c a s k  by 
u s i n g  t h e  h o i s t  b u i l t  i n t o  t h e  t ransfer  c a s k ,  Up t o  three 
f u e l  e l e m e n t s  a t  a time w i l l  be l o a d e d  i n  t h e  s h i p p i n q  cask  
c a n  by u s i n g  t h i s  p r o c e d u r e .  The s h i p p i n g  c a n  w i l l  t h e n  be 
s e a l e d ,  a n d  t h e  s h i p p i n g  cask c o v e r  w i l l  b e  s e a l e d  and  l e a k  
t e s t e d  i n  a c c o r d a n c e  w i t h  p r o c e d u r e s  d e s c r i b e d  in Ref. 5.  

d e c o n t a m i n a t e d  if n e c e s s a r y .  The  s h i p p i n g  c a s k  w i l l  be  
lowered  i n t o  s h i p p i n g  p o s i t i o n  and  s e c u r e d  o n  t h e  t ra i le r .  
The l o a d e d  t r a i l e r  w i l l  t h e n  be removed from t h e  TURF 
r e c e i v i n g  area fo r  sh ipmen t .  

The s h i p p i n g  c a s k  w i l l  b e  mon i to red  f o r  c o n t a m i n a t i o n  and  
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DL F u e l  Element  Shipment  . S h i p m e n t s  of r a d i o a c t i v e  
material t o  and from n u c l e a r  f a c i l i t i e s  are sub jec t  t o  t h e  
Hazardous  t la ter ia ls  R e g u l a t i o n s  of t h e  0,s. Department  of 
T r a n s p o r t a t i o n  (DOT) . Those  r e g u l a t i o n s  are  p u b l i s h e d  i n  
T i t l e  49 of t h e  Code of F e d e r a l  R e g u l a t i o n s  (49 CFR 170-189). 
A d d i t i o n a l  p a c k a g i n g  s t a n d a r d s  are  imposed by t h e  USAEC i n  i ts 
r e g u l a t i o n s  o n  p a c k a g i n g  of r a d i o a c t i v e  material f o r  t r a n s p o r t  
(10 CFR 71) . A l l  s h i p m e n t s  of r e f a b r i c a t e d  f u e l  e l e m e n t s  w i l l  
b e  made i n  a c c o r d a n c e  w i t h  t h o s e  r e g u l a t i o n s .  

comprehens ive  package  d e s i g n  s t a n d a r d s  p u b l i s h e d  i n  b o t h  t h e  
DOT and  t h e  USAEC r e g u l a t i o n s .  The c a p a b i l i t y  of t h e  c a s k  t o  
w i t h s t a n d  a c c i d e n t  c o n d i t i o n s  a n d  p r o o f  tests was a n a l y z e d  i n  
d e t a i l ,  and  a d e s i g n  a n a l y s i s  r e p o r t s  was p r e p a r e d  for t h e  
c a s k .  T h i s  r e p o r t  was rev iewed  by t h e  USAEC, a n d  a f t e r  USAEC 
s t a f f  c o n c u r r e n c e  w i t h  t h e  adequacy  of t h e  c a s k  d e s i g n ,  a 
s p e c i f i c  c o n t a i n e r  c e r t i f i c a t i o n  was i s s u e d  for t h e  c a s k .  The 
d e s i g n  r e p o r t  and t h e  USAEC c e r t i f i c a t i o n  were s e n t  t o  t h e  
O f f i c e  of Haza rdous  Haterials, DOT, f o r  f u r t h e r  r e v i e w  and 
a p p r o v a l .  The DOT a u t h o r i z e d  u s e  of t h e  ATGR c a s k  u n d e r  DOT 
Spec ia l  P e r m i t  No, 6346, 

To I n s u r e  t h a t  t h e  ac tua l  HTGR c a s k ,  a s  f a b r i c a t e d ,  d o e s  
i n  f a c t  meet t h e  approved  d e s i g n ,  a q u a l i t y  a s s u r a n c e  program 
was e s t a b l i s h e d  f o r  t h e  m a n u f a c t u r i n g  p r o c e s s .  welds  u e r e  
n o n d e s t r u c t i v e l y  t e s t e d  f o r  i n t e g r i t y ,  lead s h i e l d i n g  was 
checked  f o r  p o s s i b l e  v o i d s  by u s i n g  gamma r a d i a t i o n  s o u r c e s ,  
and v i s u a l  i n s p e c t i o n s  were made t h r o u g h o u t  t h e  f a b r i c a t i o n  
p r o c e s s .  The f i n i s h e d  c a s k  was l e a k  tested. D e t a i l e d  
i n s p e c t i o n s  a re  made b e f o r e  and a f t e r  e a c h  u s e  of t h e  c a s k  t o  
a s s u r e  t h a t  i t  c o n t i n u e s  t o  meet t h e  approved  d e s i g n  
r e q u i r e m e n t  s. 
i About 70 round  t r i p s  from Oak Ridge  t o  t h e  p o i n t  of 
d e l i v e r y  w i l l  b e  r e q u i r e d  t o  t r a n s p o r t  t h e  r e f a b r i c a t e d  f u e l  
e l e m e n t s  g e n e r a t e d  d u r i n g  o p e r a t i o n  of t h e  p roposed  p i l o t  
p l a n t .  If d e l i v e r y  t o  I d a h o  is assumed a s  a n  a v e r a g e  
c o n d i t i o n ,  e a c h  round t r i p  w i l l  b e  a b o u t  4600 miles l o n g ,  w i t h  
t h e  c a s k  l o a d e d  o n e  way and  empty o n  t h e  r e t u r n  l e g  of t h e  
t r i p .  T r a n s p o r t a t i o n  of t h e s e  e l e m e n t s  w i l l  h a v e  l i t t l e  or no 
effect on  normal  t r a f f i c  flow. The t o t a l  c o n t a i n e d  
r a d i o a c t i v i t y  w i t h i n  t h e  HPGR s h i p p i n g  c a s k  d u r i n g  a n y  o n e  
sh ipmen t ,  b a s e d  o n  t h r e e  f u e l  e l e m e n t s  p e r  sh ipmen t ,  w i l l  be 
a b o u t  10 curies. No r a d i a t i o n  effects t o  t h e  e n v i r o n m e n t  or 
t h e  g e n e r a l  p u b l i c  a r e  e x p e c t e d  d u r i n g  s h i p m e n t s  of 
r e f a b r i c a t e d  f u e l  elements b e c a u s e  of t h e  low l e v e l  of 
r a d i o a c t i v i t y  i n v o l v e d  and b e c a u s e  t h e  s h i p p i n g  c a s k  i n  which 
t h e  elements w i l l  b e  t r a n s p o r t e d  was d e s i g n e d  s p e c i f i c a l l y  for 
t h i s  pu rpose .  E x p e r i e n c e  w i t h  s u c h  t r a n s p o r t ,  a s  r e p o r t e d  i n  
R e f ,  6, i n d i c a t e s  t h a t  d r i v e r s  and  h a n d l e r s  w i l l  r e c e i v e  no 
e x p o s u r e  a b o v e  background a s  a result of t r a n s p o r t a t i o n  of t h e  
r e f a b r i c a t e d  f u e l  elements, 

An e x i s t i n g  RTGR f u e l  s h i p p i n g  cask meets t h e  
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------------- 7 .  E f f l u e n t s  and  s o l i d  Was- 

The s o u r c e  terms f o r  t h e  wastes t h a t  w i l l  b e  g e n e r a t e d  by 
o p e r a t i o n  of t h e  p roposed  HTGB F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  
are g i v e n  i n  T a b l e s  A . l  t h r o u g h  A-4 i n  Appendix B. The da ta  
g i v e n  i n  T a b l e s  A.1 t h r o u g h  A-4 are b a s e d  d i r e c t l y  on  da t a  
p r e p a r e d  a t  ORNL for a n  e n v i r o n m e n t a l  s u r v e y  of f u e l  c y c l e s  
for H T G R s .  The r a d i o n u c l i d e s  a n d  c h e m i c a l s  e x p e c t e d  t o  be  
released i n  t h e  g a s e o u s  and  l i q u i d  e f f l u e n t s  from t h e  p r o p o s e d  
p i l o t  p l a n t  are d i s c u s s e d  i n  d e t a i l  i n  S e c t i o n  1 I I . A .  

The TURF is equ ipped  w i t h  s e v e r a l  s y s t e m s  for h a n d l i n g  
t h e  l i q u i d  and  g a s e o u s  wastes t h a t  w i l l  be gene ra t ed .7  The 
l i q u i d  wastes, i n c l u d i n g  storm d r a i n a g e ,  s a n i t a r y  wastes, 
p r o c e s s  d r a i n a g e  from s o u r c e s  o ther  t h a n  cells, and 
r a d i o a c t i v e  p r o c e s s  waste streams, a re  c o l l e c t e d  by n e t w o r k s  
d e s i g n e d  a n d  i n s t a l l e d  for t h i s  purpose .  N o n r a d i o a c t i v e  
p r o c e s s  wastes a re  mon i to red  fo r  c o n t a m i n a t i o n  and p i p e d  t o  
r e t e n t i o n  b a s i n s  which p r o v i d e  c o n t r o l l e d  d i s c h a r g e  t o  t h e  
env i ronmen t .  The s a n i t a r y  waste is t r a n s f e r r e d  i n t o  t h e  
Melton V a l l e y  d i s p o s a l  sys t em,  and  storm d r a i n a g e  i s  
d i s c h a r g e d  d i r e c t l y  t o  a n a t u r a l  d r a i n .  

t reated i n  either t h e  TURF waste s y s t e m  or i n  a n  e x i s t i n g  ORNL 
r a d i o a c t i v e  v a s t e  t r e a t m e n t  s y s t e m  t o  which t h e y  may be 
t r a n s f e r r e d .  The TWRF waste s y s t e m  c o n s i s t s  of t h r e e  t y p e  
30YL s t a i n l e s s  steel t a n k s  located i n  a c o n c r e t e  p i t .  The 
l i q u i d  l e v e l s  i n  t h e  t a n k s  a n d  i n  t h e  sump below t h e  t a n k s  a re  
mon i to red  f r e q u e n t l y  by o p e r a t i n g  p e r s o n n e l .  A l e a k  i n  o n e  of 
t h e  t a n k s  would be d e t e c t e d  p r o m p t l y  by a c h a n g e  i n  t h e  l i q u i d  
l e v e l  i n  t h e  sump and would b e  i n d i c a t e d  by  a n  alarm on t h e  
o p e r a t i n g  c o n t r o l  p a n e l .  Any leakage co l l ec t ed  i n  t h e  sump 
would be pumped i n t o  a n  e x i s t i n g  ORWL r a d i o a c t i v e  waste 
trea tnsen t s y s  tern. 

The g a s e o u s  wastes are  h a n d l e d  by a v e s s e l  ho t  off-gas 
(HOG) s y s t e m  and a cell v e n t i l a t i o n  s y s t e m  d e s i g n e d  and 
i n s t a l l e d  t o  s a f e l y  h a n d l e  a l l  gases l e a v i n g  t h e  b u i l d i n g ,  
The g a s e o u s  v a s t e s  from t h e  equ ipmen t  w i t h i n  t h e  cel ls  and  
c e r t a i n  limited-access p o i n t s  a d j a c e n t  t o  t h e  c e l l  bank a re  
handled: by, t h e  v e s s e l  HOG s y s t e m  i l l u s t r a t e d  s c h e m a t i c a l l y  i n  
Fig.  11. T h i s  diagram i l l u s t r a t e s  t h e  major f e a t u r e s  of t h e  
sys t em,  i n c l u d i n g  t h e  p a r a l l e l  f i l ters  and f a n s ,  t h e  s c r u b b e r  
p i t  for p o s s i b l e  a d d i t i o n  of a c a u s t i c  c l e a n e r ,  and t h e  t i e - i n  
t o  t h e  E-1 e x h a u s t  sys t em t o  t h e  HFIR s t a c k .  Each of t h e  
ves se l  HOG f i l t e r s  i l l u s t r a t e d  is c o m p r i s e d  of two r o u g h i n g  
f i l ters and  f o u r  REPA ( h i g h - e f f i c i e n c y  p a r t i c u l a t e  a i r )  
filters i n  series. 

The cell  v e n t i l a t i o n  s y s t e m  is compr i sed  of a i r  s u p p l y  
s y s t e m s  t h a t  p a s s  a i r  i n t o  t h e  cells where it and any  g a s e o u s  
waste n o t  c o l l e c t e d  by  t h e  HOG system are  c o l l e c t e d ,  a 
f i l t r a t i o n  s y s t e m ,  and an e x h a u s t  sys t em.  The  cell 
v e n t i l a t i o n  s y s t e m  airflow p a t t e r n  is i l l u s t r a t e d  
s c h e m a t i c a l l y  i n  Fig.  12. The  s y s t e m  flows are as  follows. 

The r a d i o a c t i v e  l i q u i d  waste s o l u t i o n s  are impounded and  
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Flow 
S o u r c e  --- ---- Area lcf mL 

C e l l s  A and  B 1760 Second f loor  m a i n t e n a n c e  o p e r a t i n g  area 
C e l l  C 2240 Second f loor  cell  roof area 
C e l l  D 2900 Second f loor  c e l l  roof area 
C e l l  E 2000 Second f loor  cell  roof area 
C e l l  F 500 C e l l  F c o r r i d o r  
C e l l  G 1033 C e l l  G pump room 

The ce l l  e x h a u s t  g a s  is f i l t e r e d  t h r o u g h  h i g h - c a p a c i t y  
bag- type  d r y  r o u g h i n g  f i l ters  t h a t  h a v e  a 0.3-micron DOP 
e f f i c i e n c y  of 95%. From t h e s e  i n - c e l l  f i l ters,  t h e  g a s  is 
p a s s e d  t h r o u g h  an a b s o l u t e  f i l t e r  p i t  which c o n t a i n s  f i v e  
p a r a l l e l  compar tmen t s ,  each  of which c o n t a i n s  two HEPA f i l ters  
i n  series. From t h e  cell e x h a u s t  f i l t e r  p i t ,  t h e  e x h a u s t  g a s  
is d i s c h a r g e d  t o  t h e  a t m o s p h e r e  from t h e  HFIR s t a c k ,  which 
s e r v e s  t h e  HFIR, TRU, a n d  TURF. The 265- f t -h igh  HFIR s t a c k  
h a s  a r e p o r t e d  c a p a c i t y  of 60,000 cfm a n d  a n  e s t i m a t e d  a v e r a g e  
a t m o s p h e r i c  d i s p e r s i o n  factor  of 0.92 X 10-S sec/m3 ( R e f .  7 )  . 
However, ac tua l  measu remen t s  of s t a c k  flow a n d  a t m o s p h e r i c  
c o n d i t i o n s  i n d i c a t e  t h a t  a d i s p e r s i o n  factor  of 2 x 10-7 
sec/m3 is more accurate (See Appendix D). 

S o l i d  wastes w i l l  be packaged  a n d  s h i p p e d  t o  t h e  e x i s t i n g  
ORNL b u r i a l  g r o u n d s  and  p l a c e d  i n  r e t r i e v a b l e  s t o r a g e .  It is 
i n t e n d e d  t h a t  a l l  wastes g e n e r a t e d  a f te r  t h e  m i c r o s p h e r e  
f o r m i n g  p r o c e s s i n g  s t e p  w i l l  b e  c o n v e r t e d  t o  e i t h e r  g a s e o u s  o r  
s o l i d  wastes. 

-- 8. E o s s i b l e  ---------- A c c i d e n t s  

S a f e t y  i n  t h e  HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  w i l l  b e  
a c h i e v e d  t h r o u g h  t h e  d e s i g n  f e a t u r e s  i n h e r e n t  t o  t h e  TURF and  
t h e  p i l o t  p l a n t  p r o c e s s i n g  equ ipmen t  and  by strict 
a d m i n i s t r a t i v e  con t ro l  of t h e  o p e r a t i o n s  of t h e  r a c i l i t y  and  
t h e  p r o c e s s i n g  c o n d i t i o n s  u n d e r  which t h e  f i s s i o n a b l e  or 
h a z a r d o u s  mater ia l s  are  t o  b e  h a n d l e d .  S p e c i a l  s a f e g u a r d s  
w i l l  m i n i m i z e  t h e  p r o b a b i l i t y  of p o t e n t i a l l y  s e r i o u s  a c c i d e n t s  
i n v o l v i n g  c r i t i c a l i t y ,  f i re ,  or e x p l o s i o n .  I f  t h e s e  
s a f e g u a r d s  s h o u l d  f a i l  and s u c h  a n  a c c i d e n t  s h o u l d  o c c u r ,  t h e  
TURF s h i e l d i n g ,  c o n t a i n m e n t ,  a n d  v e n t i l a t i o n  s y s t e m s  w i l l  b e  
c a p a b l e  of l i m i t i n g  t h e  effects of t h e  a c c i d e n t  t o  a minimal  
l e v e l .  The s a f e t y  a n a l y s i s ’  for t h e  TURF was t h e  b a s i s  f o r  
a s s e s s i n g  t h e  e f fec ts  of p o s s i b l e  a c c i d e n t s .  

--- 9. P d e c t  Decommissioninq 

P r o j e c t  decommiss ion ing  encompasses  t h e  r emova l  and  
d i s p o s a l  of a l l  H T G R - r e l a t e d  e q u i p m e n t  from B u i l d i n g  7930 ,  
i n c l u d i n g  equ ipmen t  from t h e  h o t  cells, and d e c o n t a m i n a t i o n  of 
t h e  cells. A l l  surface c o n t a m i n a t i o n  w i l l  b e  removed from t h e  
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1 

hot  cells t o  r e a d y  them for  t h e  i n s t a l l a t i o n  of f u t u r e  
p r o c e s s e s .  D e t a i l e d  p r o c e d u r e s  w i l l  b e  w r i t t e n  t o  p r o v i d e  
s t e p - b y - s t e p  i n s t r u c t i o n s  f o r  t h e  r e m o v a l  and  d i s p o s a l  of 
c o n t a m i n a t e d  equipment  and s u p p o r t  s y s t e m s  a n d  d e c o n t a m i n a t i o n  
of t h e  a f fec ted  cells, 

&L- Decommiss3ohinq of Renote P r o c e s s i n s  C e l l s .  A 
g e n e r a l  d e s c r i p t i o n  of t h e  p r o c e d u r e s  t h a t  w i l l  be  r e q u i r e d  t o  
remove a n d  d i s p o s e  of c o n t a m i n a t e d  equ ipmen t  from t h e  remote 
p r o c e s s i n g  cells and d e c o n t a m i n a t e  t h e  cells is o u t l i n e d  a s  
follows. 

1, A l l  s o l i d  f i s s i le  material w i l l  be removed from t h e  
cells and equ ipmen t .  The f issi le material w i l l  b e  s t o r e d  i n  
t h e  n a t i o n a l  r e p o s i t o r y  i n  B u i l d i n g  3019. A l l  s o l i d  f e r t i l e  
material w i l l  b e  p l a c e d  i n  e i t h e r  sealed c o n t a i n e r s  f o r  r e u s e  
or i n  a n  e x i s t i n g  o n - s i t e  b u r i a l  g round f o r  f u t u r e  r e t r i e v a l .  

2. A l l  l i q u i d  f i s s i l e  material w i l l  be removed from t h e  
equ ipmen t ,  a n d  t h e  equ ipmen t  w i l l  b e  f l u s h e d .  The l i q u i d  
f i s s i le  material  w i l l  be r e d u c e d  in volume by  e v a p o r a t i o n  and  
s t o r e d  i n  t h e  n a t i o n a l  r e p o s i t o r y  i n  B u i l d i n g  3019. A l l  
l i q u i d  f e r t i l e  material v i 1 1  be removed from t h e  equipment ,  
and t h e  e q u i p m e n t  w i l l  be f l u s h e d .  T h i s  m a t e r i a l  w i l l  be 
r e d u c e d  i n  volume by e v a p o r a t i o n  and  p l a c e d  i n  sealed 
c o n t a i n e r s  for f u t u r e  use .  

d e c o n t a m i n a t i o n  cel l  by u s i n g  t h e  i n - c e l l  c r a n e ,  
e l e c t r o m e c h a n i c a l  m a n i p u l a t o r ,  and  t h e  m a s t e r - s l a v e  
m a n i p u l a t o r s .  The  equ ipmen t  w i l l  t h e n  b e  mon i to red  f o r  b e t a  
and gamma r a d i a t i o n .  

l e v e l ,  t h e  equ ipmen t  w i l l  b e  t r a n s f e r r e d  r i a  a n  e x i s t i n g  
r e m o t e l y  o p e r a t e d  d o l l y  i n t o  a g l o v e d  a l p h a  cell.  The 
equ ipmen t  w i l l  t h e n  b e  d i s m a n t l e d ,  d e c o n t a m i n a t e d  f u r t h e r ,  and  
mon i to red  f o r  a l p h a ,  beta, and  gamma r a d i a t i o n .  If t h e  
equipment  is c l e a n ,  it w i l l  h a v e  some s a l v a g e  v a l u e .  If the 
equipment  i s  c o n t a m i n a t e d ,  it w i l l  be packaged  for l ong- t e rm 
storage and  r e t r i e v a l  a t  t h e  e x i s t i n g  ORNL b u r i a l  ground. 

cells, t h e  cel l  walls, c e i l i n g s ,  f loors ,  and  s e r v i c e  p i p i n g  
w i l l  be d e c o n t a m i n a t e d  r e m o t e l y  by u s i n g  a p p r o p r i a t e  
d e c o n t a m i n a t i o n  s o l u t i o n s .  The  cells w i l l  be  d e c o n t a m i n a t e d  
u n t i l  no a i r b o r n e  a c t i v i t y  is p r e s e n t  and  t h e  r a d i a t i o n  l e v e l  
i s  less t h a n  5 n i l l i r e m / h r .  

6 .  After remote cell d e c o n t a m i n a t i o n ,  p e r s o n n e l  may 
e n t e r  t h e  cells  and  f u r t h e r  d e c o n t a m i n a t e  them, t h e  r e m a i n i n g  
s e r v i c e s ,  and t h e  d i s c o n n e c t  s t a t i o n s .  The s e r v i c e s  and 
d i s c o n n e c t  s t a t i o n s  t h a t  a r e  c o n t a m i n a t e d  w i l l  be  removed and  
packaged for long- te rm storage and  r e t r i e v a l  a t  t h e  e x i s t i n g  
ORWL b u r i a l  g round .  S e r v i c e s  and  d i s c o n n e c t  s t a t i o n s  t h a t  a re  
n o t  c o n t a m i n a t e d  w i l l  h a v e  some s a l v a g e  v a l u e .  

3. T h e  equ ipmen t  w i l l  be r e m o t e l y  d e c o n t a m i n a t e d  i n  a 

U. I f  t h e  r a d i a t i o n  l e v e l  is r e d u c e d  t o  a n  a c c e p t a b l e  

5 .  After a l l  t h e  equipment  h a s  been  removed from t h e  
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1u Decommissioninq of C e l l  E. A g e n e r a l  d e s c r i p t i o n  of 
t h e  p r o c e d u r e s  t h a t  w i l l  be  r e q u i r e d  t o  remove and d i s p o s e  of 
c o n t a m i n a t e d  equ ipmen t  from C e l l  E and  d e c o n t a m i n a t e  t h e  ce l l  
is o u t l i n e d  a s  follows. 

1. a l l  s o l i d  fissile and  fer t i le  material w i l l  be 
removed from C e l l  E. T h i s  material  w i l l  b e  H T G R  r e c y c l e  f u e l  
e l e m e n t s ,  It is assumed t h a t  some of t h e  elements w i l l  be 
a c c e p t a b l e  r e c y c l e  f u e l  e l e m e n t s ,  a n d  t h e y  w i l l  be  loaded and 
s h i p p e d  a s  d e s c r i b e d  i n  S u b s e c t i o n  IP.B.6. However, s o n e  w i l l  
be rejected and  broken f u e l  e l e m e n t s .  

c o n t a i n e r s  a n d  t h e  c o n t a i n e r s  w i l l  be sea l ed ,  u s i n g  t h e  
i n - c e l l  c r a n e ,  e l e c t r o m e c h a n i c a l  m a n i p u l a t o r ,  a n d  m a s t e r - s l a v e  
m a n i p u l a t o r s .  The  c o n t a i n e r s  w i l l  be r e m o t e l y  l e a k  tested i n  
t h e  cell: it is assumed t h a t  t h e  c o n t a i n e r s  w i l l  be 
c o n t a m i n a t e d .  Each loaded conta iner  w i l l  be removed from t h e  
cell and p l a c e d  i n  a s e c o n d  c o n t a i n e r  or c a n ,  which w i l l  be 
sea led ,  l e a k  tested, a n d  p l a c e d  i n  a s h i p p i n g  c a s k ,  a s  
descr ibed  i n  S u b s e c t i o n  11.8.6. It i s  assumed t h a t  t h e  c a n s  
w i l l  be d e l i v e r e d  t o  t h e  HTGR F u e l  S t o r a g e  F a c i l i t y  i n  I d a h o  
for l ong- t e rm s t o r a g e  or r e p r o c e s s i n g .  

2. It is e x p e c t e d  t h a t  t h e r e  w i l l  be n o  l i q u i d  f iss i le  
or f e r t i l e  material  i n  C e l l  E. 

3. The equ ipmen t  i n  C e l l  E w i l l  be remotely 
d e c o n t a m i n a t e d  i n  p l a c e  by u s i n g  an a p p r o p r i a t e  
d e c o n t a m i n a t i o n  s o l u t i o n .  
m o n i t o r e d  for a l p h a ,  beta, a n d  gamma r a d i a t i o n  p r i o r  t o  
r emova l  from t h e  cell. 

from t h e  cell v i a  a t r a n s f e r  p o r t  i n  t h e  ce l l  roof a n d  p l a c e d  
Pn a por tab le  a l p h a  g l o v e d  box. 

5 .  The equipment w i l l  be dismantled and f u r t h e r  
d e c o n t a m i n a t e d  i n  t h e  g l o v e d  box. If t h e  equ ipmen t  is still 
c o n t a m i n a t e d ,  it w i l l  b e  packaged  for long- te rm s t o r a g e  a n d  
r e t r i e v a l  a t  t h e  OR#L b u r i a l  g round.  If  t h e  equ ipmen t  is 
c l e a n ,  i t  w i l l  h a v e  some s a l v a g e  v a l u e ,  

The  reject a n d  b roken  e l e m e n t s  v i 1 1  be p l a c e d  i n  

The equ ipmen t  w i l l  t h e n  be 

4, The d e c o n t a m i n a t e d  equ ipmen t  w i l l  t h e n  be removed 

C. A n t i c i p a t e d  B e n e f i t s  

The b e n e f i t s  t o  be d e r i v e d  from t h e  c o n s t r u c t i o n  and  
o p e r a t i o n  of t h e  p roposed  ETGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  
center on t h e  t e c h n o l o g y  t h a t  w i l l  be d e v e l o p e d  and 
d e m o n s t r a t e d .  The  t e c h n i c a l  da ta  g e n e r a t e d  by i m p l e m e n t a t i o n '  
of t h e  p r o p o s e d  p r o j e c t  c a n  be used a s  a b a s i s  for t h e  d e s i g n  
and  c o n s t r u c t i o n  of large-scale commercial r e f a  b r i c a t i o n  
p l a n t s  from which t h e  p r i m a r y  b e n e f i t s  t o  s o c i e t y  a n d  t h e  
economy uill o c c u r .  The proposed p i l o t  p l a n t  w i l l  be d e s i g n e d  
t o  test e a c h  u n i t  of t h e  p r o c e s s i n g  e q u i p m e n t  similar t o  t h a t  
to be u s e d  i n  a commercial p l a n t  so t h a t  t h e  commercial p l a n t  
w i l l  p r i m a r i l y  be a s c a l e d - u p  a n p l i c a t i o n  of t h e  p r o d u c t i o n  
l i n e s  a n d  e q u f p m e n t  u s e d  i n  t h e  p i l o t  p l a n t ,  The  major 
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b e n e f i t s  of t h e  p i l o t  p l a n t  w i l l  therefore a c c r u e  d i r e c t l y  t o  
t h e  commercial r e f a b r i c a t i o n  p l a n t ,  b u t  t h e  b e n e f i t s  t h a t  
r e s u l t  from t h e  o p e r a t i o n  of commercial r e f a b r i c a t i o n  p l a n t s  
will b e n e f i t  t h e  overall W.S. economy. 

L-,,,-- Need fo r  P ro jec t  

The  p roposed  HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  is 
i n t e n d e d  t o  p r o v i d e  a basis f o r  t h e  d e s i g n  of commercial 
r e f a b r i c a t i o n  f ac i l i t i e s  f o r  HTGR f u e l .  T h e  H T G R s  now on 
o r d e r  are e x p e c t e d  t o  b e  d i s c h a r g i n g  n r a n i u a - 2 3 3  i n  t h e  e a r l y  
1980s. T h i s  uran ium must  b e  s t o r e d  or i t  c a n  be r e p r o c e s s e d  
and r e f a b r i c a t e d  and  r e t u r n e d  t o  t h e  R T G R s  f o r  power 
g e n e r a t i o n ,  O p t i m i z a t i o n  of economics  and  r e s o u r c e  
u t i l i z a t i o n  r e q u i r e s  t h a t  t h e  uranium-233 b e  r e p r o c e s s e d ,  
r e f a b r i c a t e d ,  and  u s e d  as f u e l .  

To r e c y c l e  f u e l  from t h e  HTGR, it is n e c e s s a r y  t o  
c h e m i c a l l y  r e p r o c e s s  t h e  f u e l ,  s e p a r a t e  t h e  v a r i o u s  f u e l  
mater ia ls ,  r e c o n s t i t u t e  t h e  f u e l ,  refabricate  it, and r e t u r n  
it to t h e  reactor. The  u ran iua -233  which  is  to  be r e t u r n e d  t o  
t h e  reactor c o n t a i n s  uranium-232, which  h a s  d e c a y  p r o d u c t s  
w i t h  h igh -ene rgy  gamma r a d i o a c t i v i t y ,  Thus ,  s h i e l d e d  
f a c i l i t i e s  and  remote o p e r a t i o n s  are r e q u i r e d  t o  c a r r y  o u t  
r e f a b r i c a t i o n  o p e r a t i o n s .  It is also n e c e s s a r y  t h a t  t h e  
o p e r a t i o n s  be s u i t a b l y  c o n t a i n e d  b e c a u s e  of h i g h  a lpha 
r a d i o a c t i v i t y  associated w i t h  t h e  f u e l  material . The 
o p e r a t i o n s  a n d  t h e  equ ipmen t  r e q u i r e d  f o r  t h e  f a b r i c a t i o n  of 
f u e l  w i t h  uranium-233 t h e r e f o r e  d i f f e r  g r e a t l y  from those 
r e q u i r e d  fo r  f a b r i c a t i o n  of f u e l s  c o n t a i n i n g  n a t u r a l l y  
o c c u r r i n g  isotopes.  T h e r e  p r e s e n t l y  is no e x p e r i e n c e  r e l a t i v e  
t o  t h e  remote r e f a b r i c a t i o n  of HTGR f u e l s  OR any  scale, a n d  
t h e r e  is v e r y  l i t t l e  e x p e r i e n c e  w i t h  remote fabr ica t ion  of 
f u e l s  i n  g e n e r a l .  The p roposed  HTGR F u e l  R e f a b r i c a t i o n  P i l o t  
P l a n t  w i l l  p r o v i d e  t h i s  e x p e r i e n c e  for  HTGR f u e l .  

A s t u d y  b a s e d  on d a t a  c o n t a i n e d  i n  R e f .  8 showed t h a t  
commercial o p e r a t i o n  of HTGR f u e l  r e f a b r i c a t i o n  p l a n t s  s h o u l d  
commence i n  4985, making it n e c e s s a r y  t o  h a v e  the p i l o t  
i n f o r m a t i o n  a v a i l a b l e  b y  1978 for  d e s i g n  of t h e  commercial 
p l a n t s  ( b a s e d  o n  t h e  a s s u m p t i o n  t h a t  a 9 - y e a r  p e r i o d  w i l l  b e  
r e q u i r e d  for d e s i g n ,  c o n s t r u c t i o n ,  and  p l a c i n g  of t h e  
commercial p l a n t  in o p e r a t i o n ) .  The minimum time r e q u i r e d  t o  
d e s i g n ,  c o n s t r u c t ,  and p l a c e  t h e  p i l o t  p l a n t  in o p e r a t i o n  i s  4 
pears .  An a d d i t i o n a l  2 y e a r s  ob p i l o t  p l a n t  o p e r a t i o n  s h o u l d  
be allowed for c o n f i r m a t i o n  of t h e  d e s i g n .  Therefore, it is 
s e e n  t h a t  o p e r a t i o n  of t h e  p i l o t  p l a n t  s h o u l d  be s t a r t e d  i n  
mid -ca l enda r  y e a r  1978, and  it c a n  be e x p e c t e d  t o  end  i n  
mid -ca l enda r  y e a r  1980. To a g r e a t  e x t e n t ,  t h e  d e s i g n  of t h e  
commercial p l a n t  w i l l  o v e r l a p  t h e  p e r i o d  of t i r e  d u r i n g  which 
t h e  p i l o t  p l a n t  w i l l  b e  o p e r a t e d .  It is t h e r e f o r e  i m p o r t a n t  
t h a t  the p i l o t  p l a n t  be s t a r t e d  a t  a n  e a r l y  d a t e  t o  p r o v i d e  
t h e  d a t a  n e c e s s a r y  for t h e  d e s i g n  a n d  c o n s t r u c t i o n  of t h e  
commercial p l a n t  on t h e  r equ i r ed  s c h e d u l e .  
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-------- 2. S c h e d u l e  

The s c h e d u l e  fo r  t h e  HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  
c a l l s  for t h e  p r e p a r a t i o n  of a d e f i n i t i v e  c o n c e p t u a l  d e s i g n  
and t h e  a s s e m b l y  of criteria for t h e  d e t a i l e d  d e s i g n  of t h e  
p roposed  p i l o t  p l a n t  i n  f i s c a l  y e a r  1974. Comple t ion  and  
a p p r o v a l  of t h e  d e t a i l e d  d e s i g n  are s c h e d u l e d  by  t h e  end of 
f i s ca l  y e a r  1976. 

f i s c a l  y e a r  1976 and  p r o c e e d  w e l l  i n t o  f i s c a l  y e a r  1977. 
Equipment i n s t a l l a t i o n  w i l l  b e g i n  i n  l a t e  f i s c a l  y e a r  1976 and  
be c o m p l e t e d  by t h e  end  of f t s c a l  y e a r  1977. U n i t  a n d  s y s t e m s  
t e s t i n g  w i l l  b e g i n  e a r l y  i n  f i s c a l  y e a r  1977 and be c o m p l e t e d  
by m i d - f i s c a l  y e a r  4978. The  s c h e d u l e  t h e n  a l lows a 6-month 
p e r i o d  ( t h e  l a t t e r  h a l f  of f i s c a l  y e a r  1978) for c o l d  
o p e r a t i o n a l  t e s t i n g  of t h e  p i l o t  p l a n t .  The  h o t  d e m o n s t r a t i o n  
i s  s c h e d u l e d  t o  b e g i n  i n  f i s c a l  y e a r  1979 ( J u l y  1978) and  b e  
t e r m i n a t e d  a t  t h e  end of f i s c a l  y e a r  1980. Shutdown and  
decommiss ioning  a c t i v i t i e s  are t e n t a t i v e l y  s c h e d u l e d  for t h e  
first h a l f  of f i s c a l  y e a r  1981. 

The q u a n t i t y  of s p e n t  f u e l  a v a i l a b l e  for commercial 
r e c y c l e  is d e p e n d e n t  upon t h e  s c h e d u l e  for BTGR power p l a n t  
c o n s t r u c t i o n  and  o p e r a t i o n .  F o u r  estimates for f u t u r e  HTGR 
i n s t a l l a t i o n s  are i l l u s t r a t e d  i n  F ig .  13. T h e s e  estimates 
r a n g e  from a c o n s e r v a t i v e  t o t a l  of 20  reactors b u i l t  between 
1979 and 1986 and a n  o p t i m i s t i c  t o t a l  of 124  reactors b u i l t  
between 1979 and 7988. If  it is  assumed t h a t  commercial 
r e p r o c e s s i n g  o p e r a t i o n s  w i l l  begin i n  1986,  t h e  q u a n t i t y  of 
s p e n t  f u e l  a v a i l a b l e  by t h e n  c a n  be e s t i m a t e d  from t h e s e  
s c h e d u l e s .  When t h e  2 0 - r e a c t o r  s c h e d u l e  from P i g ,  13 and mass 
b a l a n c e  d a t a  for t h e  r e f e r e n c e  1160-flU(e) ATGR c y c l e  w i t h  n o  
r e c y c l e  a re  u s e d ,  a p p r o x i m a t e l y  473 metric t o n s  of heavy  metal 
w i l l  be d i s c h a r g e d  by t h e  e n d  of 1985. I n  a d d i t i o n ,  
a p p r o x i m a t e l y  182, 174, and 770 metric t o n s  v i 1 1  be d i s c h a r g e d  
i n  1986, 1987, a n d  1988 ,  r e s p e c t i v e l y .  Approximate ly  3% of 
t h e  d i s c h a r g e d  heavy  metal is f i s s i o n a b l e  material. Thus,  
even  w i t h  t h e  most c o n s e r v a t i v e  c o n s t r u c t i o n  and  o p e r a t i o n  
s c h e d u l e  from F i g .  138 a s u b s t a n t i a l  q u a n t i t y  of s p e n t  f u e l  
c o n t a i n i n g  s i g n i f i c a n t  amounts of f i s s i o n a b l e  ma te r i a l  w i l l  b e  
r e a d y  for r e p r o c e s s i n g  i n  t h e  mid-1980s when t h e  first 
commercial p l a n t  is p l a n n e d  fo r  operation. 

The s c h e d u l e  c a l l s  f o r  equipment  p r o c u r e m e n t  t o  b e g i n  i n  

-I------------- 3. B e n e f i t s  to b e  Der ived  

its r e l a t i v e l y  e f f i c i e n t  u s e  of f i s s i o n a b l e  material ,  its 
c o n s e r v a t i o n  of n a t u r a l  r e s o u r c e s  t h r o u g h  t h e  u s e  of t h e  
t h o r i u m  fuel c y c l e ,  i ts r e d u c e d  t h e r m a l  d i s c h a r g e  r a t e  b e c a u s e  
of its h i g h  e f f i c i e n c y ,  i ts f a v o r a b l e  s a f e t y  c h a r a c t e r i s t i c s  
due  t o  t h e  h i g h  t e m p e r a t u r e  c a p a b i l i t y  of t h e  g r a p h i t e  core, 
t h e  p o t e n t i a l  fo r  d i r e c t  c y c l e  gas  t u r b i n e  a p p l i c a t i o n s  w i t h  
d r y  cool ing t o v e r s  for use  i n  w a t e r - s h o r t  regions,  and its 

The HTGR is of i n t e r e s t  a s  a n  e n e r g y  s y s t e m  b e c a u s e  of 
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Fig .  13. In f luence  of  Recycle Timing on Fuel Cycle Cos ts .  

p o t e n t i a l  f o r  h igh  temperature  process  hea t  a p p l i c a t i o n s .  
b e n e f i t s  a n t i c i p a t e d  from recyc l ing .  f u e l  i n  t h e  HTGR a re  es t imated  
a t  $ 2  b i l l i o n  i n  FY 1974 d o l l a r s  between now and t h e  yea r  2020 i n  a 
r e a c t o r  economy which inc ludes  LWRs, LMFBRs, and HTGRs. 

t h e  o v e r a l l  e l e c t r i c a l  power product ion i n d u s t r y  from the  
a p p l i c a t i o n  of  t h e  technology t o  be developed from implementation 
of t h i s  p r o j e c t .  These b e n e f i t s  a r e  descr ibed  two ways: (1) 
b e n e f i t s  t o  t h e  HTGR f u e l  cyc le  economy and ( 2 )  s p e c i f i c  t e c h n i c a l  
b e n e f i t s  from o p e r a t i o n  of t h e  HTGR Fuel  Re fab r i ca t ion  P i l o t  
P l a n t .  

The 

C e r t a i n  economic and energy b e n e f i t s  w i l l ‘  be der ived  by 
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&iJ B e n e f i t s  From F u e l  Recvcle. The b e n e f i t s  t o  be 
d e r i v e d  from t h e  r e c y c l e  of HTGR f u e l  c a n  be d e t e r m i n e d  w i t h  
some conf i d e n c e  s i n c e  H T G R s  c a n  be o p e r a t e d  w i t h o u t  r e c y c l i n g  
f u e l  and t h e  d i f f e r e n c e  be tween t h e  c o s t  of r e c y c l e  and  
n o n - r e c y c l e  o p e r a t i o n  c a n  b e  c a l c u l a t e d .  The  r e s u l t s  of o n e  
s t u d y  i n d i c a t e  t h a t  o p e r a t i o n  of H T G R s  w i t h o u t  b e n e f i t  of 
r e c y c l e  i n c r e a s e s  t h e  f u e l  c y c l e  costs 0.2 t o  0.3 mil l /kUhr .  
C a l c u l a t i o n s  made a t  ORWL i n d i c a t e  t h a t  t h e  b e n e f i t s  of 
r e c y c l i n g  H T G R  f u e l  w i l l  be somewhat h i g h e r .  B e n e f i t  
c a l c u l a t i o n s  were made for HTGR e c o n o m i e s  r a n g i n g  from 20 
l a r g e  reactors, 1160-HW (e) , b e g i n n i n g  commercial o p e r a t i o n  
between 1979  and 1986 t o  1 2 4  reactors b e g i n n i n g  o p e r a t i o n  
be tween 1979  and  1988, as  i l l u s t r a t e d  i n  F i g .  13. The HTGR 
economy r e c e n t l y  s u g g e s t e d  i n  WASH-1139,e which p r e d i c t e d  
a b o u t  100 ,000  nW(e) of i n s t a l l e d  HTGR electr ical  c a p a c i t y  
between 1979 and  t h e  p e a r  2000, was a l s o  c o n s i d e r e d .  T h e  
r e s u l t s  of t h e s e  b e n e f i t  c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  
e c o n o m i c a l l y  optimum time t o  b e g i n  r e p r o c e s s i n g  s p e n t  f u e l  is 
c a l e n d a r  y e a r  1984  for t h e  20- a n d  4 1 - r e a c t o r  economies, 1985 
for t h e  1 2 4 - r e a c t o r  economy, a n d  1986 for  t h e  8 5 - r e a c t o r  
economy. A summary of t h e  b e n e f i t s  of r e c y c l i n g  for  e a c h  of 
t h e s e  cases, d e t e r m i n e d  by compar ing  c a l c u l a t e d  f u e l  c y c l e  
cos t s  u s i n g  o p t i m a l  r e c y c l e  w i t h  t h o s e  f o r  no r e c y c l e l  is 
g i v e n  i n  T a b l e  2. The f u e l  c y c l e  e x p e n d i t u r e s  g i v e n  r e p r e s e n t  
b o t h  u n d i s c o u n t e d  v a l u e s  a n d  v a l u e s  d i s c o u n t e d  a t  t h e  
b e g i n n i n g  of 1978, u s i n g  a 10% d i s c o u n t  factor.  An i n f l a t i o n  
r a t e  of 5% p e r  y e a r  was assumed i n  t h e s e  c a l c u l a t i o n s .  

