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. -  
SAFETY ANALYSIS FOR THE TRANSURANIUM PROCESSING PLANT, 

BUILDING 7920 

E d i t e d  By: L. J .  King 

ABS TRACT 

This  r e p o r t  p r e s e n t s  a s a f e t y  a r ia lys i s  of  t h e  
Transuranium P r o c e s s i n g  P l a n t  and t h e  proposed o p e r a t i o n s  
and procedures .  The t o p i c s  covered are: (1) a d e s c r i p -  
t i o n  of t h e  b u i l d i n g  and b u i l d i n g  services,  with s p e c i a l  
emphasis on p r o v i s i o n s  f o r  containment  of hazardous mate- 
rials; (2)  p r o c e s s e s  and equipment;  (3) o p e r a t i n g  s a f e g u a r d s ;  
( 4 )  c o n t r o l  of p e r s o n n e l  exposure;  ( 5 )  o p e r a t i o n s  w i t h  t r a n s -  
uranium e lements  i n  t h e  development l a b o r a t o r i e s ,  i n c l u d i n g  
l a b o r a t o r y  h a z a r d s  and s a f e g u a r d s ;  (6)  r a d i a t i o n  and con- 
t a m i n a t i o n  c o n t r o l s ;  ( 7 )  p r o c e s s  s a f e g u a r d s ;  (8) waste 
d i s p o s a l ;  and ( 9 )  p r o c e s s  h a z a r d s  and c r e d i b l e  a c c i d e n t s .  

The purpose of t h e  Transuranium P r o c e s s i n g  P l a n t  (TRU) 
is t o  r e c o v e r  t ransuranium e lements  from i r r a d i a t e d  t a r g e t s  
f o r  d i s t r i b u t i o n  t o  r e s e a r c h  workers  and t o  r e f a b r i c a t e  
t a r g e t s  from some of  t h e  i n t e r m e d i a t e  i s o t o p e s ,  espcc: i a l l y  
americium and curium. A f t e r  t a r g e t  d i s s o l u t i o n ,  t h e  heavy 
e lements  aP-e s e p a r a t e d  from E i s s i o n  p r o d u c t s ,  and the 
t ranscur ium e lements  are  s e p a r a t e d  from curium i n  two 
c y c l e s  of  solvent :  e x t r a c t i o n  i n  L.5-in.-diam p u l s e d -  
column c o a t a c t o r s .  The t ranscur ium e lements  are s e p a r a t e d  
from each o t h e r  and p u r i f i e d ,  by b a t c h  s o l v e n t  e x t r a c t i o n  
and i o n  exchange. Most of t h e  americium and curium i s  
r e f a b r i c a t c d  remote ly  i n t o  new t a r g e t s  f o r  r e i r r a d k t i o n  
i n  t h e  High Flux  I s o t o p e  Reactor .  

p r e s e n t  novel  problems i n  rad iochemica l  p l a n t  d e s i g n .  The 
combinat ion of t h e  f a s t - n e u t r o n  f l u x  and t h e  p e n e t r a t i n g  
gamma r a y s  from f i s s i o n  p r o d u c t s  and spontaneous f i s s i o n  
r e q u i r e s  s h i e l d i n g  c o n s i d e r a t i o n s  t h a t  are  normal ly  a s s o c i -  
a t e d  w i t h  r e a c t o r s .  The containment  of r a d i o n u c l i d e s  i n  
TRU i s  complicated because  many of t h e  i s o t o p e s  of the 
t ransuranium e lements  have h i g h  s p e c i f i c  t o x i c i t i e s  and 
because t h e  p l a n t  and equipment must b e  c a p a b l e  of accom- 
modating e x t e n s i v e  changes.  

The a l p h a - e m i t t i n g ,  spontaneous ly  f i s s i o n i n g  a c t i n i d e s  
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1. INTRODUCTION 

The TraT3.ur-anium ..... P r o c e s s i n g  .. P l a n t  (TRU) and t h e  High-Flux I s o t o p e  
.......... _._.__ . 

_._.+I- -.. ..........-. 

Reactor  \ (HFIR) ..& have been b u i l t  a t  Oak Ridge N a t i o n a l  Labora tory  t o  

p r o v i d e  gramquaEt-iLigs._.o E many of t h e  t ransuranium elements and m i J - 1 . i -  

gram .-. q u a n t i t i e s  .~ a f - s ~ m e . o f _ . t ~  ~ . . . ~ ~ ~ ~ . ~ , ~ l .  i f o r n  i s o t o p e s .  These 

r a d i o i s o t o p e s  w i l l  b e  used i n  r e s e a r c h  work by l a b o r a t o r i e s  throughout: 

t h e  count ry .  

. 

... ..... ,-.. -- *~ . . . . .  .....-. .... . .  
I. - - 

Much h a s  a l r e a d y  been l e a r n e d  of t h e  g e n e r a l  chemis t ry  of  t h e  

t ransuranium elements  through tracer 1eveJ. and microchemical  t e c h n i q u e s .  

Both t h e  s i m i l a r i t y  between t h e  rare  e a r t h s  and t h e  a c t i n i d e s  and t h e  

minute i n d i v i d u a l  d i f f e r e n c e s  i n  t h e i r  chemical behavior  are  o f  g r e a t  

i n t e r e s t .  Perhaps t h e  most s i g n i f i c a n t  chemical  i m p l i c a t i o n  of t r a n s -  

uranium element r e s e a r c h  ari.ses s imply from t h e  f a c t  t h a t  t h e s e  e lements  

have t h e  heaviesC n u c l e i i  and most complicated e l e c t r o n i c  s t r u c t u r e  o f  

t h e  known e lements .  

i s  most c o n v e n i e n t l y  s t u d i e d  i n  t h e  t ransuranium e lements ,  

The r o l e  "f e l e c t r o n s "  p lay  i n  chemical  bonding 

The e x t e n s i v e  work o f  r e c e n t  y e a r s  on t h e  s o l i d  compounds and 

metals  of urani-um, neptunium, and plutonium h a s  reveal-ed a r e s e a r c h  

area of unexpected r i c h n e s s  and complexi ty .  I n d i c a t i o n s  are t h a t  t h e  

s o l i d - s t a t e  p h y s i c s  of t h e  h e a v i e r  t ransuranium e lements  may b e  e q u a l l y  

f r u i t f u l ,  bu t  d e t a i l e d  examinat ion of t h e s e  e lements  must awai t  the: 

l a r g e - s c a l e  p r o d u c t i o n s .  

S t u d i e s  of  many n u c l e a r  p r o p e r t i e s  of s p e c i f i c  i s o t o p e s ,  such as 

c r o s s  s e c t i o n s ,  al-pha decay p a r a m e t e r s ,  and n u c l e a r  energy levels  

have c o n t r i b u t e d  t o  t h e  development of t h e o r i e s  of n u c l e a r  s t r u c t u r e s .  

'These s t u d i e s  w i l l .  b e  extended w i t h  t h e  a v a i l a b i l i t y  of l a r g e r  q u a n t i -  

t i e s  of the t ransuranium e lements .  

F i n a l l y ,  t h e  p o s s i b i l i t y  of s y n t h e s i z i n g  new e lements  through 

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

e lements  produced i s  always i n t r i g u i n g .  