A s  g i v e n  i n  Table 2, t h e  c a l c u l a t e d  b e n e f i t  of r e c y c l i n g  
HTGR f u e l  i s  about 0.45 mill /kWhr. The d o l l a r  s a v i n g s  v a r i e s  
w i t h  t h e  s i z e  of t h e  economy. I n  a d d i t i o n  t o  d e c r e a s i n g  t h e  
cost o f  electric power, r e c y c l i n g  of B T G R  f u e l  w i l l  s a v e  a 
c o n s i d e r a b l e  p o r t i o n  of t h e  uranium r e s e r v e s ,  t h e r e b y  
b e n e f i t i n g  power costs for a l l  reactor d e s i g n s .  Based on t h e  
mass b a l a n c e s  f o r  t h e  1160-HW (e) fFTGR, o p e r a t i o n  i n  t h e  
n o n - r e c y c l e  node  w i l l  r e q u i r e  a b o u t  54% more uranium ore and  
s e p a r a t i v e  work t h a n  o p e r a t i o n  i n  t h e  r e c y c l e  mode. F u e l  
r e c y c l i n g  p r o v i d e s  t h e  a d d i t i o n a l  b e n e f i t s  r e a l i z e d  from n o t  
h a v i n g  to b u i l d  and o p e r a t e  l a r g e ,  e x p e n s i v e  s t o r a g e  
f ac i l i t i e s  for s p e n t  f u e l .  

f i L  B e n e f i t s  From HTGR F u e L  R e f a b r i c a t i s  P i l o t z l a n t .  
The d e s i g n ,  cons t ruc t ion ,  a n d  o p e r a t i o n  of t h e  BTGR F u e l  
Refabrication P i l o t  P l a n t  v i l l  p r o v i d e  information n e c e s s a r y  
for  t h e  s c a l e - u p  of ref a b r i c a t i o n  p r o c e s s e s  t o  commerc ia l  
p l a n t  s ize .  C o n s t r u c t i o n  a n d  o p e r a t i o n  of t h e  p i l o t  p l a n t  
w i l l  e n a b l e  d e s i g n e r s  of t h e  s y s t e m s  and e q u i p m e n t  t o  c o n f i r m  
t h e  d e s i g n  b a s i s  a n d  criteria u s e d  f o r  t h e  p r o c e s s e s ,  remote 
equ ipmen t ,  a n d  h a n d l i n g  p r o c e d u r e s .  c h a n g e s  in t h e  d e s i g n  
basis  a t  t h i s  s tage of deve lopmen t  would be r e l a t i v e l y  
i n e x p e n s i v e  as compared w i t h  c h a n g e s  i n  t h e  d e s i g n  bas i s  of a 
commercP a1  re fa  br i c a t  i o  n p l a n t  . 

Because of t h e  r a d i o a c t i v i t y  of t h e  mater ia l s  b e i n g  
p r o c e s s e d ,  it w i l l  he n e c e s s a r y  t o  d e s i g n  to strict s t a n d a r d s  
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Table 2. Benefits o f  Recycling HTGR Fuel 
~~ ~ 

Optimal No 
Fuel Cycle Cost fora Recycle Recycle Difference 

20-reactor economy. 
(a) mill/kWhr 
(b) $ billions 
(c) $ billions 

41-reactor economy 
(a) mill/kWhr 
(b) $ billions 
(c) $ billions 

85-reactor economy 
(a). mill/kWhr 
(b) $ billions 
(c) $ billions 

124-reactor economy 
(a) mill/kWhr 
(b) . $  billions 
(c) $ billions 

1.13 
2.76 
6.58 

1.03 
4.94 
12.03 

0.99 
7.42 
21.81 

0.94 
12.92 
32.21 

1.58 
3.85 
9.97 

1.49 
7.10 

18.80 

1.41 
10.66 
33.88 

1.38 
19.05 
51.67 

0.45 
1.09 
3.39 

0.46 
2.16 
6.77 

0.42 
3.24 
12.07 

0.44 
6.13 
19.46 

~~ ~ ~~- ~ 

a (a) = levelized fuel cycle cost 
(b) = present-worthed fuel cycle cost 
(c) = undiscounted fuel cycle cost 

for p r o t e c t i o n  of o p e r a t i n g  p e r s o n n e l  a n d  t h e  env i ronmen t .  
O p e r a t i o n  of t h e  p i l o t  p l a n t  w i l l  p e r m i t  c o n f i r m a t i o n  of t h e s e  
d e s i g n  c o n c e p t s  p r i o r  t o  t h e i r  a p p l i c a t i o n  o n  a large scale, 
The l e v e l s  of q u a l i t y  a s s u r a n c e  e s t a b l i s h e d  d u r i n g  d e s i g n  and  
c o n s t r u c t i o n  of t h e  p i l o t  p l a n t  w i l l  be t e s t e d ,  and upgraded  
i f  n e c e s s a r y ,  for a p p l i c a b i l i t y  t o  commercial s y s t e m s  d u r i n g  
i m p l e m e n t a t i o n  of t h e  p i l o t  p l a n t  program. 

p r o v i d e  t h e  o p p o r t u n i t y  to assess t h e  r e l i a b i l i t y  of t h e  
p r o c e s s e s  and  e q u i p m e n t  r e q u i r e d  t o  r e f a b r i c a t e  RTGR f u e l  
e l e m e n t s -  The remote operat ions t h a t  are  n e c e s s a r y  f o r  
r e f a b r i c a t i o n  of HTGR f u e l s  p r e s e n t  a p a r t i c u l a r  problem w i t h  
r e s p e c t  t o  p l a n t  ma in tenance ,  O p e r a t i o n  of t h e  p i l o t  p l a n t  ' 
w i l l  a l so  p r o v i d e  t h e  o p p o r t u n i t y  t o  i so l a t e  and  s o l v e  
m a i n t e n a n c e  p r o b l e m s  p r i o r  t o  commercial a p p l i c a t i o n  of t h e  
p r o c e s s e s  and  equ ipmen t .  

The p r o d u c t  of t h e  HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  
w i l l  b e  a HTGR f u e l  element c o n t a i n i n g  uranium-233 f o r  
r e c y c l e ,  I n  c o n j u n c t i o n  w i t h  t h e  r e s e a r c h  a n d  development  
a s s o c i a t e d  w i t h  t h e  p i l o t  p l a n t  d e m o n s t r a t i o n  program, a 
number of f u e l  elements w i l l  be produced  t o  confirm on  a 
s t a t i s t i c a l  b a s i s  t h a t  uranium-233-bearing f u e l  e l e m e n t s  c a n  
be t r a n s p o r t e d  and  i r r a d i a t e d  s u c c e s s f u l l y  i n  h i g h - t e m p e r a t u r e  
gas -coo led  reactors. 

O p e r a t i o n  of t h e  HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  w i l l  
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I n  a d d i t i o n ,  t h e  p r o p o s e d  HTGR F u e l  R e f a b r i c a t i o n  P i l o t  
P l a n t  w i l l  be of s u f f i c i e n t  c a p a c i t y  t o  p e r m i t  t e s t i n g  of t h e  
economics  of remote f u e l  r e f a b r i c a t i o n  p r o c e s s e s .  Data w i l l  
be o b t a i n e d  t o  e s t a b l i s h  p l a n t  o p e r a t i n g  factors ,  e q u i p m e n t  
r e l i a b i l i t y ,  p r o d u c t  c h a r a c t e r i s t i c s ,  u t i l i t y  r e q u i r e m e n t s ,  
o p e r a t i n g  l a b o r  r e q u i r e m e n t s ,  m a i n t e n a n c e  cos ts ,  and  o t h e r  
p e r t i n e n t  cos t  factors.  

L-- D Existing ---- E n v l r o n n e n t  

The p roposed  A T G R  F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  v i 1 1  b e  
i n s t a l l e d  i n  t h e  e x i s t i n g  TURF, B u i l d i n g  7930, which is 
l o c a t e d  o n  t h e  USAEC Oak R i d g e  R e s e r v a t i o n  a t  Oak R idge  
N a t i o n a l  L a b o r a t o r y ,  a s  shoun  i n  F iq .  1. Nearby f a c i l i t i e s  
i n c l u d e  t h e  HFIR and t h e  TRU, a s  shown i n  F i g .  2, 

a s  shoun i n  F i g .  14,  t h e  Oak R i d g e  R e s e r v a t i o n  is bounded on 
t h e  n o r t h e a s t ,  s o u t h e a s t ,  a n d  s o u t h v e s t  by t h e  C l i n c h  R i v e r  
and on t h e  n o r t h w e s t  by B l a c k  Oak Ridge.  The R e s e r v a t i o n ,  
e s t a b l i s h e d  i n  1942 by t h e  U.S. Army C o r p s  of E n g i n e e r s  
(Nanha t t an  E n g i n e e r i n g  District) and  S t o n e  a n d  Uebster 
E n g i n e e r i n g  C o r p o r a t i o n ,  p r e s e n t l y  c o v e r s  a p p r o x i m a t e l y  37,000 
acres. 

Four  s e p a r a t e  p r o d u c t i o n  and  r e s e a r c h  f a c i l i t i e s  are 
o p e r a t e d  w i t h i n  t h e  R e s e r v a t i o n .  T h r e e  of t h e s e ,  Oak Ridge  
National L a b o r a t o r y  (X-10) , t h e  Y-12 P l a n t ,  and  t h e  Oak R idge  
Gaseous  D i f f u s i o n  P l a n t  (K-25), are  o p e r a t e d  fo r  t h e  OSAEC by 
Union Carbide C o r p o r a t i o n ,  N u c l e a r  D i v i s i o n .  The  C o m p a r a t i v e  
Animal R e s e a r c h  L a b o r a t o r y  (CARL) is located a l o n g  t h e  C l i n c h  
R i v e r  be tween X-10 and Y-12, and  it is o p e r a t e d  by T h e  
U n i v e r s i t y  of T e n n e s s e e ,  B u f f e r  z o n e s  are d e s i g n a t e d  a r o u n d  
e a c h  of t h e  f o u r  f a c i l i t i e s  for h e a l t h ,  s a f e t y ,  and f u t u r e  
e x p a n s i o n -  Access t o  t h e  R e s e r v a t i o n  is l i m i t e d  p r i m a r i l y  to 
p u b l i c  r o a d s  and v i s i t o r  c e n t e r s  for r e a s o n s  of h e a l t h ,  
s a f e t y ,  and  n a t i o n a l  s e c u r i t y .  

t o  u rban  i n  c h a r a c t e r ,  w i t h  t h e  l a r g e s t  p o p u l a t i o n  c e n t e r  
( K n o x v i l l e ,  p o p u l a t i o n  175,000) l o c a t e d  15 miles t o  t h e  east ,  
O t h e r  p o p u l a t i o n  centers, a l l  w i t h  p o p u l a t i o n s  of less t h a n  
35,000 p e r s o n s ,  are Oak R idge  ( l o c a t e d  o n  t h e  n o r t h e a s t  
boundary)  , C l i n t o n  (10 miles n o r t h e a s t ) ,  K i n g s t o n  (10 miles 
s o u t h w e s t ) ,  Harr iman (10 miles w e s t ) ,  and  s e v e r a l  smaller 
communi t i e s  u i t h i n  Anderson and Roane Coun t i e s .  The 
c l i m a t o l o g y ,  geo lcgy ,  s e i s m o l o g y ,  e c o l o g y  of t h e  s i te ,  and 
l a n d  u s e  w i t h i n  t h e  R e s e r v a t i o n  are  d i s c u s s e d  b r i e f l y  i n  t h e  
fo l lowing  s u b s e c t i o n s  and i n  more d e t a i l  i n  Appendix B. 

L o c a t e d  i n  t h e  v e s t  c en t r a l  p o r t i o n  of e a s t e r n  T e n n e s s e e ,  

The area s u r r o u n d i n g  t h e  R e s e r v a t i o n  is g e n e r a l l y  r u r a l  

I 

i 
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Fig .  14. Locat ion Map of  USAEC Reservat ion a t  Oak Ridge, Tennessee 
(numbers i n  c i r c l e s  i n d i c a t e  s t ream gaging s t a t i o n s ) .  

-- 1. ~ o p o q g g p h ~  a n d  C l i m a t o l o q y  

The Oak R idge  s i te  is i n  t h e  w e s t e r n  p a r t  of t h e  
T e n n e s s e e  s e c t i o n  of t h e  R i d g e  a n d  V a l l e y  p r o v i n c e ,  c o n s i s t i n g  
of p a r a l l e l  r i d g e s  and v a l l e y s  t r e n d i n g  n o r t h e a s t .  The r a n g e  
i n  a l t i t u d e  is from 920 t o  1335 f t  (220 t o  407 n) above  mean 
sea l e v e l .  

Appa lach ian  region.', The mean a n n u a l  r a i n f a l l  is 
a p p r o x i m a t e l y  53.5 i n .  (136 cm), a n d  t h e  mean t e m p e r a t u r e  is 
57.9 d e g r e e s  F (14.4 d e g r e e s  C).  P r e c i p i t a t i o n  is 
p r e d o m i n a t e l y  i n  t h e  form of r a i n f a l l  a l t h o u g h  unde r  u n u s u a l  
c o n d i t i o n s  snowfal l  c a n  r e p r e s e n t  a s i g n i f i c a n t  p o r t i o n  of t h e  
t o t a l  w i n t e r  p r e c i p i t a t i o n ,  a s  happened i n  t h e  w i n t e r  of 

The climate of O a k  R i d g e  is t y p i c a l  of t h e  humid s o u t h e r n  
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1959-1960 when 41.4 i n .  (105.2 cm) of snow f e l l .  
Storm t r a c k s  a p p e a r  t o  t r a v e l  from n o r t h w e s t  t o  

s o u t h e a s t ,  The p r e c i p i t a t i o n  p a t t e r n  d u r i n g  t h e  year .Ls 
c h a r a c t e r i z e d  by w e t  w i n t e r s  and  c o m p a r a t i v e l y  d r y  s p r i n g s  
followed by r e l a t i v e l y  wet summers and  dry autumns. J u l y  
r a i n f a l l  ( 5 . 6  i n . )  no rma l ly  a p p r o a c h e s  t h a t  of t h e  w e t  w i n t e r  
months, while J u n e  (4.0 in.) is almost a s  d r y  a s  t h e  autumn 
months, as is shown i n  Fig. 15. J u l y  is g e n e r a l l y  t h e  h o t t e s t  
month ( 7 6 . 9  d e g r e e s  P). w h i l e  J a n u a r y  is t h e  coldest  (37.9 
degrees P) . 
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Fig .  '15. Climograph of  the  Oak Ridge Area. 
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'i.'.' , 

The s t r i k i n g  f e a t u r e  of t h e  Oak Ridge c l ima te  w i t h  
r e s p e c t  t o  p l a n t  growth  is t h e  deve lopmen t  of c o m p a r a t i v e l y  
e a r l y  m o i s t u r e  d e f i c i t s  i n  t h e  s p r i n g .  However, r a i n f a l l  i n  
J u l y  and  Augus t  is norma l ly  a d e q u a t e  t o  p r e v e n t  t h e  
deve lopmen t  of s e v e r e  summer d e f i c i t s ,  which o f t e n  o c c u r  i n  
o t h e r  areas of t h e  s o u t h e r n  U n i t e d  States .  A d d i t i o n a l  
c l i m a t o l o g i c a l  d a t a  are i n c l u d e d  i n  Appendix B. 

------- 2. GeoloqE and  S o i l s  

The Oak R idge  R e s e r v a t i o n  lies i n  t h e  T e n n e s s e e  V a l l e y  
and  R idge  p o r t i o n  of t h e  A p p a l a c h i a n  High land  p h y s i o g r a p h i c  
p r o v i n c e .  T h i s  p r o v i n c e  is c h a r a c t e r i z e d  by a series of l o n g  
nar row r i d g e s  and  s l i g h t l y  broader i n t e r v e n i n g  v a l l e y s  w5th a 
pronounced  n o r t h e a s t - s o u t h v e s t  t r e n d .  The r i d g e s  i n  g e n e r a l  
are u n d e r l a i n  by r e l a t i v e l y  r e s i s t an t  s a n d s t o n e s  a n d  c o m p e t e n t  
limestones or dolomttes, w h e r e a s  t h e  v a l l e y s  are  u n d e r l a i n  by 
weaker  s h a l e s  and  more s o l u b l e  c a r b o n a t e  r o c k ,  

The W h i t e  O a k  C r e e k  b a s i n ,  upon which t h e  TURF i s  
s i t u a t e d ,  is  u n d e r l a i n  by f o u r  major g e o l o g i c  f o r m a t i o n s .  The 
two oldest ,  t h e  Rome F o r m a t i o n  a n d  t h e  Conasauga  Group, are  
Bade u p  of s h a l e ,  s i l t s t o n e ,  s a n d s t o n e ,  and l i m e s t o n e  a n d  are  
poor w a t e r - b e a r i n g  f o r m a t i o n s . 1 0  The  two younger  f o r m a t i o n s ,  
t h e  Knox Dolomite and t h e  Chickamauga L imes tone ,  are  t h e  
p r i n c i p a l  wat e r - b e a r i n g  f o r m a t i o n s .  

The  s o i l s  of t h e  b a s i n  b e l o n g  t o  t h e  r e d - y e l l o w  p o d s o l i c ,  
t h e  r edd i sh -b rown  la te r i te  a n d  l i t h o s o l  groups .  T h e s e  are 
s t r o n g l y  l e a c h e d ,  low i n  o r g a n i c  matter, a c i d i c ,  and  g e n e r a l l y  
have  e x c h a n g e  c a p a c i t i e s  less t h a n  10 m i l l i e q u i v a l e n t s  p e r  
100 g of s o i l ,  S o i l  p r o f i l e s  r a n g e  i n  d e p t h  from 6 i n .  i n  
some s h a l e  areas t o  a p p r o x i m a t e l y  15 f t  i n  t h e  dolomite a n d  
a l l u v i a l  areas. C l a y  f rac t ions  p r e s e n t  i n c l u d e  i l l i t e ,  
k a o l i n i t e ,  and  m o n t m o r i l l i n i t e ,  w i t h  base s a t u r a t i o n  r a n g i n g  
from 10 to more than 60 %. 

---- 3, Hpdroloqp ---e- 

of v a r i o n s  smaller streams, Among t h e s e  streams is White Oak 
C r e e k  (P ig .  14) .  which c o u r s e s  t h r o u g h  Oak Ridge N a t i o n a l  
L a b o r a t o r y  a n d  forms t h e  p r i n c i p a l  d r a i n a g e  s y s t e m  f o r  t h e  
si te.  Groundwate r  l e v e l s  i n  t h e  immedia t e  v i c i n i t y  of t h e  
TURF r a n g e  from 25 to  more t h a n  100 f t  below s u r f a c e  c o n t o u r .  
T h e s e  l e v e l s  u n d e r g o  marked s e a s o n a l  f l u c t u a t i o n s ,  r e a c h i n g  
peak  l e v e l s  i n  ! la rch  a n d  g r a d u a l l y  d e c l i n i n g  as d i s c h a r g e  
r a t e s  e x c e e d  r e c h a r g e  rates.10 B e l t s  of r e s i d u a l  materials 
o v e r l y i n g  b e d r o c k  are r e l a t i v e l y  t h i n ,  r e d u c i n g  t h e  volume 
a v a i l a b l e  for g r o u n d w a t e r  storage.  C o n s e q u e n t l y ,  it is 
estimated t h a t  t h e  a v e r a g e  w e l l  i n  t h e  Oak R idge  area would 
y i e l d  l ess  t h a n  10 gpm. T h e  C l i n c h  R i v e r ,  which  h a s  a 

, D r a i n a g e  of t h e  ORNL area is t o  t h e  C l i n c h  R i v e r  b y  way 
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drainage area of 4413 s q u a r e  miles, i s  t h e  s o u r c e  of most of 
t h e  water u s e d  i n  t h e  area, 

Plow i n  t h e  C l i n c h  R i v e r  is r e g u l a t e d  a t  Nor r i s  D a m  and 
a t  H e l t o n  H i l l  D a m ,  Stages below N e l t o n  H i l l  D a m  a re  f u r t h e r  
a f f e c t e d  by o p e r a t i o n  of Uat t s  Bar Lake .  Power g e n e r a t i o n  
began a t  EIelton H i l l  D a m  i n  t h e  summer of 1964, and i t  exerts 
a s i g n i f i c a n t  i n f l u e n c e  on t h e .  flow p a t t e r n s  of t h e  C l i n c h  
R i v e r ,  O p e r a t i o n  of t h e  t u r b i n e  g e n e r a t o r s  u s u s a l l y  c o i n c i d e s  
w i t h  peak power demands ( e x c e p t  o n  weekends ) ,  r e s u l t i n g  i n  
i n t e r m i t t e n t  flow releases a s  h i g h  a s  18,000 cfs.81 

These  h i g h  flow releases from n e l t o n  H i l l  D a m  c a u s e  water 
l e v e l s  t o  rise r a p i d l y ,  b l o c k i n g  t h e  o u t f l o w  of water from 
Whi te  Oak Creek  f o r  a b o u t  6 h o u r s  e a c h  day.  U h i t e  Oak C r e e k  
i s  impounded by White  Oak D a m ,  which is a small h i g h w a y - f i l l  
s t r u c t u r e  l o c a t e d  0.6 miles a b o v e  t h e  stream mouth where  White  
Wing Road ( T e n n e s s e e  S t a t e  Highway 95) crosses t h e  c r e e k ,  The 
impoundment, w h i t e  Oak L a k e ,  c o v e r s  a p p r o x i m a t e l y  20 acres and  
p r o v i d e s  t h e  f i n a l  on-site m o n i t o r i n g  area for P i q u i d  
e f f l u e n t s  from ORNL, Upon cessation of power g e n e r a t i o n  a t  
H e l t o n  S i l l  Dam,  t h e  waters of White  Oak C r e e k  b e g i n  t o  flow 
i n t o  t h e  main stream a n d  a r e  f l u s h e d  downstream w i t h  t h e  n e x t  
power g e n e r a t i o n  flow release, H o n i t o r i n g  s t a t i o n s  a r e  
l o c a t e d  o n  Whi te  O a k  Creek, on H e l t o n  Branch,  a n d  o n  t h e  
C l i n c h  R i v e s ,  

------ 4. SeismolxgI 

A seismic r i s k  map of t h e  U n i t e d  S t a t e s  is i l l u s t r a t e d  i n  
F ig .  16, T h i s  map was p r e p a r e d  for u s e  i n  e s t a b l i s h i n g  d e s i g n  
r e q u i r e m e n t s  f o r  s t r u c t u r e s  t o  be l o c a t e d  i n  v a r i o u s  p o r t i o n s  
of t h e  c o u n t r p . 8 2  With in  t h e  s o u t h e a s t e r n  r e g i o n  of the 
U n i t e d  S t a t e s ,  t h e  o n l y  z o n e s  of h i g h e s t  r i s k  (zone 3) are 
t h o s e  a r o u n d  c e n t e r s  of seismic a c t i v i t y  i n  t h e  N i s s i s s i p p i  
V a l l e y  a n d  a t  C h a r l e s t o n ,  S o u t h  Carolina,  b o t h  of which a re  
a b o u t  400 miles from t h e  s i t e  of t h e  p roposed  p r o j e c t ,  The 
TURF s i te  is i n  a n  area of lesser a c t i v i t y  a s s i g n e d  a zone-2 
r i s k ,  i n d i c a t i n g  a p o t e n t i a l  fo r  moderate damage, The  area 
h a s  e x p e r i e n c e d  a r e c e n t  e a r t h q u a k e  (November 1973).  The 
e p i c e n t e r  was a b o u t  30 miles s o u t h e a s t  of t h e  ORNL s i te ,  w i t h  
a n  i n t e n s i t y  of a p p r o x i m a t e l y  IO - V ( m o d i f i e d  l e r ca l l i ) .  The 
i n t e n s i . t y  a t  ORNL h a s  been e s t i m a t e d  a t  a b o u t  IV, and t h e r e  
was n o  o b s e r v e d  damage, 

--------- 5 ,  Ecology I-- of S i t e  and  E n v i r o n s  

The Oak R idge  R e s e r v a t i o n  is t y p i c a l  of t h e  l a n d s c a p e  and  
ecological  s y s t e m s  which o c c u r  i n  t h e  A p p a l a c h i a n  Reg ion  of 
t h e  eastern U n i t e d  States.  As s u c h l  t h e  area i s  c o m p r i s e d  of 
a number of r e p r e s e n t a t i v e  terrestrial and a q u a t i c  e c o s y s t e m s ,  
r a n g i n g  from smaller, e s t a b l i s h e d  s o u t h e r n  coniferous forests 
t o  n o r t h e r n  hardwood t y p e s  and  from smaller stream t r i b u t a r i e s  
t o  man-made r e s e r v o i r  streams, 
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A p r e l i m i n a r y  i n v e n t o r y  of t h e  f l o r a  of t h e  g e n e r a l  Oak 
R i d g e  area was c o m p l e t e d  i n  1966.13 However, t h i s  i n v e n t o r y  
h a s  s i n c e  b e e n  supp lemen ted  w i t h  o b s e r v a t i o n s  of s p r i n g  
flowering for 171 species of h e r b a c e o u s  and woody p l a n t s  
r e p r e s e n t i n g  55 p l a n t  families.  1 4  

F i v e  Appa lach ian  fores t  t y p e s  a r e  found n a t u r a l l y  on t h e  
R e s e r v a t i o n .  1s The oak-h ickory  t y p e  s h a r e s  e q u a l  prominence  
w i t h  t h e  y e l l o w  pine-hardwood type .  Cove hardwoods a re  found 
i n t e r s p e r s e d  between t h e  d i s s e c t e d  r f d g e  s y s t e m s ,  and n o r t h e r n  
hardwoods o c c u r  i n  s h e l t e r e d  areas on n o r t h e r n  e x p o s u r e s ,  A 
minor  t y p e ,  w h i t e  pine-hardwood, is f o u n d  a l o n g  t h e  n o r t h e r n  
boundary of t h e  p r o p e r t y .  Large areas of open  l a n d  were 
p l a n t e d  t o  p i n e  between 1947 and  1956, t h e r e b y  c r e a t i n g  a 
s$xth t y p e .  

of t h e  a r ea ,  w i t h  special  r e f e r e n c e  t o  H e l t o n  V a l l e y  where in  
l ies t h e  TURF. The f a u n a  a re  t y p i c a l  f o r  f o r e s t e d  and  
s e m i - f o r e s t e d  r e g i o n s  of t h e  U n i t e d  States,  and t h e y  are  
d e s c r i b e d  i n  d e t a i l  i n  Appendix B. Over 6 5  s e p a r a t e  s p e c i e s  
of b i r d s  were o b s e r v e d  i n  a 1957 summer survey .  
The s o u t h e r n  bald eagle  ( q a l i a e e t u s  1, l e u c o c e p h a l u s  L.) is 
l i s t e d  a s  an endangered  s p e c i e s  whose r a n g e  encompasses  t h e  
l o c a l  area.16 However, no  r e c e n t  s i t i n g s  of t h e  b i r d  h a v e  
been r e p o r t e d .  T y p i c a l  s p e c i e s  of mammals i n c l u d e  mice, 
sh rews ,  opossums,  r a c o o n s ,  woodchucks,  r a b b i t s ,  foxes,  and  t h e  
w h i t e - t a i l  d e e r .  

V a r i o u s  face ts  of t h e  a q u a t i c  s y s t e m ,  r e p r e s e n t e d  by t h e  
White  Oak Creek ,  White Oak Lake,  C l i n c h  R i v e r ,  and T e n n e s s e e  
R i v e r  con t inuum,  have  been  s t u d i e d  o v e r  t h e  p a s t  two decades ,  
p a r t i c u l a r l y  w i t h  r e s p e c t  t o  t h e  b e h a v i o r  and  t r a n s p o r t  of 
r a d i o a c t i v e  materials i n  t h e  a q u a t i c  environment .11 The 
b i o t i c  c o m p o s i t i o n  of White  Oak L a k e  is t y p i c a l  of  t h e  p r e s e n t  
a q u a t i c  s y s t e m  downstream from HeI ton  H i l l  R e s e r v o i r  and 
i m m e d i a t e l y  a d j a c e n t  t o  t h e  p roposed  p r o j e c t .  White Oak L a k e  
h a s  been c h a r a c t e r i z e d  a s  h a v i n g  h i g h  p h y t o p l a n k t o n  
p r o d u c t i v i t y  and  w e l l  d e v e l o p e d  b e n t h i c  f a u n a ,  w i t h  t h e  most 
common forms b e i n g  compr i sed  of v a r i o u s  i n s e c t  l a r v a e . 1 7  
F i s h e s  p r e s e n t  in t h e  s h a l l o w  embayment (maximum d e p t h  of 
7.3 f t )  i n c l u d e  b l u e g i l l  a n d  r e d e a r  s u n f i s h ,  l a rgemouth  bass, 
warmouth, g i z z a r d  shad ,  g o l d e n  s h i n e r s ,  g o l d f i s h ,  
and t h e  mosquitof i s h ,  Gambusia a f f i n i s  a f f i n i s .  The a q u a t i c  
s y s t e m  is d i s c u s s e d  f u r t h e r  i n  Appendix B. 

T h e r e  a r e  s e v e r a l  a v a i l a b l e  s t u d i e s  d e s c r i b i n g  t h e  f a u n a  

6. Land U s e  ---------- 
The 92-square-mi le  Oak R idge  R e s e r v a t i o n  was o r i g i n a l l y  

a c q u i r e d  a s  a s i t e  for  p r o d u c t i o n  f a c i l i t i e s  and n u c l e a r  
r e s e a r c h ,  and a s e c u r i t y  b u f f e r  and s a f e t y  z o n e  were 
e s t a b l i s h e d  a r o u n d  e a c h  USEAC p l a n t  w i t h i n  t h e  R e s e r v a t i o n .  
The o r i g i n a l  59,000 acres a c q u i r e d  i n  1942 have  s i n c e  b e e n  
r e d u c e d  t o  a p p r o x i m a t e l y  37,000 ac re s  t h r o u g h  l a n d  t r a n s f e r s  
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t o  t h e  m u n i c i p a l  government  of Oak Ridge  and  to  s t a t e  and  
federal a g e n c i e s .  1s 

The a l l o c a t i o n  of l a n d  among t h e  USAEC u s e r s  is g i v e n  i n  
T a b l e  3. B u f f e r  areas a round  each of t h e  f a c i l i t i e s  allow for 
i n c r e a s e d  s e c u r i t y  and p r o t e c t i o n  a g a i n s t  a c c i d e n t a l  releases 

Table 3 .  A l l o c a t i o n  o f  Land Use Among 
I n s t a l l a t i o n s  i n  t h e  AEC Oak Ridge Reservat iona 

Adminis t ra t ive  Unit  Acres 

Research and Management 15,108 

ORNL 8,843 

Y- 12 

K-25 

UT-AEC b 

3,632 

5 , 645 

3.786 

T o t a l  37,014 

Data taken  from Task Force Report FY-1972 a 

"Surveys o f  Real P rope r ty  Holdings," AEC-ORO, 
June 1972. 

bDoes n o t  i nc lude  720 a c r e s  o f  UT-AEC farm 
loca ted  w i t h i n  t h e  Y-12 P l a n t  b u f f e r  zone. 

of chemical or r a d i o a c t i v e  mater ia l s  and a l s o  p r o v i d e  room for 
f u t u r e  e x p a n s i o n .  L i t t l e  f o r e s t e d  acreage is i n c l u d e d  i n  the 
b u f f e r  areas a round  t h e  Y-12 and K-25 Plants, b u t  e x t e n s i v e  
f o r e s t e d  areas l i e  w i t h i n  t h e  ORNL (X-10) and UT-AEC (CARL) 
s e c t i o n s .  The r e m a i n d e r  of t h e  R e s e r v a t i o n  (15,000 acres) is 
a p p r o x i m a t e l y  95% fores ted  w i t h  p i n e  (36%),  u p l a n d  hardwoods 
(32%), mixed pine-hardwoods (21%), a n d  cedar and  m i s c e l l a n e o u s  
species (1 1%) . 

It has r e c e n t l y  been  p r o p o s e d  t h a t  t h e  Oak Ridge 
R e s e r v a t i o n  b e  d e s i g n a t e d  a n  E n v i r o n m e n t a l  S t u d y  P a r k . l @  
With in  t h i s  c o n t e x t ,  a t o t a l  of U 1  s t u d y  a reas  were d e l i n e a t e d  
a s  b e i n g  u n i q u e  a n d  i m p o r t a n t  i n  terms of p r e s e n t  day  
e n v i r o n m e n t a l  problems.  A d d i t i o n a l  d i s c u s s i o n  of h i s t o r i c  and 
p r e s e n t  l a n d  u s e  is p r e s e n t e d  i n  Appendix B. 

------- E. N o n i t o r  i n q  of Existing Environment  

The  Oak Ridge N a t i o n a l  Laboratory c o n d u c t s  a c o n t i n u o u s  
m o n i t o r i n g  program on t h e  USEAC-controlled r e s e r v a t i o n  and t h e  
s u r r o u n d i n g  e n v i r o n s .  A m o n i t o r i n g  n e t u o r k ,  e x t e n d i n g  75 
miles from ORNL, p r o v i d e s  i n f o r m a t i o n  on q u a n t i t i e s  and 
c o n c e n t r a t i o n s  of a i r b o r n e  r a d i o a c t i v e  p o l l u t a n t s .  S i m i l a r l y ,  
a water and b i o t a  m o n i t o r i n g  proqram is c o n d u c t e d  o n  t h e  
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C l i n c h  R i v e r ,  wh ich  is t h e  e v e n t u a l  r e c e i v i n g  body of water 
for a l l  p o t e n t i a l l y  c o n t a m i n a t e d  l i q u i d  e f f l u e n t s  l e a v i n g  t h e  
c o n t r o l l e d  r e s e r v a t  i o n  . A c o m p r e h e n s i v e ,  n u l t i - a g e n c  y 
i n v e s t i g a t i o n  of t h e  p o t e n t i a l  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 
t h e  p u b l i c  u s e  of t h e  C l i n c h  R i v e r  waters was t h e  s u b j e c t  of 
t h e  5 -yea r  C l i n c h  R i v e r  S t u d y .  I n  t h e  f i n a l  r e p o r t  of t h i s  
s t u d y  on t h e  doses t o  p o p u l a t i o n s  from ORNL o p e r a t i o n s ,  it was 
c o n c l u d e d  t h a t  a v e r a g e  e x p o s u r e s  were w e l l  below t h e  
a p p l i c a b l e  d o s e  limits and t h a t  t h e  maximum i n d i v i r l n a l  dose 
was a small f r a c t i o n  of t h e  d o s e  l i m i t s . 1 9  E x t e r n a l  gamma 
r a d i a t i o n  l e v e l s  or background  l e v e l s  i n  t h e  ORNL area and  i n  
t h e  Oak R i d g e  area are measured r o u t i n e l y .  T h e  background 
l e v e l  for t h e  Oak Ridge area off t h e  ORNL s i t e  a v e r a g e s  
a p p r o x i m a t e l y  0.012 mR per h o u r ,  which is a b o u t  t h e  same a s  
t h a t  measured  p r i o r  t o  t h e  s t a r t  of OBNL o p e r a t i o n s .  

S a n i t a r y ,  c h e m i c a l ,  a n d  m i s c e l l a n e o u s  i n d u s t r i a l  waste 
e f f l u e n t s  a re  m o n i t o r e d  t h r o u g h  a n  e s t ab l i shed  e n v i r o n m e n t a l  
s u r v e i l l a n c e  program which is c o n d u c t e d  by t h e  ORNL I n d u s t r i a l  
Hygiene Depar tmen t  and  t h e  O p e r a t i o n s  D i v i s i o n .  A more 
de ta i l ed  d e s c r i p t i o n  of t h e  e n v i r o n m e n t a l  m o n i t o r i n g  p rograms  
for r a d i o a c t i v e  a n d  c h e m i c a l  e f f l u e n t s  is p r e s e n t e d  i n  
Appendix C. 

III, ENVIRONflENTAL IHPACT 

C o n s t r u c t i o n  , o p e r a t i o n ,  and  d e c o m m i s s i o n i n g  of t h e  ETGR 
F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  are e x p e c t e d  t o  have  a n  
i n s i g n i f i c a n t  i m p a c t  on  t h e  e n v i r o n m e n t ,  The c o n s t r u c t i o n  
a c t i v i t y  w i l l  be n e g l i g i b l e  and  c o n c e n t r a t i o n s  of r a d i o a c t i v e  
and c h e m i c a l  e f f l u e n t s  t h a t  w i l l  r e s u l t  from o p e r a t i o n  of t h e  
p i l o t  p l a n t  are  e x p e c t e d  t o  be s e v e r a l  o r d e r s  of magn i tude  
below e s t a b l i s h e d  g u i d e l i n e s . 2 0  A l l  e f f l u e n t s  from t h e  
proposed  p r o j e c t  w i l l  b e  c o n t r o l l e d  releases t h r o u g h  e x i s t i n g  
waste d i s p o s a l  s y s t e m s .  T h e  estimated e m i s s i o n s  and  e x p e c t e d  
i m p a c t s  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  s u b s e c t i o n s .  

8. P r o b a b l e  E n v i r o n m e n t a l  Effects 

The p r o b a b l e  e n v i r o n m e n t a l  effects of t h e  p roposed  p i l o t  
p l a n t  are l i m i t e d  t o  t h o s e  t h a t  w i l l  r e s u l t  from d i s c h a r g e s  t o  
t h e  a tmosphe re ,  d i s c h a r g e s  of l i q u i d s ,  and s o l i d  waste 
d i s p o s a l  I 
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-------- 1. D i s c h a r a s  -- t o  t h e  Atmosphere 

No. 7911 s t a c k  which a l so  s e r v e s  t h e  BFIB a n d  t h e  T R U .  T h i s  
s t a c k  is 80.8 meters (265 f t )  h i g h ,  a n d  it h a s  an orifice 
diameter of 1.5 meters and a flow r a t e  of 23.6 c u b i c  
meters/sec. Atmospher i c  d i l u t i o n  from t h i s  s t a c k  is 
c o n s i d e r e d  i n  d e t a i l  i n  Appendix D, 

A l l  a t m o s p h e r i c  discharges from t h e  TURF w i l l  be v i a  t h e  

=,,Radioactive Em$ssions. Neteorological data for t h e  
s i te were u s e d  i n  a c o m p u t e r i z e d  a t m o s p h e r i c  d i s p e r s i o n  model 
t o  estimate r a d i o n u c l i d e  c o n c e n t r a t i o n  a s  a f u n c t i o n  of 
d i r e c t i o n  and  d i s t a n c e  from t h e  s t ack .  The d e r i v a t i o n  of t h e  
a t m o s p h e r i c  d i s p e r s i o n  model, a summary of t h e  m e t e o r o l o g i c a l  
data ,  and some r e s u l t s  of t h e  c a l c u l a t i o n s  a r e  p r e s e n t e d  i n  
append ix  D. 

On t h e  b a s i s  of a c t u a l  measu remen t s  of s t a c k  releases, a 
d i l u t i o n  fac tor  of 2 x 10-7 was u s e d  t o  c a l c u l a t e  t h e  maximum 
r a d i o n u c l i d e  c o n c e n t r a t i o n  a t  t h e  e f f e c t i v e  p e r i m e t e r  of t h e  
f a c i l i t y  area. Annual  r a d i o n u c l i d e  release ra tes  and  
estimated c o n c e n t r a t i o n s  a t  t h e  area p e r i m e t e r  are g i v e n  i n  
T a b l e  4. The c o n c e n t r a t i o n  g u i d e s  (CG)*a fo r  r a d i o n u c l i d e s  i n  
u n r e s t r i c t e d  areas are also g i v e n  i n  Table  4, a n d  t h e  
estimated c o n c e n t r a t i o n s  a t  t h e  e f f e c t i v e  p e r i m e t e r  are 
compared w i t h  t h o s e  CGs. The estimated c o n c e n t r a t i o n  of each 
r a d i o n u c l i d e  a t  t h e  e f f e c t i v e  area p e r i m e t e r  is a small 
f ract ion of t h e  r e s p e c t i v e  CG, t h e  l a r g e s t  f r a c t i o n  b e i n g  
1.u x 10-6. 

The p r o j e c t e d  r a d i o n u c l i d e  c o n c e n t r a t i o n s  a t  t h e  
effectire p e r i m e t e r  d u e  t o  o p e r a t i o n  o f  t h e  p roposed  HTGR 
R e f a b r i c a t i o n  P i l o t  P l a n t  were used  t o  es t imate  t h e  r a d i a t i o n  
dose t o  man a t  t h a t  l o c a t i o n .  The r e s u l t i n g  dose estimates 
are g i v e n  i n  Table  5. I n h a l a t i o n  i s  t h e  o n l y  e x p o s u r e  mode 
i n c l u d e d  f o r  i n t e r n a l  dose ( r a d i o a c t i v e  mater ia l  w i t h i n  t h e  
body) .  The i n t a k e  o f  r a d i o a c t i v i t y  v i a  terrestrial food 
chains was e s t i m a t e d  to be n e g l i g i b l e ,  b e i n g  o r d e r s  of 
magni tude  less t h a n  t h e  estimated i n h a l a t i o n  i n t a k e ,  
D i s c r i m i n a t i o n  factors for e n v i r o n m e n t a l  t r a n s f e r s  of t h e  
p r i n c i p a l  r a d l o n u c l i d e s  t h a t  w i l l  be released t o  t h e  
a t m o s p h e r e  by t h e  p roposed  p i l o t  p l a n t  are o n  t h e  order  of 
10-3 t o  10-4, a n d  f u r t h e r m o r e ,  t h e  u p t a k e  f r a c t i o n s  for  t h o s e  
r a d i o n u c l i d e s  f o l l o u i n g  i n g e s t i o n  b y  man are of s imi l a r  
magni tudes .  