The  Transuranium P r o c e s s i n g  Plant, B u i l d i n g  7920,  i s  t o  be used 
....... ........ ...... ...... - ....................... --.- _-.. -. 

/_>.--- ....... .......... for_p.r-Q.c&.s-and_ d.cye>opment work re la t ive  t o  t i e  s e p a r a t i o n  and recoirery 

of  t ransuranium elements .  The b u i l d i n g  i s  d i v i d e d  i n t o  f o u r  funct:Lonal 

areas : 

..... ................._ -. __.- ~ . . . .. -->. - '--- .~ - -- 
* ............ - - ..-.- 
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1. an o f f i c e  and c o n f e r e n c e  area a d j a c e n t  t o ,  b u t  i s o l a t e d  

from, areas t h a t  c o n t a i n  r a d i o a c t i v i t y ;  

2.  a maintenance shop;  

3 .  a l a b o r a t o r y  complex c o n s i s t i n g  of f o u r  a l p h a  l a b o r a t o r i e s ,  

two c o l d  chemical  l a b o r a t o r i e s ,  two a n a l y t i c a l  l a b o r a t o r i e s ,  

and s u p p o r t  areas f o r  conduct ing p r o c e s s  s u p p o r t  and develop- 

ment work on t ransuranium e lements  and f o r  conduct ing  high- 

a l p h a - l e v e l  work i n  s u p p o r t  of o t h e r  ORNL p r o j e c t s ;  

a n  i n t e g r a t e d  h o t - c e l l  cmnpLex-?that c o n t a i n s  f o u r  c e l l s  f o r  

t h e  chemica l  p r o c e s s  in~-o.f .... .... ~ r . Z R d i a ~ ~ R  t a r g e t s  tli r ee 

ce l l s  f o r  f a b r i c a t i o n  and i - n s p e c t i o a  of  H F I R  t a r g e t s ,  and 

two c e l l s  f o r  Fi'Tgh-1.evel a n a l y t i c a l  chemis t ry  work. 

L---.-.L ___-_. ------....---* .-_--.. -* -cc -__._ _._.,...-.-- ........ 

4 .  
--.-.-.- l____._._,l .,. __._._C. 

.l_._ll_._._l_____..... --... ---------.- 
..................... ?-.-..... ..-......------ ..- -.-_._,_ .---.. ....- -- *. -_. --.-_ ...................... .. .. 

--I..* ..... _-_I . _...__*_ ..... ...................... -*-- -.__*_ 
T a r g e t s  i r r a d i a t e d  i n  t h e  H F I R  are processed  i n  t h i s  f a c i l i t y  t o  

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

heavy ......................................... e l t ? m e n ~ . ~ - ' - a ~ e - ~ . ~ ~ ~ a . r . ~ . ~ e d  from Ill-____̂ .l-L.-...l f i s s i o n  L r o d u c t s  --,--a- ..... and -.._...I- t h e  ..... t,r&Ii>urium 
............... .... ....................................... Î .-- ..-...-__ ...... .._-_._ ........ 7 

---.-.-> 

...... ~ 

i s  r e f a b r i c a t e d  remotely i n t o  new t a r g e t s  EQK r e i r r a d i a t i o n  i n  t h e  '- 
. ......................................................... ^.-----~--~.- -----.-.--.-.A .......... -.-------.--.-_. ........ _- 

k1F'I.R.: .... This  i r r a d i a t i o n - f a b r i c a t i o n  c y c l i n g  of illaterial w i l l  c o n t i n u e  

f o r  a number of  c y c l e s  - t h e  number depending on  p r o d u c t i o n  rates and 

demands f u r  the v a r i o u s  i s o t o p e s .  

The a - e m i t t i n g  , spontaneous1.y f i s s i o n i n g  actinides have c r e a t e d  

problems t h a t  are n o v e l  i n  rad iochemica l  p l a n t  d e s i g n .  The combinat ion 

of t h e  f a s t - n e u t r o n  ._ ...._.. f l u x  .............. andf-ati c.-. -&.- s from .--__. f i s s i o n  pro- 
--I-_.----. I.___.,___ 

d u c t s  ................ and _.__ s p o n t a w o s - . € W . -  ....... _-...- u i r e s  s h i e l d i n g  c o n s i d e r a t i o n s  

normally a s s o c i a t e d  ........ w i t h  ............. r e a c t q x s  ..... . The h igh  spec i f ic :  t o x i c i - f j ~ - ~ f  

t h e  a - e m i t t i n g  a c t i n i d e s  d i c t a t e s  a r e f i n e d  equipment d e s i g n  phi losophy 

t o  e n s u r e  a g a i n s t  t h e  e s c a p e  of a i r b o r n e  contaminants .  %'he c o r r o s i v e -  

ness  of  p r o c e s s  c h l o r i d e  s o l u t i o n s  makes easy  replacement  of equipment 

h i g h l y  d e s i r a b l e .  The u n c e r t a i n t y  of t h e  chemica l  behavior  o f  t h e  

r e l a t i v e l y  rare a c t i n i d e s  p l a c e s  t h e  Transuranium P r o c e s s i n g  P l a n t  i n  
-----..-.-- .-,.. 1_1-._ ............ 

t h e  c a t e g o r y  o f  what must be regarded  as predominant ly  a r e s e a r c h  

-----.-.- ,-._____.___-..-.- 

.......... _-.-... - 
- - - . - , I ___uu.~  

__ ---. ..-. w. 
~ 

I .-_.__ -- j -- 



f a c i l i t y ,  r e q u i r i n g  l a b o r a t o r i e s  and s u p p o r t i n g  f a c & l i g i e s  - des igned  

For p r o _ s s s  develoemgnt+ b& most- i m p a r t a n t  e capaJbble of accommodating ' 

ra h e r  s e v e r e  r e v i s i o n s  i n  p r o c e s s  flawshe-ets,  

__ - -- _ -  - - _- -- - -- ,- -- 

- ---_ - _ -  _1 

_ - -  (c 
The purpbse--of--E6is r e p o r t  i s  t o  a n a l y z e  t h e  f a c i l i t y  and t h e  

proposed o p e r a t i o n s  and procedures  t o  de te rmine  t h a t  t h e  v a r i o u s  

programs can b e  conducted s a f e l y .  

t h e  b u i l d i n g ,  t h e  heavy-element p r o c e s s i n g  area and t h e  l a b o r a t o r y  

area,  w i l l  sometimes b e  d i s c u s s e d  s e p a r a t e l y  and sometimes t o g e t h e r ,  

as i s  a p p r o p r i a t e .  

The two major  f u n c t i o n a l  areas of 

F i r s t ,  t h e  b u i l d i n g  and b u i l d i n g  s e r v i c e s  w i l l  be  d e s c r i b e d , w i t h  

s p e c i a l  emphasis on p r o v i s i o n s  f o r  containment of hazardous mater ia ls .  