The i n t e r n a l  dose estimates are based o n  t h e  dose model 
used  by t h e  I n t e r n a t i o n a l  Commission on R a d i o l o g i c a l  
P r o t e c t i o n  (ICRP) i n  ICRP P u b l i c a t i o n  2.22 The a c t u a l  
i n t e r n a l  d o s e  estimates were o b t a i n e d  by u s i n g  IWREfl,23 a 
c o m p u t e r i z e d  v e r s i o n  of t h a t  d o s e  model, The i n t e r n a l  dose 
estimates are  50-year  dose c o m m i t m e n t s  (50-year  dose  
i n t e g r a t i o n  p e r i o d )  p e r  y e a r  of r a d i o n u c l i d e  i n h a l a t i o n .  The 
dose commitment for a r a d i o n u c l i d e  i n t a k e  is d e f i n e d  as  t h e  
t o t a l  d o s e  a n  i n d i v i d u a l  w i l l  a c c r u e  i n  h i s  r e m a i n i n g  lifetime 
as a r e s u l t  of t h a t  i n t a k e .  
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Table 4 .  Atmospheric Releases  o f  R a d i o a c t i v i t y  t o  Resul t  From 
Operat ion of Proposed HTGR Fuel  R e f a b r i c a t i o n  P i l o t  P l a n t  

b Annua 1 Concentrat ion 
Release a t  E f f e c t i v e  Rat io  

Radio- Rate Per imeter  CGa 
nuc 1 i d e  ( PC i / Y  e a r )  ( v c i / c d  ) ( W / C S )  

232u 

2 3 3 ~  

2 3 4 ~  

235u 

236 u 
238u 

212 B i  

234 Pa 
212pb 

Po 

216 Po 

224 Ra 

”’ Rn 

”’ Th 

232 Th 

208 T 1  

1.7 x lo2 
2.5 x lo2 

8.0 x lo1 
1.5 x 

7.3 x 10-1 

7 . 3  

7 .3  

4.0 x 10-1 

4.0 x 10-1 

2.6 x 10-1 
4.0 x lo1 
4.0 x lo1 
4.0 x lo1 
4.0 x 10’ 
8.0 x 10’” 
1.5 x 10-l 

1 .3  x 

2.0 x 

6.2 10-19 

1.1 x 10’”” 

5.7 x 10-2l 

5.7 x 10- 
3.3 x 10-2l 

6.2 10-24 

3 .3  x 

2.1 x 

3 .3  10- l~ 

3 . 3  10- l~  

3.3 10-19 

3.3 x 10-2’ 

6.2 x 

1.2 x 

9 10-13 

4 x 10-l2 

4 x 10-12 

4 x 10-I” 

4 x 10-l2 

3 x 10-l2 

3 10-9 
C 

6 x 10-l’ 

C 

C 

2 x 

C 

2 10- l~  

1 x 10-l2 

C 

1.4 x 

5.0 10-7 

1.6 10-7 

1.4 10-9 

1.9 10-l4 

2.8 x 10-l’ 

1.1 x 
C 

5.5 x 10-I” 

C 

C 

1 .6  x 

C 

1 .6  10-7 

6.2 x 10-l’ 
C 

aConcent ra t ion  Guide (CG) a s  s t i p u l a t e d  i n  10 CFR 20, Appendix B y  

b(Ef f e c t i v e  Per imeter  Concentrat  ion)  /(CG) 

Table 11. 

C 
CG v a l u e s  n o t  provided i n  10 CFR 20. 

The  t o t a l  dose es t imated for  i n h a l a t i o n  Is t h o u g h t  t o  be 
p e s s i m i s t i c  f o r  two r e a s o n s :  (1) t h e  form ( s o l u b l e  or 
i n s o l u b l e )  assumed for e a c h  r a d i o n u c l i d e  vas t h e  o n e  h a v i n g  
t h e  g r e a t e s t  dose p o t e n t i a l  and (2) t h e  r e f e r e n c e  o r g a n  
assumed f o r  e a c h  r a d i o n u c l i d e  was the one  r e c e i v i n g  t h e  
h i g h e s t  dose. Because  t h e  i n h a l a t i o n  dose estimates g i v e n  i n  
Table  5 r e p r e s e n t  a mix of forms and  r e f e r e n c e  o r g a n s ,  it is 
v e r y  i m p r o b a b l e  t h a t  a n y  s i n g l e  t i s s u e  i n  t h e  body would 
r e c e i v e  a t o t a l  dose v i a  i n h a l a t i o n  e q u a l  t o  t h e  t o t a l  g i v e n  
i n  t h e  t a b l e  for t h a t  e x p o s u r e  mode, 

Two modes of e x p o s u r e  are  i n c l u d e d  for e x t e r n a l  
( r a d i o a c t i v e  materials o u t s i d e  of t h e  body) dose, They are  
(1) immers ion  i n  t h e  plume, and  (2) e x p o s u r e  t o  t h e  
c o n t a m i n a t e d  l a n d  s u r f a c e .  Factors f o r  c o n v e r t i n g  e x t e r n a l  

i 
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Table 5 .  Estimated Dose to Man at the Effective Perimeter of  
the Proposed HTGR Fuel Refabrication Pilot Plant Resulting from 
Atmospheric Release of Radioactivity from the Plant’ 

Radio- 
nuclide 

Dose (mrem per year of exposure) 
Internal Ex t erna 1 
Inhalation Immersion Land Surface 

2.2 10-3 2 . 1  x 1.2 x 
233 u 8.2 10’~ 2.9  x 1.1 x 
2 3 4 ~  2.4 10-4 8.4  x 10-l” 5.2 10-7 

2 3 5 ~  4.1 x 1.5 10-13 1.3 x 10-9 

232 u 

2 .2  x 6.7 10-14 4 . 3  10-9 

2.0 x 6.0 10-17 3.8 10- l~  

236 u 
238 u 
212 Bi 1.6 10-9 3.2 x 1.8 x 

234 pa a 1.7 1 0 - l ~  . 9.1 x lo-’’ 
‘I2 Pb 8.4 10-9 4 . 3  x 10-I2 2.5 x 
212 Po a b 
216 Po a b b 

224 Ra 2.2 2.9 x 1.6 10-7 

220 Rn a b b. 
228 Th 3 .1  1.0 x 2,.8 x 
232 Th 2.6  10-5 6.4 10-l4 4.2 x 

T1 a 3 . 6  x 1.7 10-7 

Total 3.6 x lo3 1.3 x 10-l’ 3.2 x lom6 

Radioactive half-life too short (< 3 minutes) to produce a a 
significant dose if inhaled without parent radionuclide. 

bDecays by emission of alpha particles and no external dose to 
man w a s  computed. 
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r a d i a t i o n  e x p o s u r e s  t o  dose  were o b t a i n e d  by u s i n g  t h e  
compute r  program EXREn, 24 which  c o n t a i n s  models  a d a p t e d  from 
s t a n d a r d  t e x t s .  25-26 The estimates f o r  e x t e r n a l  e x p o s u r e  are  
t o t a l  a i r  d o s e  a t  t h e  s k i n  surface f o r  a l l  p h o t o n  e m i s s i o n s .  
Electron emissions are no t  i n c l u d e d  i n  t h e  d o s e  estimates 
because of t h e i r  minor dose  c o n t r i b u t i o n s  t o  i n t e r n a l  body 
o r g a n s .  The e s t i m a t e d  e x t e r n a l  d o s e  v a l u e s  g i v e n  in T a b l e  5 
are for o n e  y e a r  of p i l o t  p l a n t  o p e r a t i o n ,  a n d  t h e y  are 
assumed t o  be a p p l i c a b l e  t o  t o t a l  body and a l l  i n t e r n a l  
t i s s u e s  f o r  p u r p o s e s  of a d d i n g  dose estimates f o r  t h e  v a r i o u s  
e x p o s u r e  modes. 

The a d d i t i o n  of a l l  of t h e  d o s e  estimates g i v e n  i n  
T a b l e  5 y i e l d s  a t o t a l  d o s e  estimate of 3.6 x 10-3 mrem p e r  
p e a r  of p i l o t  p l a n t  o p e r a t i o n .  T h i s  small a n n u a l  r a d i a t i o n  
dose is e x p e c t e d  to h a v e  n o  s i g n i f i c a n t  impact on man. The 
t o t a l  d o s e  estimate is equal  t o  a v e r y  small f r ac t ion  
(4 x 10-5) of t h e  a n n u a l  d o s e  (100 mrem/year) man n o r m a l l y  
r e c e i v e s  from n a t u r a l  background  r a d i a t i o n .  

f i L -  Estimated Dose From Lonu-Jived R a d i o n u c l i d e s  After 
groiect Decoamiss ioninq ,  I n d i v i d u a l s  a n d  p o p u l a t i o n s  may b e  
exposed  t o  l o n g - l i v e d  r a d i o n u c l i d e s  f o r  s e v e r a l  y e a r s  a f t e r  
t h e  p r o p o s e d  p i l o t  p l a n t  h a s  been  s h u t  down. The  l o n g - l i v e d  
r a d i o n u c l i d e s  e x p e c t e d  to  r e s u l t  from o p e r a t i o n  of t h e  
p roposed  HTGR F u e l  Refabrication P i l o t  P l a n t  and  t h e  amounts  
t o  b e  d e p o s i t e d  d u r i n g  operat ion of t h e  p l a n t  a re  g i v e n  i n  
T a b l e  6.  The dose commitments p e r  y e a r  of e x p o s u r e  t o  a v e r a g e  
i n d i v i d u a l s  and t h e  critical o r g a n s  of i n d i v i d u a l s  a r e  g i v e n  
i n  T a b l e  7 .  The p o p u l a t i o n  t o t a l  body d o s e  w i t h i n  70 miles of 
t h e  p r o p o s e d  p r o j e c t  s i te ( t h e  TURF) is e s t i m a t e d  t o  b e  
9.0 x 10-4 man-rem of exposure p e r  y e a r .  The r a d i o n u c l i d e  
c o n t r i b a t i n g  most of t h e  dose t o  i n d i w i d n a l s  and  t o  t h e  
p o p u l a t i o n  is uranium-232, which a c c o u n t s  for 97% of t h e  d o s e  
t o  t h e  t o t a l  body and 68% of t h e  d o s e  t o  b o n e  a n d  l u n g s .  

= , C h e m i c a l  Emiss ions .  The  c h e m i c a l s  t h a t  w i l l  be 
e m i t t e d  t o  t h e  a t m o s p h e r e  a s  a r e s u l t  of o p e r a t i o n  of t h e  
proposed  HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  are  g i v e n  i n  
T a b l e  A . l  of Appendix A .  These  c h e m i c a l  e m i s s i o n s  are  
d i s c u s s e d  i n d i v i d u a l l y  i n  t h e  f o l l o w i n g  p a r a g r a p h s .  

Approx ima te ly  1.8 metric t o n s  of c a r b o n  monoxide (CO) 
w i l l  b e  d i s c h a r g e d  from t h e  p i l o t  p l a n t  on a n  a n n u a l  b a s i s .  
The e s t i m a t e d  c o n c e n t r a t i o n  of CO a t  t h e  s i t e  boundary  w i l l  b e  
less t h a n  1% of t h e  n a t i o n a l  a m b i e n t  a i r  q u a l i t y  s t a n d a r d 2 0  
e s t a b l i s h e d  f o r  t h i s  gas. 

amount t o  about 0.124 metric t o n  p e r  yea r .  T h e s e  e m i s s i o n s  
w i l l  r e s u l t  i n  a m b i e n t  c o n c e n t r a t i o n s  e q u i v a l e n t  t o  0.001 
microgram p e r  c u b i c  meter a t  t h e  s i te  boundary.  

argon and h e l i u m  are n a t u r a l  c o n s t i t u e n t s  of t h e  a tmosphe re .  
The a n n h a l  release of 5 3  metric t o n s  of c a r b o n  d i o x i d e ,  1.8 
metric t o n s  of hydrogen ,  a n d  25 metric t o n s  of i n e r t  gases 

The o x i d e s  of n i t r o g e n  e m i t t e d  from t h e  p i l o t  p l a n t  w i l l  

Carbon d i o x i d e ,  hydrogen ,  a n d  v a r i o u s  i n e r t  g a s e s  s u c h  a s  
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Table  6.  To ta l  A c t i v i t y  o f  Long-Lived Radionucl ides  
Released During L i fe t ime  o f  Proposed P r o j e c t a  

Radioac t ive  
Ha 1 f -Li  f e Cur ies  

Nucl ide (Years) Relea sedb 

232 u 
233 u 
2 3 4 ~  

2 3 5 ~  

236 u 
238 u 

Th 

232 Th 

7 1  .O 

1.6 x 105 

2.5 105 

2.4 107 

4.4  109 

7 . 1  x 108 

1.9 

1.4 x lolo 

3 ; 4  

5 . 0  10-4 

1.6 10-4 

3.0 x 

1.5 x 

1.5 10-9 

1 . 6  10-7 

8.0 x loe6 

a Based on a two-year o p e r a t i n g  per iod  f o r  t h e  

bThese r e l e a s e s  d iv ided  by 3.98 x lo lo  g i v e  the 

proposed p i l o t  p l a n t .  

average concen t r a t ion  (Ci/n?) w i t h i n  a r a d i u s  of  70 
miles  o f  t h e  TURF a t  t h e  t ime o f  proposed p i l o t  
p l a n t  shutdown. 

w i l l  h ave  a n  i n s i g n i f i c a n t  effect o n  n a t u r a l  a t m o s p h e r i c  
c o n c e n t r a t i o n s .  

Approx ima te ly  7 .3  pounds each of s u r f a c t a n t  and 
2-e thyl -  l - h e x a n o l  w i l l  be d i s c h a r g e d  a n n u a l l y .  The  combined 
r e s u l t a n t  s i t e  boundary c o n c e n t r a t i o n s  of t h e s e  compounds are 
estimated a t  less t h a n  88 m i l l i o n t h s  of one  p e r c e n t  of t h e  
n a t i o n a l  a i r  q u a l i t y  s t a n d a r d s  for  aerosols. 

P a r t i c u l a t e  matter w i l l  be removed from a l l  g a s e o u s  waste 
streams t h r o u g h  u t i l i z a t i o n  of h i g h  e f f i c i e n c y  filters v i t h  a 
removal  e f f i c i e n c y  greater t h a n  99%. Atmospher i c  d i s c h a r g e  of 
t h e  r e m a i n i n g  p a r t i c u l a t e s ,  estimated t o  be  less t h a n  0.0003 
metric t o n  p e r  y e a r ,  v i 1 1  y i e l d  n e g l i g i b l e  s i t e  boundary  
c o n c e n t r a t i o n s  of t h e s e  materials;  0.000004 micrograr/m~ as 
compared w i t h  t h e  a m b i e n t  a i r  s t a n d a r d  for  p a r t i c u l a t e s  of 7 5  
aicrograms/m3. 

i d e n t i f i e d  w i t h  g a s e o u s  d i s c h a r g e s  from t h e  p r o p s e a  p i l o t  
p l a n t .  

I n  summary, no s i g n i f i c a n t  e n v i r o n m e n t a l  i m p a c t s  may be 

c 



Table 7. Estimated Doses From Exposure to Long-Lived Radionuclides 
Deposited in the Environment During the Lifetime of the Facility 

Organ Dose (mrem) per Year of Intake or Exposure a,b 
Radio- Total Body Bone Lung 
nuclide Inhalation Ingestion Submersion Ground Inhalation Ingestion Inhalation Ingestion 

2 3 2 ~  

2 3 3  u 
234 u 
235u 

236 u 
238 u 

Th 

232 Th 

TOTAL 

4.5 x 10-10 1.2 10-9 

1.2 x 1 0 - 1 O  3.4 x 10-l0 

3.9 x 1.0 x 
7.2 1 0 - l ~  1.8 i0-14 

3.4 10-13 9.5 10-13 

3.2 x 8.6 x 

6.1 x 1.3 x 
5.4 x 10-1" 1.2 10-13 

6.8 x 10-l' 1.6 10-9 

2.8 10- l~  

1.9 x 10-l6 

5.4 10-17 

1.2 x 10-l8 

4.4 10-l~ 

6.5 1 0 - l ~  

3.0 x loez1 

4.2 x 

2.9 10-13 

4.2 x 
2.3 x 10" 

1.0 x 10'8 

4.7 x 

9.2 x 

1.6 10-13 

9.8 x 

8.8 x 10-1" 

4.3 x 

6.5 x 1.0-9 

2.1 10-9 

1.1 10- l~  

5.4 1 0 - l ~  

1.8 10-9 

6.2 x 10-l' 

5.6 x 

1.7 x 10-l' 

1.1 x l o 4  

~~ 

1.8 x 10" 

5.7 10-9 

1.7 10-9 

3.0 10-13 

1.4 10-14 

1.5 x 10-l' 

3.8 x 
3.8 x 10-l' 

2.5 x 10" 

1.4 x 10" 

5.2 10-9 

1.6 10-9 

2.8 10-13 

1.3 1 0 - l ~  

3.3 x 1 0 - 1 O  

1.4 x 

1.5 x 

2.1 x 

1.2 10-9 

3.4 x 10-1O 

1.0 x 10-l0 

1.8 10-i4 

9.5 10-13 00 
.c 

8.6 x 

1.3 x 
1.2 10-13 

1.6 10-9 

aInternal doses are integrated from plant shutdown to 100 years later. 
bA resuspension factor of 10'' /meter was used t o  estimate the long-term availability of resuspended 

particulates for exposure via inhalation, ingestion, and submersion, as given in USAEC Report WASH-1535, 
"Draft Environmental Statement, Liquid Metal Fast Breeder Reactor Program, V o l .  11, Environmental Impact of 
the LMFBR," March 1974. 
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A v a r i e t y  of s y s t e m s  fo r  t h e  s a f e  h a n d l i n g  of l i q u i d  
wastes a r e  i n c o r p o r a t e d  i n  t h e  TURF, i n  which f a c i l i t y  t h e  
proposed  HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  w i l l  b e  
i n s t a l l e d .  These  i n c l u d e  s y s t e m s  f o r  h a n d l i n g  storm d r a i n a g e ,  
s a n i t a r y  wastes, and  b o t h  n o r m a l l y  n o n r a d i o a c t i v e  and  
r a d i o a c t i v e  process wastes.’ , Storm d r a i n  a n d  s a n i t a r y  
e f f l u e n t s  a r e  t reated and  d i s c h a r g e d  t o  f l e l t o n  Branch. The  
s a n i t a r y  waste t r e a t m e n t  p l a n t  is  of a d e q u a t e  c a p a c i t y  and 
p r o v i d e s  s e c o n d a r y  t r e a t m e n t  of t h e  s a n i t a r y  wastes. 
C o n s e q u e n t l y ,  d i s c h a r g e s  a t  wh i t e  Oak D a m  a re  e x p e c t e d  t o  be 
i n  c o m p l i a n c e  w i t h  app l i cab le  T e n n e s s e e  water q u a l i t y  
s t a n d a r d s .  storm d r a i n  and  non-contaminated  p r o c e s s  streams 
w i l l  be a f f e c t e d  s i m i l a r l y  by d i l u t i o n  w i t h  t h e  water of White  
Oak L a k e ,  r e n d e r i n g  them i n  c o m p l i a n c e  w i t h  a p p l i c a b l e  
Tennessee  s t a n d a r d s  a t  t h e  p o i n t  of d i s c h a r g e  ( W h i t e  Oak Dam) 
t o  t h e  C l i n c h  R i v e r .  R a d i o a c t i v e  p r o c e s s  wastes are s e p a r a t e d  
from t h e  n o n r a d i o a c t i v e  wastes so t h a t  almost a l l  of t h e  
r a d i o n u c l i d e s  c a n  b e  removed by t h e  ORNL radwaste t r e a t m e n t  
s y s t e m  . 

faL--,-- R a d i o x t i v e  ------- Emiss ions .  
waste l i q u i d s  w i l l  amount t o  322 liters f o r  each d a y  of 
o p e r a t i o n  ( a p p r o x i m a t e l y  83 ,700  liters p e r  y e a r )  , and  t h e s e  
waste l i q u i d s  w i l l  h a v e  t h e  c o m p o s i t i o n  and q u a n t i t i e s  g i v e n  
i n  Table  8, A l l  known r a d i o a c t i v e  wastes are pumped d i r e c t l y  
i n  a h i g h - i n t e g r i t y  s t a i n l e s s  steel p i p i n g  ne twork  t o  t h e  OBNL 
I n t e r m e d i a t e - L e v e l  Waste C o l l e c t i o n  and  T r e a t m e n t  System. In 
this s y s t e m ,  t h e  l i q u i d s  a r e  made basic and  p i p e d  i n t o  a 
600-ga l lon-per -hour  waste e v a p o r a t o r .  E x p e r i e n c e  w i t h  t h i s  
e v a p o r a t o r ,  which h a s  been i n  o p e r a t i o n  s i n c e  1965, i n d i c a t e s  
t h a t  a n  a v e r a g e  d e c o n t a m i n a t i o n  fac tor  of a p p r o x i m a t e l y  10s 
c a n  b e  a t t a i n e d  for t h e  m i x t u r e  of F a d i o n u c l i d e s  g i v e n  i n  
Table 8 ,  

Process  wastes s u s c e p t i b l e  to s l i g h t  r a d i o a c t i v e  
c o n t a m i n a t i o n  w i l l  be m o n i t o r e d  c o n t i n u o u s l y  for  
r a d i o a c t i v i t y .  The i n i t i a l  c o l l e c t i o n  w i l l  be i n  a 
S00,OOO-gallon s e t t l i n g  bas,in.  I f  it is f o u n d  t h a t  t h e  
p r o c e s s  wastes c o n t a i n  r a d i o a c t i v i t y ,  t h e y  w i l l  be  pumped t o  
t h e  ORNL l o w - l e v e l  waste sys t em.  

The  t rea ted  e f f l u e n t s  from t h e  l o w - l e v e l  s y s t e m  are  
r e l e a s e d  to w h i t e  Oak C r e e k .  The e s t i m a t e d  a v e r a g e  a n n u a l  
c o n c e n t r a t i o n  o f  r a d i o n u c l i d e s  a t  Whi te  Oak Dam t h a t  u i l l  
o r i g i n a t e  from o p e r a t f o n  of t h e  p roposed  p i l o t  p l a n t  are g i v e n  
i n  T a b l e  8. T h e s e  c o n c e n t r a t f o n s  were c a l c u l a t e d  by u s i n g  t h e  
t o t a l  a n n u a l  a c t i v i t y  of e a c h  r a d i o n u c l i d e  r e l e a s e d  i n  t h e  
process waste d i v i d e d  b y  a t o t a l  d e c o n t a m i n a t i o n  factor  of 
S x 10s and t h e  White  Oak Creek  d i l u t i o n  of 1 x 1083 ml/year,  
Thus,  t h e  estimates i n  T a b l e  8 are  c o n s e r v a t i v e  b e c a u s e  t h e y  
i g n o r e  r a d i o a c t i v i t y  loss t h r q u g h  i o n  e x c h a n g e  i n  t h e  s e t t l i n g  
b a s i n ,  r a d i o a c t i v e  d e c a y @  a n d  a n  a v e r a g e  d i l u t i o n  of 350 by 
C l i n c h  R i v e r  water. When compared w i t h  t h e  p o p u l a t i o n  CGs  f o r  

T h e  r a d i o a c t i v e  p r o c e s s  
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Table 8 .  Average Annual Quantities of Radionuclides in Liquids to 
Originate from Operation of the Proposed HTGR Fuel Refabrication Pilot 
Plant and Resulting Concentrations at White Oak Dam After Treatment and 
Dilution 

C 
Release to Concentration 
Treatment at White Ratio 

Radio- Systema Oak Dam CGb 
nuclide (Ci/year) ( pc i )‘mI ) ( pc i /ml) CG 

233 u 
234u 

2 3 5 ~  

236 u 
238 u 
212  Bi 

212 Pb 

212 Po 
216 Po 

220 Rn 
224 Ra 
228 Th 
232 Th 

T1 

1.3 2.2 10-l~ 

7.3 10-5 1.2 10-l~ 

3.7 x 6 .0  10-z5 

4.0 x 10-1 6 . 6  x 

4.7 10’~ 5 .6  x 
2.0 x lo-2 3.2 x 10-l” 

2.0 x 3.2 10- l~  

1.3 x 10” 2.2 10- l~  

2.0 x 3.2 1 0 - l ~  

2.0 x 3.2 10-15 

2.0 x 3.2 1 0 - l ~  

6.3 x loa  1.0 10- l~  

1.3 10-4 2.2 10-17 

7.3 x lo-2 1.2 1 0 - l ~  

3 10-5 

3 10-5 

3 x lo-” 
3 10-5 

4 10-5 

4 10-4 

2 10-5 

d 
d 

d 
2 x 

7 x 
2 x 

d 

7.3 x 10- 
2.2 10-9 

3.9 1 0 - l ~  

2 .o x 10-2O 
1.4 x 

8 .0  x 

1 . 6  x 10-l’ 

-- 
1.2 10-9 

1.0 x 10-l’ 

1.1 x 
-- 

This radioactive effluent will also contain traces of Amberlite a 

LA-2, n-paraffin, and 2-ethyl-1-hexanol. 
bConcentration Guide (CG) for water as stipulated in 10 CFR 20, 

Appendix B, Table 11. 
C (Concentration at White Oak Dam)/(CG). 
dNo CG listed in 10 CFR 20 for this short-lived radionuclide. 

c o n t i n u o u s  e x p o s u r e ,  t h e  e s t i m a t e d  u a t e r  c o n c e n t r a t i o n s  are a t  
l e a s t  one hundred m i l l i o n  times smaller. No s i g n i f i c a n t  
environmental  effects from t h i s  mjnascule  d i s c h a r g e  are 
a n t i c i p a t e d .  

a) Chemical  Emiss ions .  Nonradioac t ive  p r o c e s s  wastes 
are p i p e d  to  r e t e n t i o n  b a s i n s  a d j a c e n t  t o  t h e  RPIR. 
monitored for p o s s i b l e  r a d i o a c t i v e  c o n t a m i n a t i o n  and are 
s u b s e q u e n t l y  d i s c h a r g e d  to  t h e  Melton Branch dra inage  area 
(non-contaminated) or t o  t h e  ORNL Waste C o l l e c t i o n  and 

These  are 
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T r e a t m e n t  Sys tem ( i n  t h e  e v e n t  of a c c i d e n t a l  r a d i o a c t i v e  
c o n t a m i n a t i o n ) .  
a p p r o x i m a t e l y  1 l i t e r  p e r  d a y  of 0.88 molar s o d i u m  n i t r a t e  
c o n t a i n i n g  a trace of Amberli te L A - 2 .  Discharge of t h i s  
amount o f  waste mater ia l  is n o t  e x p e c t e d  t o  r e s u l t  i n  s e r i o u s  
d e t r i m e n t a l  effects o n  a q u a t i c  o rgan i sms .  T h e r e  are  no 
e x i s t i n g  da ta  which would p e r m i t  r o u t i n e  e v a l u a t i o n  of 
long- te rm c h r o n i c  effects on t h e  o r g a n i s m s  i n h a b i t i n g  N e l t o n  
Branch a n d  s u b s e q u e n t  r e c e i v i n g  waters. A c o n s e r v a t i v e  
e v a l u a t i o n  of t h e  p o t e n t i a l  for short-term effects c a n  be 
a p p r o a c h e d  by a s suming  a d a i l y  discharge of 1 l i t e r  p e r  d a y  of 
n i t r a t e  wastes t o  b e  d i l u t e d  by t h e  h i s t o r i c a l  minimum flow i n  
H e l t o n  Branch  (0 .1 cfs) -10 The  r e s u l t  would be a s t e a d y - s t a t e  
c o n c e n t r a t i o n  of sodium n i t r a t e  i n  water e q u i v a l e n t  t o  0-3 
mg/liter. T h i s  c a l c u l a t e d  c o n c e n t r a t i o n  i s  a f a c t o r  of 25 
lower t h a n  c o n c e n t r a t i o n s  shown t o  e l ic i t  m o r t a l i t y  ( 7 . 5  
mgl l i t e r )  i n  Gambusia a f f i n i s  a f f i n i s  ( m o s q u i t o f i s h ) ,  a n  
o rgan i sm w i t h  p a r t i c u l a r l y  low t o l e r a n c e  f o r  sodium n i t r a t e . 2 7  
The  c o n s i d e r a b l e  l a t i t u d e  d e t e r m i n e d  by u s i n g  t h i s  
c o n s e r v a t i v e  approach  for t h e  s h o r t - t e r m  effects s u g g e s t s  a 
v e r y  low p o t e n t i a l  fo r  any c h r o n i c  long- t e rm d e t r i m e n t a l  
effects. 

R o u t i n e  p r o c e s s  wastes w i l l  c o n s i s t  of 

A l l  s o l i d  chemical wastes r e s u l t i n g  from o p e r a t i o n  of t h e  
proposed  HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  w i l l  b e  
c o n t a m i n a t e d  w i t h  r a d i o a c t i v i t y ,  They  w i l l  therefore be 
h a n d l e d  a s  r a d i o a c t i v e  u a s t e s .  T h e  a v e r a g e  a n n u a l  q u a n t i t i e s  
of r a d i o n u c l i d e s  e x p e c t e d  t o  be p r e s e n t  i n  t h e  s o l i d  wastes 
are g i v e n  i n  T a b l e  A - 3  i n  Appendix A .  T h e s e  r a d i o n u c l i d e s  
w i l l  be  c o n t a m i n a n t s  on t h e  s o l i d  chemical wastes l i s t e d  i n  
T a b l e  A.2 i n  Appendix A .  

t h a n  10 m i c r o c u r i e s / k g  w i l l  be packaged as r e q u i r e d  for 
t empora ry  s t o r a g e  or f o r  r e t e n t i o n  a t  a n a t i o n a l  r e p o s i t o r y .  
No releases t o  t h e  e n v i r o n m e n t  are e x p e c t e d  t o  r e s u l t  from 
these methods  of s o l i d  waste s t o r a g e .  

The  s o l i d  waste c o n t a m i n a t e d  w i t h  a l p h a  emitters greater 

--------------- 4. Land U s e  and C o n s t r u c t i o n  Impact 

T h e r e  w i l l  b e  no c h a n g e  i n  l a n d  u s e  from t h e  c u r r e n t  
s i t u a t i o n .  The TURF, which o c c u p i e s  a p p r o x i m a t e l y  0 . 5  acre i n  
a complex c o n t a i n i n g  t h e  High Flux I s o t o p e  Reactor and  t h e  
Transu ran ium P r o c e s s i n g  P l a n t ,  w i l l  be  i n t e r n a l l y  a d a p t e d  t o  
accommodate t h e  new f a c i l i t y .  

The major c o n s t r u c t i o n  i m p a c t s  of l a n d  c l e a r i n g ,  
e x c a v a t i o n ,  spoil removal ,  and  loss  of w i l d l i f e  h a b i t a t  
o c c u r r e d  when t h e  TURF f a c i l i t y  was c o n s t r u c t e d  (1965-1968)- 
w i t h  t h e  e x c e p t i o n  of a small  c o o l i n g  tower f o r  p r o c e s s  water, 
no new o u t d o o r  c o n s t r u c t i o n  is planned .  T h i s  c o o l i n g  tower 
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w i l l  b e  p l a c e d  n e a r  t h e  TURF on a l a w n  a rea  n e a r  t h e  b u i l d i n g .  
Both d r y  and  w e t  c o o l i n g  towers w i l l  be e v a l u a t e d  fo r  t h i s  
use .  I f  a wet c o o l i n g  tower is used, t h e  b loudovn w i l l  b e  
s u b j e c t e d  t o  l i a e - s o d a  t r e a t m e n t  to  remove p h o s p h a t e s .  The  
ch romate  w i l l  be r e c y c l e d  back t o  t h e  c o o l i n g  tower, w i t h  no 
release t o  t h e  env i ronmen t .  

A sma l l  l a y - o u t  y a r d  for t h e  materials t o  be  u s e d  i n  
a d a p t i n g  t h e  TURF fo r  f u e l  r e f a b r i c a t i o n  w i l l  p r o b a b l y  be 
r e q u i r e d .  E x i s t i n g  l a w n  or c o n c r e t e  pad areas  c a n  be u s e d  fo r  
t h e  l a p - o u t  y a r d ,  and upon c o m p l e t i o n  of c o n s t r u c t i o n ,  t h i s  
area c a n  be restored p r o m p t l y  t o  i ts p r e s e n t  c o n d i t i o n .  

To estimate t h e  i m p a c t  r e s u l t i n g  from t h e  t r a n s p o r t a t i o n  
of f u e l  and r e f a b r i c a t e d  f u e l  e l e m e n t s  t o  and  from t h e  
proposed  HTGB F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t ,  t h e  f ac to r s  
c o n s i d e r e d  were (1) damage t o  h ighways  and assocfated 
s t r u c t u r e s ,  (2) i n c r e a s e d  p r o b a b i l i t y  of t r a n s p o r t a t i o n  
( n o n - r a d i o l o g i c a l )  a c c i d e n t s ,  (3 )  r a d i a t i o n  effects o n  t h e  
e n v i r o n m e n t  i n  g e n e r a l ,  and (4) human r a d i a t i o n  i n j u r y .  

T h e  HTGR S h i p p i n g  c a s k  w e i g h s  about 23 tons.  
C o n s e q u e n t l y ,  t h e  p o t e n t i a l  damage t o  a road or b r i d g e  
r e s u l t i n g  from t h e  t r a n s p o r t  of t h i s  c a s k  was c o n s i d e r e d .  
Highway w e i g h t  r e s t r i c t i o n s  l i m i t  t h e  r o u t i n e - s h i p m e n t  g ross  
w e i g h t  of l o a d e d  c a s k s  t o  a b o u t  25 t o n s ,  a l t h o u g h  s h i p m e n t s  u p  
t o  3 5  t o n s  may be allowed by  s p e c i a l  p e r m i t  from t h e  s t a t e s  
i n v o l v e d .  E a c h  s h i p m e n t  mast meet s t a t e  r e s t r i c t i o n s  €or 
p r o t e c t i o n  of roadbeds and b r i d g e s ,  a n d  no damage t o  roads or 
b r i d g e s  is a n t i c i p a t e d .  

I f  t h e  p o i n t  of d e l i v e r y  is assumed t o  be Idaho,  a b o u t  70 
round t r i p s  w i l l  be r e q u i r e d  t o  t r a n s p o r t  t h e  refabricated 
f u e l  e l e m e n t s  g e n e r a t e d  d u r i n g  o p e r a t i o n  of t h e  p roposed  p i l o t  
p l a n t  from Oak Ridge  to I d a h o .  T r a n s p o r t a t i o n  of t h e s e  
e l e m e n t s  w i l l  h a v e  l i t t l e  or no effect o n  normal  t r a f f i c  flow. 
The  c o n v e n t i o n a l  r i s k s  of i n j u r y  or d e a t h  due  t o  highway 
a c c i d e n t s  were a l so  a n a l y z e d .  For 7 0  s h i p m e n t s  o v e r  a 
d i s t a n c e  of a b o u t  4600 r o u n d - t r i p  miles each, t h e  a c c i d e n t  
r a t e  wonld be a b o u t  0 . 5 5  a c c i d e n t ,  b a s e d  on DOT s t a t i s t i c s  fo r  
a n  a v e r a g e  t r u c k  a c c i d e n t  r a t e  of a b o u t  1.7 p e r  m i l l i o n  t r u c k  
miles f o r  a l l  h a z a r d o u s  mater ia l  carriers. I n  1969, t h e r e  
were a b o u t  0.51 i n j u r i e s  a n d  0.039 d e a t h s  p e r  a c c i d e n t .  A t  
t h a t  ra te ,  t h e  p r o b a b i l i t y  of a n  a c c i d e n t  i n v o l v i n g  a n  i n j u r y  
is a b o u t  0.28 or o n e  c h a n c e  i n  a b o u t  t h r e e .  The p r o b a b i l i t y  
of a d e a t h  is a b o u t  o n e - t h i r t e e n t h  t h a t  of a n  i n j u r y  from any  
t y p e  of h'lghway a c c i d e n t  ( n o t  n e c e s s a r i l y  n u c l e a r  r e l a t e d )  . 

The d e t a i l s  of t h e  s h i p p i n g  cask i n  wh ich  t h e  
r e f a b r i c a t e d  f u e l  e l e m e n t s  w i l l  be t r a n s p o r t e d  and  t h e  
a s s o c i a t e d  q u a l i t y  a s s u r a n c e  program were d e s c r i b e d  i n  
S u b s e c t i o n  II.B.6. It is n o t  e x p e c t e d  t h a t  t h e  s h i p p i n g  c a s k  
w i l l  p e r m i t  t h e  release of a p p r e c i a b l e  q u a n t i t i e s  of 
r a d i o a c t i v i t y  t o  t h e  e n v i r o n m e n t ,  e v e n  u n d e r  a c c i d e n t  

i 
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c o n d i t i o n s .  The c a s k  was d e s i g n e d 5  t o  meet r e g u l a t i o n s  
g o v e r n i n g  c o n t a i n e r s  i n  which  r a d i o a c t i v e  mater ia ls  are  
t r a n s p o r t e d  (49 CFR 170-189 and 10 CFR 711, and  t h e s e  
r e g u l a t i o n s  c o v e r  b o t h  normal  c o n d i t i o n s  of t r a n s p o r t  and 
h y p o t h e t i c a l  a c c i d e n t  c o n d i t i o n s .  Among t h e  r e q u i r e m e n t s  w i t h  
which t h e  HTGR s h i p p i n g  c a s k  c o m p l i e s 5  a re  t h o s e  which r e q u i r e  
t h e  cask t o  b e  d e s i g n e d  and c o n s t r u c t e d  t o  w i t h s t a n d  free 
f a l l s  t h r o u g h  a d i s t a n c e  of 30 f t  on to  a f l a t  a n d  e s s e n t i a l l y  
u n y i e l d i n g  s u r f a c e  and t h r o u g h  a d i s t a n c e  of 40 in .  o n t o  a 
c y l i n d r i c a l  punch w i t h o u t  loss of c o n t e n t s ,  e x p o s u r e  t o  
t e m p e r a t u r e s  of 1475 d e g r e e s  F for  30 m i n u t e s ,  and immers ion  
i n  water t o  a d e p t h  of a t  l eas t  3 f t  f o r  24 hours .  No 
r a d i a t i o n  effects t o  t h e  e n v i r o n m e n t  o r  t o  p e r s o n n e l  are 
e x p e c t e d  t o  result  from t h e  s h i p m e n t  of r e f a b r i c a t e d  f u e l  
elements b e c a u s e  t h e  s h i p p i n g  c a s k  i n  which t h e y  w i l l  be 
t r a n s p o r t e d  was d e s i g n e d  s p e c i f i c a l l y  f o r  h i g h l y  i r r a d i a t e d  
f u e l  and t h e  l e v e l  of r a d i o a c t i v i t y  i n v o l v e d  w i l l  b e  low. 

The t o t a l  c o n t a i n e d  r a d i o a c t i v i t y  w i t h i n  t h e  HTGR 
s h i p p i n g  c a s k  d u r i n g  a n y  o n e  s h i p m e n t ,  b a s e d  on t h r e e  f u e l  
elements per sh ipmen t ,  w i l l  be a b o u t  10 c u r i e s .  The p o t e n t i a l  
r a d i a t i o n  effects on t h e  e n v i r o n m e n t  of s h i p m e n t s  of reactor 
f u e l  h a v e  b e e n  i n v e s t i g a t e d  and r e p o r t e d  i n  USAEC Report 
WASH-1238.28 When t h e  methodology d e s c r i b e d  i n  t h a t  r e p o r t  is 
u s e d ,  i n d i v i d u a l s  r e s i d i n g  w i t h i n  100 f t  of t h e  c e n t e r  l i n e  of 
t h e  t r a c k  r o u t e  would b e  e x p e c t e d  to r e c e i v e  r a d i a t i o n  d o s e s  
of a b o u t  6 x 10-4 m r e m  from e a c h  s h i p m e n t  of n u c l e a r  f u e l ,  or  
a n  a n n u a l  d o s e  of a b o u t  0.02 m r e m  when 7 0  s h i p m e n t s  o v e r  a 
2-year  p e r i o d  are  assumed. The p o p u l a t i o n  d o s e  from such  
t r a f f i c  was e s t i m a t e d  to be a b o u t  1.8 x 10-7 man-rem/mi f o r  
u n i r r a d i a t e d  f u e l ,  T h i s  c o r r e s p o n d s  t o  p o p u l a t i o n  d o s e s  of 
less t h a n  0 .025  a a n - r e e / y e a r  f o r  t h e  p roposed  s h i p m e n t  of 
r e f a b r i c a t e d  f u e l  e l emen t s .  

Dur ing  2 f  p e a r s  of r a d i o a c t i v e  mater ia l  t r a n s f e r s ,  t h e r e  
have  been n o  known cases of r a d i a t i o n  i n j u r y  to  p e r s o n n e l  
during t r a n s p o r t a t i o n  of n u c l e a r  material.. R e s u l t s  of a 6969 
s u r v e y 6  of r a d i a t i o n  exposures d u r i n g  t r a n s p o r t a t i o n  i n d i c a t e  
t h a t  the a n n u a l  e x p o s u r e  t o  d r i v e r s  and f r e i g h t  h a n d l e r s  who 
r o u t i n e l y  h a n d l e  s h i p m e n t s  of r a d i o a c t i v e  materials i s  well 
below e s t a b l i s h e d  r a d i a t i o n  D r o t e c t i o n  g u i d e s .  

6, Noise ------- 
Noise r e s u l t i n g  from o p e r a t i o n  of t h e  p roposed  ATGR F u e l  

R e f a b r i c a t i o n  P i l o t  P l a n t  s h o u l d  be l i m i t e d  p r i m a r i l y  t o  t h a t  
r e s u l t i n g  from t h e  sh ipmen t  of r e f a b r i c a t e d  f u e l  elements. 
About  70 round  t r i p s  from Oak Ridge t o  a p o i n t  of d e l i v e r y  
assumed t o  b e  I d a h o  w i l l  b e  r e q u i r e d  t o  t r a n s p o r t  t h e  
r e f a b r i c a t e d  f u e l  e l e m e n t s  g e n e r a t e d  d u r i n g  o p e r a t i o n  of t h e  
p i l o t  p l a n t .  T h i s  t r a f f i c  is e s t i m a t e d  t o  result in 
i n f r e q u e n t  n o i s e  of s h o r t  d u r a t i o n ,  and  a l t h o u g h  such  n o i s e  
c o u l d  be o b j e c t i o n a b l e  t o  some p e r s o n s ,  it would n o t  r e p r e s e n t  
a n  a p p r e c i a b l e  i n c r e a s e  i n  e i t h e r  motor f r e i g h t  t r a f f i c  or 
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a m b i e n t  noise  l e v e l s  i n  t h e  immedia t e  area. While  t h e r e  are 
n o  c o u n t y  or s t a t e  r e g u l a t i o n s  a p p l i c a b l e  t o  motor v e h i c l e s ,  
workers w i t h i n  t h e  c o n f i n e s  of ORNI, would be p r o t e c t e d  by t h e  
p r o v i s i o n s  of t h e  O c c u p a t i o n a l  S a f e t y  and  H e a l t h  Act of 1970. 

The ac tua l  p r o c e s s i n g  o p e r a t i o n s  of t h e  f u e l  
re fabr ica t ion  f a c i l i t y  are r e l a t i v e l y  q u i e t ,  w i t h  no 
s i g n i f i c a n t  d i s t u r b a n c e s  of e i t h e r  o p e r a t i n g  p e r s o n n e l  or t h e  
s u r r o u n d i n g  area expected. T y p i c a l  n o i s e  l e v e l s  i n  t h e  
immedia t e  area of t h e  p r o p o s e d  project  are e s t i m a t e d  t o  b e  
below ?5 d e c i b e l s ,  measured o v e r  t h e  entire f r e q u e n c y  r a n g e .  
V i r t u a l l y  a l l  of t h e  p r o c e s s i n g  w i l l  be pe r fo rmed  b e h i n d  t h e  
5 . 5 - f t - t h i c k  c o n c r e t e  wal ls  of t h e  TURF cells (subsec t ion  
I I . A . 1 ) .  T h e s e  p r o c e s s i n g  n o i s e s  a r e  n o t  e x p e c t e d  t o  b e  
a u d i b l e  off of t h e  site. 

-- 7 . P a e C t  Decommissioninq 

The amount of l i q u i d  r a d i o a c t i v e  e f f l u e n t  t h a t  w i l l  b e  
g e n e r a t e d  by decommiss ion ing  is e s t i m a t e d  t o  be 3000 l i ters or 
a b o u t  1000 g a l l o n s  (less t h a n  1 c u r i e  p e r  l i t e r ,  a v e r a g e  
e n e r g y  0.5 M e V ) .  T h i s  e f f l u e n t  w i l l  b e  s t o r e d  i n  t h e  e x i s t i n g  
TURF waste t a n k s  f o r  s u b s e q u e n t  t r a n s f e r  t o  t h e  ORNL l i q u i d  
r a d i o a c t i v e  waste t r e a t m e n t  and s t o r a g e  system. 

The volume of s o l i d  r a d i o a c t i v e  waste ( s h o e  c o v e r s ,  
r u b b e r  g l o v e s ,  swabs, mops, rags,  etc.) t h a t  w i l l  b e  g e n e r a t e d  
i s  e s t i m a t e d  t o  b e  14 m 3  or a b o u t  5 0 0  f t 3 ,  uncompacted. T h i s  
waste w i l l  b e  packaged  for storage and  r e t r i e v a l  a t  t h e  
e x i s t i n g  ORNL b u r i a l  ground.  Con tamina ted  equ ipmen t  w i l l  b e  
d e c o n t a m i n a t e d  and  packaged f o r  long-term s t o r a g e  and  
r e t r i e v a l  a t  t h e  ORNL b u r i a l  ground.  

Decommissioning of t h e  p r o j e c t  w i l l  have n o  a d v e r s e  
effect on  t h e  e n v i r o n m e n t ,  and  n o  i n c r e a s e  in t h e  s i z e  of t h e  
e x i s t i n g  waste t r e a t m e n t  and  storage f a c i l i t i e s  w i l l  be 
r e q u i r e d  to h a n d l e  t h e  p r o d u c t s  of decommissioning.  

I 

----- B. A c c i d e n t s  

The a c c i d e n t s  p o s t u l a t e d  for t h e  p r o p o s e d  p r o j e c t  h a v e  a 
v e r y  l o w  p r o a b i l i t y  of o c c u r r e n c e  and  are  t h e r e f o r e  s e p a r a t e d  
from any c o n s i d e r a t i o n  of p r o b a b l e  e n v i r o n m e n t a l  impac t .  The 
s a f e t y  a n a l y s i s 7  for  t h e  TURF was u s e d  i n  a s s e s s i n g  t h e  
effects of maximum c r e d i b l e  a c c i d e n t s ,  b u t  it s h o u l d  be 
r e c o g n i z e d  t h a t  t h a t  a n a l y s i s  v a s  b a s e d  on p o s s i b l e  a c c i d e n t  
c o n d i t i o n s  d u r i n g  f u e l  r e p r o c e s s i n g  o p e r a t i o n s  i n  which  l a r g e  
q u a n t i t i e s  of f i s s i o n  p r o d u c t s  would be p r e s e n t .  Because  of 
t h e  a b s e n c e  of f i ss ion  p r o d u c t s  d u r i n g  t h e  f u e l  r e f a b r i c a t i o n  
o p e r a t i o n s  d e s c r i b e d  i n  t h i s  r e p o r t ,  t h e  estimates of 
r a d i a t i o n  e x p o s u r e  r e s u l t i n g  from p o s s i b l e  a c c i d e n t s  i n  t h e  
proposed  p i l o t  p l a n t  a re  f a r  lower t h a n  t h o s e  r e p o r t e d  i n  t h e  
TURF s a f e t y  a n a l y s i s .  The f a c i l i t y ,  sys t em,  a n d  p r o c e s s  
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d e s i g n s  a re  s u c h  t h a t  s h o u l d  a n  a c c i d e n t  o c c u r ,  l i t t l e  or no 
effect would reach t h e  env i ronmen t ,  I n  t h e  e v e n t  t h a t  
e x t e r n a l  waste h a n d l i n g  s y s t e m s  were damaged, t h e  p i l o t  p l a n t  
wou ld  be s h u t  down and isolated from t h e s e  s y s t e m s  t o  p r e v e n t  
t h e  u n c o n t r o l l e d  release of e f f l u e n t s  t o  t h e  envi ronment .  
T h e s e  a c c i d e n t s  a n d  t h e i r  p o s s i b l e  e n v i r o n m e n t a l  effects a re  
d i s c u s s e d  i n  d e t a i l  i n  t h e  f o l l o w i n g  s u b s e c t i o n s .  

----- 1. Fire  

The p r o b a b i l i t y  of a f i re  i n  t h e  HTGR F u e l  R e f a b r i c a t i o n  
P i l o t  P l a n t  v i 1 1  be  low s i n c e  t h e  q u a n t i t y  of c o m b u s t i b l e  
material w i l l  be k e p t  t o  a minimum t h a t  is c o n s i s t e n t  w i t h  
p r o c e s s  and  b u i l d i n g  r e q u i r e m e n t s ,  However, t h e r e  is s t i l l  
t h e  p o s s i b i l i t y  of fire i n  t h e  p i l o t  p l a n t  b e c a u s e  o r g a n i c  
o i l s  and s o l v e n t s ,  pape r ,  a n d  c o m b u s t i b l e  gases a re  u s e d  i n  
f u e l  r e f a b r i c a t i o n ,  The TURF f i r e  p r o t e c t i o n  s y s t e m s  w i l l  
p r o v i d e  c o m p l e t e  c o v e r a g e  t o  a l l  parts of t h e  p i l o t  p l a n t ,  
The  i n t e r i o r  of t h e  ce l l  bank  w i l l  be p r o t e c t e d  hy a 
h i g h - p r e s s u r e ,  g a s e o u s  c a r b o n  d i o x i d e  s y s t e m ,  a n d  r e g i o n s  
o u t s i d e  t h e  cells w i l l  be p r o t e c t e d  b y  a c o n v e n t i o n a l  
s p r i n k l e r  sgs t e n  , 

I n  t h e  TURF s a f e t y  a n a l y s i s , ’  t h e  maximum c r e d i b l e  
a c c i d e n t  r e s u l t i n g  from a f i r e  c o u l d  release r a d i o a c t i v i t y  t o  
a cell.  I f  s u c h  a n  a c c i d e n t  s h o u l d  o c c u r o  t h e  maximum 
p e r s o n n e l  d o s e  downwind would b e  less t h a n  200  mrem t o  t h e  
t o t a l  body, 3 rem t o  bone, a n d  7 rem t o  t h e  lung .  No 
i s o l a t i o n  of l a n d  area o u t s i d e  of t h e  c o n t r o l l e d  access area 
would be r e q u i r e d ,  The a f f e c t e d  area would be less t h a n  t h a t  
of t h e  p r o p o s e d  site. The r e s u l t s  of a n  i n d e p e n d e n t  a n a l y s i s  
of t h e  p o t e n t i a l  fo r  r a d i o a c t i v i t y  release f o l l o w i n g  a f i r e  
were i n  g e n e r a l  c o n c u r r e n c e  w i t h  t h e  estimates p r e v i o u s l y  
made. I n  a l l  b u t  t h e  most extreme c o n d i t i o n s  of s t r u c t u r e  
damage and  a d v e r s e  meteorological c o n d i t i o n s ,  p e r s o n n e l  doses 
s h o u l d  b e  less t h a n  200 m r e m ,  

- 2. E x p l q s i o n s  

The c r e d i b l e  t y p e s  of c h e m i c a l  e x p l o s i o n s  i n  t h e  H T G R  
F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  would i n v o l v e  l i m i t e d  volumes 
of m i x t n r e s  of hydrogen ,  o r g a n i c  gases o r  v a p o r s ,  or 
p y r o p h o r i c  d u s t  w i t h  a i r .  E x p l o s i v e  m i x t u r e s  t h a t  would 
c o m p r i s e  a s i g n i f i c a n t  f r a c t i o n  of t h e  volume o f  a p r o c e s s i n g  
cell i n  t h e  p i l o t  p l a n t  are n o t  c r e d i b l e  b e c a u s e  of t h e  
f a v o r a b l e  b a l a n c e  between t h e  r a t e  of cell e x h a u s t  and  t h e  
r a t e  of f o r m a t i o n  of e x p l o s i v e  material. 

The  c o n t r o l  measures  to be used t o  l i m i t  t h e  p r o b a b i l i t y  
of l imi t ed -vo lume  e x p l o s P o n s  I n c l u d e  p r o c e d u r e s  t o  minimize  
t h e  o c c u r r e n c e  of e x p l o s i v e  m i x t u r e s  and s o u r c e s  of i g n i t i o n .  
Vessels which l i b e r a t e  r a d i o l y t i c  hydrogen  a n d  o r g a n i c  v a p o r s  
w i l l  be p u r g e d  w i t h  a i r  to m a i n t a i n  l o w e r - t h a n - e x p l o s i v e  
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c o n c e n t r a t i o n s .  F u e l  r e f a b r i c a t i o n  p r o c e s s e s  t h a t  employ 
hydrogen,  c o m b u s t i b l e  gasesI and  o r g a n i c  v a p o r s  w i l l  be 
moni to red  and  whenever  p r a c t i c a b l e ,  p r e - d i l u t e d  w i t h  i n e r t  
gases t o  assure n o n e x p l o s i v e  c o n c e n t r a t i o n s .  S p e c i a l  
o p e r a t i n g  p r o c e d u r e s  v i 1 1  b e  u s e d  t o  minimize  t h e  p o s s i b i l i t y  
of a c c u m u l a t i o n  of p o t e n t i a l l y  e x p l o s i v e  m i x t u r e s  of 
p y r o p h o r i c  d u s t .  

P r o c e s s  o p e r a t i o n s  w i l l  be l i m i t e d  t o  t h o s e  which c a n n o t  
r e s u l t  i n  c r e d i b l e  t y p e s  of l imi t ed -vo lume  e x p l o s i o n s  t h a t  
would e x c e e d  t h e  d e s i g n  c a p a b i l i t i e s  of the TURF p r o c e s s i n g  
cells. The i n s t a n t a n e o u s  g a s  g e n e r a t i o n  accompanying t h e  
maxlmum c r e d i b l e  e x p l o s i o n  i n  TURF c o u l d  r e s u l t  i n  an  i n c r e a s e  
of t h e  g a s  p r e s s u r e  i n  a p r o c e s s i n g  ce l l  t o  a maximum of a b o u t  
4 i n ,  of water (gage).? The  p r e s s u r e  w i l l  r e t u r n  t o  below 
a t m o s p h e r i c  i n  less t h a n  1 second.  The e s c a p e  of aerosol  
t h r o u g h  t h e  a i r  i n t a k e s  w i l l  be  n e g l i g i b l e  b e c a u s e  of t h e  
backflow p r e v e n t e r s  on  t h e  i n t a k e s .  The i n t a k e  f i l ters would 
n o t  b e  r u p t u r e d .  The i n t e g r i t y  of a l l  components  of t h e  
c o n t a i n m e n t  membrane w i l l  b e  m a i n t a i n e d  u n d e r  t h e s e  a c c i d e n t  
cond i t i o n s  . 

I n  t h e  TURF s a f e t y  a n a l y s i s , ?  t h e  maximum c r e d i b l e  
a c c i d e n t  r e s u l t i n g  from a c h e m i c a l  e x p l o s i o n  c o n s i d e r e d  was 
one i n  which  an  aerosol of € r r a d i a t e d  f u e l  e l e m e n t  d i s s o l v e r  
s o l u t i o n  was d i s p e r s e d  i n  t h e  c e l l  a i r .  The o u t l e t  f i l ters  
w i l l  w i t h s t a n d  a n y  shock  wave o r  o v e r p r e s s u r e  g e n e r a t e d  by t h e  
p o s t u l a t e d  c h e m i c a l  e x p l o s i o n  b e c a u s e  t h e y  were d e s i g n e d  t o  
w i t h s t a n d  g r e a t e r  p r e s s u r e  t h a n  t h e  i n t a k e  f i l t e rs  a n d  t h e  
f u l l  effects of a shock  wave c a n n o t  r e a c h  them. If some 
fac tor  o t h e r  t h a n  t h e  e x p l o s i o n  r e s u l t e d  in f i l t e r  f a i l u r e  
d u r i n g  a n  e x p l o s i o n ,  t h e  maximum p o p u l a t i o n  d o s e  downwind 
would be less t h a n  1 mrem. 

I n  t h e  HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t ,  uranium-233 
which h a s  b e e n  s e p a r a t e d  from t h e  m a j o r i t y  of t h e  f i s s i o n  
p r o d u c t s  w i l l  be used .  T h e r e f o r e ,  t h e  e n v i r o n m e n t a l  effect of 
a c h e m i c a l  e x p l o s i o n  w i t h  t h e  p u r i f i e d  uranium-233 s h o u l d  be  
less t h a n  t h a t  i n  t h e  case c o n s i d e r e d  i n  t h e  TURF s a f e t y  
a n a l y s i s .  T h e r e f  ore, n o  a d v e r s e  e n v i r o n m e n t a l  e f f e c t s  a re  
e x p e c t e d  t o  r e s u l t  from a c h e m i c a l  e x p l o s i o n  i n  t h e  HTGR F u e l  
R e f a b r i c a t i o n  P i l o t  P l a n t .  

-------- 3, C r i t i c a J i t y  

The p r o b a b i l i t y  of a c r i t i c a l i t y  a c c i d e n t  i n  t h e  HTGR 
F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  v i 1 1  b e  m a i n t a i n e d  a t  a low 
l e v e l  by strict a d m i n i s t r a t i v e  c o n t r o l  and by o t h e r  s a f e t y  
measures ,  s u c h  as mass l imi t a t ion  of h a z a r d o u s  material. 
However, i f  s u c h  a n  a c c i d e n t  s h o u l d  o c c u r ,  g a s e o u s  f i s s i o n  
p r o d u c t s  a n d  a n  aerosol of n o n v o l a t i l e  f i s s i o n  p r o d u c t s  c o u l d  
be  d i s p e r s e d  w i t h i n  t h e  s h i e l d e d  h o t  cells, and a small 
p o r t i o n  of t h e  materials c o u l d  b e  r e l e a s e d  t h r o u g h  t h e  
f i l t e r e d  v e n t i l a t i o n .  The h i g h - e f f i c i e n c y  p a r t i c u l a t e  a i r  
f i l ters a re  l o c a t e d  a t  a s u f f i c i e n t  d i s t a n c e  from t h e  
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p r o c e s s i n g  cells t h a t  t h e y  would n o t  be  a f f e c t e d  by a 
c r i t i c a l i t y  i n c i d  e n  t. 

I n  o r d e r  t o  assess t h e  e n v i r o n m e n t a l  effects of a 
c r i t i c a l i t y  a c c i d e n t  i n  t h e  proposed  HTGR F u e l  B e f a b r i c a t i o n  
P i l o t  P l a n t ,  a c r i t i c a l i t y  i n c i d e n t  i n v o l v i n g  l o l o  f i s s i o n s  
was h y p o t h e s i z e d .  It was assumed t h a t  t h e  cr i t ical  mass 
o c c u r r e d  i n  e i t h e r  a s o l u t i o n  o r  i n  a water modera ted  bed of 
m i c r o s p h e r e s .  I n  e i t h e r  case, it i s  e x p e c t e d  t h a t  t h e  h e a t  
r e l e a s e d  would b o i l  t h e  water, the cr i t ical  mass would be 
d i s p e r s e d ,  and  t h e  c h a i n  reaction would cease. It was assumed 
t h a t  a l l  n o b l e  g a s e s  a n d  h a l o g e n s  (or h a l i d e s )  would be 
d i s c h a r g e d  from t h e  p l a n t  s t a c k  15 m i n u t e s  a f t e r  t h e  i n c i d e n t ,  
A d e c o n t a m i n a t i o n  fac tor  of 107 was o s e d  t o  d e t e r m i n e  t h e  
f r a c t i o n a l  release of a l l  o t h e r  f i s s i o n  p r o d u c t s .  F o r  t h e s e  
c a l c u l a t i o n s ,  it was a l s o  assumed t h a t  t h e  a c c i d e n t  o c c u r r e d  
d u r i n g  F s t a b i l i t y  c o n d i t i o n s  w i t h  a wind speed  of 4.4 
metess / second i n  t h e  n o r t h e a s t  d i r e c t i o n .  

A p e r s o n  s t a n d i n g  a t  t h e  e f f e c t i v e  perimeter boundary  
c o u l d  r e c e i v e  a prompt  n e u t r o n  p l u s  s e c o n d a r y  gamma d o s e  of 
0.0036 m r e m .  Submers ion  in t h e  r a d i o a c t i v e  c l o u d  would r e s u l t  
i n  a n  a d d i t i o n a l  dose from e x t e r n a l  r a d i a t i o n  (0.015 mrem) and  
a n  i n t e r n a l  d o s e  commitment ( d o s e  i n t e g r a t f o n  p e r i o d  of SO 
y e a r s )  from i n h a l a t i o n  of t h e  r a d i o a c t i v e  gases and 
p a r t i c u l a t e s  (0.00028 mrem to t h e  who le  body, 0.00029 mrem t o  
bone, 0.098 mrem t o  t h y r o i d ,  and  0.0022 m r e m  t o  l ung)  . I f  a 
p e r s o n  r e m a i n e d  a t  t h e  e f fec t ive  perimeter boundary  
c o n t i n u o u s l y ,  he c o u l d  r e c e i v e  0.011 mtei t h e  first y e a r  and 
p r o p o r t i o n a t e l y  less e a c h  f o l l o w i n g  y e a r  a s  t h e  r a d i o n u c l i d e s  
decayed  and  e n t e r e d  t h e  s o i l  p r o f i l e .  

The maximum i n d i v i d u a l  d o s e s  for a l l  pa thways  of e x p o s u r e  
e x c e p t  prompt  n e u t r o n s  and s e c o n d a r y  gammas would o c c u r  3000 
meters from t h e  TURF. The e x t e r n a l  d o s e  from s u b m e r s i o n  would 
be 0.45 mrems. A p e r s o n  r e s i d i n g  c o n t i n u o u s l y  a t  t h i s  
loca t ion  would receive an e x t e r n a l  d o s e  of 0.39 mrem from t h e  
first y e a r  of exposure f o l l o w i n g  t h e  p o s t u l a t e d  a c c i d e n t  and  
p r o p o r t i o n a t e l y  less  e a c h  f o l l o w i n q  y e a r  a s  t h e  r a d i o n u c l i d e s  
decayed  and  e n t e r e d  t h e  s o i l  p r o f i l e .  I n h a l a t i o n  would r e s u l t  
i n  t h e  l a r g e s t  dose :  0,0099 m r e m  to  t h e  whole body, 0.011 mrem 
to bone, 3.2 mrem t o  t h y r o i d  ( i o d i n e  r a d i o n u c l i d e s )  and  0.082 
m r e m  t o  t h e  lung .  

A_--- 4 Natural ---- D L s t u r b a n c e s  

from t h e  p roposed  RTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  a s  a 
result of p o s s i b l e  damage t o  t h e  TURF from n a t u r a l  
d i s t u r b a n c e s .  The d i s t u r b a n c e s  c o n s i d e r e d  i n c l u d e d  (a) 
e a r t h q u a k e s ,  (b) f l o o d i n g ,  (c) h i g h  winds,  a n d  (a) t o r n a d o s .  

C o n s i d e r a t i o n  was g i v e n  to t h e  release of r a d i o a c t i v i t y  
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Ear thquakes .  The TURF s i te  i s  l o c a t e d  w i t h i n  a z o n e  
of low e a r t h q u a k e  a c t i v i t y ,  a s  i l l u s t r a t e d  i n  F i g .  1 6  
( s u b s e c t i o n  11. D, 4) , a n d  t h e  p r o b a b i l i t y  f o r  s i g n i f i c a n t  
e a r t h q u a k e  damage t o  t h e  TURF h a s  b e e n  e s t i m a t e d  t o  be  low 
(Appendix B) . The e p i c e n t e r s  of damaging e a r t h q u a k e s  of 
i n t e n s i t y  V I 1  or larger h a v e  n e v e r  been  r e c o r d e d  i n  t h e  area 
s u r r o u n d i n g  t h e  TURF site. From t h e  seismic r i s k  map 
(P ig ,  1 6 ) ,  which  is b a s e d  on known d i s t r i b u t i o n s  of damaging 
e a r t h q u a k e s  a n d  c o r r e s p o n d i n g  i n t e n s i t i e s ,  n o  s h o c k u a v e s  f rom 
d i s t a n t  e a r t h q u a k e s  t h a t  m i g h t  r e a c h  t h e  TURF s i t e  a re  
e x p e c t e d  t o  be of s u f f i c i e n t  f r e q u e n c y  o r  a m p l l t u d e  t o  i m p a r t  
p h y s i c a l  aamage t o  t h e  s t r u c t u r e .  

The s i te  is l o c a t e d  i n  seismic r i s k  z o n e  2 ,  which h a s  a 
c o r r e s p o n d i n g  po ten t i a l  f o r  a maximum ground  a c c e l e r a t i o n  of 
from 0.03 t o  0.09 9. The areas i n  t h e  TURF t h a t  w i l l  c o n t a i n  
large amounts  of s p e c i a l  n u c l e a r  material  w i l l  be s u r r o u n d e d  
by  t h i c k  c o n c r e t e  wal ls  ( s u b s e c t i o n  I I . A . 1 ) .  I n  a d d i t i o n ,  t h e  
r e l a t i v e l y  s h o r t  o p e r a t i n g  l i f e  of t h e  p i l o t  p l a n t  w i l l  
d e c r e a s e  t h e  p r o b a b i l i t y  of damaging e a r t h q u a k e  a c t i v i t y  i n  
t h e  s i t e  area. No s t r u c t u r a l  o r  equipment  damage which would 
r e s u l t  i n  a p p r e c i a b l e  release of r a d i o a c t i v e  materials as  a 
r e s u l t  of a n  e a r t h q u a k e  is e x p e c t e d .  

P l o o d i n q ,  The  p o s s i b i l i t y  of e x t e n s i v e  f l o o d i n g  of 
t h e  p r o p o s e d  p r o j e c t  s i te  is c o n s i d e r e d  to  b e  e x t r e m e l y  remote 
s i n c e  t h e  TWRF is l o c a t e d  o n  a k n o l l  well above  t h e  v a l l e y  
f l o o r  a n d  t h e r e f o r e  above  a n y  p o s s i b l e  f lood p l a i n .  The 
n a t u r a l  g r a d e  of t h e  s u r r o u n d i n g  area s h o u l d  p r o v i d e  a d e q u a t e  
d r a i n a g e  t o  accomoda te  any maximum p o s t u l a t e d  r a i n f a l l  
i n t e n s i t y  . F l o o d i n g  is t h e r e f o r e ,  n o t  a n t i c i p a t e d  t o  r e s u l t  
i n  damage t o  t h e  p roposed  f a c i l i t y  t h a t  would a l l o u  t h e  
release of r a d i o a c t i v i t y  t o  t h e  env i ronmen t .  

Hiqh Winds. The spec i f i ca t ions  t o  which t h e  TURF 
was b u i l t  i n c l u d e d  t h e  r e q u i r e m e n t  t h a t  it w i t h s t a n d  wind 
s p e e d s  of a t  l eas t  90 miles p e r  hour .  As t h e  maximum wind 
s p e e d  r e c o r d e d  i n  t h e  area d u r i n g  t h e  l a s t  20 y e a r s  was 59 
miles per  hour ,  t h e  p o s s i b i l i t y  of h i g h  winds  h a v i n g  a n  
a d v e r s e  effect  on' b u i l d i n g  i n t e g r i t y  is c o n s i d e r e d  t o  be  
remote. 

fiL, Tornados .  The p r o j e c t  s i te  seems p r o t e c t e d  by  t h e  
Appa lach ian  a n d  Cumberland n o u n t a i n  R idges ,  Two small 
t o r n a d o s  h a v e  b e e n  i d e n t i f i e d  i n  t h e  v i c i n i t y  of Oak Ridge  
w i t h i n  t h e  p a s t  2 0  y e a r s .  The p r o b a b i l i t y  of damage t o  t h e  
TURF from t o r n a d o  a c t i v i t y  is t h e r e f o r e  c o n s i d e r e d  t o  b e  v e r y  
small. I n  a d d i t i o n ,  t h e  areas i n  t h e  TURF t h a t  w i l l  c o n t a i n  
l a r g e  amoun t s  o f  s p e c i a l  n u c l e a r  mater ia l  w i l l  b e  s u r r o u n d e d  
by t h i c k  concrete wal ls  ( S u b s e c t i o n  P I . A . l ) .  The  ce l l  
s t r u c t u t e s  of t h e  TURF were d e s i g n e d  t o  w i t h s t a n d  a n  i n t e r n a l  
s h o c k  wave of 970 p s f  u i t h o u t  f a i l u r e ,  and t h i s  would make 
s u c h  areas w i t h s t a n d  damage from t o r n a d o  a c t i v i t y .  

I 
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cel l  A ,  which is a gloved-box m a i n t e n a n c e  cell ,  is n o t  
d e s i g n e d  t o  w i t h s t a n d  a t o r n a d o .  However, t h f s  cell  w i l l  
c o n t a i n  o n l y  equ ipmen t  which h a s  been  c l e a n e d  p r e v i o u s l y ,  and  
any  r e s i d u a l  s u r f a c e  c o n t a m i n a t i o n  is n o t  e x p e c t e d  t o  be 
released t o  t h e  e n v i r o n m e n t  i n  t h e  e v e n t  of a t o r n a d o .  

A------ 5 H a n d l i n L A c c i d e n t s  ---- 
A h a n d l i n g  a c c i d e n t  c o u l d  o c c u r  d u r i n g  t r a n s f e r  of u r a n y l  

n i t r a t e  s o l u t i o n  from t a n k  storage i n  B u i l d i n g  3019 to t a n k  
s torage  i n  t h e  TURF. However, t h e  t r a n s f e r  p r o c e s s  d e s c r i b e d  
i n  S u b s e c t i o n  I I . B . 3  i s  d e s i g n e d  t o  min imize  t h e  p r o b a b i l i t y  
of s u c h  a n  a c c i d e n t .  L o a d i n g  a n d  u n l o a d i n g  o p e r a t i o n s  a re  
performed i n  c o n t a i n e d  areas, and  t h e  opera t ing  p r o c e d u r e s  
o u t l i n e d  on d e t a i l e d  c h e c k l i s t s  are e n f o r c e d .  

c o u l d  p o s s i b l y  r e s u l t  i n  c r a c k s  i n  t h e  s o l u t i o n  carrier 
c o n t a i n m e n t ,  p e r m i t t i n g  leakage of t h e  carrier c o n t e n t s .  
T h e r e  are  o n - s i t e  a d m i n i s t r a t i v e  c o n t r o l s  and  m o n i t o r i n g  
p r o c e d u r e s  t h a t  a re  i n t e n d e d  t o  p e r m i t  d e t e c t i o n  and 
c o n f i n e m e n t  of a n y  l e a k a g e  u n d e r  s u c h  c o n d i t i o n s .  C l e a n u p  and  
d e c o n t a m i n a t i o n  of t h e  local area would be r e q u i r e d  u n d e r  s u c h  
cond it i o n s  . 
e l e m e n t s ,  d e s c r i b e d  in S u b s e c t i o n  1 1 . B . 6 1  c o n s i s t  of t h e  
a c c i d e n t a l  d r o p p i n g  of a f u e l  e l e m e n t .  Depending upon t h e  
s t a g e  of t h e  p r o c e s s ,  t h e  c o n s e q u e n c e s  of d r o p p i n g  a f u e l  
e l e m e n t  c o u l d  be  t h e  p o s s i b l e  f r a c t u r e  of a n  e l e m e n t  and t h e  
release of r a d i o a c t i v i t y  i n t o  t h e  p r o c e s s i n g  cell, i n t o  t h e  
c r a n e  bay area, or i n t o  t h e  s h i p p i n g  cask. No r a d i o a c t i v i t y  
would be released from t h e  TURF t o  t h e  a t m o s p h e r e  u n d e r  t h e s e  
c o n d i t i o n s .  

The s h i p p i n g  cask i n  which c o m p l e t e d  f u e l  e l e m e n t s  w i l l  
be t r a n s p o r t e d  from t h e  p i l o t  p l a n t  t o  a reactor complies w i t h  
t h e  r e g u l a t i o n s  for normal  c o n d i t i o n s  of t r a n s p o r t  a s  well as 
t h o s e  g o v e r n i n g  t h e  h y p o t h e t i c a l  a c c i d e n t  se t  f o r t h  by t h e  
USAl3C.s Therefore ,  n o  release of r a d i o a c t i v i t y  is e x p e c t e d  a s  
a r e s u l t  of a p o s s i b l e  a c c i d e n t  d u r i n g  s h i p m e n t  of completed 
f u e l  e l e m e n t s  from t h e  p i l o t  p l a n t .  

decommiss ion ing  c o u l d  c o n s i s t  of t h e  d r o p p i n g  o f  e i t h e r  a 
storage c a n  or a t r a n s f e r  c a s k  i n  t h e  cell area or a t r u c k  
a c c i d e n t  e n r o u t e  t o  a s o l i d  waste r e p o s i t o r y  1 t o  2 miles away 
frola t h e  TURF. Only  t h e  t r u c k  a c c i d e n t  c o u l d  r e s u l t  i n  a n y  
release t o  t h e  e n v i r o n m e n t ,  b u t  t h e r e  would be n o  airborne or 
t r a n s f e r r a b l e  r ad ioac ti v i  t y b e c a u s e  of t he deco n tam i n  a t  i o n  
p r o c e d u r e s  followed p r io r  t o  l o a d i n g  of t h e  m a t e r i a l  i n  t h e  
t r a n  sf er c a s k .  

An a c c i d e n t  i n v o l v i n g  o v e r t u r n  of t h e  loaded t ra i ler  

P o s s i b l e  a c c i d e n t s  d u r i n g  t h e  t r a n s f e r  of c o m p l e t e d  f u e l  

A h a n d l i n g  a c c i d e n t  associated w i t h  p r o j e c t  
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----- 6 .  ResEonse --- to A c c i d e n t a l  Release of Radioac t iv i t J  

The ORNL f i r e  d e p a r t m e n t  a n d  emergency  squad  would 
r e s p o n d  i m m e d i a t e l y  t o  any a c c i d e n t  a t  t h e  proposed  HTGR F u e l  
R e f a b r i c a t i o n  P i l o t  P l a n t .  A c c i d e n t a l  release of 
r a d i o a c t i v i t y  would be d e t e c t e d  by t h e  ne twork  of a l p h a ,  
beta-gamma, and  n e u t r o n  d e t e c t o r s  i n  t h e  TURF a n d  on t h e  ORNL 
site, T h i s  s y s t e m  is d e s c r i b e d  i n  Appendix C. 

t h e  p o t e n t i a l  for e x p o s u r e  of t h e  p u b l i c  to h a r m f u l  amoun t s  of 
r a d i o a c t i v i t y ,  s ta te  a n d  l oca l  a u t h o r i t i e s  u o u l d  be n o t i f i e d .  
C o n t i g e n c y  p l a n s  t o  p r o v i d e  t h i s  r e s p o n s e  are  a p a r t  of t h e  
o p e r a t i n g  p r o c e d u r e s  a t  ORNL. Areas a f f e c t e d  b y  any  s u c h  
release would be i s o l a t e d  u n t i l  s u r v e y e d  by h e a l t h  p h y s i c s  
p e r s o n n e l  and  d e c o n t a m i n a t e d  a s  r e q u i r e d .  

If  a release of r a d i o a c t i v i t y  were la rge  enough t o  p o s e  

I V ,  U N A V O I D A B L E  ADVERSE ENVIRONHENTAL EFFECTS 

C o n s t r u c t i o n  and o p e r a t i o n  of t h e  p roposed  HTGR F u e l  
R e f a b r i c a t i o n  P i l o t  P l a n t  w i l l  r e s u l t  i n  n o  known s i g n i f i c a n t  
a d v e r s e  e n v i r o n m e n t a l  i m p a c t s  which c a n n o t  be a v o i d e d .  The 
u n a v o i d a b l e  releases w i l l  c a u s e  a maximum p o t e n t i a l  i n d i v i d u a l  
e x p o s u r e  of 3.6 x 10-3 mreol p e r  year from g a s e o u s  e f f l u e n t s  
(compared w i t h  100 m e a / p e a r  background)  a n d  100 m i l l i o n t h s  of 
t h e  C o n c e n t r a t i o n  g u i d e  from l i q u i d  e f f l u e n t s .  The c h e m i c a l  
e m i s s i o n s  i n  t h e  l i q u i d  releases w i l l  amount t o  1/25 of t h e  
c o n c e n t r a t i o n  known to be l e t h a l  t o  s e n s i t i v e  o r g a n i s m s  i n  t h e  
affected waters. However, t h e s e  u n a v o i d a b l e  releases are  n o t  
e x p e c t e d  t o  h a v e  a n y  detectable effect on t h e  env i ronmen t .  

11. ALTEBNATIVES 

A l t e r n a t i v e s  to t h e  p r o p o s e d  H T G R  F u e l  R e f a b r i c a t i o n  
P i l o t  P l a n t  f a l l  g e n e r a l l y  i n t o  f o u r  categories- T h e y  are (1) 
t h e  a l t e r n a t i v e  of no r e c y c l i n g  of ETGR f u e l ,  i n  whfch case 
t h e  p i l o t  p l a n t  would n o t  be  b u i l t  a t  a l l  a n d  s p e n t  f u e l  would 
b e  s t o r e d  i n d e f i n i t e l y :  (2) a n  a l t e r n a t e  s c h e d u l e  for b a i l d i n g  
t h e  p i l o t  p l a n t ,  which would c e r t a i n l y  mean a d e l a y  b e c a u s e  
advancement  of t h e  p r e s e n t  s c h e d u l e  is i m p o s s i b l e :  (3) 
a l t e r n a t i v e s  t o  t h e  flow s h e e t  for f u e l  r e f a b r i c a t i o n  to be  
a c c o m p l i s h e d  i n  t h e  p i l o t  p l a n t  b e c a u s e  of c h a n g e s  i n  t h e  
d e s i g n  of r e c y c l e  f u e l  or t h e  deve lopmen t  of better qrocesses 
or b o t h ;  and  (4) a n  a l t e r n a t i v e  locat ion for t h e  p roposed  
p i l o t  p l a n t  o r  fo r  storage of c o m p l e t e d  f u e l  e l e n e n t s -  

r' 
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The a l t e r n a t i v e  of no  r e c y c l e  of HTGR f u e l  was d i s c u s s e d  
b r i e f l y  i n  S u b s e c t i o n  11.C.3(a) of t h i s  s t a t e m e n t ,  I n  t h a t  
s u b s e c t i o n  it was p o i n t e d  o u t  t h a t  f a i l u r e  t o  u t i l i z e  bred 
f u e l  would increase t h e  u n d i s c o n n t e d  f u e l  c y c l e  cost by $3.4 
t o  $19.5 b i l l i o n ,  d e p e n d i n g  on  t h e  s i z e  of t h e  ATGR economy. 
T h i s  amount i s  e q u i v a l e n t  t o  an i n c r e a s e  i n  t h e  u n i t  cost  of 
power from H T G R s  of a b o u t  0.45 mill /kWlhr  o n  a l e v e l i z e d  bas i s .  
Accord ing  t o  t h e  data g i v e n  i n  T a b l e  2 of S u b s e c t i o n  
I P . C , 3 ( a ) ,  t h i s  r e p r e s e n t s  a 40 t o  47% i n c r e a s e  i n  t h e  f u e l  
c y c l e  c o s t ,  a g a i n  depend ing  o n  t h e  s i z e  of t h e  HTGR economy, 
and it makes t h e  HTGR less c o m p e t i t i v e  w i t h  o t h e r  s o u r c e s  of 
e lec t r ica l  power. I n  a d d i t i o n ,  t h e  u ran ium ore and s e p a r a t i v e  
w o r k  r e q n i r e a e n t s  f o r  each HTGR are i n c r e a s e d  b y  a p p r o x i m a t e l y  
54% o v e r  t h o s e  r e q u i r e d  by o p t i m a l  r e c y c l e  t i m i n g ,  

To estimate t h e  o v e r a l l  e n v i r o n m e n t a l  I m p a c t  o f  t h i s  
a l t e r n a t i v e ,  one  must p e r f o r m  an e x t e n s i v e  a n a l y s i s ,  
c o n t a i n i n g  numerous s i m p l i f y i n g  a s s u m p t i o n s ,  of t h e  i n f  l u e n c e  
i n  t h e  m a r k e t p l a c e  of t h e  h i g h e r  E T G R  f u e l  c y c l e  cos t s  which  
r e s u l t  from n o t  r e c y c l i n g  b r e d  f u e l .  It would  p o s s i b l y  mean 
t h a t  fewer HTGRs would be b u i l t ,  w h i l e  more coa l - f i red  
g e n e r a t i n g  p l a n t s  and  more l i g h t - w a t e r - c o o l e d  reactor p l a n t s  
would be b u i l t .  

B. Delav i n  Recycle -- 
D e l a y i n g  t h e  r e c y c l i n g  ob bred f u e l  would i n c r e a s e  f u e l  

c y c l e  costs and  would t h e r e f o r e  ilnf l u e n c e  t h e  e n v i r o n m e n t a l  
s i t u a t i o n  i n  a manner s imilar  t o  t h a t  of n o  recycle- A s t u d y  
h a s  been r e c e n t l y  c o m p l e t e d  a t  ORFn t o  p r o v i d e  a n  
u n d e r s t a n d i n g  of t h e  economics  i n v o l v e d  i n  t h e  t i m i n g  of t h e  
HTGR F u e l  R e c y c l e  Dwrelopment Program. A computer program was 
d e v e l o p e d  t o  " c o n s t r u c t a v  a f u e l  c y c l e  i n d u s t r y  r e q u i r e d  t o  
s u p p o r t  a g i v e n  ATGR economy and  t h e n  compute  t h e  cos t  of 
o p e r a t i n g  t h i s  i n d u s t r y  on t h e  b a s i s  of a v a i l a b l e  estimates of 
t h e  costs of f u e l  c y c l e  components I  By u s i n g  t h i s  compute r  
prbgram, t h e  i n f l u e n c e  of c o n s t r a i n t s ,  s u c h  as  t h e  t i m i n g  of 
i n i t i a l  commercial r e c y c l i n g  of HTGR f u e l ,  c a n  be s t u d i e d ,  

For t h e  HTGR c o n s t r u c t i o n  and  o p e r a t i o n  s c h e d u l e s  
d i s c u s s e d  i n  s u b s e c t i o n  I I I C . 3 ( a )  , t h e  lowest f u e l  c y c l e  costs 
c a l c u l a t e d  o c c u r  when i n i t i a l  commercial r e c y c l i h g  is t o  b e  
begun i n  1984 for t h e  20- a n d  4 1 - r e a c t o r  economies ,  i n  1985 
for  t h e  1 2 4 - r e a c t o r  economy, and  i n  1986 for t h e  85-reactor 
economy, The p e n a l t i e s  c a l c u l a t e d  for d e l a y i n g  t h e  s c h e d u l e  
f o r  r e c y c l i n g  s p e n t  HTGR f u e l  a re  i l l u s t r a t e d  i n  Fig.  13 
( s u b s e c t i o n  11.G 2) . The c a l c u l a t c ? d  d o l l a r  v a l u e s  of t h e  
p e n a l t i e s  h a v e  been  p r e s e n t  worthed t o  J a n u a r y  1978 by u s i n g  a 
10% d i s c o u n t  factor ,  Und i scoun ted  p e n a l t i e s  wouild, of c o u r s e ,  
b e  much h i g h e r .  The p e n a l t i e s  r e p r e s e n t e d  b o t h  i n  
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p r e s e n t - w o r t h e d  d o l l a r s  and  i n  p e r c e n t a g e s  of t h e  f u e l  c y c l e  
cos t s  u n d e r  optimal recycle t i m i n g  are  g i v e n  in Table 9 ,  

Table 9 .  Penalties Associated With Delay in Commercial 
Reprocessing of Spent HTGR Fuel 

1 
Commercial a 

Delayed 20 Reactors 41 Reactors 85 Reactors 124 Reactors 
Reprocessing Penalty for HTGR Economy of 

Until ( $ I O 6 )  (3 ( $ I O 6 >  (%) ($106) (a) ( $ 1 0 9  (%I 

1984 0 0 0 0 14.2 0 .19  8 . 0  0.07 

1985 25 .4  0.92 3.2 0 .06  1.1 0.01 0 0 I 

1986 68 .3  2.5 66.8 1.4 0 ’  0 47.0 0 . 4  

1988 184.2 6.7 277.0 5.6 93.0 1 .25  503.0 3.9 

1990 313.0 11 .3  519.0 10.5 242.0  3.25 1154.0 8 . 9  

a Present worthed to January 1978 by using a 10% discount factor. 