This  w i l l  b e  fol lowed by a d e s c r i p t i o n  of t h e  p r o c e s s e s  t o  b e  used f o r  

r e c o v e r i n g  heavy i s o t o p e s  from i r r a d i a t e d  t a r g e t s  and f a b r i c a t i n g  new 

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

s a f e g u a r d s  and c o n t r o l  of  p e r s o n n e l  exposure.  Then ,opera t ions  i n  t h e  

l a b o r a t o r y  area w i l l  b e  d i s c u s s e d ,  i n c l u d i n g  l a b o r a t o r y  h a z a r d s  and 

s a f e g u a r d s .  R a d i a t i o n  and contaminaLion c o n t r o l s  f o r  t h e  e n t i r e  

b u i l d i n g  w i l l  b e  d i s c u s s e d  n e x t ,  fol lowed by d e s c r i p t i o n s  of  p r o c e s s  

s a f e g u a r d s  i n  t h e  heavy-isotope p r o c e s s e s  and l i q u i d ,  gaseous,  and 

s o l i d  w a s t e  d i s p o s a l .  F i n a l l y ,  p r o c e s s  h a z a r d s  and c r e d i b l e  a c c i d e n t s  

w i l l  b e  d i s c u s s e d .  
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2 . 'PHY S I C  AL PLANT 

The Transuranium P r o c e s s i n g  P l a n t  i s  l o c a t e d  i n  t h e  Melton V a l l e y  

area a t  Oak Kidge N a t i o n a l  Labora tory  (F ig .  2 .  I ) .  Nearby f a c i  l i  t i e s ,  

which i n c l u d e  t h e  High Flux I s o t o p e  Reactor  (HFIR) - B u i l d i n g  7900, 

t h e  BFIR o f f i c e  and maintenance b u i l d i n g  - B u i l d i n g  7910, and the 

Thorium-Uranium Recycle  F a c i l i t y  ('I'UHF) - B u i l d i n g  7930, a r e  shown i n  

F i g .  2 , 2 .  

2 . 1  B u i l d i n g  D e s c r i p t i o n  

The two-story p r o c e s s i n g  and l a b o r a t o r y  p o r t i o n s  of t h e  building 

and t h e  onc-story o f f i c e  arid shop areas are of r e i n f o r c e d  c o n c r e t e  

b l o c k  c o n s t r u c t i o n .  F l o o r s  are r e i n f o r c e d  c o n c r e t e  s l ab3  t h a t  are 

e i t h e r  poured on compacted a g g r e g a t e  o r  suppor ted  on s t r u c t u r a l  s t ee l .  

The roof  i s  p r e c a s t  concre te -deck ,  covered w i t h  b u i l t - u p  roofing. T o t a l  
3 b u i l d i n g  volume i s  about  620 ,000  f t , a n d  t o t a l  f l o o r  area i s  about: 

29,000 f t  . These are  d i s t r i b u t e d  as f o l l o w s :  2 

P i t s  and Tunnels 

Usable  Area Service Area Volume 
( f t 2 )  -Et 2 )  ut3> 
1 9  000 17,000 

Cells and T r a n s f e r  Area 1,000 - 60,000 

Second F l o o r  o f  Main Bui ld ing  8,250 3 , 0 0 0  250,000 

F i r s t  F l o o r  of Main B u i l d i n g  8,250 3,000 %50,000 

O f f i c e  and Maintenance 3 , 0 0 0  800 30,000 

Shop 1 9  000 I 12,000 

T o t a l  22,500 6,800 619,000 

2 .1 .1  F a c i l i t i e s  

The f a c i l i t i e s  f o r  'riandling r a d i o a c t i v e  materials c o n s i s t  o f  n i n e  

h e a v i l y  s h i e l d e d  cel ls  served by m a s t e r - s l a v e  m a n i p u l a t o r s ,  and e i g h t  

l a b o r a t o r i e s ,  f o u r  on each of two f l o o r s  ( F i g s .  2 .3  and 2 . 4 ) .  

One c o l d  l abora to ry  € o r  t h e  preparation of r e a g e n t s  and assembly 

of  equipment i s  l o c a t e d  between two a l p h a  l a b o r a t o r i e s ,  and t h e  f o u r t h  
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F i g .  2 . 1 .  
Val ley P a c i l i  t y  . 

Oak Ridge  Na t iona l  Laboratory Area Map,Including Melton 
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l a b o r a t o r y  on  each f l o o r  c o n t a i n s  a n a l y t - i c a l  equipment. The a l p h a  

l a b o r a t o r y  i n  room 111 c o n t a i n s  a s h i e l d e d  cave. The l a b o r a t o r y  area 

c o n t a i n s  s u p p o r t i n g  rooms f o r  t h e  h a n d l i n g  and s t o r i n g  of p r o c e s s  

r e a g e n t s  and t h e  s t o r i n g  of  g love  boxes under of€--gas  vacuum, and check 

and holdup areas f o r  m a i n t a i n i n g  contaminat ion  c o n t r o l  w h i l e  t h i n g s  

are  moved i n  and o u t  of t h e  buildling. 

The n i n e  s h i e l d e d  p r o c e s s  c e l l s  ( F i g s .  2 . 5  and 2 .6)  a r e  ar ranged  

i n  l i n e .  Removable t o p  p lugs  p r o v i d e  access t o  t h e  ce l l s .  The t o p  

and back of t h e  c e l l  l i n e  i s  s e r v e d  by a b r i d g e  c r a n e  i n  a l i m i t e d -  

access a r e a  of t h e  b u i l d i n g  n o t  normally occupied by o p e r a t i n g  personnel .  

The f r o n t  f a c e  of each c e l l  i s  provided w i t h  a window, m a s t e r - s l a v e  

m a n i p u l a t o r s ,  and plugged p o r t s  f o r  p o s s i b l e  f u t u r e  i n s t a l l a t i o n  of 

p e r i s c o p e s .  

The o p e r a t i n g  area i s  cons idered  a n o n r a d i o a c t i v e  zone of l o w -  

contaminat ion  p o t e n t i a l  except  when m a n i p u l a t o r s  must be withdrawn 

f o r  r e p a i r  ox replacement .  The second f l o o r  immediately over  t h e  

o p e r a t i n g  area i s  a chemical  makeup area f o r  p r o c e s s  r e a g e n t  head 

t a n k s ,  n o n r a d i o a c t i v e  pumps, and t h e  l i k e .  

... 

Of t_hec-fiincrradi_oactive c e l l s ,  f o u r  cont-ain chemical  p r o c e s s i n g  
--.. _ .  - - - - 

equixment f o r  ......... d i s s o l u t i o n ,  ____. ...... s o l v e n t  e x t r a c t i o n ,  a a d  . . p ~ ~ i Q . i . t . a ; ~ . ~ o n - - ~ r o -  

cesses. .......... Three. .contain equipmentFLoT t h e  remote p r e p a r a t i o n  and 
%p"e.ction of r e c y c l e  t a r g e t s .  Two ce l l s  are used f o r  remote a n a l y t i c a l  

o p e r a t i o n s .  The c e l l s  a r e  s h i e l d e d  by 54 i n .  of h igh-dens i ty  c o n c r e t e .  

Within t h e  s h i e l d e d  c e l l s ,  p r o c e s s  equipment i s  enc losed  i n  a 

,-- __.....-r..... I ...,~,-..-....,_ .......... .. 

............ -. .................................... - -----.  __ __ - ......... /-->. 