It is clear from b o t h  Fig. 13 a n d  T a b l e  9 t h a t  t h e  
p e n a l t i e s  fo r  d e l a y i n g  r e c y c l e  a r e  more severe for greater 
HTGR m a r k e t  p e n e t r a t i o n  and  for a r a p i d  b u i l d u p  of t h e  number 
of o n - l i n e  reactors  ( fo r  example ,  compare  t h e  85-reactor 
economy w i t h  t h e  1 2 4 - r e a c t o r  economy) , From t h e  p e r c e n t a g e  
p e n a l t i e s  g i v e n  i n  T a b l e  9 ,  it appears t h a t  d e l a y s  of 1 or 2 
y e a r s  a r e  n o t  s i g n i f i c a n t  b u t  d e l a y s  of 5 y e a r s  o r  l o n g e r  
would i n c r e a s e  HTGR f u e l  c y c l e  costs s i g n i f i c a n t l y .  

C. Flow S h e e t  A l t e r n a t i v e s  

The a l t e r n a t i v e s  t o  t h e  f u e l  r e f a b r i c a t i o n  flow s h e e t  for 
t h e  p roposed  p i l o t  p l a n t  i n v o l v e  t h e  p r o c e s s e s  of k e r n e l  o r  
m i c r o s p h e r e  p r e p a r a t i o n  a n d  c o a t i n g  a n d  f u e l  r o d  f a b r i c a t i o n  
and c a r b o n i z a t i o n .  A l though  a l t e r n a t e  p r o c e s s e s  for 
f a b r i c a t i n g  r e c y c l e  f u e l  would have  d i f f e r e n t  c h e m i c a l  
e f f l u e n t s ,  t h e s e  e f f l u e n t s  would be h a n d l e d  by t h e  waste 
h a n d l i n g  f a c i l i t i e s  of t h e  p i l o t  p l a n t  i n  s u c h  a manner t h a t  
t h e  e n v i r o n m e n t a l  i m p a c t  would n o t  b e  s i g n i f i c a n t l y  d i f f e r e n t  
from t h a t  f o r  t h e  reference p r o c e s s e s .  

The reference m i c r o s p h e r e  p r e p a r a t i o n  process is for t h e  
p r e p a r a t i o n  of t h o r i u m  d iox ide -u ran ium d i o x i d e  fissile 
par t ic les ,  T h e s e  m i c r o s p h e r e s  are t h e n  c o a t e d  and b l e n d e d  
w i t h  t h o r i u m  d i o x i d e  fert i le p a r t i c l e s  which are f e d  i n t o  t h e  
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refabricat ion p i l o t  p l a n t  from a s e p a r a t e  f a c i l i t y .  T h i s  
b l ended  m i x t u r e  i s  t h e n  formed i n t o  f u e l  r o d s .  

The b l e n d i n g  s t e p  c o u l d  be  e l i m i n a t e d  by i n c r e a s i n g  t h e  
tho r ium- to -u ran ium r a t i o  i n  t h e  m i c r o s p h e r e s  so t h a t  t h e  f u e l  
r o d s  from t h e  r e f a b r i c a t i o n  p i l o t  p l a n t  would c o n t a i n  o n l y  o n e  
t y p e  of p a r t i c l e .  T h i s  u o u l d  g r e a t l y  i n c r e a s e  t h e  amount of 
heavy metal p a s s i n g  t h r o u g h  t h e  r e f a b r i c a t i o n  p i l o t  p l a n t ,  and  
t h a t  m i g h t  be e c o n o m i c a l l y  u n d e s i r a b l e .  

Ano the r  a l t e r n a t i v e  would be t o  e l i m i n a t e  a l l  t h o r i u m  
from t h e  f i s s i le  p a r t i c l e s ,  t h e r e b y  m i n i m i z i n g  t h e  amount of 
heavy metal p a s s i n g  t h r o u g h  t h e  m i c r o s p h e r e  p r e p a r a t i o n  and  
c o a t i n g  s t e p s  i n  t h e  p i l o t  p l a n t .  a n  advanced  p r o c e s s ,  t h e  
weak a c i d  r e s i n  p r o c e s s  a p p e a r s  to be  e c o n o m i c a l l y  a t t r a c t i v e  
for  t h i s  p u r p o s e ,  b u t  p a r t i c l e s  p r e p a r e d  i n  t h i s  manner m u s t  
b e  p roved  a c c e p t a b l e  t h r o u g h  e x t e n d e d  i r r a d i a t i o n  t e s t i n g  
b e f o r e  c h a n g e s  a r e  made i n  t h e  c u r r e n t  reference d e s i g n s .  

2. H i c r o s p h e r e  C o a t i n q  

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

An a l t e r n a t i v e  t o  t h e  TRISO c o a t i n g  p r o c e s s  is t h e  BISO 
c o a t i n g  p r o c e s s ,  which i n c l u d e s  no  s i l i c o n  c a r b i d e  l a y e r  and 
o n l y  one  p y r o l y t i c  carbon l a y e r .  The  B I S O  c o a t i n g  p r o c e s s  is 
c o n s i d e r a b l y  c h e a p e r ,  b u t  i t  d o e s  n o t  have  t h e  added c o a t i n g  
s t r e n g t h  and  r e s i s t a n c e  t o  f i s s i o n  p r o d u c t  d i P f  u s i o n  p r o v i d e d  
by t h e  s i l i c o n  c a r b i d e  l a y e r .  Should  t h e  r e f e r e n c e  
r e f a b r i c a t i o n  f l o u  s h e e t  be changed  t o  reflect t h e  u s e  of a 
B I S O  c o a t e d  r e c y c l e  par t ic le ,  s i l i c o n  c a r b i d e  a n d  N a C l  would 
b o t h  be  e l i m i n a t e d  from t h e  s o u r c e  term. 

l a y e r .  T h i s  is c a l l e d  a TRISO c o a t e d  p a r t i c l e .  1 

3. Fuel  Rod F a b r i c a t i o n  ------ ------- 
The reference f u e l  rod f a b r i c a t i o n  p r o c e s s  is t h e  s l u g  

i n j e c t i o n  p r o c e s s .  A l t e r n a t i v e  p r o c e s s e s  are a v a i l a b l e  b u t  
t h e  e f f l u e n t s  from t h e s e  p r o c e s s e s  are  i d e n t i c a l  t o  t h o s e  from 
t h e  r e f e r e n c e  p r o c e s s e s .  

-I-------------- 4. Fuel  Rod C a r b o n i z a t i o n  

The r e f e r e n c e  f u e l  r o d  c a r b o n i z a t i o n  p r o c e s s  c a l l s  f o r  
t h e  f u e l  rods t o  be h e a t e d  i n  t h e  g r a p h i t e  f u e l  b lock .  The 
a l t e r n a t i v e  p r o c e s s  c a l l s  fo r  c a r b o n i z a t i o n  ou t -o f -b lock  i n  
packed a lumina .  T h i s  o u t - o f - b l o c k  p r o c e d u r e  p roduces  a b o u t  
10 cm3 of a l u m i n a  p e r  rod c a r b o n i z e d .  S i n c e  t h e  a lumina  would 
b e  c o n t a m i n a t e d ,  it would be added  t o  s o l i d  waste storage. 



The h y d r o c a r b o n  p r o d u c t i o n  for t h e  r e f e r e n c e  and a l t e r n a t i v e  
p r o c e s s e s  i s  a b o u t  t h e  same. 

D. A l t e r n a t i v e  L o c a t i o n s  

The TURF was d e s i g n e d  and  c o n s t r u c t e d  t o  p r o v i d e  
facil i t i .es n e c e s s a r y  f o r  t h e  i n s t a l l a t i o n  and  o p e r a t i o n  of 
p i l o t  p l a n t s  such  a s  t h e  o n e  b e i n q  proposed .  T h e r e  a r e  n o  
o t h e r  e x i s t i n g  f a c i l i t i e s  a v a i l a b l e  t h a t  c a n  p r o v i d e  t h e  need 
of t h e  p r o p o s e d  p i l o t  p l a n t .  To i n s t a l l  t h e  proposed  RTGR 
F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  i n  a n o t h e r  l o c a t i o n  would 
n e c e s s i t a t e  t h e  c o n s t r u c t i o n  of a new f a c i l i t y  or major 
m o d i f i c a t i o n s  t o  an e x i s t i n g  f a c i l i t y ,  e i t h e r  of which would 
r e s u l t  i n  i n c r e a s e d  i m p a c t  on  t h e  e n v i r o n m e n t ,  e x t e n s i v e  d e l a y  
t o  t h e  p r o j e c t ,  a n d  a P a r g e  c a p i t a l  i n v e s t m e n t  for t h e  
f a c i l i t y  i t se l f .  An a l t e r n a t e  l o c a t i o n  for i n s t a l l a t i o n  of 
t h e  p i l o t  p l a n t  therefore  i s  n o t  a v i a b l e  a l t e r n a t i v e  t o  t h e  
proposed  p r o j e c t .  

The TURF m i g h t  p r o v i d e  a f e a s i b l e  l o c a t i o n  for storage of 
c o m p l e t e d  f u e l  e l e m e n t s  as  a n  a l t e r n a t i v e  t o  sh ipmen t  of t h e s e  
e l e m e n t s  t o  I d a h o  f o r  storage, However, because t h e s e  
comple t ed  f u e l  e l e m e n t s  w i l l  be of t h e  For t  St. V r a i n  d e s i g n ,  
t h e y  must e v e n t u a l l y  be s h i p p e d  t o  t h a t  reactor i n  Colorado or 
t o  I d a h o  f o r  r e p r o c e s s i n g .  The e n v i r o n m e n t a l  c o n s e q u e n c e s  of 
t h e s e  a l t e r n a t i v e s  v i 1 1  n o t  be a p p r e c i a b l y  d i f f e r e n t .  

VI. RELATIONSHIP BETWEEN SHORT-TERN USE 
A N D  LONG-TER# PRODUCTIVITY 

The HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  w i l l  b e  a 
s h o r t - l i v e d  p r o j e c t  w i t h  a n  o p e r a t i n g  d u r a t i o n  o f  2 t o  3 
y e a r s .  Any consumpt ion  of n a t u r a l  r e s o u r c e s  by t h e  p r o p o s e d  
p r o j e c t  w i l l  be minimal  b e c a u s e  of t h e  small  scale of t h e  
o p e r a t i o n  and  its s h o r t  t i m e  span .  

f a c i l i t y  ( t h e  TURF), a n d  t h i s  i n s t a l l a t i o n  v i 1 1  i n v o l v e  t h e  
u t i l i z a t i o n  of less t h a n  1 acre of l a n d  e x t e r i o r  t o  t h e  TURF 
for a small cooling tower for  process water o n  a lawn area 
n e a r  t h e  b u i l d i n g .  A l l  of t h e  decommiss ion ing  a c t i v i t i e s  w i l l  
o c c u r  w i t h i n  t h e  e x i s t i n g  TURF b u i l d i n g .  

proposed  ATGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  w i l l  t h e r e f o r e  
have  a n  i n s i g n i f i c a n t  effect on t h e  long- te rm p r o d u c t i v i t y  of 
t h e  env i ronmen t .  

T h e  p r o p o s e d  p i l o t  p l a n t  w i l l  be i n s t a l l e d  i n  an  e x i s t i n g  

The c o n s t r u c t i o n ,  o p e r a t i o n ,  a n d  decommiss ioning  of t h e  
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V I I -  STATE, LOCAL@ OR REGIONAL CONFLICTS 

T h e r e  a r e  no  known c o n f l i c t s  w i t h  s t a t e ,  l o c a l  o r  
r e g i o n a l  p l a n s  or programs.  The p roposed  p i l o t  p l a n t  w i l l  b e  
i n s t a l l e d  i n  an e x i s t i n g  f a c i l i t y  which  is e n t i r e l y  w i t h i n  a 
s e c u r i t y  f e n c e  on t h e  WSAEC Oak Ridge R e s e r v a t i o n .  The 
i n s t a l l a t i o n  w i l l  b e  i n  a c c o r d a n c e  w i t h  local p l a n n i n g  and  
z o n i n g  o r d i n a n c e s ,  A I 1  wastes from t h e  p i l o t  p l a n t  w i l l  b e  
e x p e l l e d  t o  e x i s t i n g  waste d i s p o s a l  s y s t e m s ,  and  t h e  
i n c r e m e n t a l  amount e x p e l l e d  w i l l  be  a n  i n s i g n i f i c a n t  a d d i t i o n  
t o  t h e  p r e s e n t  waste streams, The  e x i s t i n g  l i m i t s  on 
e f f l u e n t s  from t h e  waste s y s t e m s  w i l l  n o t  b e  exceeded  a s  a 
r e s u l t  of t h e  a d d i t i o n  of wastes from t h e  p i l o t  p l a n t ,  and  
s p e c i f i c  a p p r o v a l  for  waste d i s p o s a l  from t h e  p r o p o s e d  p r o j e c t  
w i l l  n o t  b e  r e q u i r e d .  

T s a n s p o r t a t i o I i  of f e e d  material t o  t h e  p roposed  p i l o t  
p l a n t  w i l l  o c c u r  w i t h i n  t h e  WSAEC R e s e r v a t i o n  boundary  (Oak 
Ridge  N a t i o n a l  L a b o r a t o r y )  and no p u b l i c  t r a n s p o r t a t i o n  o r  
r o a d s  w i l l  be i n v o l v e d .  T r a n s p o r t a t i o n  of t h e  r e f a b r i c a t e d  
f u e l  elements from t h e  p i l o t  p l a n t  w i l l  be  i n  a c c o r d a n c e  w i t h  
a l l  laws and  r e g u l a t i o n s  g o v e r n i n g  s u c h  sh ipmen t ,  The 
r e q u i r e d  l i c e n s e s  and  certificates for  s h i p m e n t  of f u e l  
elements h a v e  b e e n  o b t a i n e d ,  

T h e r e  a r e  no known a r c h e o l o g i c a l  sites i n  t h e  immedia t e  
area of t h e  p r o p o s e d  p r o j e c t ,  a n d  t h e  o n l y  h i s t o r i c  l andmark  
is t h e  Oak Ridge  G r a p h i t e  Reactor. which i s  l o c a t e d  2 t o  3 
miles away from t h e  TWRF s i te ,  No a c t i v i t y  a s s o c i a t e d  w i t h  
t h e  p roposed  p r o j e c t  w i l l  a f fect  t h e  a r c h e o l o g y  o r  h i s t o r i c  
s i g n i f i c a n c e  of t h e  area, 

V I I I ,  I R R E V E R S I B L E  AND IRRETRIEVABLE CO#F!IT#EBTS OF RESOURCES 

o n l y  a small amount  of r e s o u r c e s  is i n v o l v e d  i n  t h e  
c o n s t r u c t i o n  and  o p e r a t i o n  of a p i l o t  p l a n t  of t h e  scale 
proposed  for t h i s  p r o j e c t .  Some e x p e n d i t u r e  of materials and  
c a p i t a l  for c o n s t r u c t i o n ,  power for o p e r a t i o n ,  and human s k i l l  
and labor  w i l l  o c c u r ,  but a l l  of t h i s  w i l l  b e  minor  when 
compared w i t h  t h e  e x p e n d i t u r e  fo r  e x i s t i n g  a c t i v i t i e s  
o c c u r r i n g  i n  t h e  area s n r r o u n d i n q  t h e  p r o p o s e d  p r o j e c t  site, 

The p roposed  FITGB Fuel R e f a b r i c a t i ' o n  P i l o t  P l a n t ,  which 
w i l l  be i n s t a l l e d  in a n  e x i s t i n g  f a c i l i t y ,  is a r e c y c l e  p i l o t  
p l a n t  w h o s e  p r i m a r y  i n p u t  w i l l  be f i s s i o n a b l e  material  t h a t  
h a s  been p roduced  i n  a n d  r e c l a i m e d  from s p e n t  f u e l  v h i c h  h a s  
a l r e a d y  b e e n  r e p r o c e s s e d .  The  major resource t h a t  w i l l  b e  
commit ted  i r r e v e r s i b l y  and i r r e t r i e v a b l y  is t h e  t ho r ium i n  t h e  
f e e d  material, a n d  some p r o c e s s  c h e m i c a l s  w i l l  a lso b e  
commit ted .  The t o t a l  t h o r i u m  c o n s u m p t i o n  w i l l  be  a b o u t  4000 
kg over t h e  en t i re  l i f e  of t h e  p r o j e c t ,  and  a b o u t  90% of t h i s  
w i l l  be  reclaimable af ter  a p p r o x i m a t e l y  15 y e a r s .  An 
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a d d i t i o n a l  r e s o u r c e  t o  be consumed w i l l  be a n  estimated 7 0 , 0 0 0  
t o  100,000 g a l l o n s  of f u e l  f o r  t r u c k  t r a n s p o r t a t i o n  of t h e  
r e f a b r i c a t e d  f u e l  e l e m e n t s  from t h e  p i l o t  p l a n t  and a b o u t  
4.4 x 106 kUhr /year  of electrical e n e r g y .  O t h e r  r e s o u r c e s  
w i l l  be v i r t u a l l y  u n d i s t u r b e d .  

.Use of t h e  e n v i r o n m e n t  t h r o u g h  i m p l e m e n t a t i o n  of t h e  
proposed  p r o j e c t  w i l l  n o t  r e p r e s e n t  a s i g n i f i c a n t  commitment 
of r e s o u r c e s  b e c a u s e  of t h e  small scale of t h e  p i l o t  p l a n t ,  
t h e  u s e  of an  e x i s t i n g  f a c i l i t y ,  and  t h e  minimal  release of 
e f f l u e n t s .  I n  t h e  e v e n t  of ap u n a n t i c i p a t e d  release w i t h  t h e  
p o t e n t i a l  for d e t r i m e n t a l  e n v i r o n m e n t a l  effects, t h e  e x i s t i n g  
m o n i t o r i n g  p rograms  i n  t h e  f a c i l i t y  and  t h e  s u r r o u n d i n g  area 
would q u i c k l y  d e t e c t  a n d  p e r m i t  t h e s e  effects t o  be remedied .  

IX. . BENEFIT-COST ANALYSIS 

The r e l a t i o n s h i p s  among t h e  economic, societal ,  and 
e n v i r o n m e n t a l  b e n e f i t s  and cos t s  f o r  t h e  p r o p o s e d  p r o j e c t  are 
such  t h a t  t h e  p o t e n t i a l  f o r  l a r g e  b e n e f i t s  c a n  r e s u l t  w i t h  
e s s e n t i a l l y  n o  societal  and e n v i r o n m e n t a l  costs. The b e n e f i t s  
t o  b e  d e r i v e d  from i m p l e m e n t a t i o n  of t h e  p r o p o s e d  p r o j e c t  w i l l  
o c c u r  a t  two l e v e l s :  (1) advanced  t e c h n o l o g y  for  f u e l  
r e f a b r i c a t i o n  and  (2) t h e  improved  f u e l  c y c l e  economics  a n d  
r e s o u r c e  u t i l i z a t i o n  t h a t  w i l l  r e s u l t  from t h i s  advancement  i n  
t e c h n o l o g y .  

A. Snmmarv of B e n e f i t s  

As d i s c u s s e d '  i n  S e c t i o n  I I . C ,  t h e  c a l c u l a t e d  b e n e f i t  of 
r e c y c l i n g  HTGR f u e l  is a b o u t  0.45 mil l /kWhr  w i t h  s a v i n g s  
d e p e n d i n g  o n  t h e  s i z e  of t h e  HTGR economy. In a d d i t i o n  t o  
d e c r e a s i n g  t h e  cost  of electric power,  r e c y c l i n g  of HTGR f u e l  
w i l l  s a v e  a c o n s i d e r a b l e  portion of uranium r e s e r v e s ,  t h e r e b y  
b e n e f i t i n g  power costs for a l l  reactor d e s i g n s .  F u e l  
r e c y c l i n g  p r o v i d e s  t h e  a d d i t i o n a l  b e n e f i t s  r ea l i zed  from n o t  
h a v i n g  t o  b u i l d  and  o p e r a t e  large,  e x p e n s i v e  f a c i l i t i e s  f o r  
storage of s p e n t  f u e l .  

R e f a b r i c a t i o n  P i l o t  P l a n t  w i l l  p r o v i d e  e s s e n t i a l  i n f o r m a t i o n  
needed  f o r  t h e  c o n s t r u c t i o n  and o p e r a t i o n  of f u l l - s c a l e  
commercial f u e l  r e f a b r l c a t i o n  p l a n t s .  I m p l e m e n t a t i o n  of t h e  
p roposed  project  w i l l  allow d e s i g n  c h a n g e s  t o  be  made t o  
processes, remote equ ipmen t ,  and h a n d l i n g  p r o c e d u r e s  a t  a 
d e v e l o p m e n t a l  s t a g e  when s u c h  c h a n g e s  are r e l a t i v e l y  
i n e x p e n s i v e .  O p e r a t i o n  of t h e  p i l o t  p l a n t  w i l l  p r o v i d e  t h e  
i n f o r m a t i o n  n e c e s s a r y  t o  c o n f i r m  t h e  d e s i g n  f o r  p r o c e s s e s  and 
equ ipmen t ,  assess equ ipmen t  r e l i a b i l i t y  and s a f e t y  s t a n d a r d s ,  
and perform economic  e v a l u a t i o n s  for a p p l i c a t i o n  t o  f u l l - s c a l e  

The c o n s t r u c t i o n  a n d  o p e r a t i o n  of t h e  proposed  HTGR F u e l  
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commercial p l a n t s .  T h i s  o p e r a t i o n  w i l l  a l so  p r o v i d e  data 
which  w i l l  make p o s s i b l e  a b e t t e r  e v a l u a t i o n  of t h e  . 
e n v i r o n m e n t a l  effects of f u l l - s c a l e  f u e l  r e c y c l e  programs. 

p r o d u c t i o n  o f  150 t o  200 r e f a b r i c a t e d  HTGR f u e l  e l e m e n t s  for  
e v e n t u a l  u s e  i n  electric power g e n e r a t i n g  s t a t i o n s .  

An a d d i t i o n a l  b e n e f i t  of t h e  p roposed  p r o j e c t  w i l l - b e  t h e  

----- B. Summary of C o s t s  

The  p r e l i m i n a r y  c a p i t a l  cost  estimate for c o n s t r u c t i o n  of 
t h i s  f a c i l i t y  was estimated i n  1973 t o  be  $10 m i l l i o n  and t h e  
a n n u a l  o p e r a t i n g  cos t  o v e r  t h e  two-year  p e r i o d  was p r o j e c t e d  
t o  be a b o u t  $4 m i l l i o n .  The p r e l i m i n a r y  n a t u r e  of t h e  1973 
c o n s t r u c t i o n  cos t  estimate was d i s c u s s e d  i n  d e t a i l  I n  S e c t i o n  
I. C o n s t r u c t i o n  a c t i v i t y  a s s o c i a t e d  w i t h  t h e  e x i s t i n g  
f a c i l i t y  ( t h e  TURF) w i l l  r e s u l t  i n  no d i s r u p t i o n  of t h e  
local s o c i e t y  or ecology. 

of t h e  p r o p o s e d  RTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  w i l l  be  
t h e  release of a small q u a n t i t y  of e f f l u e n t s .  The gaseous 
release t o  t h e  a t m o s p h e r e  w i l l  be v i r t u a l l y  u n d e t e c t a b l e ,  
r a n g i n g  from 1% for CO down t o  less t h a n  1 t e n  m i l l i o n t h  of 
ambien t  or allowable c o n c e n t r a t i o n  for  o the r  e f f l u e n t s .  T h e  
d i s c h a r g e s  of l i q u i d s  are more s i g n i f i c a n t ,  b u t  t h e y  r e s u l t  i n  
r a d i o a c t i v e  releases of o n l y  one  hundred m i l l i o n t h  of t h e  
allowable 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  and  chemical 
e f f l u e n t s  of less t h a n  1/25 of t h e  known l e t h a l  c o n c e n t r a t i o n  
f o r  s e n s i t i v e  o r g a n i s m s  i n  t h e  waters affected. The  d i s p o s a l  
of s o l i d  wastes r e s u l t i n g  from o p e r a t i o n  of t h e  proposed  p i l o t  
p l a n t  w i l l  n o t  r e s u l t  i n  releases t o  t h e  e n v i r o n m e n t  and  w i l l  
not r e q u i r e  e x p a n s i o n  of e x i s t i n g  s o l i d  waste d i s p o s a l  areas. 

The sum of t h e  e n v i r o n m e n t a l  c o s t s  is therefore n o t  
e x p e c t e d  t o  b e  s i g n i f i c a n t  o v e r  t h e  e n t i r e  l i f e  of t h e  
proposed p r o j e c t .  

’, 

The e n v i r o n m e n t a l  impact  t h a t  w i l l  r e s u l t  from o p e r a t i o n  

C ,  B e n e f i t - C o s t  E v a l u a t i o n  of A l t e r n a t i w e s  

of t h e  a l t e r n a t i v e s  e v a l u a t e d ,  o n l y  t h e  a l t e r n a t i v e s  of 
n o t  r e c y c l i n g  HTGR f u e l ,  of d e l a y i n g  r e c y c l i n g ,  and of 
a l t e r n a t i v e  l o c a t i o n s  would r e s u l t  i n  a s i g n i f i c a n t l y  
d i f f e r e n t  b e n e f  i t -cos t  a n a l y s i s .  The  n o - r e c y c l e  a l t e r n a t i v e  
h a s  effects t h a t  would a l t e r  t h e  BTGR economy t o  t h e  e x t e n t  
t h a t  t h e  e n v i r o n m e n t a l  effects of s u c h  c o m p e t i n g  e n e r g y  
s o u r c e s  a s  f o s s i l - f u e l e d  p l a n t s  and l i g h  t-water-cooled reactor 
p l a n t s  must  be c o n s i d e r e d .  T h i s  a l t e r n a t i v e  is d i s c u s s e d  i n  
d e t a i l  i n  S u b s e c t i o n  V.A,  b u t  it is c o n c l u d e d  h e r e  t h a t  t h e  
i m p l e m e n t a t i o n  o f  t h i s  a l t e r n a t i v e  would r e s u l t  i n  e i ther  a 
g rea t e r  e n v i r o n m e n t a l  i rapact or a s u b s t a n t i a l l y  h i g h e r  
economic cost  t o  a c h i e v e  t h e  same l e v e l  of e n v i r o n m e n t a l  
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i m p a c t  t h a t  would b e  a f f o r d e d  b y  comparab le  H T G R  p l a n t s .  The 
proposed  p r o j e c t  would be affected by i m p l e m e n t a t i o n  of t h i s  
a l t e r n a t i v e  h e c a u s e  t h e  need  for  t h e  p i l o t  p l a n t  is d i r e c t l y  
associated w i t h  t h e  n e e d  f o r  r e c y c l i n g  of HTGR f u e l ,  The 
n o - r e c y c l e  a l t e r n a t i v e  was t h e r e f o r e  r e j e c t e d .  

The a l t e r n a t i v e  of d e l a y i n g  t h e  recycle of ATGR f u e l  
affects  t h e  economics  of H T G R  o p e r a t i o n  b u t  n o t  as  s e v e r e l y  a s  
t h e  n o - r e c y c l e  a l t e r n a t i v e .  T h i s  a l t e r n a t i v e  is  d i scussed  i n  
d e t a i l  i n  S u b s e c t i o n  V.B. The d e l a y e d  r e c y c l e  a l t e r n a t i v e  t o  
t h e  p r o p o s e d  p r o j e c t  was j u d g e d  u n a c c e p t a b l e  b e c a u s e  d e l a y e d  
p i l o t  p l a n t  o p e r a t i o n  would r e s u l t  i n  a s u b s t a n t i a l  decrease 
i n  t h e  b e n e f i t s  t o  commercial r e f a b r i c a t i o n  p l a n t s  from t h e  
p i l o t  p l a n t ,  increased d e v e l o p m e n t a l  costs i n c u r r e d  by 
commercial p l a n t s  and a s u b s e q u e n t  d e l a y  in t h e i r  o p e r a t i o n  
pend ing  p i l o t  p l a n t  o p e r a t i o n ,  and i n c r e a s e d  f u e l  c y c l e  costs 
d u r i n g  t h e  i n t e r i m .  

P r o c e s s  flow s h e e t  a l t e r n a t i v e s  would r e s u l t  i n  no 
s i g n i f i c a n t  c h a n g e  I n  t h e  e n v i r o n m e n t a l  i m p a c t  of t h e  p i l o t  
p l a n t  b u t  migh t  r e s u l t  i n  s l i g h t l y  i n c r e a s e d  costs. 
Deve lop ing  a new or a l t e r n a t e  s i t e  would r e s u l t  i n  i n c r e a s e d  
e n v i r o n m e n t a l  impac t ,  i n c r e a s e d  costs, and a d e l a y  i n  p i l o t  
p l a n t  o p e r a t i o n  of from 3 t o  5 y e a r s .  

------- D. C o n c l u s i o n s  

I n  a s s e s s i n g  and b a l a n c i n g  t h e  a n t i c i p a t e d  b e n e f i t s  
a g a i n s t  t h e  e n v i r o n m e n t a l  a n d  economic  costs, a n d  a f t e r  
c o n s i d e r i n g  t h e  a v a i l a b l e  a l t e r n a t i v e s  and t h e i r  e n v i r o n m e n t a l  
effects, it is c o n c l u d e d  t h a t  t h e  p roposed  HTGR F u e l  
R e f a b r i c a t i o n  P i l o t  P l a n t  p r o j e c t  s h o u l d  be implemented.  

X . SA PEG WARD CONSZDERATIONS 

The HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  w i l l  b e  o p e r a t e d  
w i t h i n  t h e  framework of c o n t r o l  p r o c e d u r e s  fo r  s p e c i a l  n u c l e a r  
materials a p p l i c a b l e  to a l l  s u c h  o p e r a t i o n s  b e i n g  pe r fo rmed  a t  
Oak R idge  N a t i o n a l  L a b o r a t o r y .  A t  t h e  p r e s e n t  time, t h e  ORNL 
i n v e n t o r y  of s p e c i a l  n u c l e a r  materials i n c l u d e s  a b o u t  2000 kg 
of uranium-233 a n d  2000 kg of uranium-235. The  added 
i n v e n t o r y  and  t h r o u g h p u t  from t h e  c o n d u c t  of t h e  proposed  
p r o j e c t  w i l l  be b u t  a small f r a c t i o n  of t h e  c u r r e n t  i n v e n t o r y .  

a,,,- A Natgre a n d  m a n t i t i e s  of SPeciqJ  N u c l e a r  Hater ia l  

Whnium-233 w i l l  b e  received from t h e  HTGR f u e l  
r e p r o c e s s i n g  f a c i l i t y  i n  Idaho  i n  t h e  form of u r a n y l  n i t r a t e  



69 

. 

s o l u t i o n  or  uranium t r i o x i d e  powder. It w i l l  be s t o r e d  and  
p u r i f i e d  ( t o  remove t h e  uranium-232 d a u g h t e r  p r o d u c t s  and  
associated p e n e t r a t i n g  gamma r a d i a t i o n )  i n  t h e  N a t i o n a l  
Storage F a c i l i t y  for  Uranium-233. After p u r i f i c a t i o n ,  t h e  
material w i l l  b e  d e l i v e r e d  a s  u r a n y l  n i t r a t e  s o l u t i o n  i n  a 
174-l i ter  s h i e l d e d  c o n t a i n e r  t o  t h e  RTGR F u e l  R e f a b r i c a t i o n  
P i l o t  P l a n t ,  which is t o  b e  i n s t a l l e d  i n  t h e  e x i s t i n g  
Thorium-Uranium F u e l  C y c l e  Development  F a c i l i t y  (TWRF) . The 
c o n c e n t r a t i o n  of uranium w i l l  be 100 t o  200 grams p e r  l i ter ,  
w i t h  less t h a n  1000 ppm of uranium-232. 

About 200 kg of uranium-233 w i l l  b e  p r o c e s s e d  t o  p r o d u c e  
150 t o  200 f u e l  e l e m e n t s  d u r i n g  t h e  two-pear  o p e r a t i n g  p e r i o d  
(from mid-ca lendar -year  1978 to mid-ca lenda r -yea r  1980) of t h e  
proposed  HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t .  Because  of t h e  
b io log ica l  h a z a r d  from t h e  r a d i a t i o n  a s s o c i a t e d  w i t h  r e c y c l e  
uranium-233, a l l  f a b r i c a t i o n  o p e r a t i o n s ,  i n c l u d i n g  l o a d i n g  of 
t h e  f u e l  r o d s  i n t o  t h e  hexagona l  f u e l  elements, w i l l  be  
per formed i n  a r e m o t e l y  o p e r a t e d  h o t - c e l l  f a c i l i t y ,  The f u e l  
rods are g r a p h i t e  "S t i cks" ,  1/2 t o  5 / 8  i n .  i n  d i a m e t e r  and  2 
t o  3 i n ,  l o n g ,  which c o n t a i n  c o a t e d  fissile (uraninm-233) and 
fe r t i l e  ( tho r ium)  p a r t i c l e s ,  w i t h  a b o u t  0.1 t o  0.4 gram of 
uranium-233 p e r  r o d .  Each l o a d e d  f u e l  e l e m e n t  w i l l  c o n t a i n  
a p p r o x i m a t e l y  0 .5  k g  of uranium-233, The e l e m e n t s  w i l l  b e  
s t o r e d  i n  d r y  storage r a c k s  i n  t h e  p r o c e s s i n g  c e l l  pend ing  
sh ipmen t  t o  a reactor  o r  t o  t h e  HTGR f u e l  s t o r a g e  f a c i l i t y  i n  
Idaho ,  S c r a p  from t h e  r e f a b r i c a t i o n  o p e r a t i o n  (reject coated 
p a r t i c l e s  and  reject f u e l  r o d s )  t h a t  c a n n o t  b e  r e c y c l e d  i n  t h e  
TURF w i l l  b e  r e t u r n e d  t o  I d a h o  f o r  r e p r o c e s s i n g  i n  t h e  HTGR 
f u e l  r e p r o c e s s i n g  f a c i l i t y .  

--- B. P h y s i c a l  P r o t e c t i o n  

B u i l d i n g  3019 ( N a t i o n a l  Storage F a c i l i t y  for 
Uranium-233), where  t h e  u ran ina -233  f e e d  mater ia l  w i l l  be 
s to red  a n d  p u r i f i e d ,  is w i t h i n  t h e  p e r i m e t e r  fence s u r r o u n d i n g  
t h e  ORNL site. E n t r a n c e  t o  t h e  ORNL s i t e  i s  guarded ,  Wi th in  
t h e  b u i l d i n g ,  t h e  mater ia l  is s tored  i n  l o c k e d  v a u l t s  i n  t h e  
s h i e l d e d  h o t - c e l l  f ac i l i t i es ,  B u i l d i n g  7930 (TURF) , where 
f a b r i c a t i o n  o p e r a t i o n s  w i l l  occur, is a lso  w i t h i n  a f e n c e d  and  
g u a r d e d  a rea .  The  s h i e l d e d  carrier used  t o  t r a n s f e r  t h e  
material  from t h e  Storage F a c i l i t y  t o  t h e  TURF weighs  
a p p r o x i m a t e l y  8 t o n s  a n d  is l o a d e d  a n d  un loaded  by a r e m o t e l y  
o p e r a t e d  p n e u m a t i c  sys t em w i t h  c o n t i n u o u s  monitoring of flows 
d u r i n q  t r a n s f e r  o p e r a t i o n s .  As p r e v i o u s l y  i n d i c a t e d ,  a l l  
f a b r i c a t i o n  o p e r a t i o n s  w i l l  be pe r fo rmed  remotely i n  h o t  
cel l  s. 

From t h e  s t a n d p o i n t  of p o s s i b l e  d i v e r s i o n ,  t h e  most 
v u l n e r a b l e  p o i n t  i n  t h e  refabricat ion p r o c e s s  w i l l  o c c u r  a f t e r  
t h e  u r a n y l  n i t r a t e  f e e d  material h a s  been  p n r i f  ied from t h e  
u ran iue -232  d a u g h t e r  p r o d u c t s  a n d  b e f o r e  its i n t r o d u c t i o n  i n t o  
t h e  r e m o t e l y  o p e r a t e d  h o t - c e l l  f a c i l i t y  i n  t h e  TURF. A t  t h i s  
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p o i n t ,  t h e  material  c o u l d  b e  h a n d l e d  i n  u n s h i e l d e d  f a c i l i t i e s .  
However, t h e  s y s t e m  u s e d  t o  h a n d l e  t h e  p u r i f i e d  material and  
t r a n s f e r  it t o  a n d  from t h e  s h i e l d e d  carrier w i l l  b e  s h i e l d e d  
and r e m o t e l y  o p e r a t e d .  D i v e r s i o n  of any uranium-233 would 
r e q u i r e  e x t e n s i v e  s u r r e p i t i o u s  m o d i f i c a t i o n  ob t h e  sys t em or 
s u b s t i t u t i o n  of a t r a n s f e r  c a s k  w i t h  s p e c i a l  f i t t i n g s .  To be 
s u c c e s s f u l ,  s u c h  s u r r e p t i t o u s  a c t i v i t i e s  would r e q u i r e  a n  
e x t e n s i v e  breakdown of t h e  no rma l  s e c u r i t y  s y s t e m s  a n d  
safe g u a r d s  p roced  ures . 

Naterial C o n t r o l  and A c c o u n t a b i l i t q  

The p roposed  HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  w i l l  b e  
o p e r a t e d  w i t h i n  t h e  framework of t h e  c o n t r o l  p r o c e d u r e s  f o r  
n u c l e a r  materials a p p l i c a b l e  t o  a l l  operations i n v o l v i n g  
s p e c i a l  n u c l e a r  mater ia l  carr ied o u t  a t  t h e  Oak Ridge N a t i o n a l  
L a b o r a t o r y .  A t  t h e  p r e s e n t  time, t h e  ORNL i n v e n t o r y  i n c l u d e s  
a b o u t  2000 kg of uranium-233 a n d  2000 Ag of uranium-235, The 
c o n t r o l  p r o c e d u r e s  are b a s e d  on w r i t t e n  r e q u i r e m e n t s  and  a re  
s u b j e c t  t o  t h e  a p p r o v a l  of t h e  Hanager of t h e  AEC Oak Ridge  
O p e r a t i o n s  Off ice .  

I n  a d d i t i o n  t o  t h e  c o n t r o l  p r o c e d u r e s  a p p l i c a b l e  t o  a l l  
o p e r a t i o n s  i n v o l v i n g  s p e c i a l  n u c l e a r  material, s p e c i f i c  
p r o c e d u r e s  are b e i n g  d e v e l o p e d  f o r  t h e  HTGR f u e l  r e f a b r i c a t i o n  
o p e r a t i o n  . F o r  example ,  s p e c i a l  equipment  a n d  p r o c e d u r e s  a r e  
being d e v e l o p e d  f o r  t h e  a s s a y  of ~ r a n i u m - 2 3 3  thorium-232 f u e l .  
Assay p r o b l e m s  p e c u l i a r  t o  remote HTGR f u e l  r e f a b r i c a t i o n  t h a t  
w i l l  be i n v e s t i g a t e d  i n  time t o  meet t h e  p i l o t  p l a n t  
d e m o n s t r a t i o n  program s c h e d u l e  i n c l u d e  t h e  deve lopmen t  of 
i n s t r u m e n t s  for remote o p e r a t i o n ;  t h e  a d a p t a t i o n  and 
m o d i f i c a t i o n  of a s s a y  t e c h n i q u e s  deve loped  for  uranium-235 
f u e l s  t o  t h e  uranium-233 thorium-232 sys t em;  and  t h e  
deve lopmen t  and  i m p l e m e n t a t i o n  of s p e c i a l  t e c h n i q u e s  f o r  t h a t  
sys t em,  i n c l u d i n g  t h e  use of c a l o r i m e t r y  f o r  t h e  a s s a y  of 
f e e d ,  i n - p r o c e s s ,  and  s c r a p  material. 

m i d - f i s c a l - p e a r  1974 u n d e r  t h e  d i r e c t i o n  of t h e  A X  D i v i s i o n  
of N u c l e a r  Naterials S e c u r i t y  (now t h e  D i v i s i o n  of S a f e g u a r d s  
and S e c u r i t y )  . The  first p h a s e  of t h i s  program d e a l s  w i t h  t h e  
a s s a y  of BTGR f u e l  c o n t a i n i n g  uranium-235, a n d  i t  w i l l  be 
comple t ed  i n  t h e  f a l l  of 1975. Uhere a p p l i c a b l e ,  d a t a  from 
t h i s  p h a s e  of t h e  program w i l l  be u s e d  f o r  t h e  r e c y c l e  
uranium-233 f u e l  f a b r i c a t i o n  p r o c e s s .  

A s p e c i a l  deve lopment  program was i n i t i a t e d  i n  

----- D. S a f e q u a r d  P r o v i s i o n s  f o r  materials i n  Tram& 
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The r e c y c l e  f u e l  e l e m e n t s  w i l l  be s h i p p e d  i n  a f u e l  
e l e m e n t  cask which w i l l  weigh from 10 t o  2 3  t o n s  and w i l l  h o l d  
two o r  t h r e e  e l e m e n t s  c o n t a i n i n g  a t o t a l  of about  1.5 kg  of 
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uranium-233. Commercial carriers w i l l  b e  u s e d  t o  t r a n s p o r t  
t h e  c a s k  i n  a c c o r d a n c e  w i t h  AEC t r a n s p o r t a t i o n  s a f e g u a r d s  
r e q u i r e m e n t s .  About 70  round  trips from Oak Ridge t o  t h e  
d e l i v e r y  p o i n t  w i l l  b e  needed t o  t r a n s p o r t  t h e  150 t o  200 f u e l  
elements t o  b e  p roduced  o v e r  t h e  t u o - y e a r  o p e r a t i n g  p e r i o d ,  

------- E. C o n c l u s i o n s  

The added  i n v e n t o r y  a n d  t h r o u g h p u t  of s p e c i a l  n u c l e a r  
material a t  t h e  ORNL s i te  from c o n d u c t  of t h e  p r o p o s e d  p r o j e c t  
w i l l  be  a small f r ac t ion  of t h e  c u r r e n t  i n v e n t o r y  a t  ORNL. 
The s a f e k e e p i n g  of t h e  uranium-233 f e e d  material, f u e l  
f a b r i c a t i o n  i n t e r m e d i a t e s ,  and f i n a l  p r o d u c t s  w i l l  n o t  r e q u i r e  
major c h a n g e s  i n  t h e  e x i s t i n g  s a f e g u a r d s  program a t  ORNL. The  
i n h e r e n t  r a d i o a c t i v i t y  of t h e  p r o d u c t s  r e q u i r e s  remote 
h a n d l i n g  p r o c e d u r e s  which e n h a n c e  t h e  s e c u r i t y  of t h e  mater ia l  
by min imiz ing  d i r e c t  o p e r a t o r  c o n t a c t  and d e t e r r i n g  p o t e n t i a l  
d i v e r t e r s  . 

The p h y s i c a l  p r o t e c t i o n  s y s t e m  now i n  e x i s t e n c e  a t  ORNL 
is  a d e q u a t e  for t h e  a n t i c i p a t e d  forms and  q u a n t i t i e s  of HTGR 
f u e l  materials.  The p l a n s  for  s a f e g u a r d i n g  t h e  material 
d u r i n g  s h i p m e n t  are a d e q u a t e ,  a n d  t h e  s e c u r i t y  of t h e  mater ia l  
i n  t r a n s i t  is enhanced  by t h e  f a b r i c a t e d  form i n  which t h e  
uranium-233 is found ,  t h e  p e n e t r a t i n g  r a d i a t i o n  p r e s e n t  i n  t h e  
f u e l ,  and t h e  m a s s i v e  s h i p p i n g  c o n t a i n e r  used.  

R e s e a r c h  and deve lopmen t  on  measurement problems 
a s s o c i a t e d  w i t h  HTGR f u e l  materials a r e  b e i n g  c o n d u c t e d  i n  a 
t i m e l y  f a s h i o n  so t h a t  improved measurement t e c h n i q u e s  w i l l  b e  
a v a i l a b l e  t o  a p p l y  t o  t h e  p i l o t  p l a n t  o p e r a t i o n  and v a l i d a t e  
them for l a t e r  s a f e g u a r d s  a p p l i c a t i o n  a t  t h e  f u l l - s c a l e  
commercial r e c y c l e  f u e l  f a b r i c a t i o n  f a c i l i t y .  
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Appendix A 

SOURCE TERMS FOR WASTES TO BE GENERATED 
BY HTGR FUEL REFABRICATION PILOT PLANT OPERATION 

Table  A . l .  Chemical E f f l u e n t s  From Stack  Resu l t ing  From 
HTGR Fuel  R e f a b r i c a t i o n  P i l o t  P l a n t  Operat ion (Based on 25 
Kilograms o f  Heavy Metal ,  U + Th, p e r  Day) 

Annua 1 
Release Concent ra t ion  (pa/ n?) 

Rate A t  S tack  A t  S i t e  
Spec ies  ( tonne/year)  E x i t a  Bounda r yb 

H2 1.8 2.6 x 103 0.015 

I n e r t  ( A r ,  He) 25.0 3 .6  x 104 0.20 

CO, 53.0 7.2 x 104 0.40 

co 2.7 3.6 x I d  0.020 

0.124 174 0.00001 Nox 
S u r f a c t a n t  0.0033 4.8 0.000029 

2 -e thy l - l -  0.0033 5.2 0.000029 
hexanol 

J u s t  p r i o r  t o  l eav ing  top  o f  t h e  s t a c k  on t h e  b a s i s  of  a 
a s t a c k  f low r a t e  o f  60,000 s c f m .  

bBased on d i s p e r s i o n  f a c t o r  (X/Q) o f  2 x l o w 7 .  
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Table A.2. Solid Chemical Effluents Resulting From 
HTGR Fuel Refabrication Pilot Plant Operation (Based on 
25 Kilograms of Heavy Metal per Day)a 

Chemic a 1 

Annua 1 
Release Rate 
( tonne/year) 

Ashb 
~~ - 

0.0040 

NaCIC 3 . 3  

sicc 0.21 
NaN4 5.2 

NaHC4 2.6 

Volume of alpha-contaminated 3 x I@ ft3/yr 
non-burnable solids (filters, 
tools, etc.) 

aAll of these solid effluents will be contaminated 
with the radionuclides listed in Table A.3 and will be 
shipped to a waste management facility. 

based on the assumption that the soot and graphite 
components from the coating furnace will be burned in 
the HTGR Fuel Refabrication Pilot Plant. 

This is based on the assumption that all of the 
particles coated in the HTGR Fuel Refabrication Pilot 
Plant will be TRISO. If they are BISO, there will be 
no NaCl or Sic. 

bThe ash will result from burning of waste carbon, 

C 



. ?9 

Table A.3. Radionuclides in Solid Effluents 
Resulting From HTGR Fuel Reprocessing Pilot Plant 
Operation (Based on 25 Kilograms of Heavy Metal per 
Day) 

~ ~~ 

Radionuc 1 ides 

Annual 
Release Rate 
( c i /ye ar ) 

232u 8.5 

233 u 13 .O 

2 3 4 ~  4.0 

2 3 5 ~  7.3 

238 u 3.7 10’~ 
3 . 7  x 236 u 

212 Bi 0.20 

212Pb 

212 Po 

216 Po 

224 Ra 

220 Rn 

228 Th 
232 Th 

208 T 1  

0.20 

0.13 

0.20 

0.20 

0.20 ’ 

0 -20 

4.0 10-3 

7.3 x 
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Table A . 4  
Fuel  Re fab r i ca t ion  P i l o t  P l a n t  Operat ion (Based on 25 Kilograms of  
Heavy Metal  p e r  Day) 

Radio logica l  E f f l u e n t s  From S tack  Resu l t ing  From HTGR 

Annua 1 Concent ra t ion  ( PC i /ml) 

b 
Release Rate A t  S tack  A t  S i t e  

Radionucl ide ( c i /yea r )  E x i t a  Boundary 

232u 1.7 2.3 10-13 1.3 x 
233 u 
234 u 
235u 

236 u 
237 Np 
238 u 
240 Pu 

234 Pa 

'12 Pb 

Po 

212 B i  

216 Po 

228 Ra 

224 Ra 

220 Rn 

228 Th 
2 3 1 T h  . 

2.5 10-4 

8.0 10-5 

1.5 x loe  
7.3 10-7 

2.0 10- l~ 

7.3 x 10-1O 

4.1  x.10-27 

4.0 10-7 

7 .3  x 10-l0 

4.0 10-7 

2.6 10-7 

4.0 10-5 

4.0 10-5 

4.0 10-5 

5.6 x 

4.0 x 

1 . 5  x loe8 

3.6 10- l~  

1.1 10-13 

2.0 10 - l~  

1.0 10- l~  

2.7 10-24 

1.0 x 10-l8 

5 .5  

9.8 1 0 - l ~  

5.8 x 

5.8 x 

3.7 x 

5.8 10- l~  

7.6 x 10- l~  

5.8 10-14 

5.8 10-14 

5 .8  1 0 - l ~  

2.0 10-l~ 

2.0 x 10-l8 

6.3 10-19 

1.2 x 10-22 

5.6 x 

1.6 10-29 

5.6 

3.3 

5.6 

3.3 x 

2.1 x 

3.3 10-l~ 

4.3 x 

3.3 10-l~ 

3.3 10- l~ 

3.3 x 10-2O 

1.2 x 

3.3 x 

6.3  x 232 Th 8.0 x 1.1 x 

234 Th 7.3 x 10-l0 9.8 10 - l~  5.6 

T1 1.5 10-7 2 .1  x 10-l6 1.2 x 10-z2 

a J u s t  p r i o r  t o  l eav ing  top  of  s t a c k  on t h e  b a s i s  o f  a s t a c k  flow 
r a t e  o f  60,000 scfm. 

bBased on a d i s p e r s i o n  f a c t o r  (X/Q) o f  2 x 



81 

Appendix B 

CHARACTERIZATION OF EXISTING ENBIRONHENT 

The U n i t e d  S t a t e s  Atomic Energy  Commission 's  O a k  Ridge 
R e s e r v a t i o n  p r e s e n t l y  c o n s i s t s  of a p p r o x i m a t e l y  37,000 acres 
of l a n d  a d j a c e n t  t o  t h e  C i t y  of Oak Ridge  i n  Anderson and 
Roane C o u n t i e s ,  Tennessee .  The l a n d  is p a r t  of an  o r i g i n a l  
92-square  mile t r a c t  p u r c h a s e d  i n  1 9 4 2  t o  s e r v e  a s  a n  atomic 
development  and  p r o d u c t i o n  c e n t e r  f o r  t h e  U . S .  Army Corps  of 
E n g i n e e r s  Manhat tan  Project .  The R e s e r v a t i o n ,  which may b e  
v i s u a l i z e d  a s  an  i r r e g u l a r  l a n d  mass encompass ing  t h e  USAEC 
i n s t a l l a t i o n s  i l l u s t r a t e d  i n  F i g .  1 4  ( S u b s e c t i o n  I I . D ) ,  is 
located 15  miles west of K n o x v i l l e ,  T e n n e s s e e ,  t h e  major 
p o p u l a t i o n  c e n t e r  i n  t h e  area.  The Tennessee  V a l l e y  
A u t h o r i t y ' s  H e l t o n  H i l l  arid Watts Bar R e s e r v o i r s  on t h e  C l i n c h  
and T e n n e s s e e  R i v e r s ,  r e s p e c t i v e l y ,  form eastern, s o u t h e r n ,  
and w e s t e r n  b o u n d a r i e s  of t h e  p r o p e r t y  and t h e  C i t y  of Oak 
Ridge l i e s  a l o n g  t h e  n o r t h e r n  p e r i m e t e r .  

The P e s e r v a t i o n  is located i n  t h e  R idge  and  V a l l e y  
p h y s i o g r a p h i c  p r o v i n c e ,  which is charac te r ized  by p a r a l l e l  
r i d g e s  of s a n d s t o n e ,  s h a l e ,  and c h e r t y  dolomite s e p a r a t e d  by 
v a l l e y s  of less w e a t h e r  r e s i s t a n t  l i m e s t o n e  and shale.  T h e  
r i d g e s  a r e  o r i e n t e d  s o u t h w e s t - n o r t h e a s t ,  a n d  e l e v a t i o n s  r a n g e  
from 7 5 0  t o  800  f t  a t  t h e  v a l l e y  f l oo r  t o  1000 t o  1200  f t  a t  
t h e  r i d g e  crests, 

c h a r a c t e r i s t i c  of t h o s e  f o u n d  i n  t h e  i n t e r m o u n t a i n  r e g i o n s  of 
Appa lach ia  from t h e  A l l e g h e n y  H o u n t a i n s  i n  s o u t h e r n  
P e n n s y l v a n i a  t o  t h e  s o u t h e r n  e x t e n s i o n  of t h e  Cumberlands i n  
n o r t h e r n  Alabama, The area h a s  been  unde r  g o v e r n m e n t a l  
c o n t r o l  f o r  t h e  p a s t  30 y e a r s  and  h a s  n o t  b e e n  unduly  
d i s t u r b e d  e x c e p t  for e x p e r i m e n t a l  u s e  and  r e g u l a t e d  fo re s t  
management. 

The ecological  s y s t e m s  of t h e  R e s e r v a t i o n  a r e  

----- C lima toloqp 

The  N a t i o n a l  O c e a n o g r a p h i c  and Atmospher ic  A d m i n i s t r a t i o n  
( N O A A )  h a s  o p e r a t e d  a meteorological o b s e r v a t i o n  program a t  
Oak Ridge for o v e r  20 y e a r s .  I n  a d d i t i o n  t o  r e c o r d i n g  
day-to-day w e a t h e r  data for t h e  p l a n t  sites (X-10, Y-12, and 
K-25) and Oak Ridge t o w n s i t e ,  t h e  N O A A  s t a f f  h a s  m a i n t a i n e d . a  
r e s e a r c h  and  deve lopmen t  program to improve  t h e  r e l i a b i l i t y  of 
p r e d i c t i o n  and  measurement of meteorological p a r a m e t e r s  which 
i n f l u e n c e  sa fe  c o n d u c t  of o p e r a t i o n s  on t h e  Oak Ridge 
R e s e r v a t i o n .  A mon th ly  climatic summary for t h e  Oak Ridge 
area, based o n  20 y e a r s  of records, is g i v e n  i n  T a b l e  B . 1 .  
S e a s o n a l  wind s p e e d s  a n d  direct ions i n  t h e  Oak Ridge  area 
d u r i n g  p e r i o d s  of l a p s e  and  i n v e r s i o n  c o n d i t i o n s  are p r e s e n t e d  
i n  P ig .  B . 1 .  
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Table B . l .  Monthly Climatic Summary for the Oak Ridge 
Area Based on a 20-Ye'ar Recorda 

Temperature ( O F )  Precipitation (in.) Solar Radiation 
Month Mean Maximum Minimum Rain Snow (kcal cm-2 month") 

Jan 37.9 47.0 28.8 5 . 3  3 .4  5 .6  

Feb 40 .9  51.2 30.6 5 . 3  2.6 6.7 

March 47 .5  58.7 36.3 5 .6  1.3 10.1 

April 59.0 

May 66.8 

June 74.0  

July 76.9  

Aug 76.0  

Sept 7 0 . 1  

Oct 59.3 

Nov 46.9 

Dec 39.7 

Annual 57.9 

7 1 . 1  

7 9 . 1  

85.2 

87 .3  

86 .7  

81.5 

7 1 . 3  

57.8 

48 .8  

46.9 

54.5 

62.7 

6 6 . 4  

65.2 

58.7 

47.2 

35.9 

30.6 

4.4 

3.6 

4 .O 

5.6 

3.8 

3.3 

2.7 

4 . 2  

5 .7  

53.5 

0.01 

0 

0 

0 

0 

0 

0 

0 .5  

2.5 

10 .3  
- 

12.3 

15.3 

1 5 . 1  

13 .4  

13 .5  

11 .3  

9.6 

5.8 

4.7 

123.4  

atlDaily, Monthly, and Annual Climatological Data for Oak Ridge, 
Tennessee, January 1951 through December 1971," Air Resources 
Atmospheric Turbulence and Diffusion Laboratory, Oak Ridge, Tennessee, 
July 1972.  

During  t h e  20-year  p e r i o d  of r e c o r d  (1951-1971), t h e  

The a v e r a g e  wind s p e e d  i n  t h e  Oak Ridge  area is 4.4 miles 

e x t r e m e s  of d a i l y  t e m p e r a t u r e  h a v e  v a r i e d  from a low of -9 
d e g r e e s  F i n  J a n u a r y  t o  a h i g h  of 105 d e g r e e s  F i n  J u l y .  

per hour  (mph). The peak g u s t  of r e c o r d  was 59 aph, calm 
c o n d i t i o n s  p r e v a i l  10% of t h e  time, Storm t r a c k s  t r a v e l  
n o r t h w e s t  t o  s o u t h e a s t .  

The a v e r a g e  a n n u a l  r a i n f a l l  i n  t h e  Oak R idge  area is 
53.5 i n ,  Annual  s n o v f a l l  averages 10.3 i n . ,  and  95% of t h i s  
p r e c i p i t a t i o n  o c c u r s  be tween December and  !!arch. The average 
number of t h u n d e r s t o r m s  p e r  y e a r  is 53, and t h e r e  are  24 d a y s  
of heavy fog. Clear  c o n d i t i o n s  p r e v a i l  30% of t h e  time; 
p a r t l y  c l o u d y ,  25%; and  c l o u d y ,  45%. 
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f 
SUMMER 

WIND SPEED, mph 

70 OF TIME 9' 
LAPSE INVERSION 

Fig. B.l. Wind Speed and Direction During Lapse and Inversion. 



84 

--- G e o l o x  and  S o i l s  

The g e o l o g y  a n d  s o i l s  of t h e  Oak R idge  a r ea  h a v e  been  
r e p o r t e d  on by  s e v e r a l  i n v e s t i g a t o r s .  A g e n e r a l i z e d  so i l s  map 
which i n c l u d e s  s u m m a r i z a t i o n s  of mineralogical  s o i l  a n d  r o c k  
t y p e s  is g i v e n  i n  Ref. €3.1. A geologic  map of t h e  area i s  
p r e s e n t e d  i n  Ref. B.2. 

O f  p a r t i c u l a r  i m p o r t a n c e  t o  t h e  p r e s e n t  p r o j e c t  is a 
d i s c u s s i o n  of t h e  g e o l o g i c  f e a t u r e s  of W h i t e  O a k  C r e e k  B a s i n ,  
which is l o c a t e d  i n  Roan@ County ,  T e n n e s s e e ,  i n  t h e  s o u t h e r n  
p a r t  of t h e  Oak R idge  R e s e r v a t i o n ,  The B a s i n  h a s  a n  area of 
6-01  s q u a r e  miles, and it d r a i n s  to  t h e  C l i n c h  R i v e r  by  way of 
White  Oak C r e e k .  

P o u r  major r o c k  u n i t s  or f o r m a t i o n s  o c c u r  i n  t h e  Bas in .  
I n  d e s c e n d i n g  o r d e r  of age ,  t h e s e  a r e  t h e  Rome formation, 
u n d e r l y i n g  H a w  Ridge;  t h e  Conasauga  Group, u n d e r l y i n g  C h e s t n u t  
R i d g e  a n d  H e l t o n  H i l l ;  and t h e  Chickamauga Limes tone ,  
u n d e r l y i n g  B e t h e l  V a l l e y .  T h e s e  r o c k s  o r i g i n a t e d  e a r l y  i n  t h e  
P a l e o g o i c  era as masine  s e d i m e n t s  a n d  became u p l i f t e d  toward 
t h e  end  of t h e  era .  A m a n t l e  of r e s i d u a l  mater ia l  is n e a r l y  
e v e r y w h e r e  p r e s e n t ,  e x t e n d i n g  t o  d e p t h s  of 100 f t  i n  some 
areas,  p a r t i c u l a r l y  o v e r  t h e  Knox Dolomite. 

T h e s e  b e l o n g  p r i m a r i l y  t o  t h e  b r o a d  g r o u p s  of r e d - y e l l o w  
p o d s o l i c ,  r e d d i s h  brown la ter ic ,  and l i t h o s o l s  and are, i n  
g e n e r a l ,  s t r o n g l y  l e a c h e d ,  a c i d i c ,  low i n  o r g a n i c  matter, and  
w i t h  e x c h a n g e  c a p a c i t i e s  of less t h a n  10 m i l l i e q u i v a l e n t  p e r  
100 grams of s o i l .  Dep ths  of s o i l  p r o f i l e s  w i t h i n  t h e  b a s i n  
v a r y  from 6 i n .  i n  some of t h e  s h a l e  and  s a n d s t o n e  a reas  t o  
more t h a n  15 f t  i n  areas o v e r l y i n g  do lomi t i c  l i m e s t o n e  and  
w i t h i n  a l l u v i a l  d e p o s i t s  along d r a i n a g e w a y s .  

p r i n c i p a l  c l a y  f r a c t i o n ,  t h o s e  from t h e  Conasauga  S h a l e  
c o n t a i n  i l l i t e  a n d  v e r m i c u l i t e ,  and  t h o s e  d e r i v e d  from 
Chickamauga L i m e s t o n e  c o n t a i n  a m i x t u r e  of k a o l i n i t i c  and  
i l l i t i c  materials, w i t h  some u n i t s  h a v i n g  s i g n i f i c a n t  
m o n t m o r i l l o n i t i c  c o n t e n t s .  The base s a t u r a t i o n  r a n g e s  from 10 
t o  60% w i t h i n  t h e  v a r i o u s  g r o u p s .  The r a d i o n u c l i d e  
s p e c i f i c i t y  of t h e  r e s p e c t i v e  c l a y  minerals h a s  been  
d e t e r m i n e d ,  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  t h e  b e h a v i o r  of 
r a d i o a c t i v e  ces ium,  s t r o n t i u m ,  a n d  c o b a l t ,  i n  s e d i m e n t s  of 
U h i t e  Oak Lake  and  t h e  C l i n c h  R i v e r  (Ref. B . 3 ) .  

S o i l s  of t h e  area are d e s c r i b e d  i n  d e t a i l  i n  R e f .  B.1. 

S o i l s  d e r i v e d  from Knox Dolomite c o n t a i n  k a o l i n i t e  a s  t h e  

D r a i n a g e  of t h e  area is  t o  t h e  C l i n c h  R i v e r  by way of 
v a r i o u s  small  streams. I n c l u d e d  among t h e s e  streams is Whi te  
Oak Creek ,  which c o u r s e s  t h r o u g h  Oak Ridge Nat icnal  L a b o r a t o r y  
and forms t h e  p r i n c i p a l  d r a i n a g e  s y s t e m  for t h e  site. The 
a v e r a g e  a n n u a l  d i s c h a r g e  measured  a t  U h i t e  O a k  Dam fo r  t h e  
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p e r i o d  1968-1972 is 11 cfs. 
W i t h i n  t h e  area, ma jo r  a q u i f e r s  a r e  a s soc ia t ed  w i t h  t h e  

Knox Dolomite f o r m a t i o n .  Water o c c u r s  t o  a lesser e x t e n t  i n  
small o p e n i n g s  a l o n g  p o i n t s  and  b e d d i n g  p l a n e s  i n  t h e  s h a l e  
and s a n d s t o n e  r o c k s  of P o t t s v i l l e  a g e  and  of t h e  Rome 
Format ion .  B e l t s  of r e s i d u a l  mater ia l s  o v e r l y i n g  bedrock a r e  
r e l a t i v e l y  t h i n ,  r e d u c i n g  t h e  volume a v a i l a b l e  for g r o u n d u a t e r  
storage. C o n s e q u e n t l y ,  it is e s t i m a t e d  t h a t  t h e  a v e r a g e  w e l l  
i n  t h e  Oak R i d g e  area would y i e l d  less t h a n  I O  gpm (Ref. B . 4 ) .  

T h e  C l i n c h  R i v e r ,  i n c l u d i n g  its Ne l ton  H i l l  Lake 
impoundment, has  a d r a i n a g e  area of 4413 s q u a r e  miles, and it 
is  t h e  s o u r c e  of most of t h e  water i n  t h e  area. Water pumped 
by t h e  Oak Ridge  pumping s t a t i o n  is d e l i v e r e d  t o  ORNL, t h e  
Y-12 P l a n t ,  and  t o  t h e  c i t y  of Oak Ridge.  Waste u a t e r  from 
ORNL i s  r e t u r n e d  t o  t h e  C l i n c h  R i v e r  v i a  W h i t e  Oak C r e e k ,  from 
t h e  Y-12 P l a n t  v i a  E a s t  Pork P o p l a r  C r e e k ,  a n d  from t h e  c i t y  
of Oak R i d g e  v i a  East Fork P o p l a r  C r e e k  and v i a  a t r i b u t a r y  a t  
r i v e r  mile 51.1. The Gaseous  D i f f u s i o n  P l a n t  (K-25) is s e r v e d  
by a s e p a r a t e  pumping s t a t i o n ,  w i t h  waste water from t h e  p l a n t  
b e i n g  r e t u r n e d  d i r e c t l y  t o  t h e  r i v e r .  

O p e r a t i q n  of t h e  TVA m u l t i p u r p o s e  dams f o r  flood c o n t r o l ,  
n a v i g a t i o n ,  and  power g e n e r a t i o n  results i n  regula ted  flow i n  
t h e  C l i n c h  a n d  T e n n e s s e e  R i v e r s .  N a v i g a t i o n  l o c k s  a r e  
i n c o r p o r a t e d  i n  a l l  dams o n  t h e  T e n n e s s e e  R i v e r  and i n  Plelton 
R i l l  D a m  on t h e  C l i n c h .  D u r i n g  t h e  w i n t e r  months,  f o l l o w i n g  
c e s s a t i o n  of heavy p r e c i p i t a t i o n  and r u n o f f ,  r e s e r v o i r  l e v e l s  
are raised t o  p r o v i d e  i n c r e a s e d  h y d r o e l e c t r i c  c a p a b i l i t y .  
S u b s e q u e n t  power releases c a u s e  p u l s a t i o n s  i n  r i v e r  flows. 
Wi th in  t h e  C l i n c h  R i v e r ,  t h e s e  d i s c h a r g e s  may reach 18,000 
cfs, and t h e y  a r e  n o t  a t t e n u a t e d  s i g n i f i c a n t l y  between Nel ton  
H i l l  Dam a n d  t h e  mouth of Whi te  Oak C r e e k .  

T h e s e  h i g h  f low releases cause water l e v e l s  t o  rise 
r a p i d l y ,  b l o c k i n g  t h e  o u t f l o w  of water from W h i t e  O a k  C r e e k  
f o r  a b o u t  6 h o u r s  each  day. Upon c e s s a t i o n  of power 
q e n e r a t i o n ,  t h e  waters of White Oak C r e e k  b e g i n  t o  flow i n t o  
t h e  main stream a n d  are f l u s h e d  downstream w i t h  t h e  n e x t  power 
release, becoming t h o r o u g h l y  mixed i n  a b o u t  7 miles 
( R e f  . B . 4 ) .  

due  t o  i n t e r m i t t e n t  releases by Melton R i l l  Dam was n o t  
g r e a t l y  d i f f e r e n t  t h a n  t h a t  f o r  s t e a d y  flow c o n d i t i o n s ,  a n d  
t h a t  downstream d y e  c o n c e n t r a t i o n s  c o u l d  be  p r e d i c t e d  on t h e  
basis  of a u n i - d i m e n s i o n a l  t r a n s p o r t  e q u a t i o n  i n c o r p o r a t i n g  
eddy d i f f u s i o n  c o e f f i c i e n t s  computed from s t e a d p - f l o w  tracer 
tests. I 

area are of t h e  calcium-magnesium-bicarbonate t y p e .  
Uncontaminated  major s o u r c e s  r a n g e  i n  h a r d n e s s  from moderate 
t o  v e r y  h a r d ,  w i t h  low c o n t e n t s  of sodium, po ta s s ium,  and 
c h l o r i d e  ( R e f  . B. 4) . No s i g n i f i c a n t  i r r i g a t i o n  usage  i s  
a p p a r e n t .  

Hor ton  ( R e f .  B . 5 )  o b s e r v e d  t h a t  t h e  d i s p e r s i o n  p r o c e s s  

I n  g e n e r a l ,  t h e  waters of small streams i n  t h e  Oak R idge  
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- S e i s m o l o q q  

The Oak R idge  R e s e r v a t i o n  l i e s  i n  t h e  S o u t h e r n  
A p p a l a c h i a n  s e i s m o t e c t o n i c  p r o v i n c e ,  which i s  c h a r a c t e r i z e d  by  
a series of n o r t h e a s t  t o  s o u t h w e s t  t r e n d i n g  f o l d s  and  t h r u s t  
f a u l t s  i n  Paleozoic rocks .  The  r e g i o n  h a s  been  t h e  s o u r c e  of 
c o n t i n u i n g  minor  seismic a c t i v i t y .  A c h r o n o l o g i c a l  l i s t i n g  of 
t h e  c o m p l e t e  seismic h i s t o r y  of t h e  s o u t h e a s t  r e g i o n  
( i n c l u d i n g  e a r t h q u a k e s  w i t h  e p i c e n t e r s  o u t s i d e  t h e  r e g i o n  
which p roduced  d e t e c t a b l e  tremors w i t h i n  t h e  s p e c i f i e d  area) 
is p r e s e n t e d  i n  R e f .  B.6, 

The e p i c e n t e r s  of 270 e a r t h q u a k e s  which o c c u r r e d  d u r i n g  
t h e  40-year  p e r i o d ,  1930-1969, are  p l o t t e d  i n  F i g .  B.2 
a c c o r d i n g  t o  t h e i r  e q u i v a l e n t  R i c h t e r  magni tude .  An 
a p p r o x i m a t e  r e l a t i o n s h i p  is g i v e n  b y  R = (2/3)M + 1, where R = 
R i c h t e r  m a g n i t u d e  and fl = i n t e n s i t y ! ,  T h i s  p l o t  d o e s  n o t  
i n c l u d e  t h e  two l a r g e s t  seismic e v e n t s  i n  t h e  h i s t o r y  of t h e  
s o u t h e a s t .  T h e s e  were t h e  1811-1812 s h o c k s  a t  N e w  Uadrid, 
M i s s o u r i ,  I n t e n s i t y  XII, a n d  t h e  1886 s h a c k  of C h a r l e s t o n ,  
S o u t h  C a r o l i n a ,  I n t e n s i t y  X. The i n t e n s i t y  a t  t h e  p r o j e c t  
s i t e  from t h e s e  s h o c k s  was p r o b a b l y  a b o u t  VI or less. Two 
major c e n t e r s  of seismic a c t i v i t y  are  a p p a r e n t  from F i g .  B.2. 
T h e s e  c e n t e r s  are w i t h i n  t h e  M i s s i s s i p p i  V a l l e y  area and  o n  
t h e  coas t  of S o u t h  C a r o l i n a  i n  t h e  C h a r l e s t o n  area. A t h i r d  
z o n e  of r e l a t i v e l y  h i g h  s e i s m i c i t y  c o i n c i d e s  w i t h  t h e  s o u t h e r n  
p o r t i o n  of t h e  Appa lach ian  Houn ta in  g e o l o g i c  p r o v i n c e ,  

A more d e t a i l e d  a n a l y s i s  of t h e  s e i s m i c i t y  of t h e  
s o u t h e a s t e r n  U n i t e d  States c a n  b e  o b t a i n e d  from a n  a n a l y s i s  of 
r e c u r r e n c e  c u r v e s  of t h e  t y p e  shown i n  P i g .  B.3. Whi l e  t h e  
@@fi t "  of t h e  da ta  are not good,  e x t r a p o l a t i o n  of t h e  c u r v e  for 
t h e  S o u t h e r n  A p p a l a c h i a n  Reg ion  s u g g e s t s  a once-per-40-year  
q u a k e  of i n t e n s i t y  0111 (modified Hercal l i ) ,  a 
once-per-100-year s h o c k  of i n t e n s i t y  IX, a n d  a r e c u r r e n c e  
i n t e r v a l  be tween  d e s t r u c t i v e  s h o c k s  of  106 y e a r s ,  a s  
d e t e r m i n e d  from s t a t i s t i c a l  t r e a t m e n t  of p a s t  r e c o r d s  
( R e f .  €3.6) . Seismic e v a l u a t i o n s  of t h e  Oak R idge  area s u g g e s t  
t h a t  w i t h i n  a '100-pear  p e r i o d  t h e r e  e x i s t s  a 50% p r o b a b i l i t y  
for ground  n o t i o n  a c c e l e r a t i o n  t o  e x c e e d  0.03 t o  0 .09g .  

--- Area Access 

Access f o r  o t h e r  t h a n  employees  t o  t h e  USAEC Oak Ridge 
R e s e r v a t i o n  is l i m i t e d  to p u b l i c  r o a d s ,  However, t h e  p u b l i c  
r o a d  n e t w o r k  w i t h i n  t h e  area is well deve loped .  S t a t e  highway 
62 b i s e c t s  t h e  R e s e r v a t i o n  east  and west, p r o v i d i n g  a d i rec t  
route  to K n o x v i l l e .  State  h ighways  95 and 6 1  r u n  n o r t h  a n d  
s o u t h  t h r o u g h  Oak Ridge,  w h i l e  U. S. Highway 25W, which  
c o n n e c t s  K n o x v i l l e ,  T e n n e s s e e ,  a n d  L e x i n g t o n ,  Kentucky,  p a s s e s  
4 miles n o r t h e a s t  of t h e  e a s t e r n  boundary  of t h e  R e s e r v a t i o n .  
I n t e r s t a t e  Highway 40 c o n n e c t i n g  K n o x v i l l e  a n d  N a s h v i l l e ,  
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Fig .  B . 3 .  Recurrence Curves f o r  ( a )  To ta l  Southeas t  Region, (b)  M i s s i s s i p p i  Val ley Area, 
and (c)  Southern Appalachian- Mountain Zone. (Curves r e p r e s e n t  l e a s t - s q u a r e s  f i t s  o f  the  r e l a -  
t i o n s h i p  log  N = a f b1, where N i s  the number of ear thquakes  p e r  100 years  and per  100,000 
km2 o f  i n t e n s i t y ,  I . )  
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Tennessee ,  is 2 miles s o u t h e a s t  of t h e  w e s t e r n  boundary of t h e  
R e s e r v a t i o n .  The p r i m a r y  a n 8  s e c o n d a r y  road sys tem of t h e  
R e s e r v a t i o n  is e x c e l l e n t .  

The area is  a d e q u a t e l y  s e r v e d  by  r a i l  t r a n s p o r t a t i o n ,  
w i t h  c o n n e c t i n g  p o i n t s  located a t  Harr iman,  Tennessee .  The 
C l i n c h  R i v e r  waterway forms t h e  s o u t h e r n  boundary  of t h e  
R e s e r v a t i o n  and  j o i n s  t h e  T e n n e s s e e  R i v e r  s y s t e m  10 miles 
downstream. A 9 - f t  n a v i g a t i o n  c h a n n e l  e x t e n d s  above  C l i n t o n ,  
Tennessee ,  t o  C l i n c h  R i v e r  nile 61. 

Ecology of S i t e  and E n v i r o n s  

The Oak Ridge R e s e r v a t i o n  is t y p i c a l  of t h e  l a n d s c a p e  and  
ecologica l  s y s t e m s  which o c c u r  i n  t h e  Appa lach ian  Region  of 
t h e  e a s t e r n  U n i t e d  States. 4s s u c h ,  t h e  area i s  comprised of 
a number of r e p r e s e n t a t i v e  terrestrial and a q u a t i c  e c o s y s t e m s  
t h a t  r a n g e  from smaller, e s t a b l i s h e d  s o u t h e r n  c o n i f e r o u s  
forests  t o  n o r t h e r n  hardwood t y p e s  a n d  from small stream 
t r i b u t a r i e s  t o  man-made r e s e r v o i r  s y s t e m s .  

A p r e l i m i n a r y  i n v e n t o r y  of t h e  f l o r a  of t h e  g e n e r a l  Oak 
R idge  area was c o m p l e t e d  i n  1966 ( R e f .  8.7) . T h i s  i n v e n t o r y  
h a s  s i n c e  been  supp lemen ted  w i t h  o b s e r v a t i o n s  of s p r i n g  
f l o w e r i n g  for 171 s p e c i e s  of h e r b a c e o u s  and  woody p l a n t s  
r e p r e s e n t i n g  55 p l a n t  Eamilies (Ref. B.8) 

F i v e  Appa lach ian  forest t y p e s  o c c u r  n a t u r a l l y  on t h e  
R e s e r v a t i o n  (Ref. 8 . 9 ) .  The o a k - h i c k o r y  t y p e  s h a r e s  e q u a l  
prominence  w i t h  t h e  y e l l o w  pine-hardwood t y p e .  cove hardwoods 
are found i n t e r s p e r s e d  between d i s s e c t e d  r i d g e  s y s t e m s ,  a n d  
n o r t h e r n  hardwoods  o c c u r r  i n  s h e l t e r e d  areas w i t h  n o r t h e r n  
e x p o s u r e s .  A minor  t y p e ,  w h i t e  pine-hardwood, is found  a l o n g  
t h e  n o r t h e r n  b o u n d a r i e s  of t h e  p r o p e r t y .  Between 1947 and 
1950, l a r g e  areas of o p e n  l a n d  were p l a n t e d  t o  l o b l o l l y  p i n e ,  
c r e a t i n g  a s i x t h  f o r e s t  t y p e .  

A d e t a i l e d  map of t h e  dominant  v e g e t a t i o n  w i t h i n  t h e  
immediate area of t h e  p r o p o s e d  f a c i l i t y  is i l l u s t r a t e d  i n  
P ig .  B . 4 .  T h e  area is r e l a t i v e l y  h e a v i l y  wooded w i t h  a l a r g e  
p r o p o r t i o n  of t h e  t o t a l  c o v e r  b e i n g  c o m p r i s e d  of sweet gum and  
w h i t e  and red oaks. Yellow p o p l a r ,  a s h ,  and  r e d  maple  are 
p r e s e n t  on more mesic si tes,  and shor t - leaf  and V i r g i n i a  p i n e  
are scattered a l o n g  roads a n d  i n  open areas g e n e r a l l y  as a 
r e s u l t  of managed p l a n t i n g s .  

T h e r e  a re  s e v e r a l  a v a i l a b l e  s t u d i e s  d e s c r i b i n g  t h e  f a u n a  
of t h e  area,  w i t h  s p e c i a l  reference t o  H e l t o n  V a l l e y  where in  
l ies  t h e  s i t e  of t h e  p roposed  f u e l  r e f a b r i c a t i o n  p i l o t  p l a n t .  
A 1958 s u r v e y  of summer b i r d  p o p u l a t i o n s  a t  157 s t a t i o n s  
r e s u l t e d  i n  t h e  r e c o r d i n g  of 1870 i n d i v i d u a l s  r e p r e s e n t i n g  6 5  
s e p a r a t e  s p e c i e s  (Ref. B.10). D e n s i t y  of i n d i v i d u a l s  was 
h i g h l y  c o r r e l a t e d  w i t h  v e g e t a t i o n  c o v e r o  w i t h  t h e  g r e a t e r  
number of b i r d s  b e i n g  o b s e r v e  i n  h a b i t a t s  c h a r a c t e r i z e d  by low 
growing  h e r b a c e o u s  material i n t e r s p e r s e d  w i t h  younger  trees. 
A g r e a t e r  d i v e r s i t y  of species, w i t h  lesser numbers of 
i n d i v i d u a l s  was found t o  b e  t y p i c a l  for f o r e s t e d  h a b i t a t s .  
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- 4 SG 2 
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7 WP-wo 5 
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9 SG-VP-CEO 9 
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16 V&S G -  PO P 1 
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2 2  WO-SG-RO 5 2  
2 3  WO-HIC 3 
2 4  HIC-WO-POP-SG 3 
2 5  RO-WO-SG 7 
2 6  POP-SG, POP-SG-RM 4 
27 ASH-RM-POP-SG 6 
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3 0  RO-WO-VP 7 
3 1  POWER L I N E  R/W 5 
3 2  R O A O S  5 

, T O T A L R E A G E  275- 

Fig .  B.4 .  V e g e t a t i o r T y p e  Map f o r  the  Area Surrounding the  TURF. 
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ORNL DWG 7 3 - 1 6 1 4  
P A R T  2 

COMMON N A M E  CODE S C  I E N T  I F I C N A M E  
~ 

ASH ASH FRAXINUS SP . .__ - 

BLACK GUM BG NYSSA SYLVATICA 
CEDAR CEO JUNl  PERUS V lRG I N 1  ANA 
ELM ELM ULMUS AMERICANA 
HICKORY H I C  CARYA SP.  
REO MAPLE RM ACER RUBRUM 
YELLOW POPLAR POP L I R I OOENORON TUL I P I  FERA 
NORTHERN REO OAK RO OUERCUS RUBRA 
SWEETGUM SG L I OU I DAMBAR STYRAC I FLUA 
SHORTLEAF P I N E  SLP P I N U S  STROBUS 
BLACK WALNUT BWi JUGLANS NIGRA 
WHITE OAK wo OUERCUS ALBA 

WP WHITE P I N E  
V I R G I N I A  P I N E  VP P I N U S  V l R G l N l A N A  

P I  NUS MONT I COLA - 

Legend for Fig .  B . 4 .  

Summer b i r d s  t y p i c a l  of h a b i t a t s  r e p r e s e n t e d  i n  P i g .  B.I) 
i n c l u d e  t h e  red-eyed  v i r e o ,  C a r o l i n a  wren, t u f t e d  t i t m o u s e ,  
C a r o l i n a  c h i c k a d e e ,  and  numerous o t h e r  p u r e  f o r e s t  a s  well a s  
edge  species. 

I n  c o n t r a s t  t o  area b i r d  p o p u l a t i o n s ,  which  were shown t o  
be  d e p e n d e n t  upon v e g e t a t i o n  c o v e r ,  mammalian f a u n a l  makeup is 
more d i r e c t l y  l i n k e d  w i t h  s o i l  f e r t i l i t y  a n d  d e p t h  of humus 
and l i t t e r  layers  ( R e f ,  B. 11). T y p i c a l  s p e c i e s  i n c l u d e  mice, 
sh rews ,  opossums, r acoons ,  woodchucks,  c o t t o n t a i l  r a b b i t s ,  and  
t h e  g r a y  fox .  W h i t e - t a i l  d e e r  have  been  o b s e r v e d  i n  t h e  area,  
and a p p e a r  t o  be i n c r e a s i n g  i n  numbers,  as  e v i d e n c e d  by a n  
i n c r e a s i n g  f r e q u e n c y  of road k i l l s  on t h e  R e s e r v a t i o n .  

The h e r p e t o f a u n a  of t h e  area h a v e  been  d e s c r i b e d ,  
i n c l u d i n g  a c a t e g o r i z a t i o n  of h a b i t a t  t y p e s  ( R e f .  8.12) . 
V a r i o u s  species of s a l a m a n d e r s ,  t u r t l e s ,  f r o g s  and toads, 
l i z a r d s ,  and  s n a k e s ,  i n c l u d i n g  t h e  n o r t h e r n  coppe rhead ,  make 
u p  t h i s  p a r t i c u l a r  component of t h e  area 's  b i o t a .  V a r i o u s  
facets of t h e  a q u a t i c  s y s t e m ,  r e p r e s e n t e d  by t h e  White  Oak 
Creek-Whi t e  Oak Lake-Cl inch  R ive r -Tennessee  R i v e r  cont inuum,  
have  been  s t u d i e d  o v e r  t h e  p a s t  s e v e r a l  decades, p a r t i c u l a r l y  
w i t h  r e g a r d  t o  t h e  b e h a v i o r  and  t r a n s p o r t  of r a d i o a c t i v e  
mater ia ls  i n  t h e  a q u a t i c  e n v i r o n m e n t  (Ref. B.13). For t h e  
most p a r t  t h e s e  i n v e s t i g a t i o n s  were c o n d u c t e d  p r i o r  t o  t h e  
e s t a b l i s h m e n t  of Hel ton  H i l l  Reservoir, and  t h e y  were 
p r i m a r i l y  c o n c e r n e d  w i t h  selected o r g a n i s m s  (e. g., t u b i f i c i d  
worms, c r a y f i s h ,  Chironomid l a r v a e ,  clams, a n d  s e v e r a l  s p e c i e s  
of f i s h ,  i n c l u d i n g  w h i t e  c r a p p i e s ,  c a r p ,  and  smallmouth 
b u f f a l o )  as t h e y  r e l a t e d  t o  t h e  t r a n s p o r t  of r a d i o a c t i v e  
materials. 

sys t em p r i o r  t o  t h e  e s t a b l i s h m e n t  of Melton H i l l  R e s e r v o i r  
A c h a r a c t e r i z a t i o n  of f i s h e s  common t o  t h e  C l i n c h  R i v e r  
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( R e f .  B.13) showed major g r o u p s  t o  i n c l u d e  t h e  C e n t r a r c h i d a i  
( s u n f i s h e s ,  b a s s e s  and c r a p p i e s ) ,  C a t o s t o m i d a e  ( s u c k e r s )  , and 
I c t a l u r i d a e  ( c a t f i s h e s )  E x c e p t  f o r  c a r p ,  t h e  C y p r i n i d a e  
(minnows) were p o o r l y  r e p r e s e n t e d ,  p r i m a r i l y  due  t o  a lack of 
s u i t a b l e  h a b i t a t .  Forage f o r  p i s c i v o r o u s  f i s h  is p r o v i d e d  by 
l a r g e  p o p u l a t i o n s  of C l u p e i d a e  ( t h r e a d f i n  shad ,  g i z z a r d  s h a d )  . 
I n  a d d i t i o n  t o  t h e  above  g r o u p s ,  s a u g e r  and  w h i t e  b a s s ,  b o t h  
c a r n i v o r o u s  s p e c i e s ,  a r e  r e g u l a r l y  c a u g h t .  