-.. , ............... -- ....... 

c u b i c l e  formed on t h e  f r o n t  and s i d e s  by t h e  c e l l  w a l l . s ,  and of epoxy 

r e s i n - c o a t e d  s t a i n l e s s  steel. p l a t e  on t h e  rear w a l l  and t o p ;  t he  bottom 

i s  of H a s t e l l o y  C t o  w i t h s t a n d  t h e  c o r r o s i o n  of  a c c i d e n t a l l y  s p i l l e d  

c h l o r i d e  s o l u t i o n s .  The c u b i c l e  i s  n o t  removable i . 1 ~  t h e  s e n s e  t h a t  a 

g love  box would b e  b u t  does c o n s t i t u t e  a containment envelope,  t h e  

p e r i p h e r y  o f  which i s  swept by a c o n s t a n t  f low o f  v e n t i l a t i o n  a i r .  

The c u b i c l e  atmosphere i s  r e c y c l e d  a t  350 cfm through a b s o l u t e  f i . l . t e rs  

and a c o o l e r ,  t o  minimize a i r b o r n e  p a r t i c u l a t e s  i n  t h e  c u b i c l e  atmo- 

s p h e r e  and t o  remove t h e  h e a t  c o n t r i b u t e d  by p r o c e s s  equipment and t h e  

mercury vapor i l l u m i n a t i o n  l i g h t s  ( s e e  F ig .  2 . 7 ) .  Behind and bel.ow 
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t h e  c e l l  c u b i c l e , a n d  s h i e l d e d  from i t  by a c o n c r e t e  w a l 1 , i s  a t a n k  

p i t  f o r  housing w a s t e  c o l l e c t i o n  equipment and p r o c e s s  and s t o r a g e  

t a n k s .  The t a n k  p i t  is  f l o o r e d  w i t h  a H a s t e l l o y  C pan,  and t h e  p i t  

w a l l s  a re  of g l a s s - f i b e r - r e i n f o r c e d  r e s i n .  The t a n k  p i t  may be fl.oodetl 

t o  p r o v i d e  s h i e l d i n g  d u r i n g  maintenance.  

S e r v i c e  l i n e s  e n t e r  through removab1.e p l u g s  i n  t h e  back and t o p  

of  t h e  c e l l .  Shie lded  p i t s  behind t h e  c e l l ,  i n  t h e  l imi ted-access-  

area f l o o r ,  house of f -gas  f i l t e r s  and a p i p e  t u n n e l  f o r  p r o c e s s  l i n e s .  

Communication between ce l l s  i s  achieved  by means of a conveyor 

c o n s i s t i n g  of a c a n i s t e r  on a d o l l y  drawn by double  c h a i n s .  D i f f e r e n -  

tial. motion between t h e  c h a i n s  o p e r a t e s  a n  e l e v a t i n g  mechanism on t h e  

d o l l y  t o  ra i se  t h e  c a n i s t e r  t o  seal  t o  a companion covered opening i n  

t h e  c u b i c l e  f l o o r  ( s e e  F i g .  2 . 8 ) .  The d e s i g n  u s e s  t h e  double-cover 

t e c h n i q u e  p ioneered  by Los A l a m o s .  

T h e  c a n i s t e r , w h o s e  i n t e r n a l  dimensions are 8 i n .  i n  d iameter  by 

8 i n .  h i g h ,  w i l l  b e  used f o r  s m a l l  tool .s ,  samples ,  and the  l i k e .  A 

12-in.-square a i r  l o c k  i n  t h e  w a l l s  s e p a r a t i n g  t h e  ce l l s  can a l s o  b e  

used f o r  t r a n s f e r .  The conveyor communicates w i t h  each c e l l  and w i t h  

t h e  t r a n s f e r  a r e a  c u b i c l e ,  where t h e  c a n i s t e r s  can b e  charged o r  d i s -  

charged.  The t r a n s f e r  area c u b i c l e  i s  provided w i t h  m a n i p u l a t o r s .  

A glove  box a c c e s s i b l e  through a r o t a r y  t r a n s f e r  p o r t  p r o v i d e s  f o r  

removal of l o w - a c t i v i t y  items. A door  i n  t h e  t r a n s f e r  a r e a  c u b i c l e  

shi-eld accommodates a s h i e l d e d  c a r r i e r  t h a t  u s e s  t h e  double-cover 

technique  f o r  t r a n s f e r  of h i g h l y  a c t i v e  materials such as a n a l y t i c a l  

samples and s o l i d  wastes. 

A l l  chemical  equipment i s  mounted on r a c k s  t o  f a c i l i t a t e  f a b r i c a t i o n  

and i n s t a l l a t i o n .  A shi .e lded equipment t r a n s f e r  case ( F i g .  2 . 9 ) ,  a l s o  

u s i n g  t h e  double-cover d e s i g n ,  i s  provided f o r  t h e  i n t r o d u c t i o n  of 

equipment r a c k s  i n t o  t h e  c u b i c l e .  The r e c t a n g u l a r  t r a n s f e r  case w i l l  

accormnodate equipment 1 . 5  x 3 x 6 f t  ( h i g h ) .  

The o f f i c e  annex i s  i s o l a t e d  from che l a b o r a t o r y  p o r t i o n  of t h e  

b u i l d i n g  except  f o r  a s i n g l e  doorway, and t h e  shop area i s  i s o l a t e d  

from t h e  processi-ng p o r t i o n  of t h e  b u i l d i n g  except  f o r  a s i n g l e  door- 

way. The shop area i s  inc luded  i n  t h e  Regulated Zone, b u t  t h e  o f f i c e  

annex i s  n o t .  



F i g .  2 . 8 .  I n t e r c e l l  Conveyor. 

h 
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ABSOLUTE FILTER 
(PRESSURE EPUAI.IZATION) 

GLOVE PORTS 

SPARE SET CUBICILE 
AND TRANSFER DOORS- 

ORNL-DWG 63-2884 

1 LIFTING EYE- 

DOOR LOCK 

- VIEWING WINDOW 

-VIEWING WINDOW 

--GLOVE PORl 

Fig.  2 .9 .  Cutaway View of Equipment T r a n s f e r  Case. The 
s h i e l d  is n o t  shown, 
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2.2 P e n e t r a t i n g  R a d i a t i o n  and S h i e l d i n g  

t 

The f i s s i o n  s o u r c e  d e s i g n  b a s i s  f o r  TRU s h i e l d i n g  is cons idered  

t.o b e  t h e  f i f t h - c y c l e  t a r g r t  (composed of T h e  r e s i d u a l  a c t i n i d e s  of 

t h e  succ:essive i r r a d i a t i o n s  beginning  w i t h  P u ) .  On t h e  a v e r a g e ,  

a f i f t h - c y c l e  t a r g e t  r o d ,  c o n t a i n i n g  approximate ly  305 mg of c a l i f o r n i u m  

and spontaneous ly  f i s s i o n i n g  a t  a ra te  of 0.78 x 10’’ f i s s i o n s l s e c  w i l l  

b e  processed  a t  t h e  r a t e  o f  one rod every two years. S p c c i a l  i r rad ia-  

L i o n s ~  such  as 1 g o f  252(;€ f a b r i c c i t e d  i n t o  a t a r g e t  and i r r a d i a t e d  

f o r  30 days i n  the HFIR a t  a flux of 5 x w i l l  spontaneous ly  

f i s s i o n  a t  a rate approximate ly  t h r e e  times t h a t  of thcl f i f t h - c y c l e  

sod;  b u t  processing of such a s o u r c e  i s  unusual  and i s  expec ted  t o  b e  

very i n f r e q u e n t  I 

242 

- I n  a d d i t i o n  t o  t h e  n e u t r o n s  and t h e  gamma r a d i a t i o n  t h a t  w i l l  

o r i g i n a t e  from spontaneous f i s s i o n  o f  ca l i forn iuni  i s o t o p e s ,  fission 

products w i l l  c o n s t i t u t e  a s o u r c e  of gamma r a d i a t i o n ,  For d e s i g n  

piirpo~es, t h e  inaxirnurrl quant  i t y  of f i.ssion p r o d u c t s  w a s  r e p r e s e n t  cd 

by  t h e  r a r e - e a r t h  f i s s i o n  p r o d u c t s  from t h e  f i s s i o n i n g  of 1 0  kg o f  

z37Pu, which w i l l  b e  s e p a r a t e d  from the assoc in t  ed 2 4 3 [ b  - 2 4 4 ~ : n 1  i n  

t h e  TRU f a c i l i t y .  A f t e r  a 90-day decay p e r i o d ,  t h e  d i s t r i b u t i o n  of 

t.he ra i -e -ear th  f i s s i o n  product  gamin r a d i a t i o n ,  on which t h e  gainma 

s h i e l d j  ng requi rements  are based ,  w a s  as fo l lows  : 

500,000 c u r i e s  o f  1-Mev gamma emit ters ,  

80,000 c u r i e s  of 1.7-Mev gamma emitters, and 

2,500 curies of  2..6-Mev g a m m a  erriitters. 

T h e  s h i e l d i n g  of TRU is  des igned  so t h a t ,  d u r i n g  t h e  p r o c e s s i n g  

of  t h e  m a x i m u m  q u a n t i t y  of f i s s i o n  p r o d u c t s  or a f i f t h - c y c l e  rod,  the 

p e n e t r a t i n g  r a d i a t i o n  dose  ra te  i n  normally occupied areas is  no 

g r e a t e r  i-han 0 .75  mrem/hr. The d o s e  rate of pcrni iss ibPe h o t  s p o t s  

on s m a l l  areas, such  as t h o s e  o p p o s i t e  w a l l  p e n e t r a t i o n s ,  will b e  no 

g r e a t e r  t han  2 .5  mremlhr. For norninl arid r o u t i n e  p r o c e s s i n g ,  the 

p e n e t r a t i n g  r a d i a t i o n  level  i n  t h e  o p e r a t i n g  area w i l l  b e  less than 

0.25 mr/hr. I n  l i m i t e d - a c c e s s  a r e a s  ( a r e a s  n o t  normally cont inuous ly  
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occupied by o p e r a t i n g  p e r s o n n e l )  the maximum dose ra te  w i l l  b e ,  

nominal ly ,  2 .5  mrem/hr, w i t h  l i m i t e d - a r e a  h o t  s p o t s  p e r m i t t e d  up t o  

10 t i m e s  t h i s  v a l u e .  During t h e  very  i n f r e q u e n t  o p e r a t i o n s  i n  which 

t h e  p r o d u c t s  of  a special c a l i f o r n i u m  i r r a d i a t i o n  are handled in 

c u b i c l e s ,  t h e  b a s i c  d o s e  r a t e  i n  norrnnlly occupied a r e a s  w i l l  b e  

approximately 2.5 mrem/hr. For shor t - te rm n o n r o u t i n e  o p e r a t i o n s ,  

such as roof  p l u g  removal,  f i l t e r  removal , equipment removal,  c e l l  

e n t r y ,  and carr ier  h a n d l i n g ,  r a d i a t i o n  levels as h i g h  as 500 mrem/hr 

w i l l  b e  p e r m i t t e d .  The n e u t r o n  and gamma-ray dose ra tes  a t  t h e  s u r f a c e  

of  t h e  54- in . - th ick  h igh-dens i ty  c o n c r e t e  c e l l  w a l l ,  which c o n s t i t u t e s  

t h e  r e q u i r e d  s h i e l d  t o  s a t i s f y  the p e r m i s s i b l e  dose  r a t e  c r i t e r i a ,  a r e  

t a b u l a t e d  i n  Table  2 . 1 .  The r e q u i r e d  s h i e l d i n g  t h i c k n e s s  assumes a 

c o n c r e t e  s h i e l d  c o n t a i n i n g  1.67 grains of i r o n  arid 0.196 grams of H 0 2 
p e r  cc .  The i n c r e a s e d  d e n s i t y  c o n t r i b u t e d  by t h e  i r o n  enhances t h e  

a t t e n u a t i o n  of gamma i r r a d i a t i o n ,  b u t  t h e  i r o n ,  a long  w i t h  t h e  water 

r e t e n t i o n ,  i.s p r i m a r i l y  r e q u i r e d  f o r  t h e  a t t e n u a t i o n  of t h e  f i s s i o n  

n e u t r o n s  from t h e  spontaneous ly  f i s s i - o n i n g  c a l i f o r n i u m .  

- _  

Table  2 . 1  Neutron and Gama-Radiat ion Dose Rates a t  t h e  Outs ide  S u r f a c e  
of t h e  54--in.-thick, High-Density Concrete  C e l l  Wall f o r  Various 

R a d i a t i o n  Sources  Located With in  t h e  C e l l  

Sour  c E 

- 

Dose Kate 
(mr em / h r  ) 

1. 305 mg of Cf from Sth-cycle  r o d  

(0.78 x 1 0 l 2  € i s s i o n s / s e c ,  v = 3.8) 

2.  1 g of Cf a f t e r  s p e c i a l  i r r a d i a t i o n  
1 5 a t  f l u x  of 5 x 1 0  

s e c ,  v = 3.8) 

(2.7 x 1OI2 f i s s i o n s /  

3 .  Gamma r a d i a t i o n  from r a r e - e a r t h  f i s s i o n  

p r o d u c t s  r e s u l t i n g  from burnup of 10 kg 

of 239Pu a f t e r  90-day decay peri-od 

0.75 

2.5 

0.05 
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2 . 2 . 1  DesiEn and C o n s t r u c t i o n  

B o t h  o r d i n a r y  c o n c r e t e  and h i g h - d e n s i t y  c o n c r e t e  w e r e  used f o r  

s h i e l d i n g  p e r s o n n e l  from p e n e t r a t i n g  r a d i a t i o n .  Two k inds  of aggre-  

g a t e s  were used f o r  t h e  h igh-dens i ty  c o n c r e t e :  m a g n e t i t e  and a m i x t u r e  

o f  l i m o n i t e  and f e r r o p h o s  t h a t  has t h e  same s h i e l d i n g  p r o p e r t i e s  as 

magnetite For b o t h  gamma rays and neutrons. L i m i t e d  a v a i l a b  1" 1 i t y  of 

m a g n e t i t e  o r e  made i t  n e c e s s a r y  t o  use t h e  l imoni te - fe rsophos .  T h e  

h igh-dens i ty  c o n c r e t e  has a d e n s i t y  o f  210 1 b / f t 3  w i t h  a r e t a i n e d  water 
3 c o n t e n t  o f  12.2 l b / f t  . The s h i e l d s  were des igned  t o  b e  about  equally 

e f f e c t i v e  f o r  s h i e l d i n g  2.0-Mev t lcutroils and 2,4-Mev gamna r a y s .  