The f i s h e r i e s  resources of t h e  T e n n e s s e e  R i v e r  s y s t e m  a re  
e x p l o i t e d  by b o t h  commercial and  s p o r t s  f i s h e r m e n .  Some 
c o m m e r c i a l l y  h a r v e s t e d  nongame s p e c i e s  (e. g., c a r p ,  b u f f a l o )  
are marke ted  f o r  human c o n s n a p t i o n .  Records of commercial 
t a k e s  from t h e  T e n n e s s e e  R i v e r ,  1946-1963, show h a r v e s t s  
r a n g i n g  from a low of 1 ,073 ,000  l b  i n  1947 t o  8 ,532 ,000  l b  i n  
1963,  c o m p r i s e d  ma in ly  of c a t f i s h  a n d  b u f f a l o  ( R e f .  B.13). 

T y p i c a l  of t h e  p r e s e n t  a q u a t i c  s y s t e m  downstream from 
Melton H i l l  R e s e r v o i r  and  i m m e d i a t e l y  a d j a c e n t  t o  t h e  p roposed  
f a c i l i t y  is t h e  b i o t i c  c o m p o s i t i o n  of White Oak L a k e  a t  ORNL. 
The l a k e  h a s  been c h a r a c t e r i z e d  as  h a v i n g  h i g h  p h y t o p l a n k t o n  
p r o d u c t i v i t y  and  a we l l -deve loped  b e n t h i c  f a u n a ,  w i t h  t h e  most 
common forms b e i n g  compr i sed  of v a r i o u s  i n s e c t  l a r v a e  
( R e f .  B-14). F i s h e s  p r e s e n t  i n  t h e  s h a l l o w  embayment (maximum 
d e p t h  7 . 3  f t )  i n c l u d e  b l u e g i l l  a n d  r e d e a r  s u n f i s h ,  l a r g e m o u t h  
b a s s ,  warmouth, g i z z a r d  s h a d ,  g o l d e n  s h i n e r s ,  g o l d f i s h ,  a n d  
t h e  m o s q u i t o f i s h ,  Gambusu  a f f i n i s  a f f i n i s .  

Land Use --- 

The 92-square-mihe Oak R idge  R e s e r v a t i o n  was o r i g i n a l l y  
a c q u i r e d  a s  a s i t e  fo r  p r o d u c t i o n  f a c i l i t i e s  and n u c l e a r  
r e s e a r c h ,  and a s e c u r i t y  h u f f e r  and s a f e t y  z o n e  were 
e s t a b l i s h e d  a r o u n d  e a c h  AEC p l a n t .  The o r i g i n a l  59,000 acres 
a c q u i r e d  i n  1942 have  s i n c e  been  r e d u c e d  t o  a F p r o x i m a t e l y  
37,000 acres t h r o u g h  l a n d  t r a n s f e r s  t o  t h e  m u n i c i p a l  
government  and  to  s ta te  a n d  federal a g e n c i e s  (Ref. B . 9 ) .  A 
s t u d y  of a e r i a l  p h o t o g r a p h s  made i n  1942 i n d i c a t e s  t h a t  a b o u t  
43% of t h e  area was a t  t h a t  time compr i sed  of p a s t u r e s  and  
f i e l d s .  The r e m a i n i n g  areas were f o r e s t e d .  

Oak R idge  f a c i l i t i e s  is unknown. I n  1947, Hanagement S e r v i c e s  
I n c o r p o r a t e d ,  a n  AEC c o n t r a c t o r ,  began a r e f o r e s t a t i o n  program 
which ended  i n  1960. Dur ing  t h a t  p e r i o d ,  a p p r o x i m a t e l y  9 
m i l l i o n  p i n e  s e e d l i n g s  were p l a n t e d  in o l d  f i e l d  and  open 
areas t o  t h e  e x t e n t  t h a t  a s  of 1965, a p p r o x i m a t e l y  4300 acres 
of s h o r t l e a f  l o b l o l l y ,  and  e a s t e r n  w h i t e  p i n e  p l a n t a t i o n s  
e x i s t e d  i n  t h e  R e s e r v a t i o n  (Ref. B.9) . 

A 1961 s u r v e y  of fo re s t  l a n d s  by t h e  TVA summarized t h e n  
e x t a n t  t i m b e r  r e s o u r c e s  of t h e  R e s e r v a t i o n ,  l e a d i n g  t o  t h e  
e s t a b l i s h m e n t  of a forest management program a t  ORNL i n  1964. 

The p r e s e n t  a l l o c a t i o n  of l a n d  u s e  among p l a n t  
i n s t a l l a t i o n s  i s  g i v e n  i n  T a b l e  3 ( s u b s e c t i o n  I I . D . 6 ) .  B u f f e r  

The amount  of t i m b e r  h a r v e s t e d  for cons t ruc t ion  of t h e  
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areas a r o u n d  each of t h e  f a c i l i t i e s  p r o v i d e  i n c r e a s e d  s e c u r i t y  
and p r o t e c t i o n  a g a i n s t  a c c i d e n t a l  release of chemical or 
r a d i o a c t i v e  mater ia l s  and a l s o  p r o v i d e  room f o r  f u t u r e  
e x p a n s i o n .  L i t t l e  forested acreage is i n c l u d e d  i n  t h e  b u f f e r  
areas a r o u n d  t h e  Y-12 and  K-25 P l a n t s ,  b u t  e x t e n s i v e  f o r e s t e d  
areas l i e  w i t h i n  t h e  ORNL a n d  UT-AEC s e c t i o n s .  Fxc lud ing  
b u f f e r  a reas  a r o u n d  U S A E C  f a c i l i t i e s ,  t h e  r e m a i n d e r  of t h e  
R e s e r v a t i o n  is s u b d i v i d e d  i n t o  24 management compar tments  t h a t  
r a n g e  i n  s i z e  from 400 t o  1200 n e t  manageable  acres 
( R e f ,  B.9) . Approximate ly  93% of t h e  t o t a l  manageable  l a n d  
(15,000 acres) is forested i n  p i n e  ( 3 6 % ) ,  u p l a n d  hardwoods 
(32%) 8 mixed p ine -ha rduoods  (219%) , a n d  c e d a r  and  m i s c e l l a n e o u s  
s p e c i e s  (11%) . 
maximiza t ion  of y i e l d  and  q u a l i t y  of timber resources t o  
a s s u r e  a s u b s t a n t i a l  y i e l d  of h i g h - q u a l i t y  s tumpage  w i t h i n  t h e  
c o n s t r a i n t s  of p r i m a r y  r e s e a r c h  and p r o d u c t i o n  o b j e c t i v e s  of 
t h e  AEC fac i l i t i es .  Twen ty - f ive  research a reas l  t o t a l l i n g  
2300 acres, are  r e s e r v e d  for e c o l o g i c a l  s t u d i e s .  T h e s e  areas 
p r o v i d e  a v a r i e t y  of l a n d s c a p e  u n i t s  f o r  research and  p e r m i t  
t h e  u s e  of a h o l i s t i c  a p p r o a c h  t o  e c o s y s t e m  a n a l y s i s .  It was 
r e c e n t l y  p roposed  t h a t  t h e  Oak R idge  R e s e r v a t i o n  be d e s i g n a t e d  
a n  E n v i r o n m e n t a l  S t u d y  Pa rk  ( R e f ,  B,15). With in  t h i s  c o n t e x t ,  
a t o t a l  of 4 1  s t u d y  areas were d e l i n e a t e d  a s  b e i n g  u n i q u e  and 
i m p o r t a n t  i n  t e r a s  of p r e s e n t - d a y  e n v i r o n m e n t a l  Froblems. T h e  
l o c a t i o n  of t h e  e x i s t i n g  TURF and i t s  c o n v e r s i o n  a s  p roposed  
h e r e i n  w i l l  n o t  j e o p a r d i z e  or e x e r t  a n y  m e a s u r a b l e  i n f l u e n c e  
o n  a n y  of t h e  d e s i g n a t e d  s t u d y  areas,  

located on t h e  USAEC Oak R i d g e  R e s e r v a t i o n  a t  O a k  Ridge  
N a t i o n a l  L a b o r a t o r y  . 

O b j e c t i v e s  of t h e  p r e s e n t  forest management p l a n  are  a 

One h i s t o r i c  landmark ,  t h e  Oak R idge  G r a p h i t e  Reactor, is 

- R e s i o n a l  DemoqraPh_p 

As p r e v i o u s l y  d i s c u s s e d ,  t h e  p roposed  HTGR F u e l  
R e f a b r i c a t i o n  P i l c t  P l a n t  i s  t o  be i n s t a l l e d  i n  t h e  e x i s t i n g  
TURF, which is located in t h e  ! ¶ e l t o n  V a l l e y  area of Oak Ridge  
N a t i o n a l  L a b o r a t o r y .  I n c r e m e n t a l  p o p u l a t i o n  da ta ,  b a s e d  o n  
t h e  1970 U n i t e d  S ta tes  Census ,  o u t  t o  a d i s t a n c e  of 7 0  miles 
i n  a l l  d i r e c t i o n s  from t h e  TURF s i te  are g i v e n  i n  Table €3.2. 
The t o t a l  p o p u l a t i o n  i n  t h i s  area is 1,025,864. T h e  two 
l a r g e s t  c i t i es  n e a r  t h e  p l a n t  s i t e  a re  K n o x v i l l e ,  Tennessee ,  
and  Oak Ridge, Tennessee .  The c i t y  l i m i t  of K n o x v i l l e ,  u h i c h  
h a s  a p o p u l a t i o n  of 175,000, is a p p r o x i m a t e l y  1 3  miles toward  
t h e  east of t h e  p l a n t  s i t e ,  The p o p u l a t e d  area of Oak Ridge  
( p o p u l a t i o n ,  28,000) b e g i n s  a t  a p p r o x i m a t e l y  5 miles n o r t h  of 
t h e  p l a n t  s i te .  



Table B.2. Incremental Population Data f o r  TURF S i t e  

Distance (miles)  
Direction 0-1 1-2 2-3 3-4 4-5 5- 10 10-20 20 - 30 30 - 40 40-50 50-60 60-70 

N 0 

NNE 0 

NE 0 

ENE 0 

E 0 

E S E  0 

S E  0 

S S E  0 

S 0 

s sw 0 

sw 0 

wsw 0 

W 0 

WNW 0 

Nw 0 

NNW 0 

Total 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1,490 5,578 

1,461 13,783 

0 9,713 

0 0 

0 3,059 

0 6,096 

0 1,167 

1,374 7,277 

0 943 

0 72 1 

0 733 

0 622 

0 666 

0 587 

0 1,073 

0 1,495 

4,325 53,518 

2,177 

4,362 

12,479 

27,462 

44,883 

5,363 

4,304 

1,200 

8,742 

2,055 

1,840 

9,862 

13,099 

2,971 

4,804 

0 

145,673 

1,441 

11,189 

7,167 

74,686 

100,488 

36,015 

15,010 

4,091 

7,309 

7,897 

1 , 909 

3,495 

4,595 

1,543 

1,538 

1 , 152 

279,525 

2,223 

12,674 

4,392 

18,723 

11,793 

4,132 

46 

469 

6,560 

21,582 

3,962 

4,562 

9,038 

0 

1,896 

4,559 

106,611 

4,509 

6,119 

7,476 

13,872 

12 , 900 

6,840 

0 

0 

1,222 

10 , 527 

8,578 

4,204 

7,318 

4,151 

7,552 

4,676 

99,433 

13,686 

7,978 

21,097 

23,240 

8,965 

346 

0 

0 

4,101 

17,018 

10,312 

5,894 

4,129 

5,055 

2,396 

2,097 

126,314 

7,314 

17 , 980 

8,781 

31 , 800 

21,468 

0 

0 

0 P 
\o 

2,055 

34,253 

21,909 

2,799 

14,856 

29,862 

9,358 

8,030 

210,465 
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Appendix C 

ENVIRONHENTAL N O N I T O R I N G  OF E X I S T I N G  ENVZRONNENT 

The Oak Ridge N a t i o n a l  L a b o r a t o r y  c o n d u c t s  a c o n t i n u o u s  
program of s u r v e i l l a n c e  o v e r  t h e  Oak Ridge r e s e r v a t i o n  and its 
s u r r o u n d i n g  e n v i r o n s  t o  m o n i t o r  a l l  t y p e s  of e n v i r o n m e n t a l  
p o l l u t i o n .  T h i s  program h a s  been  i n  effect f o r  a p p r o x i m a t e l y  
30 y e a r s  t o  a s s u r e  t h e  c o n t i n u i n g  s a f e t y  a n d  p r o t e c t i o n  of 
i n s t a l l a t i o n  p e r s o n n e l  and t h e  g e n e r a l  p u b l i c ,  S imi l a r  
programs of s u r v e i l l a n c e  a r e  c o n d u c t e d  a t  t h e  O a k  Ridge  Y-12 
P l a n t  and  t h e  Oak Ridge Gaseous  D i f f u s i o n  P l a n t  (K-25) which  
are close by and s h a r e  t h e  same env i ronmen t .  
c o o r d i n a t e d  by  t h e  i n t e r - p l a n t  o f f ice  of S a f e t y  and 
E n v i r o n m e n t a l  P r o t e c t i o n .  

A l l  p rograms are 

---- R a d i o a c t i v e  E f f l u e n t s  

I n f o r m a t i o n  d e r i v e d  from t h e  ORNL r a d i o a c t i v i t y  
m o n i t o r i n g  program is c o n t a i n e d  i n  t h e  "Annual Env i ronmen ta l  
H o n i t o r i n g  R e p o r t ,  USAEC O a k  R idge  F a c i l i t i e s t 9  i s s u e d  by t h e  
Union C a r b i d e  Off ice of S a f e t y  and  E n v i r o n m e n t a l  P r o t e c t i o n .  
I n  a d d i t i o n ,  t h e  ORNL I n s p e c t i o n  E n g i n e e r i n g  Department  i s s u e s  
r e p o r t s  on t e s t i n g  of p o l l u t i o n  c o n t r o l  d e v i c e s ,  c h i e f l y  
filters. 

- AtmosDheric Releases 

Atmospher ic  releases a re  m o n i t o r e d  w i t h  in - -p l an t  and 
i n - s t a c k  m o n i t o r s ,  a local a i r  m o n i t o r i n g  ne twork ,  p e r i m e t e r  
a i r  m o n i t o r i n g  ne twork ,  and  remote a i r  m o n i t o r i n g  ne twork ,  and  
a mi lk  s a m p l i n g  network.  

I n - P l a n t  and I n - S t a c k  Moni to r s ,  It h a s  been  a 
l o n g - s t a n d i n g  p o l i c y  t o  m o n i t o r  a l l  e f f l u e n t s  a t  t h e  p o i n t s  of 
release t o  t h e  e n v i r o n m e n t  t o  o b t a i n  a c c u r a t e  es t imates  of 
t o t a l  releases. Moni to r ing  data i n d i c a t e  t h a t  y e a r l y  releases 
have  decreased s t e a d i l y  a l t h o u g h  o p e r a t i o n s  i n v o l v i n g  
r a d i o a c t i v i t y  are still w i d e s p r e a d  a n d  t h e  s e n s i t i v i t y  and  
a c c u r a c y  of m o n i t o r i n g  equipment  have  improved,  

m- Local A i r  N o n i t o r i p q  ( L A N )  Network, Atmospheric  
c o n t a m i n a t i o n  and f a l l o u t  on  t h e  ORNL site a re  moni to red  w i t h  
c o n t i n u o u s  airflow fi l ters,  f a l l o u t  t r a y s ,  a n d  r a i n  
col lectors .  T h e r e  a r e  22 m o n i t o r i n g  s t a t i o n s  which c o m p r i s e  
t h e  L A M  ne twork  a t  ORNL. T h r e e  of t h e s e  s t a t i o n s  are l o c a t e d  
i n  t h e  H e l t o n  V a l l e y  area, and  o n e  of t h e s e  ( s t a t i o n  2 0 )  i s  
a d j a c e n t  t o  t h e  TURF. The real-time r e a d i n g s  for i n s t r u m e n t s  
a t  a l l  LAPI sites are t e l e m e t e r e d  to  a c e n t r a l  r e a d o u t  p a n e l .  
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(c) Perimeter A i r  N o n i t o r i n u  ( P A 3  N e t w o r k .  The PAN 
ne twork  c o n s i s t s  of n i n e  s t a t i o n s  l o c a t e d  on t h e  p e r i m e t e r  of 
t h e  AEC-cont ro l led  area,  a s  i l l u s t r a t e d  i n  F ig .  C.1, and i t  
p r o v i d e s  d a t a  f o r  e v a l u a t i o n  of t h e  i m p a c t  of a l l  Oak R idge  
o p e r a t i o n s  on  t h e  immediate env i ronmen t .  These  s t a t i o n s  are 
s imilar  t o  t h e  o n e s  i n  t h e  L A H  ne twork ,  and t h e  r e a d i n g s  are 
a l so  c o n t i n u o u s l y  t e leae te red  t o  a c e n t r a l  r eadou t  pane l .  

Remote Air N o n i t o r i n u  ( R A N )  N e t w o r k .  The R a m  
ne twork  c o n s i s t s  of e i g h t  s t a t i o n s  l o c a t e d  o u t s i d e  t h e  
AEC-cont ro l led  area a t  d i s t a n c e s  of from 1 2  t o  7 5  miles from 
ORNL,  as  is shown i n  F ig .  C.2, T h i s  s y s t e m  p r o v i d e s  d a t a  t o  
a i d  i n  t h e  e v a l u a t i o n  of l oca l  c o n d i t i o n s  and  t o  ass i s t  i n  
d e t e r m i n i n g  t h e  s p r e a d  or d i s p e r s a l  of c o n t a m i n a t i o n  i f  a 
major i n c i d e n t  s h o u l d  o c c u r .  

~ , - B j , J & S a m ~ l i n c r  Network .  Samples  of raw m i l k  a re  
collected a t  12  s a m p l i n g  s t a t i o n s  located w i t h i n  a r a d i u s  of 
50 miles of ORNL. Samples  a re  t a k e n  on a w e e k l y  b a s i s  from 
t h e  e i g h t  s t a t i o n s  shown i n  F i g .  C.3. T h e s e  s t a t i o n s  are 
loca ted  o u t s i d e  t h e  AEC-con t ro l l ed  a rea  w i t h i n  a 12-mile  
r a d i u s  of ORNL.  Samples a r e  col lected e v e r y  5 weeks from t h e  
f o u r  r e m a i n i n g  s t a t i o n s ,  a l l  of which a r e  located o u t s i d e  t h e  
12-mi le  r a d i u s  up  t o  d i s t a n c e s  of a b o u t  50 miles. The s a m p l e s  
are p r e p a r e d  i n  a r a d i o a n a l y t i c a l  l a b o r a t o r y  for c o u n t i n g  
iod ine -131  and  s t ron t ium-90 .  

L i u u i d  Releases 

Low-level  r a d i o a c t i v e  l i q u i d  wastes o r i g i n a t i n g  from ORNL 
o p e r a t i o n s  a r e  discharged,  after p r e l i m i n a r y  t r e a t m e n t ,  t o  
U h i t e  Oak C r e e k ,  which is a small t r i b u t a r y  of t h e  C l i n c h  
R ive r .  The  r a d i o a c t i v e  c o n t e n t  of t h e  White Oak  C r e e k  
d i s c h a r g e  is d e t e r m i n e d  a t  W h i t e  O a k  D a m ,  which is t h e  l a s t  
c o n t r o l  p o i n t  a l o n g  t h e  stream p r i o r  t o  t h e  e n t r y  of Whi te  Oak 
C r e e k  i n t o  t h e  C l i n c h  R ive r .  

fa) I n - P l a n t  Noni tor& A l l  f a c i l i t i e s  a t  ORNL are  
equ ipped  w i t h  c o n t i n u o u s l y  o p e r a t i n g  r a d i a t i o n  mon i to r s .  
R a d i a t i o n  a n d  c o n t a m i n a t i o n  d e t e c t i o n  and alarm s y s t e m s  a r e  
i n s t a l l e d  i n  t h e  TURF t o  c o n t i n u o u s l y  and a u t o m a t i c a l l y  
m o n i t o r  t h e  a i r  c o n t a m i n a t i o n  l e v e l  and  gamma a n d  n e u t r o n  
r a d i a t i o n  l e v e l s .  

fb) White  Oak Dam N o n i t o r j n g t a t i o n .  Samples  of Whi te  
oak C r e e k  e f f l u e n t  are c o l l e c t e d  a t  White  Oak Dam by a 
c o n t i n u o u s  stream flow p r o p o r t i o n a l  s ample r .  T h e  s a m p l e s  are  
a n a l y z e d  w e e k l y  for t r a n s u r a n i c  a l p h a  emitters, t o t a l  
s t r o n t i u m ,  a n d  iod ine-131,  Compos i t e  s a m p l e s  a re  a n a l y z e d  f o r  
a l l  i n d i v i d u a l  r a d i o n u c l i d e s  p r e s e n t  i n  d e t e c t a b l e  q u a n t i t i e s .  
The m o n i t o r i n g  s t a t i o n  a t  White  oak Dam p r o v i d e s  i n f o r m a t i o n  
t o  d e t e r m i n e  t h e  p e r c e n t a g e  d i s t r i b u t i o n  a n d  c o n c e n t r a t i o n s  of 
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ORNL-DWG. 64-3713 RI 

37'30" 84'30' 84'22'30" 84'15' 84'07'30" 84-c 

, I 1 

37'30" 84-30, 84'22'30" 84'15' 84'0r'30" 84'0C 

F ig .  C . 3 .  Location of  Mi lk  Sampling S t a t i o n s .  

t h e  v a r i o u s  r a d i o n u c l i d e s  i n  t h e  e f f l u e n t  stream and  t o  
c a l c u l a t e  t h e  q u a n t i t y  of each r a d i o n u c l i d e  released t o  t h e  
C l i n c h  R i v e r ,  

m- C l i n c h  R i v e r  noni-fiqp Stat&=, As a fo l low-up  t o  
m o n i t o r i n g  a t  Whi te  Oak Dam, two s a m p l i n g  s t a t i o n s  are 
m a i n t a i n e d  i n  t h e  C l i n c h  R i v e r  below t h e  p o i n t  cf e n t r y  of t h e  
wastes. One is l o c a t e d  a t  t h e  water i n t a k e  t o  t h e  Oak Ridge  
Gaseous  D i f f u s i o n  P l a n t ,  a n d  t h e  o t h e r  is l oca t ed  a t  C e n t e r s  
F e r r y ,  n e a r  K i n g s t o n ,  Tennessee .  Background o r  compar ison  
d a t a  are p r o v i d e d  by a s a m p l i n g  s t a t i o n  a t  n e l t o n  H i l l  Dam, 
located u p s t r e a m  from t h e  c o n f l u e n c e  of White  Oak C r e e k  a n d  
t h e  C l i n c h  R ive r .  
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------ Nonradioac t ive  E f  f l u e n t 2  

A s u r v e i l l a n c e  program for a s s e s s i n g  e f f l u e n t  was te  
waters from ORNL and t h e  subsequent  l e v e l s  of c h e m i c a l  
p o l l u t a n t s  i n  t h e  Clinch R i v e r  has been i n  o p e r a t i o n  since 
1962. The l o c a t i o n s  of s i x  sampling p o i n t s  are shown on 
Piq. C.4, 
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Appendix D 

ATMOSPHERIC DISPERSION OF STACK RELEASES 

The equat ion  used t o  e s t i m a t e  t h e  r a d i o n u c l i d e  a i r  c o n c e n t r a t i o n s  

a t  ground l e v e l  i s  t h e  Gaussian plume equat ion  o f  Pasqui l l '  a s  modified 

by Gifford.2 

where 

X = r a d i o n u c l i d e  c o n c e n t r a t i o n  i n  a i r  a t  ground l e v e l  a t  a p o i n t  

. x meters  downwind from t h e  p l a n t  and y meters i n  t h e  crosswind 

d i r e c t  ion,  Ci / r r?  , 
Q = uniform r a t e  o f  r e l e a s e  of  t h e  r a d i o n u c l i d e  from t h e  p l a n t ,  

Ci /sec,  

y = d i s t a n c e  crosswind from t h e  c e n t e r  l i n e  of  plume, m, 

h = e f f e c t i v e  s t a c k  he ight ,  m, 

p = wind speed, m/sec, 

Y 
0 = h o r i z o n t a l  d i s p e r s i o n  c o e f f i c i e n t ,  m, and 

= v e r t i c a l  d i s p e r s i o n  c o e f f i c i e n t ,  m. 
uZ  

The downwind d i s t a n c e  (x) comes i n t o  t h e  P a s q u i l l  equa t ion  through 

t h e  parameters 0 

o f  atmospheric s t a b i l i t y .  P a s q u i l l  devised a c l a s s i f i c a t i o n  scheme f o r  

atmospheric s t a b i l i t y  t h a t  c o n s i s t s  of  s i x  c a t e g o r i e s  ranging from A, 

a n d - a z ,  which a r e  f u n c t i o n s  o f  both x and t h e  degree 
Y 

t h e  most t u r b u l e n t  category,  t o  F, t h e  most s t a b l e  category.  The plume 

d i s p e r s e s  r a p i d l y  i n  both  t h e  h o r i z o n t a l  and v e r t i c a l  d i r e c t i o n s  i n  

ca tegory  A, and i t  d i s p e r s e s  slowly i n  ca tegory  F. P l o t s  o f  0 and 0 

a s  a f u n c t i o n  of  x f o r  each o f  t h e  s i x  atmospheric s t a b i l i t y  c a t e g o r i e s  

der ived  from P a s q u i l l ' s  c l a s s i f i c a t i o n  scheme can be found i n  t h e  USAEC 

r e p o r t  Meteoroiogy and Atomic Energy 1968 .3 

Y z 

The meteoro logica l  in format ion  requi red  t o  compute average ground- 

l e v e l  a i r  c o n c e n t r a t i o n s  o f  a r a d i o n u c l i d e  a s  a func t ion  of  d i s t a n c e  

and d i r e c t i o n  from a p l a n t  uniformly r e l e a s i n g  a r a d i o n u c l i d e  from i t s  

s t a c k  i s  
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1. t h e  annual frequency o f  each of  t h e  s i x  P a s q u i l l  atmospheric s t a b i l i t y  

c a t e g o r i e s  , 
2 .  t h e  annual frequency w i t h  which t h e  wind blows toward each of  16 

d i r e c t i o n s  away from t h e  p l a n t ,  and 

3 .  wind speeds a s  a f u n c t i o n  of  wind d i r e c t i o n  and atmospheric s t a b i l i t y  

ca tegory  . 
Meteorological  d a t a  f o r  t h e  p l a n t  s i t e ,  based on U.  S .  Weather Bureau 

observa t ions ,  a r e  given i n  Tables  D.l and D.2 f o r  C and E s t a b i l i t i e s ,  

t h e  two genera l ized  s t a b i l i t i e s  a p p l i c a b l e  t o  t h e  a r e a  .4 

The e f f e c t i v e  s t a c k  h e i g h t ,  h, i n  t h e  P a s q u i l l  equa t ion  i s  t h e  sum 

o f  t h e  p h y s i c a l  s t a c k  h e i g h t ,  ho, and t h e  plume r i s e ,  which i s  k/p f o r  

a plume r i s e  r e s u l t i n g  from momentum. The p h y s i c a l  s t a c k  h e i g h t  i s  

80.8 meters and t h e  s t a c k  cons tan t ,  k, i s  29 m e t e r S / s e c .  

An e f f e c t i v e  perimeter was e s t a b l i s h e d  f o r  t h e  AEC-controlled 

r e s e r v a t i o n  w i t h  r e s p e c t  t o  t h e  p l a n t  s i te .4  D i l u t i o n  f a c t o r s  a t  ground 

level  were obta ined  i n  a computer run  us ing  t h e  input  d a t a  o f  Tables  D.l 

and D.2. The d i l u t i o n  f a c t o r s  f o r  each d i r e c t i o n  from t h e  s t a c k  a t  t h e  

d i s t a n c e  i n  meters a t  t h e  edge o f  t h e  e f f e c t i v e  a r e a  per imeter  a r e  given 

i n  Table  D.3. The l o g  p o l a r  i s o p l e t h s  o f  expected annual average s t a c k  

d i l u t i o n  f a c t o r s  f o r  t h e  p l a n t  s i t e  a r e  shown i n  Fig.  D.l. A low inver -  

s i o n  l i d  was assumed f o r  ca tegory  E, and t h i s  maximizes t h e  ground-level  

a i r  concent ra t ions  f o r  t h i s  ca tegory  because i t  imposes a r e s t r i c t i o n  

on v e r t i c a l  d i s p e r s i o n .  No c o r r e c t i o n  was made f o r  ground d e p o s i t i o n  

o f  p a r t i c u l a t e s .  The d i l u t i o n  f a c t o r s  i n  Table  D.3 a r e  thus  maximized 

because a plume i s  deple ted  by p a r t i c l e  d e p o s i t i o n .  

The l e a s t  d i l u t i o n  occurs  i n  t h e  n o r t h e a s t  s e c t o r  and r e s u l t s  i n  a 

X/Q o f  2 x s e c / d  ( s e e  Table D.3). This  c o n s e r v a t i v e  X/Q i s  used 

t o  d i l u t e  t h e  expected annual average atmospheric r e l e a s e s  l i s t e d  i n  t h e  

t e x t .  



Table  D . l .  Frequency o f  Wind Speed and Wind D i r e c t i o n  Under C - S t a b i l i t y  
Condi t ions  a t  Oak Ridge Nat ional  Laboratory (Based on Observat ions Made by t h e  United S t a t e s  

Weather Bureau) 

Wind , Wind Speed (Miles per  Hour) 
Direct i o n  ' 0.5 2.5 7 .O 12 .o 17 .O 22.0 27 .O 29 

s sw 
sw 
wsw 
W 

WNW 

Nw 

NNW 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

s ' SSE 

S 

0 .do1065 

0.001828 

0.001319 

0.001780 

0.001001 

0.001272 

0.001303 

0.00205 1 

0.001685 

0.002607 

0.001240 

0.001224 

0.000381 

0.000381 

0.000302 

0.000556 

0.002813 

0.005818 

0.003513 

0.004753 

0.001812 

0.002225 

0.002051 

0.005341 

0.005293 

0.008758 

0.004546 

0.004006 

0.002273 

0.001780 

0.00 1160 

0.002130 

0.004800 

0.009219 

0.005977 

0.0045 14 

0.001399 

0.0015 10 

0.002003 

0.008854 

0.0 10221 

0.013543 

0.008266 

0.008138 

0.003815 

0.003799 

0.001907 

0.002655 

0.004610 

0.008774 

0.003942 

0.001749 

0.00047 7 

0.000525 

0.000954 

0.005945 

0.006469 

0.008536 

0.007566 

0.008917 

0.005818 

0.003910 

0.001319 

0.001764 

0.003561 

0.005102 

0.001701 

0.000397 

0.000032 

0 .0001 11 

0.000334 

0.003227 

0.003449 

0.003227 

0.003052 

0.005786 

0.003672 

0.002 130 

0.000890 

0.000922 

0.002337 

0.002766 

0.000397 

0.000207 

0.000048 

0.000064 

0.000191 

0.002066 

0.001764 

0.001446 

0.001828 

0.003481 

0.001987 

0.00 1160 

0.000318 

0.000556 

0.000238 

0.000366 

0.000016 

0.00001 6 

0.000016 

0.0 

0.000079 

0.000477 

0.000620 

0.000350 

0.000604 

0.001256 

0.000477 

0.000159 

0.000048 

0.000048 

0.000016 

0.0000 16 

0 .o 
0.000016 

0 .o 
0.000032 

0.000032 

0.000318 QI 

0.000207 

0.000302 

0.000493 

0.000445 

0.000127 

0.000048 

0 .o 
0.0 

F 
0 



Table D.2. Frequency of Wind Speed and Wind D i r e c t i o n  Under E - S t a b i l i t y  
Condi t ions  a t  Oak Ridge Nat ional  Laboratory (Based on Observat ions Made by t h e  United S t a t e s  

Weather Bureau) 
~ __ 

Wind Wind Speed (Miles pe r  Hour) 
D i r e c t i o n  0.5 2.5 7 .O 12 .o 17 .O 22 .o 27 .O 29 

SSW 

sw 
wsw 
W 

WNW 

NW 

NNW 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

S SE 

0 .'002035 
0.004324 

0.002480 

0.004419 
0.002464 
0.003799 
0.002394 

0.004657 
0.004832 

0.007662 

0.002066 
0.002432 
0.001446 

o .oo i io i  
0.000827 

0.006533 
0.0 13050 
0.006915 

0.010380 
0.005198 
0.007662 

0.006994 

0.013336 
0.013018 

0.022715 
0.007646 

0.007010 
0.003576 

0.004260 
0.002925 

0.012573 
0.026275 
0 .012033 

0.012478 
0.004085 
0.006215 

0.007741 
0.023494 
0.023859 

0.037211 
0.014576 
0.015673 

0.008250 
0.008250 
0.004769 

0.013861 
0.02637 1 

0.008965 

0.005198 
0.001415 
0.002225 

0.004292 

0.017262 
0.017676 

0.0 19663 
0.013527 

0.015291 
0.007487 

0.007328 
0.003116 

0.011620 
0.016817 

0.002416 
0.000970 
0.000302 
0.000668 

0.00 1224 
0.008393 
0.007487 

0.006104 
0.005214 

0.007423 
0.003259 I 

0.002686 
0.001256 

0.005850 
0.007312 

0.000572 
0.000223 

0.000079 
0.000254 

0.0006b4 
0.004165 
0.0028 13 

0.001749 
0 .Ob1860 

0.00289 3 
0 .ob1319 

0.000699 
0.000334 

0.000286 
0.000429 

0 .o 
0 .o 
0 .o 
0.000016 

0.000127 
0.000509 
0.000318 

0.000254 

0.000302 
0.00049 3 

0.000318 
0.000048 
0.000016 

0.000079 
0.000064 
0.0 

0 .o 
0 .o 
0.000016 

0.000095 
0.000350 
0.000143 

0.000175 

0.000207 
0.000064 
0.000095 

0.000048 
0 .o 

: . ', 

F 
0 
w 

S 0.001780 0.004276 0.007884 0.006152 0.002861 0.000779 0.000079 0.0 
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Table D.3. Annual Average Stack D i l u t i o n  F a c t o r s  of 
E f f e c t i v e  Area Per imeter  

D i r e c t i o n  from Dis tance  D i l u t i o n  F a c t o r  
S tack  (meters)  (pCi/n? p e r  pCi/sec) 

N 

NNE 

NE 

ENE 

E 

ESE 

. SE 

S SE 

S 

s sw 
sw 
wsw 
W 

WNW 
Nw 

NNw 

3465 

3925 

3315 

' 3315 

3355 

3160 

2780 

2935 

3505 

3580 

3660 

3885 

4380 

3350 

3085 

3050 

1.08 

1.72 10-7 

9.30 x 

7.20  x 

7 .52  x 

4 . 2 1  x .lom8 
4.76 x lom8 
2.47 x 

3.62 x 

5.62 x 

1.06 10-7 

5.30 x 

6 .20  x 

4.03 x l o4  
6.26  x 

5.38 x l oa  
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O R N L - O W  70-42086 

Fig .  D . l .  Log P o l a r  I s o p l e t h s  of  Expected Annual Average S tack  
D i l u t i o n  Fac tors  f o r  the  P l a n t  S i t e .  
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Appendix E 

ENGINEERING DRAWINGS 

Drawing Number T i t l e  

F- 11416-EP-001-E SOLEX Process  f o r  (ThU)O, Microsphere P r e p a r a t i o n ,  
P i l o t  P l a n t  Flow Sheet 

F- 11416-EM- 001- D Microsphere Coating Process ,  P i l o t  P l a n t  Flow 

F- 114 16 -EM- 00 7 - D 

Shee t  

Fuel Rod F a b r i c a t i o n ,  In-Block Carboniza t ion  Flow 
Sheet 

W- 11416-EM-008-D Fuel Element Assembly, In-Block Carboniza t ion  
Flow Sheet 
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Appendix F 

COMMENTS RECEIVED ON THE DRAFT ENVIRONMENTAL 
STATEMENT AND AEC'S RESPONSE 

The following letters were received by the AEC in response to a 
request for comments on the draft Environmental Statement (WASH-1533) 
for the HTGR Fuel Refabrication Pilot Plant which was issued for 
comments in January 1974. 

Agency Page 

Department of Agriculture, Agricultural Research Service 117 

Department of Commerce 119 

State of Tennessee 12 1 

Department of Health, Education, and Welfare 123 

Department of Transportation 125 

Department of the Interior 127 

Department of Agriculture, Forest Service 13 5 

Department of Agriculture, Soil Conservation Service 13 7 

Environmental Protection Agency 139 
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UNITED S T A T E S  DEPARTMENT OF AGRICULTURE 
AGRICULTURAL RESEARCH SERVICE 

WASHINGTON. D.C. 20250 

February 19, 1974 

Mr. J. L. Liverman 
Biomedical and Environmental 

U . S .  Atomic Energy Commission 
Washington, D. C. 20545 

Research and Safety Programs 

Dear Mr. Liverman: 

The Agricultural Research Service has received three 

Atomic Energy Conmission Draft Environmental Impact 

Statements: WASH-1532; WASH-1533; and WASH-1534. 

We have'reviewed these and have no comments to make 

at this time. 

Sincerely, 

Ronald C. Reeve 
Acting Assistant Administrator 
National Program Staff 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

M r .  Ronald C. R e e v e  
Acting Assis tant  Administrator 
National Program Staf f  
U.S. Department of Agriculture 
Washington, D.C. 20250 

Dear Mr. Reeve: 

Thank you f o r  your letter of February 19, 1974 concerning your review of 
t h e  Atomic Energy Commission's d r a f t  environmental statement f o r  the HTGR 
Fuel Refabrication P i l o t  Plant,  Oak Ridge National Laboratory, Oak Ridge, 
Texmessee, and advising us t h a t  you have no comments. 
been revised in response t o  comments received from other  reviewing 
organizations.  

The statement has 

We appreciate  your continued i n t e r e s t  i n  our programs. 
final statement are enclosed for your information. 

Copies of the  

Sincerely,  

i s t a n t  General Manager fo r  
Environmental 

Research and Safety Programs 

Enclosure : 
Final Environmental Statement fo r  HTGR 
Fuel Kefabrication P i l o t  Plant ,  ORNL, 
Oak Ridge, Tennessee (5 copies) 
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o w i m  OF THE ASSISTANT SECRETARY OF cormx: CE 
Washington, D.C. 20230 - 

M a r c h  19, 1974 

Mr.  J a m e s  L. L i v e r m a n  
A s s i s t a n t  Gene ra l  Manage r  

f o r  Biomedical  and  Envi ronmenta l  
R e s e a r c h  and Safe ty  P r o g r a m s  

Atomic  E n e r g y  C o m m i s s l o n  
Washington, h. c'. ZUS45 

D e a r  Mr .  Liverman:  

The  d r a f t  envi ronmenta l  impac t  s t a t emen t  f o r  WASH-1533 - HTGR 
Fuel Refabr ica t ion  P i lo t  Plant ,  Oak Ridge Nat ional  Laboratory,  
Tennessee ,  which accompanied  your  l e t t e r  of F e b r u a r y  5, 1974, 
has been  reviewed and  the following comment s  a r e  offered f o r  your 
considerat ion.  

Since the effluent r e l e a s e  f r o m  the proposed  fac i l i ty  is through a 
common  s t a c k  s h a r e d  a l s o  by the High-Flux Isotope Reac tor  and the 
T r a n s u r a n i u m  P r o c e s s i n g  Plant ,  the  a s s e s s m e n t  of the envi ronmenta l  
impac t  should be  on the s u m  of all t h r e e  fac i l i ty  gaseous effluents.  
Only effluent r e l e a s e s  f r o m  the proposed  fac i l i ty  a re  l is ted.  

T h e r e  is a d i s c r e p a n c y  in  the height of the s tack.  
while Appendix D (p. 142) l i s t s  80. 8m. 

P a g e  61 lists 75. 8m 

Thank you f o r  giving us a n  opportuni ty  to  provide these  comrr,ents, 
which we hope wi l l  be of' a s s i s t a n c e  to  you. 
rece iv ing  a copy of the f ina l  s ta tement .  

W e  would apprec i a t e  

Sincerely,  

&+&&pg!h 
Sidney R .  a l l e r  
Deputy A s s is tant  S e c r e t a r y  
for Environmenta l  A f f a i r s  
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

AUG 1 6  1974 

Dr. Sidney R. Galler 
Deputy Assistant Secretary 
for Environmental Affairs 
U. S. Department of Commerce 
Washington, D. C. 20230 

Dear Dr. Galler: 

Thank you for your letter of March 19, 1974, which provided comments 
on the Atomic Energy Commission's draft environmental statement for 
the HTGR Fuel Refabrication Pilot Plant, Oak Ridge National Laboratory 
(ORNL), Oak Ridge, Tennessee. The statement has been revised in 
response to your comments and comments from other agencies. 