Walls, P a r t i t i o n s ,  and Roof-. - The exterior CPII walls, t h e  

i n t e r c e l l  rmd i n t e r i o r  c e l l  p a r t i t i o n s ,  and t h e  c e l l  roof w i l l .  p rovide  

gamma-neutron s h i e l d  ing equiva  I c ' n t  t o  t h e  fo l lowing  : 

1. Front  wall ( a l l  cells) 54 i n .  of l imonite-ferrophos coricxete 

2 ,  East end wall 5 4  i n .  of 1i-monite-ferro2,hos c o n c r e t e  

3. West end wal.1. 24 i n .  o f  limonfce-feri:ophos concrete  

4 .  R e a r  w a l l  ( c e l l s  L t o  7 )  48 i n .  of I.imonj_te-ferroI)h"s c o n c r e t e  

5 .  R e a r  w a l l  (cel.1.s 8 and 9 )  3h i n .  of l i m o n j t e - f e r r o p h o s  concrete 

6 .  Roof slabs (removable) 48 i n .  of 1- imoni te - fe r rophos  c o n c r e t e  

7 e I n t e r c e l l  pa r t i . t i ons  24 i n .  of m a g n e t i t e  c o n c r e t e  

Except p a r t i t i o n  between 

cells 7 and 8 48 i n .  of magnet:ite c o n c r e t e  

8. :Cnt:erior c e l l  p a r t i t i o n s  

a t  0perati.n.g ].eve1 18 i n .  o f  m a g n e t i t e  c o n c r e t e  

High-densi ty  c o n c r e t e  w a s  used abovc t h e  l e v e l  of t h e  o p e r a t i n g -  

arca f l o o r s ,  and e x t e n d s  f a r  t%nough below the f j o o r  l e v e l  t o  g i v e  

adequate  s h i e l d i n g .  B e l o w  tha t  l e v e l  ort3 i n a r y  concre t  c was used.  

'l'he cell roof  i s  made o t  removable p r e c a s t  s labs  o f  l imoni te -  

Perrophos c o n c r e t e .  

are  completely exposed when t h e  roof p l u g s  are removed. 

'She e n t i r e  cell i n t e r i o r  and all- p a r t i t i o n  walls 
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Viewing Windows. - Each of  t h e  n i n e  cel l -s  and tlie t r a n s f e r  a r e a  

c u b i c l e  have a combinat ion l e a d  g l a s s  and o i l - f i l l e d  viewing window. 

The c e l l  windows are 5 4  i n .  t h i c k ,  and the t r a n s f e r - a r e a  c u b i c l e  

window i s  25 i n .  t h i c k .  

R a d i a t i o n  S h i e l d i n g  Doors. - In  t h e  rear w a l l  of each o f  t h e  two 

a n a l y t i c a l  cells (8  and 9) i s  a h igh-dens i ty  door .  These doors  have 

a c l e a r  opening 4 f t  wide and 7 f t  h i g h ,  are s t e p p e d  o v e r  t h e i r  e n t i r e  

p e r i p h e r y  t o  prevent  r a d i a t i o n  s t r e a m i n g ,  and are gaske ted  t o  provide  

a p o s i t i v e  seal. a g a i n s t  a i r  i n l e a k a g e  when c l o s e d .  The s e a l s  leaked  

0 . 3  c f m  when t e s t e d  a t  a p r e s s u r e  d i f f e r e n c e  of 2 i n .  water (gage) .  

2 . 3  Evacuat ion Routes 

Evacuat ion r o u t e s  o u t  of t h e  b u i l d i n g  are shown i n  F i g s .  2 , 3  and 

2 - 4 ,  and t h e  assembly point. where personnel. are t o  await i n s t r u c t i o n s  

from t h e  Labora tory  (OWL) Emergency S u p e r v i s o r  i s  shown i n  F i g .  2.10. 

The way i n  which emergencies are t o  be handled and t h e  c i rcumstances  

under which t h e  e v a c u a t i o n  r o u t e s  w i l l  be used w i l l  be  examined i n  

d e t a i l  i n  a Bui ld ing  7920 Emergency Manual. 

2 .4  Process  Equi-pment 

F l e x i b i l i t y  i s  t h e  o u t s t a n d i n g  f e a t u r e  o f  t h e  p r o c e s s  equipment.  

U n c e r t a i n t i e s  i n  t h e  chemis t ry  of t h e  actr:i.ni.des, as we1.1. as t h e  

c o r r o s i v e n e s s  of t h e  chemica ls  r e q u i r e d  f o r  t h e  p r o c e s s e s  t h a t  w i l l  be  

used i n i t i a l l y ,  n e c e s s i t a t e  complete and r e l a t i v e l y  s imple  repla.cement 

of  p r o c e s s  equipment.  The l a r g e  amounts o f  r a d i o a c t i v i t y  involved  

r e q u i r e  t h a t  maintenance and equipment replacement  be done remotely.  

An a l l - m e t a l  p i p i n g  d i s c o n n e c t  i s  used throughout  t h e  p l a n t  f o r  i n s t a l l -  

i n g  equipment and p r o c e s s  p i p i n g .  Process v a l v e s  and pumps have been 

developed f o r  u s e  w i t h  t h e  d i s c o n n e c t  system i n  t h e  1im:i.ted space t h a t  

i s  a v a i l a b l e .  A l l  p r o c e s s  equipment w a s  f a b r i c a t e d  o u t - o f - c e l l ,  u s i n g  

j i g s  t h a t  w i 1 . l  be used t o  f a b r i c a t e  replacement  equipment.  A b a s i c  c u b i c l e  

and c e l l  s t r u c t u r e  was mocked up and used t o  t es t  d e s i g n  and maintenance 

concepts  . 
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2 .4 .1  Cubicle  Equipment- 

A l l  mechanical  equipment f o r  chemical  p r o c e s s i n g  i s  l o c a t e d  on 

one of  t h r e e  r a c k s  i n  each of t h e  c u b i c l e s  i n  ce l l s  4 through 7 .  A 

12-point sampling s t a t i o n  i s  l o c a t e d  i n  t h e  bottom h a l f  of t h e  back 

r a c k s  of t h e  f o u r  c u b i c l e s  f o r  sampling tanks  i n  p i t s  1 through 9. 

The s i d e  r a c k s  and t h e  t o p  h a l f  of t h e  back r a c k s  c o n t a i n  t h e  p r o c e s s  

equipment,  which i s  connected t o  thee t a n k s  i n  t h e  p i t s  by jumper l i n e s  

t h a t  p a s s  through d i s c o n n e c t  wells i n  t h e  c u b i c l e  f l o o r  an3  under t h e  

f l o o r  t o  a group of d i s c o n n e c t s  i n  t h e  p i t  (F ig .  2 .11) .  The e n t i r e  

bundle  of  l i n e s  benea th  each c u b i c l e  can b e  removed and r e p l a c e d  from 

t h e  p i t  by working through a n  opening i n  t h e  t o p  of t h e  cel.1.. The 

opening would be made by removing some of t h e  roof  p lugs .  

A t y p i c a l  r a c k ,  f o r  s o l v e n t  e x t r a c t i o n  equipment,  i s  i l l u s t r a t e d  

i n  F ig .  2.1.2. The v a l v e s  and pumps can b e  removed from t h e  r a c k  w i t h  

manipulator-operated t o o l s  and rep]-aced w i t h  new u n i t s  t r a n s p o r t e d  t o  

t h e  c u b i c l e  i n  t h e  i n t e r c e l l  conveyor. O b j e c t s  up t o  8 i n .  i.n d iameter  

and 8 i n .  h i g h  can b e  t r a n s p o r t e d  i n  t h e  conveyor. The pulsed  columns 

and o t h e r  l a r g e  p i e c e s  of equipment,  o r  e n t i r e  equipment r a c k s ,  can b e  

removed and  r e p l a c e d  through a removal h a t c h  i n  t h e  c u b i c l e  t o p  i n t o  

t h e  seal-ed t r a n s f e r  case. Jumper l i n e s  connec t ing  equipment r a c k s  t o  

each o t h e r  and t o  the d i s c o n n e c t  w e l l s  are removable by t h e  same tech-  

n iques .  Service l i n e  bundles  t o  t h e  c u b i c l e s  are removable through 

roof  p l u g s  i n  t h e  c e l l  bank. Use of  t h e  d i s c o n n e c t s  f o r  all connect ions  

a l l o w s  t h e  c u b i c l e  t o  be  remotely s t r i p p e d  of a l l  p r o c e s s  l i n e s  and 

equipment i.f n e c e s s a r y .  

TRU Disconnects .  - Removal o f  equipment i s  f a c i l i t a t e d  by a n  

all-metal p i p i n g  d i s c o n n e c t  developed f o r  t u b i n g  s i z e s  from 318 t o  

314 i n .  'Two c o n i c a l  s u r f a c e s ,  d i f f e r i n g  s l i g h t l y  i n  a n g l e  of t h e  

mating s u r f a c e s  (18" m a l e  and 20" female) ,  are f o r c e d  t o g e t h e r  by a 

clamp (Fig.  2 - 1 3 ) .  The s i n g l e  b o l t  on t h e  d i s c o n n e c t  clamp can b e  

o p e r a t e d  by a manipulator-held impact wrench o r  d i r e c t l y  by a long-- 

handled s o c k e t  wrench. Repeated tests of t h i s  d i s c o n n e c t  under 

s i m u l a t e d  p r o c e s s  c o n d i t i o n s  i n d i c a t e d  leakage  rates of less t h a n  
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ORNL PHOTO 64893-A 

F i g .  2 . 1 2 .  Solvent E x t r a c t i o n  Equipment Rack. 
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1 x s t d  c c  of  hel ium p e r  second,  even a f t e r  several  makes and 

b r e a k s  of t h e  d i s c o n n e c t  s u r f a c e .  This  d i s c o n n e c t  i s  used throughout  

t h e  p l a n t  f o r  i n s t a l l i n g  equipment and p r o c e s s  p i p i n g .  

Process  Pumps. - The p r o c e s s  pumps (P ig .  2 ,14)  are a i r - o p e r a t e d  

diaphragm pumps t h a t  art? pulsed  by a l t e r n a t e l y  apply ing  p r e s s u r e  and 

vacuum t o  t h e  d r i v e  s i d e  of t h e  diaphragm. Each pump i s  6 i n .  i n  

d iameter  and 1 . 5  i n .  t h i c k ,  w i t h  a c a p a c i t y  of 30 t o  40 l i t e r s / h r  a t  

p u l s i n g  f r e q u e n c i e s  o f  60 t o  80 cpm. The pumps are i n s t a l l e d  w i t h  two 

b o l t s ,  can b e  handled w i t h  t h e  heavy-duty m a n i p u l a t o r s ,  and w i l . 1  f i t  

i n t o  t h e  i n t e r c e l l .  conveyor c a n i s t e r .  There are about  40 samples  pumps 

and 1 5  feed  and t r a n s f e r  pumps. 

S a m p l e r  Stat ion_.  - A 12-uni t  sampler  i s  i n s t a l l e d  on t h e  back 

r a c k  i n  each of t h e  f o u r  p r o c e s s i n g  c e l l s .  The s m p l e r  s t a t i o n  can 

b e  s e p a r a t e d  as a u n i t  from t h e  r a c k  so t h a t  major  equipment changes 

i n  t h e  r a c k  equipment rnay b e  made wi thout  r e p l a c i n g  t h e  samplcr .  Each 

of t h e  1 2  u n i t s  c o n s i s t  of a d r i v e  pump, n e e d l e  b l o c k ,  and b o t t l e -  

h a n d l i n g  mechanism. A c o n v e n t i o n a l  two-needle arrangement i s  used. 

The n e e d l e  b l o c k s  are  i n  an  enc losed  housing t h a t  i s  equipped w i t h  

water s p r a y  f o r  s imple  decontaminat ion  a f t e r  each sampling opera t ion .  

A l l  pumps i n  one s t a t i o n  are d r i v e n  from t h e  same e x t e r n a l  p r e s s u r e -  

vacuum supply  system; manipula tor -opera ted  valves on each pump are  

used t o  a c t u a t e  t h e  d e s i r e d  pumps. 

Target D i s s o l v e r .  - T a r g e t s  from H F I R  and o t h e r  t y p e s  of  s l u g s  

up t o  1 i n .  i n  d iameter  and 45 i n .  long a r e  d i s s o l v e d  i n  the d i s s o l v e r ,  

T-70 (F ig .  2 .15) .  The d i s s o l v e r  v e s s e l  i s  l o c a t e d  i n  a w e l l  i n  t h e  

f l o o r  pan of c u b i c l e  7 , and  a tan ta lum condenser  and condensa te  r o u t i n g  

system are l o c a t e d  on t h e  r i g h t - s i d e  equipment r a c k  i n  c u b i c l e  7.  The 

Locat ion of t h e  vessel  i n  a well p r o v i d e s  enough room w i t h i n  t h e  c u b i c l e ,  

above t h e  d i s s o l v e r ,  f o r  l o a d i n g  t h e  t a r g e t s  which are  35 i n ,  l o n g  

(F ig .  2 .16) .  

The d i s s o l v e r  and a s s o c i a t e d  s o l u t i o n  t r a n s f e r  system are  made of 

Zircaloy-2.  The vessel  i s  50 i n .  h i g h ,  w i t h  a small-diameter  lower 
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s e c t i o n  (6-1/8 i n .  1.13. by 25 i n .  h igh)  t o  mini-mize t h e  amounL of  

s o l u t i o n  r e q u i r e d  t o  cover  a t a r g e t ,  and a l a r g e r - d i a m e t e r  upper  

s e c t i o n  (8-511. I . D .  by 21  i n .  h i g h )  f o r  de-entrainment .  The lower 

s e c t i o n  i.s surrounded by a j a c k e t  f o r  tempera ture  c o n t r o l  and i s  

equipped w i t h  a sampl-er ;  l eve ls  d e n s i t y ,  and p r e s s u r e - r e c o r d i n g  

i n s t r u m e n t a t i o n ;  an a i r  s p a r g e r ;  and a l i n e  for  purging w i t h  a i r  

t o  d i l u t e  t h e  hydrogen formed d u r i n g  the d i s s o l u t i o n .  