With respect to your suggestion that we assess the environmental 
impact of gaseous effluents from other facilities where a common 
stack is used, the scope of this statement is limited to effluents 
from the subject fuel refabrication plant which contributes only a 
small. percentage of the effluents. However, an assessment of the 
environmental impact of all the operations at the O W  site is in 
preparation and w i l l  be completed by the end of this year. This 
assessment will cover all the waste management activities at the 
site including the gaseous effluents from the other operating 
facilities using the common stack. 

We appreciate your continued interest in our programs. Copies of 
the final statement are enclosed for your information. 

Sincerely, 

$ & k w Y L  s L. Liverman 

As istant General Manager for u iomedical and Environmental 
Research and Safety Programs 

Enclosure: 
Final Environmental Statement - HTGR 
Fuel Refabrication Pilot Plant, O W ,  
Oak Ridge, Tennessee (WASH-1533) 
(4 copies) 
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GARY S. SASSE 

OlRCCTOR 

STATE OF TENNESSEE 
OFFICE OF URBAN AND FEDERAL AFFAIRS 

SUITE 1312 

ANDREW JACKSON STATE OFFICE BUILDING 

NASHVILLE 37219 

March 19, 1974 

Mr. James L. Liverman 
A s s i s t a n t  General  Manager f o r  

Blornedical & Environmental Research 
and Sa fe ty  Programs 

United States  Atomic Energy Commission 
Washington, D. ’C. 20545 

6 15-74 1-27 14 

Re: Draft Environmental Statements  
1. Radioact ive idaste Fac i l i t i es  

2. HTGR Fuel  Refabr ica t ion  P i l o t  
(WASH-1 53 2 

P l a t  (WASH-1533) 

Dear M r .  Liverman: 

I n  conformance wi th  gu ide l ine  procedures s t i p u l a t e d  i n  OM3 Circular A-95 
and i n  conformance wi th  t h e  Governor’s Executive Order 6,  des igna t ing  t h e  
Office o f  Urban and Federa l  Affairs. as t h e  S t a t e  Clearinghouse f o r  Federa l  
g ran t  programs, we have reviewed your  d r a f t  envi ronxenta l  s ta tements  f o r  t h e  
above mentioned proposed p r o j e c t s  a t  t h e  Oak Ridge Kat iona l  Laboratory. 

o r  planned S t a t e  a c t i v i t i e s .  
b a s i s  o f  information made a v a i l a b l e  t o  u s  a t  t h i s  t ime.  
S t a t e  Clearinghouse,  can b e  of f u r t h e r  a s s i s t ance ,  p l e a s e  do no t  h e s i t a t e  t o  
con tac t  u s  . 

Our eva lua t ion  o f  submit ted materials i d e n t i f i e d  no c o n f l i c t s  w i t h  e x i s t i n g  
Therefore ,  we deem t h e  proposa l  acceptab le  on t h e  

If our  o f f i c e ,  as t h e  

S ince re ly ,  -7 ., 

S u z d n e  M. Be i t l ey  
Grant Review Coordinator  
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UNITED STATES 

ATOMIC EhlERGY COMMISSION 
WASHINGTON. D.C. 20545 

AUG' 1 6  1974 . 
. I  

Honorable Winfield Dum 
Governor of Tennessee 
Nashville, Tennessee 37219 

Dear Governor Dunn: 

Thank you f o r  the  l e t t e r  of March 19, 1974 from the  Office of Urban 
and Federal Affa i r s ,  S t a t e  of Tennessee, concerning your review and 
comments on the  Atomic Energy Comission's d r a f t  environmental 
statement fo r  t he  HTGR Fuel Refabrication P i l o t  Plant ,  Oak Ridge 
National Laboratory, Oak Ridge, Tennesseeo The statement has been 
revised i n  response t o  comments received from the  reviewing 
organizations 

W e  appreciate  your continued i n t e r e s t  i n  our programs. 
t h e  f i n a l  statement i s  enclosed f o r  your information. 

A copy of 

Sincerely,  

s t a n t  General Manager fo r  
omedical and Environmental 

Research and Safety Programs 

Enclosure : 
Final  Environmental Statement fo r  HTGR 

Fuel Refabrication P i l o t  Plant ,  ORNL, 
Oak Ridge, Tennessee ( 1  copy) 

cc: Tilden Jo Curry, Exec. D i r e ,  S ta te  
Planning Office,  w/encl, ( 1  copy) 

Coordinator, Office of Urban and 
Federal Affa i r s ,  S t a t e  of Tennessee, 
w/enclo (1 copy) 

Suzanne M. Bentley, Grant Review 
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D E P A R T M E N T  OF H E A L T H ,  E D U C A T I O N ,  A N D  W E L F A R E  
OFFICE OF THE SECRETARY 

WASHINGTON. D C .  20201 

-&ar lir. Liveman: 

you for the opprtxmity b omn-mt on  is statemnt. 

Director 
Of f i e  of ~ v i r o n ? m t a l  Pf fairs 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

AUG 1 6  1974 

M r .  Charles Custard, Director 
Office of Environmental Af fa i r s  
U.S. Departtnent of Health, Education, 

Washington, D.C. 20201 
and Welfare 

D e a r  M r .  Custard: 

Thank you f o r  your letter of Piarch 22, 1974 concerning your review and 
comments on the Atomic Energy Commission's d r a f t  environmental statement 
f o r  the  HTGR Fuel Refabrication P i l o t  Plant ,  O a k  Ridae National Labora- 
tory, O a k  Ridge, Tennessee. The statement has been revised i n  response 
t o  comments received from the  reviewing organizations.  

We appreciate  your continued i n t e r e s t  i n  our programs. 
f i n a l  statement are enclosed f o r  your information. 

Copies of the 

Sincerely,  

As i s t a n t  General Manager for u i o m d i c a l  and Environmental 
Research and Safety Programs 

Enclosure : 
Final Environmental Statement f o r  HTGR 

Fuel Refabrication P i l o t  Plant ,  ORNL, 
Oak Ridge, Tennessee (3 copies) 

J 
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M A I L I N G  ADDRESS 
DEPARTMENT OF TRANSPORTATION 

U leg B T E D STAT E S COAST GUAR D , " , , " s ~ ~ ~ ~ ~ , " ~ , A , & $ $ ~  ws/73 ) 
W A S H I N G T O N  D C  20590 

(202) 426-2262 

3, 5 h?AR 1374 

Mr. James L. Liverman 
Assistant General Manager for 

Biomedical and Environmental 
Research and Safety Programs 

Atomic Energy Commission 
Washington, D. C. 20545 

Dear Mr. Liverman: 

This is in  response to your letter of 5 February 1974 addressed to 
Mr. Martin Convisser concerning the draft environmental impact statement 
for the HTGR Fuel Refabrication Pilot Plant, Oak Ridge, Anderson County, 
Tenne s see. 

The concerned operating administrations and staff of the Department of 
Transportation have reviewed this draft statement. We have no comments 
to offer nor do we have any objection to this draft statement. 

The opportunity to review this draft statement is appreciated. 

, ..-. <....)# 
. .  .. . - I  I. . .  ~ 

- .  . 
, -  . j': :, . . - 

L.' 6. . . . 
., : . . . I , ?  
. . . . . . . . . ., 



UNITED STATES 

ATOMIC ENERGY COMMISSION 

AUG 1 6  1974 
WASHINGTON, D.C. 20545 

Captain R. I. Pr i ce  
Deputy Chief 
Office of Marine Environment 
and Systems 

U.S. Coast Guard 
400 Seventh S t r ee t ,  SI-?. 
Washington, D. C . 20590 

Dear Captain Price;  

Thank you f o r  your letter of March 25, 1974 concerning your review of 
t h e  Atomic Energy Commission's d r a f t  environmental statement f o r  the  HTGR 
Fuel Refabrication P i l o t  Plant ,  Oak Ridge National Laboratory, Oak Ridge, 
Tennessee, and advising us t ha t  you have no comments. 
been revised i n  response t o  comments received from other  reviewing 
organizations.  

The statement has 

W e  appreciate  your continued interest in our program. 
f i n a l  statement is enclosed f o r  your information. 

A copy of t h e  

Sincerely,  

s t a n t  General Manager f o r  
omedical and Environmental 

Research and Safety Programs 

Enclosure : 
Fina l  Environmental Statement f o r  HTGR 

Fuel Refabrication P i l o t  P l a n t ,  ORNL, 
Oak Ridge, Tennessee 
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United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON, D.C. 20240 

In reply refer to: 
PEP ER 74/179 APR 1 1974 

Dear Mr. Liverman: 

Thank you f o r  your letter of February 5, 1974, .transmitting 
copies of the AEC's draft environmental statement dated 
January 1974, on the HTGR Fuel Refabrication Pilot Plant, 
Oak Ridge National Laboratory, Roane County, Tennessee. 

Our comments are presented according to the format of the 
statement or according to subject. 

General 

We recommend that a comprehensive impact statement be 
prepared for the Oak Ridge National Laboratory site as we 
note that WASH-1532, ER 74/180, entitled Radioactive Waste 
Facilities, Oak Ridge National Laboratory is also currently 
under review in the Department, and the effluents produced 
by the HTGR refabrication facility are to be processed in 
the referenced waste facility. We suggest that evaluation 
of separate units can sometime allow pertinent aspects of 
the total system to escape evaluation as noted in Effluents 
and Solid Wastes, below. 

We also recommend that all comments in this statement be 
correlated with WASH-1532, ER 74/180. 

Fuel Element Shipment 

Safe operation of high-temperature, gas-cooled reactors 
is dependent upon the integrity of-the graphite coating 
on the uranium-thorium microspheres. Thus, moisture must 
not be allowed to contact this coating during storage or 
transfer. While we assume moisture in the storage areas and 
in the shipping container will be monitored, a statement to 
this effect in the final statement is suggested. 

'76 Let's Clean Up America For Our 200th Birthday 
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Effluents and Solid Wastes 

Storage tanks to be used for the liquid radioactive wastes 
from the plant have been referred to briefly. For example, 
it is estimated on page 29 that about 1,000 gallons of such 
wastes would be stored in existing TURF waste tanks following 
the decommissioning of the plant. Another draft statement 
WASH-1532 shows on page 23 that 760,000 gallons of such 
wastes would be produced annually by operation of the Pilot 
Plant, and that storage would initially be in stainless 
steel tanks. However, neither draft statement provides a 
description of the storage tanks, or whether they are doubly 
contained, or whether they are equipped with adequate moni- 
toring devices to detect leakage of radioactive liquids. It 
seems essential to includeadiscussion of the design and 
safeguards for these tanks in the final statement. 

The only reference to storage of liquid radioactive wastes 
from the plant appears to be in connection with the 1,000 
gallons of wastes resulting from decommissioning, as referred 
to above, and this relatively small quantity of liquid would 
have a level of activity of less than 4 curies per gallon. 
With regard to liquid wastes expected to be generated by 
normal operation of the plant, however, it is stated on page 
68 only that "all known radioactive wastes are pumped 
directly . . . to the ORNL Intermediate-Level IJaste Collec- 
tion and Treatment System." It is also stated on the same 
page that "the liquids are made basic and piped into a 600- 
gallon-per-hour waste evaporator." 
no suggestior? that the wastes would not be promptly processed 
by the evaporator, nor is lengthy storage of the wastes 
mentioned anywhere in the environmental statement. It is 
only by reference to another environmental statement, 
WASH-1532, that information on this can be obtained, indica- 
ting that Pilot Plant liquid wastes would be allowed to decay 
for at least 5 years, even before being processed by the 
evaporator. We recommend that the final statement should 
discuss any potential environmental impacts of storage of 
the liquid wastes for more than 5 years, and clarify the 
planned ultimate disposition of the wastes. 

These statements give 

Although the statement provides a comprehensive description 
in Table 6 of radionuclides anticipated in the radioactive 
liquid wastes, the concentrations shown are in the greatly 
diluted effluent. The original concentrations would evidently 
be higher by a factor of 5 x Using the factors given 
on page 70, it appears that the liquid must originally nave 
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a concentration equivalent to about 2.6 curies per gallon 
of uranium-232 and 4.2 curies per gallon of uranium-233. 
The total activity of the liquid waste at the time of final 
processing prior to discharge would evidently be in the 
vicinity of 20 curies per gallon. If these estimates are 
correct based on incomplete information in the statement, 
each gallon of the liquid waste would contain about twice the 
radioactivity of a cask containing three completed fuel ele- 
ments for offsite shipment. in addition, information in the 
other environmental statement previously referenced, WASH-1532, 
page 22, suggests that this level of activity is present after 
at least 5 years of decay and at an unspecified amount of 
dilution. Both environmental statements should provide an 
unequivocal estimate of'the radioactivity of the waste as- 
it is initially stored, and of the total radionuclide content 
at that time. For example, no mention has been made of its 
content of cesium-137, strontium-90, or cerium-144. In 
addition, the toxic longevities of the various waste com- 
ponents should be specified. 

With regard to the analysis of potential accidents, no 
consideration appears to have been given to the possibility 
of leakage of the liquid waste from its storage tanks. Since 
leakage of Pilot Plant waste was not discussed in the environ- 
mental statement for Radioactive Waste Facilities, WASH-1532, 
we feel that the present statement should discuss the environ- 
mental consequences oftmk leakage and adequacy of monitoring 
devices and other safeguards. 

Need for Project 

Justification of the project on the basis of a lack of experience 
with remote fabrication of these fuel elements is presented. 
This justification is unclear because of the statement on page 
19 that says the Fort St. Vrain Reactor, which uses the same 
type of fuel element, is currently nearing commercial opera- 
tion. Thus, the justification does not appear to be adequately 
substantiated. 

To support the need for the pilot plant, the statement on page 
41 might better read, "There presently is no experience rela- 
tive to the remote refabrication of HTGR fuels on any scale. 
Further, except for production of,minor quantities of fuel for 
the Fort St. Vrain Reactor, there is no experience in remote 
fabrication of these fuels." 



130 

4 

Seismology 

In regard to seismic risk, it is stated on page 55 that "the 
TURF site is in an area . . . assigned a zone -2 risk, 
indicating a potential for moderate damage." The only 
specific mention of ground accelerations considered in design 
of the plant is the statement on page 119 that "within a 
100-year period there exists a 50% probability for ground 
motion acceleration to exceed 0.03 to 0.09 g." However, the 
actual ground accelerations used as a basis for design of the 
plant have not been identified. Although it seems evident 
that the design of the thick-walled hot cells is more than 
adequate, it would be advisable to include a discussion of 
seismic design because highly radioactive material will not 
be confined entirely to the cells. It is noted on pages 3 3  
and 73 that each shipment of three completed fuel elements 
would contain total radioactivity of about 10 curies, and 
would be protected by a 23-ton cask. However, it seems 
evident that a single gallon of liquid waste from the plant 
would contain considerably more than 10 curies of activity, 
yet no information has been provided on the adequacy of the 
facilities to contain this liquid in the event of seismic 
activity. The seismic design criteria applied to all struc- 
tures that would be used for fabrication of HTGR fuel elements 
and for containment of the resulting radioactive wastes should I 

be evaluated in the final statement, and any significant 
differences in these criteria for the various structures 
should be explained. 

Land Use 

We understand that at a previous date, the AEC transferred 
about 800 acres of former Reservation lands bordering the Clinch 
River to the City of Oak Ridge for future development as a 
regional park and that, to date, no development has taken 
place because of lack of funds. 

We note that brief mention is made of a recent proposal, 
I f .  . . that the Oak Ridge Reservation be designated an Environ- 
mental Study Park." The information presented is limited, and 
a considered judgment cannot be made regarding the matter of 
best potential land use. Thus, we suggest that the final 
statement present and assess all environmental and related 
aspects of the Environmental Study Park proposal. 
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We hope these comments will be helpful to you i n  the 
preparation of a final statement. 

, Sincerely yours, 

Mr. James L. Liverman 
Assistant General Manager 

Atomic Energy Comission 
Washington, D. C. 20545 

F o r  Biomedical and 'Environmental 
Research and Safety Programs 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

AUG 1 6 1974 

Mr. Royston C. Hughes 
Assis tant  Secretary of the I n t e r i o r  

Washington, D.C. 20240 
, U.S. Department of t he  I n t e r i o r  

Dear Mr. Hughes: 

Thank you f o r  your l e t te r  of A p r i l  1, 1974 which provided comments on 
the  A t o m i c  Energy Commission's d r a f t  environmental statement fo r  t he  
HTGR Fuel Refabrication P i l o t  Plant ,  Oak Ridge National Laboratory 
(ORNL), Oak Ridge, Tennessee. The statement has been revised i n  
response t o  your comments and comments from other  agencies. 

With respect t o  your recommendation t h a t  a comprehensive impact 
statement be prepared f o r  the OWL s i te ,  an environmental assessment 

and w i l l  be completed by the end of t h i s  yearo 
cover the  waste management a c t i v i t i e s  including rad ioac t ive  e f f luen t s  
from other  operating f a c i l i t i e s .  The radioact ive e f f luen t  cont r ibu t ion  
of t he  subject f u e l  re fabr ica t ion  p i l o t  plant  represents only a small 
percentage of t he  t o t a l .  The enclosed s t a f f  response covers other  
s p e c i f i c  concerns which you raised. 

, of the  impact of a l l  operations a t  the ORNL s i t e  is i n  preparation 
The assessment w i l l  

We appreciate  your continued i n t e r e s t  i n  our programs. 
t he  f i n a l  statement are enclosed f o r  your information. 

Copies of 

Sincerely,  
A 

J $ / y k / e w  Ja es L. Liverman 

s i s t a n t  General Manager fo r  W Biomedical and Environmental 
Research and Safety Programs 

Enclosures: 
1. 
2. Final  Environmental Statement - J.-lTGR 

S ta f f  Response t o  I n t e r i o r  Comments 

Fuel Refabrication P i l o t  Plant ,  ORNL, 
Oak Ridge, Tennessee (WASH-1533) 
(7 copies) 
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ENCLOSURE 1 

STAFF RESPONSE TO COMMENTS FROM THE 
DEPARTMENT OF THE INTERIOR 

Fuel  Element Shipment 

Atmospheric mois ture  has  no d e t r i m e n t a l  e f f e c t  on t h e  p y r o l y t i c  carbon 
coa t ing  o f  f u e l  microspheres .  
impermeable t o  and nonreac t ive  wi th  atmospheric  moisture .  The assembled 
g r a p h i t e  f u e l  element w i l l  no t  be a d v e r s e l y , a f f e c t e d  by atmospheric  
mois ture  expected t o  be encountered i n  s t o r a g e  o r  sh ipping .  

The dense p y r o l y t i c  carbon c o a t i n g  is  

E f f l u e n t s  and S o l i d  Wastes 

The f ina l .  s ta tement  has  been r ev i sed  t o  inc lude  a d e s c r i p t i o n  of t h e  
TURF waste tanks  f o r  c o l l e c t i n g  t h e  l i q u i d  r a d i o a c t i v e  wastes p r i o r  t o  
t r a n s f e r r i n g  them t o  t h e  ORNL In termedia te -Level  Waste C o l l e c t i o n  and 
Treatment System, 

It should be noted ,  however, t h a t  t h e  760,000 g a l l o n s  p e r  yea r  of P i l o t  
P l a n t  Wastes r e f e r r e d  t o  i n  t h e  comments from t h e  Department of t h e  
I n t e r i o r  are f o r  t h e  ope ra t ion  o f  several p i l o t  p l a n t s  pos tu l a t ed  i n  
WASH-1532 (Environmental  Statement ,  Radioact ive Waste F a c i l i t i e s ,  Oak Ridge 
Nat iona l  Labora tory) ,  no t  f o r  t h e  HTGR Fuel  Re fab r i ca t ion  P i l o t  P l a n t .  The 
q u a n t i t i e s  and r ad ionuc l ide  con ten t s  of t h e  l i q u i d  r a d i o a c t i v e  e f f l u e n t s  
expected from t h e  HTGR Fuel  Re fab r i ca t ion  P i l o t  P l a n t  are as w a s  i n d i c a t e d  
i n  WASH-1533. 
Intermediate-Level  Waste C o l l e c t i o n  and Treatment System wi thout  
lengthy holdup. 

0 

They w i l l  be processed by the  evapora to r  o f  t he  ORNL 

The l i q u i d  r a d i o a c t i v e  wastes from t h e  HTGR Fuel Re fab r i ca t ion  P i l o t  
P l a n t  w i l l  con ta in  about  0.00012 c u r i e s  p e r  ga l lon .  These wastes w i l l  be 
concent ra ted  by evapora t ion  i n  t h e  ORNL In termedia te -Level  Waste C o l l e c t i o n  
and Treatment System. About 2 X of t h e  r a d i o a c t i v i t y  i n  t h e  l i q u i d  
e f f l u e n t s  from t h e  HTGR Fuel Re fab r i ca t ion  P i l o t  P l a n t  w i l l  be r e l e a s e d  
t o  t h e  environment i n  t h e  condensate  from t h e  evapora tors .  The concentra-  
t i o n  of  r ad ionuc l ides  a t  t h e  poin t  of release from t h e  OWL s i te ,  considered 
t o  b e  White Oak Dam, r e s u l t i n g  from t h e  o p e r a t i o n  of t h e  HTGR Fuel  
Re fab r i ca t ion  P i l o t  P l a n t  can b e s t  be determined by apply ing  t h e  
decontaminat ion f a c t o r  f o r  t h e  evapora tor  and t h e  d i l u t i o n  f a c t o r  f o r  
White Oak Creek t o  t h e  expected annual  release rate f o r  each r ad ionuc l ide .  
The concent ra t ions  determined i n  t h i s  manner are g iven  i n  t a b l e  8 of  
WASH- 1533. 
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Need f o r  P r o j e c t  

The i n i t i a l  f u e l  f o r  t h e  For t  S t .  Vrain Reactor w i l l  con ta in  235U and 
thorium, which w a s  f a b r i c a t e d  by con tac t  means i n  an  unshie lded  f a c i l i t y .  
Only t h e  r e c y c l e  f u e l ,  which con ta ins  233U o r  r e ~ y c l e ~ ~ ~ U  r e q u i r e s  remote 
f a b r i c a t i o n ,  A t  p re sen t  t h e r e  is no exper ience  i n  t h e  remote f a b r i c a t i o n  
of HTGR f u e l s .  

S e i s m 0  logy 

The f i n a l  s ta tement  has  been r ev i sed  t o  inco rpora t e  informat ion  on t h e  
se i smic  des ign  c r i t e r i a  f o r  t h e  f a c i l i t y  (TURF). It should be noted ,  
however, t h a t  t h e  l i q u i d  e f f l u e n t s  from t h e  HTGR Fuel  Re fab r i ca t ion  
P i l o t  P l a n t  w i l l  c o n t a i n  about  0,00012 c u r i e s  p e r  g a l l o n .  
c u r i e s  p e r  g a l l o n  mentioned i n  t h e  comments from t h e  Department of t h e  
I n t e r i o r  w e r e  a p p r e n t l y  determined from t h e  d a t a  g iven  i n  WASH-1532, 
"Radioact ive Waste F a c i l i t i e s ,  Oak Ridge Nat iona l  Laboratory,"  f o r  
" fu tu re  p i l o t  p l an t s , ' '  which i s  not  r e l e v a n t  t o  t h e  HTGR Fuel  Refabr ica-  
t i o n  P i l o t  P l a n t .  

The t e n  

Land Use 

I 

I 

The f i n a l  s ta tement  has  been r ev i sed  t o  i n d i c a t e  t h a t  t h e  HTGR Fuel  
Re fab r i ca t ion  P i l o t  P l a n t  w i l l  have no in f luence  on t h e  proposed 
d e s i g n a t i o n  of t h e  Oak Ridge Reserva t ion  as t h e  Environmental  Study 
Park.  
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UNITED STATES DEPARTMENT OF AGRICULTURE 
F O R E S T  S E R V I C E  

Southeastern Area, Stote and Private Foreatry 

Atlanta, Georgia 30309 

8420 A p r i l  2, 1974  

I 

‘Mr . J-ames L. Liverman 
A s s i s t a n t  General Manager 
Biomedical & Environmental Research and 

Safety Prosrams 
AEC, O a k  Ridge Nat ional  Laboratory 

,Oak Ridge, Tennessee 37830 

Dear M r .  Liverman: 

Here are Southeastern A r e a ,  S ta te  and P r i v a t e  Fores t ry  
comments on t h e  d r a f t  environmental s ta tement  covering 
t h e  HTGR Fuel Refabr ica t ion  P i l o t  P l a n t  a t  Oak Ridge 
Nat ional  Laboratory.  

We see no environmental  c o n f l i c t  i n  conducting needed 
f u e l  r e f a b r i c a t i o n  research  on a short-term, p i l o t  b a s i s  
w i th in  t h e  ORh7L r e s e r v a t i o n .  
of  41 a r e a s  w i t h i n  the  r e s e r v a t i o n  for  the  s tudy of  
unique o r  important  environmental problems. \ 

Please keep us f u l l y  inforrned of  s tudy  a r e a s  e s t a b l i s h e d  
i n  f o r e s t e d  s e c t i o n s  of t h e  r e s e r v a t i o n  and l e t  us know 
i f  w e  can be of a s s i s t a n c e  i n  t h e  design of such s t u d i e s .  

W e  commend your d e l i n e a t i o n  

FREDERICK W. HONING 
A r e a  Environmental Coordinator 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

Hr. Frederick W. Honing 
A r e a  Environmental Coordinator 
For- t Service 
U.S. Department of Agriculture 
A t l a n t a ,  Georgia 30309 

D e a r  Mr.  Honing: 

Thank you f o r  your letter of Apri l  2, 1974 concerning your review and 
comments on the  Atomic Energy Comission's d r a f t  environmental statement 
for t he  HTGR Fuel Refabrication P i l o t  Plant ,  Oak Ridge National Labora- 
tory,  O a k  Ridge, Tennessee. The statement has  been revised i n  response 
t o  couunents received from the  reviewing organizations.  

We appreciate  your continued interest i n  our programs. 
f i n a l  statement are enclosed f o r  your information. 

Copies of the  

Sincerely,  

Biomedical and Environmental 
Research and Safety Programs 

Enclosure: 
F i n a l  Environmental Statement f o r  HTGR 

h e 1  Refabrication P i l o t  Plant ,  OR?&, 
Oak Ridge, Tennessee (5 copies) 



UNITED S T A T E S  DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE . .  

561 U. S. Courthouse, Nashville, Tennessee 37203 

April 2, 1974 

M r .  James L. Liverman 
Assistant General Manager 
Biomedical and Environmental Research 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 

Dear Mr. Liverman: 

and Safety Programs 

Subject: Draft Environmental Statement, HTGR Fuel Refabrication 
Pilot Plant and Radioactive Waste Facilities, O a k  Ridge 
National Laboratory, Oake Ridge, Tennessee 

Reference is made to the draft environmental statement for subject 
HTGR Fuel Refabrication Pilot Plant and Radioactive Waste Facilities, 
Oak Ridge National Laboratory, O a k  Ridge, Tennessee which was referred 
to the Soil Conservation Service for review and comment. 

The prop3sed project will not conflict with any present or proposed 
programs of this agency. 

The primary concern of this agency is with adequate control of erosion 
and sedimentation during and after construction of a project. 
this project involves an insignificant amount of soil disturbance, 
soil erosion and sedimentation does not appear to be an environmental 
problem. 

We appreciate the opportunity to review and comment on this draft 
environmental statement. 

Since 

Sincerely, 

1 

State Conservationist 

cc: Kenneth ‘E. Grant, Administrator Council on Environmental Quality 
Soil Conservation Service 722 Jackson Place, N. W. 
Washington, D. C. Washington, D. C. 20306 

Office of the Coordinator of Environmental 

Office of  Secretary, USDA 
Washington, D. C. 20250 

Attention: General Counsel 

Quality Activities 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

AUG 1 6  1974 

Mr. Paul M. Howard 
S t a t e  Conservationist  
S o i l  Conservation Service 
U.S. Department of 

561 U.S. Courthouse 
Nashville, Tennessee 37203 

Agricul ture  

D e a r  M r .  Howard: 

Thank you f o r  your letter of Apr i l  2, 1974 concerning your review and 
coments  on t he  Atomic Energy C o d s s i o n ' s  d r a f t  environmental statement 
f o r  t h e  HTGR &el Refabrication P i l o t  Plant ,  Oak Ridge National Labora- 
tory,  Oak Ridge, Tennessee. The statement has been revised i n  response 
to  comments received from the  reviewing organizations.  

~ 

W e  appreciate  your continued i n t e r e s t  i n  our programs. 
f i n a l  statement are enclosed f o r  your information. 

Copies of t h e  

Sincerely,  

istant General Manager f o r  
Biomedical and Environmental 
Research and Safety Programs 

Enclosure: 
B i d  Environmental Statement f o r  HTGR 

Fuel Kefabrication P i l o t  Plant ,  ORNL, 
Oak Ridge, Tennessee (5 copies) 



139 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

OFFICE OF T H E  
ADMINISTRATOR 

Dr. James A. Liverman 
Assistant General Manager 
for Biomedical and Environmental Research . 
and Safety Programs 
U.S. Atomic Energy Canmission 
Washington, D.C. 20545 

Dear Dr. Liverman: 

The Environmental Protection Agency has reviewed the 
draft environmental statement for the 'HTGR Fuel Refrabrication 
Pilot Plant-Oak Ridge National Laboratory, Oak Ridge, 
Tennessee, issued on February 6, 1974. Our detailed comments 
are enclosed. 

In our opinion, in order to provide a more complete 
and useful analysis of this facility, the following three 
additional subjects should be included in the final statement: 

1. An analysis of the consequences of the discharge 
and dispersal of long-lived radionuclides into the general 
environment. The recently published EPA report entitled 
"Environmental Radiation Dose Commitment: An Application 
to the Nuclear Power Industry," presents general concepts 
for calculating the cumulative consequences of the release 
of long-lived radionuclides to the environment. 

2. An evaluation of the amount of increased radiation 
exposure due to inhalation since the gaseous effluents 
from this facility are to be combined with those from th70 
other facilities on the Oak Ridge site and released through 
a common stack. 
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3 .  A discussion of the alternative of storing the 
fabricated fuel at ORNL rather than shipping the assemblies 
to the NRTS in Idaho as presently planned. 

In light of the above and in accordance with EPA 
procedure, we have classified the project as ER (Environmental 
Reservations) and rated the draft statement as Category 
2 (Insufficient Information). , If you or your staff have any 
questions concerning our classification or comments, please 
don't hesitate to call on us. 

Sincerely, 

Enclosure 

Sheldon Meyers 
Director 
Office of Federal Activities 
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ISTRODUCTIOY AND CONCLUSIONS 

The Environmental Protection Agency has reviewed 
the draft statement €or the HTGR Fuel Refabrication Pilot 
Plant-Oak RiZge National Laboratory, Oak Ridge, Tennessee, 
prepared by the Atomic Energy Comiission (AEC) and issued 
on February 6 ,  1974. Followj-ng are our major conclusions: 

1. The final statement should include an analysis of the 
consequences of the discharge and dispersal of long-lived 
radionuclides into the general environment. The recently 
published EPA report entitled "Environmental Radiation 
Dose Comitment : An Application to the Nuclear Power Industry, ' I '  
presents general concepts for calculating the cumulative 
consequences of the release of long-lived radionuclides 
to the environment. 

2. The radioactive discharges fron this plant are mixed 
in a common stack with the discharge from two other facilities. 
The amount of increase in radiation exposure due to the 
additional inhaled radioactivity from this facility should 
be discussed in the final statement. 

3 .  The alternative of storing the fabricated fuel at O W L  
rather than shipping the assemblies to the NRTS in Idaho 
was not discussed in the draft statenent. We believe this 
alternative should be discussed in the final statement. 
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X i D I O L O G I C A L  ASPECTS 

Radiation ExDosure 

The draft statement indicates that the gaseous effluents 
from the HTGR Fuel Refabrication Pilot Plant are to be released 
to the atmosphere through the 250 ft. High -- Flux Isotopes 
Eeactor (SFIR) stack. The radi.oactive discharges from this 
plant and their relationship to the overall radiation levels 
in the area due to the combined releases from all site plants 
should be discussed in the final statement; The expected 
increase in radiation exposure due to inhaled radioactivity 
should be included in this discussion. 

The final statement should also include an analysis 
of the consequences of the discharge and dispersal of long- 
lived radionuclides ir.to tne general environment. By virtue 
of the long persistence of 'these materals their consequences 
may extend over many generations and, in this respect, these 
Zischarges can represent irreversible public health commitments. 
The recently- published "Environmental Radiation Dose 
Corrzitnent: hn Application to the Nuclear Power Industry" 
(EPA-520/4-73-002) presents general concepts for calculating 
the cunulative consequences of the release of long-lived 
rzdionuclides to the environment. In our opinion, such cumulative 
consequences should be added to other environmental costs 
in the cost-benefit anaysis. 

Air Cleaning 

The methods of air cleaning for the process cell exhaust 
are described as being, "...four HEPA (high-efficiency 
particulate air) filters in series...", on page 3 4 ;  and 
"...five parallel compartments, each of which contains six 
HEPA filters," on page 36. The final statement should 
clarify the discussion of the HEPA filter system. 

Decormissioning 

Decommissioning is not discussed in any detail in the 
draft statement. The final statement should include the 
added environmental costs of decommissioning the facility. 
These costs should include descriptions and quantities 
of wastes in the form of solids or air and water-borne 
rdeaszs. 
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Accidents 

In the discussion of possible accidents within the 
r'acility, the radiation dose fron releases during a fire 
(page 78) indicates the personnel dose downwind would be 
less than 200 mrem. This discussion should he expanded 
in the final statement to indicate the radiation dose 
expected to the lung and bone in addition to the whole- 
body dose. 

The discussion of the criticality accident (page 80) 
should be expanded in the final statement. The maximum 
dose to an individual at the site boundary should be 
estimated for release of iodines, noble gases and any direct 
radiation. The probability of a criticality and the 
estimated yield should indicalte ths dose conmitment period 
considered. Also, the probability and effects of a tornado 
on the plant should be estimated. 

While the probability of occurrence for each type of 
accident or natural disturbance is small, each could 
involve the release of radioactivity to the environment. 
The draft statement does not indicate the emergency response 
capability of the operator to minimize the envirdnmental 
impact of different types of events. The final statement 
should include emergency plans of the operator as well as 
any involvement of state and local authorities. 

Transportation 

With regard to the transportation of the completed 
fuel assemblies, it is stated that they will be shipped 
to Idaho or to a reactor. If the fuel is shipped to 
Idaho, the accident rate would be 0.55 accidents plus 
those potential accidsnts which would eventually occur 
during shipments frorn Idaho to the reactors. The alternative 
of storing the fuel at ORNL until shipment directly to 
the reactors was not addressed although it is apparent 
that this alternative would have a significantly smaller 
impact based on current projected locations of HTGR's. 
We believe this alternative should be considered in 
the final ' statement. 
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YON-RADIOLOGICAL ASPECTS - 
Siological 

Storm drainage is to be discharged directly to the 
tIelton Valley storm drainage system and the sanitary wastes 
are to be discharged to the Melton Valley area municipal 
treatment plant. Both the storm and sanitary wastes are to 
52 monitored prior to discharge. Additional discussion 
is necessary to describe the nature of the agreement with the 
Nelton Valley waste disposal authority, the quantities and 
nature of wastes involved, and the additional burden to 
be placed on the existing system. Also, with regard to 
the sanitary wastes, a discussion is needed on the 
pretreatment standards that will be met prior to discharge 
to the municipal treatment system. In addition, the final 
statement should further discuss the cumulative effects of the 
wastes from the proposed pilot facility ir? relation to 
t h e  discharges from other facilities at ORNS.  

Chemical 

The discharge of chemical emissions in the liquid waste 
releases, while containing only 1/25 of the concentrations 
kr,own to be lethal to aquatic organisms (page 8 5 ) ,  could 
have long-term chronic effects that have not been considered. 
We recommend that the long-term effects of such emissions 
be examined in the final stateinent. 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

AUG 1 6  '1974 

M r .  Sheldon Meyers, D i r e c t o r  
O f f i c e  of Fede ra l  A c t i v i t i e s  
U.S. Environmental  P r o t e c t i o n  

Washington, D.C. 20460 
Agency 

Dear M r .  Meyers: 

Thank you f o r  your l e t t e r  of A p r i l  10, 1974 which provided comments 
on t h e  A t o m i c  Energy Commission's d r a f t  environmental  s t a t emen t  f o r  
t h e  HTGR Fuel  R e f a b r i c a t i o n  P i l o t  P l a n t ,  Oak Ridge Na t iona l  
Labora tory  (ORNL), Oak Ridge, Tennesseeo The s t a t emen t  has  been 
r e v i s e d  i n  response  t o  your comments and comments from o t h e r  
agencies .  

With r e s p e c t  t o  your sugges t ion  t h a t  a n  assessment  be made of t h e  
r a d i o a c t i v e  d i s c h a r g e s  from t h i s  p l a n t  and t h e i r  r e l a t i o n s h i p  t o  
t h e  o v e r a l l  r a d i a t i o n  l e v e l s  i n  t h e  area due t o  t h e  combined r e l e a s e s  
from a l l  s i t e  p l a n t s ,  t h e  scope of t h i s  s t a t emen t  i s  l i m i t e d  t o  
e f f l u e n t s  from t h e  s u b j e c t  f u e l  r e f a b r i c a t i o n  p l a n t  which c o n t r i b u t e  
on ly  a small percentage  of t h e  e f f l u e n t s .  However, we are p repa r ing  
an environmental  assessment  of t h e  impact of  a l l  o p e r a t i o n s  a t  t h e  
ORNL s i t e  i n c l u d i n g  t h e  r a d i o a c t i v e  e f f l u e n t s  from o t h e r  o p e r a t i n g  
f a c i l i t i e s .  This  assessment  w i l l  be completed by t h e  end of t h i s  
year.  The enc losed  s t a f f  response  covers  o t h e r  s p e c i f i c  concerns 
which you r a i s e d .  

W e  a p p r e c i a t e  your cont inued  i n t e r e s t  i n  our programs. 
t h e  f i n a l  s t a t emen t  a r e  enc losed  f o r  your informat ion .  

Copies of  

S i n c e r e l y ,  

w w  m s L. Liverman 

General  Manager - fo r  
iomedica l  and Environmental  

Kesearch and S a f e t y  Programs 

Enclosures:  
1. 
2. F i n a l  Environmental  Statement  - HTGR 

S t a f f  Response t o  EPA Comments 

Fuel  R e f a b r i c a t i o n  P i l o t  P l a n t ,  ORNL, 
Oak Ridge, Tennessee (WASH-1533) 
(3  cop ies )  
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- ENCLOSURE 1 ’ 

STAFF RESPONSE TO COMMENTS FROM.THE 
ENVIROWENTAL PROTECTION AGENCY 

RADIOLOGICAL ASPECTS 

Radia t ion  Exposure 

. ,  ,. . . ,/- . i . 
. ,  

. I  

The f i n a l  s ta tement  has  been r ev i sed  t o  i n d i c a t e  t h a t  t h e  dose shown 
i n  t a b l e  5 of WASH-1533 i s  t h e  i n c r e a s e  i n  dose t o  man due t o  a d d i t i o n a l  
i n h a l a t i o n  of  r ad ionuc l ides  r e s u l t i n g  from t h e  o p e r a t i o n  of the  HTGR Fuel  
Re fab r i ca t ion  P i l o t  P l an t .  

Revisions were a l s o  made t o  inc lude  an  a n a l y s i s  of  t h e  consequences of 
t he  d ischarge  and d i s p e r s a l  of  long-l ived r ad ionuc l ides  i n t o  t h e  gene ra l  
environment. 

A i r  Cleaning 

Correc t ions  have been made t o  i n d i c a t e  t h a t  t h e  vessel h o t  o f f -gas  
system has  two roughing f i l t e r s  and fou r  HEPA f i l t e r s  i n  series be fo re  
i t  t i e s  i n t o  t h e  c e l l  exhaust  system. The c e l l  exhaust  passes through 
one roughing f i l t e r  and two HEPA f i l t e r s  i n  series.  

Decommissioning 

The f i n a l  s ta tement  has  been r ev i sed  t o  inc lude  d e s c r i p t i o n s  and q u a n t i t i e s  
o f  wastes r e s u l t i n g  from decommissioning t h e  f a c i l i t y .  

Acc i d e  n t s 

The f i n a l  s ta tement  has been r ev i sed  t o  provide t h e  r a d i a t i o n  dose 
expected t o  t h e  lung and bone i n  the  event  of  a f i r e  i n  t h e  f a c i l i t y .  

Revisions have been made t o  provide c a l c u l a t e d  doses expected from t h e  
release of  halogens and noble  gases  and from d i r e c t  r a d i a t i o n  r e s u l t i n g  
from a c r i t i c a l i t y  acc iden t  of 1019 f i s s i o n s .  Revisions have a l s o  been 
made t o  d e s c r i b e  t h e  probable e f f e c t s  of a tornado,  

T ranspor t a t  i on  

The f i n a l  s ta tement  has  been r ev i sed  t o  cons ider  t h e  a l t e r n a t i v e  of 
s t o r i n g  t h e  completed f u e l  e lements  a t  TURF r a t h e r  t han  sh ipping  them 
t o  Idaho. 
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It should be noted t h a t  s i n c e  t h e  purpose of t h e  HTGR Fuel Re fab r i ca t ion  
P i l o t  P l a n t  i s  only  t o  develop and demonstrate  t h e  technology f o r  remote 
f a b r i c a t i o n  of r e c y c l e  f u e l  and not  t o  f a b r i c a t e  l a r g e  q u a n t i t i e s  of 
f u e l  f o r  r e a c t o r s ,  t h e  p ro jec t ed  l o c a t i o n s  of HTGRs have l i t t l e  bear ing  
on t h e  choice of s t o r i n g  t h e  f u e l  a t  OWL o r  sh ipping  i t  t o  Idaho f o r  
s to rage .  

NONRADIOLOGICAL ASPECTS 

Bio log i c a  1 

The f i n a l  s ta tement  has  been r ev i sed  t o  provide a d d i t i o n a l  d i s c u s s i o n  
on t h e  t rea tment  and d i scha rge  of storm d r a i n  and s a n i t a r y  e f f l u e n t s  
and t h e  pre t rea tment  s t anda rds  expected t o  be m e t  p r i o r  t o  d i scha rge .  

Chemi ca 1 

The f i n a l  s ta tement  has been modified t o  provide a d d i t i o n a l  d i s c u s s i o n  
on the  expected long-term chronic  e f f e c t s  of chemical emis s ions ,  
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