A l l  I.i.nes t h a - t  extend o u t s i d e  t h e  c e l l  bank f r o m  t h e  i n t e r i o r  

of t h e  d i s s o l v e r  a r e  p r o t e c t e d  by r a d i a t i o n  b lock  valves which are 

c l o s e d  i f  h i g h  a c t i v i t y  i s  d e t e c t e d  i n  any o f  (:he l i n e s .  

-_ Cubic le  7 Right  Rack. - This  equipment r a c k  c o n t a i n s  an  i o n  

exchange column i n  a d d i t i o n  to the d i s s o l v e r  condensa te  system. The 

column i s  t o  b e  used pIiitiarLly f o r  t h e  recovery  of  plutonium from 

s h o r t - i r r a d i a t e d  t a r g e t s  t h a t  c o n t a i n  s i g n i f i c a n t  q u a n t i t i e s  of plu- 

tonium. It is about  5 f t  h i g h ,  i s  made of 2-1/2 in.-O.D. Zfrcaloy-2 

t u b i n g ,  and t h e  bottom p o r t i o n  h a s  a j a c k e t  made of 3 - 1 / 4  in.-O.D. 

Zircaloy-? tub ing .  T o t a l  volume is 2.7 l i t e rs .  

-__I Cubic le  7 Left$&. - Equipment f o r  t h e  Trainex process  occupies  

t h i s  r a c k .  There are  t h r e e  pulsed  columns t h a t  are  1-1./2 i n . i n  d iameter  

and have 5-f t - long c o n t a c t i n g  s e c t i o n s .  T o t a l  volume of each column 

is  2 l i ters .  A u x i l i a r i e s  i n c l u d e  t h e  feed-meter ing system, p u l s e r s ,  

in te rco lumn pumps, pressure-pot  f low c o n t r o l  sys tems,  and two s o l u t i o n  

hold-up p o t s .  The hold-up p o t s  (10 l i t e r s  each)  p r o v i d e  t h e  means f o r  

i s o l a t i n g  c a t c h  t a n k s  d u r i n g  sampling and t r a n s f e r .  The material. of 

construct: i .on of most s u r f a c e s  t h a t  c o n t a c t  process s o l u t i o n s  i s  

Zircaloy-2.  Except ions are t h e  tan ta lum-tungs ten  d i a p h r a g m  i n  t h e  

pumps and t h e  tan ta lum s t r i p  column C-74. 

Cubic le  7 Back Rack. - The back r a c k  c o n t a i n s  f i l t e r  E'-70 and 

pump P-70 € o r  t r a n s f e r r i n g  s o l u t i o n  from t h e  d i s s o l v e r .  F i l t e r  F-70 

c o n s i s t s  of a fiber-glass-wound f i l t e r  element i n  a 2-1/2 in.-O.D. by 

5-5/8 in . - long  Zircaloy-2 tube .  T o t a l  volume i s  about  420 cc. The 

bottom parL of t h e  r a c k  c o n t a i n s  a 12-uni t  sarnpI.er s t a t i o n .  
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Cubic1.e 6 Right  Rack. - The berke l ium recovery  system i s  l o c a t e d  

on t h e  r i g h t - s i d e  equipment r a c k  i n  c u b i c l e  6. The major  coinponents, 

t he  b a t c h  c o n t a c t o r  C-66, t h e  f e e d  and s c r u b  hold t a n k  T-63, and t h e  

berke l ium product  h o l d  tank  T-64, are made o f  Zircaloy-2.  The con- 

tactor  C-66 is  a s p r a y  column 1-1/2 i n .  i n  d iameter  by  57-1/2 i n .  l ong  

w i t h  a s o l u t i o n  o u t l e t  a t  t h e  bottom and two s e p a r a t e  s p r a y  heads i n  

t h e  t o p  f o r  i n t r o d u c i n g  r a d i o a c t i v e  and cold f e e d  s o l u t i o n s .  Column 

volume i s  1450 cc. Tanks T-63 and T-64 h o l d  9 . 1  and 8.6 l i t e rs ,  

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

An a u x i l i a r y  equipment r a c k  c o n t a i n i n g  a d i s s o l v e r  system i s  

t e m p o r a r i l y  a t t a c h e d  t o  r i g h t  r a c k  6 .  A l l  equipment i s  of s t a i n l e s s  

s teel  f o r  d i s s o l v i n g ,  i n  HWO - HF, t a r g e t s  i n  which plutonium burnup 

i s  less t h a n  80%. The d i s s o l v e r ,  T-604, is  a 3-f t - long,  6-in.  schedule-  

40 p i p e  t h a t  h a s  a 1 7 - l i t e r  c a p a c i t y .  Off-gas s c r u b b e r  C-607 i s  a n  

l$- in . - long,  & i n .  schedule-40 p i p e  packed w i t h  g l a s s  Raschig r i n g s .  

Other  equipment i n c l u d e s  a condenser  H-606, a s i n t e r e d  s t a i n l e s s  s t e e l  

f i l t e r  F-605, and a pump P-608. 

3 

Cubic le  6 L e f t  Rack. - The second-cycle  s o l v e n t  e x t r a c t i o n  

equipment (Pharex f l o w s h e e t )  i s  s imi l a r  t o  t h e  f i r s t - c y c l e  equipment.  

E i t h e r  t h e  Tramex o r  Pharex f l o w s h e e t  can b e  r u n  i n  e i t h e r  set of 

equipment. tIOW@VeK, some minor changes i n  arrangement of jumper li.nes 

would be n e c e s s a r y .  

C u b i c l e  6 Back Rack. - The upper  p a r t  of t h e  back r a c k  c o n t a i n s  

f i l t e r  F-60 and p r o c e s s  pumps P-63 and P-64. 

a 12-uni t  sampler  s t a t i o n .  

The bottom p a r t  c o n t a i n s  

Cubic le  5. - Cubic le  5 i s  f r e e  of equipment except  f o r  t h e  sampler 

s t a t i o n  and product  d i s t r i b u t i o n  system on t h e  back rack .  

used f o r  s p e c i a l  s e p a r a t i o n s  as needed. 

It w i l l  be  

C u b i c l e  4 Right  Rack. - The equipment t h a t  is l o c a t e d  h e r e  f o r  

t h e  s e p a r a t i o n  of c a l i f o r n i u m ,  e i n s t e i n i u m ,  and fermium i s  made e n t i r e l y  

of tan ta lum.  The p r o c e s s  is a chromatagraphic  i o n  exchange s e p a r a t i o n  
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t h a t  i s  e f f e c t e d  i n  column C-41 .  Column volume i s  500 cc. O t h e r  

equipment i n c l u d e s  a 5 - l i t e r ,  j a c k e t e d  f e e d  e v a p o r a t o r  T-400, a 3 - l i t e r -  

c a p a c i t y  feed  tank  T-401, a f i l t e r  F-400, and t h r e e  2 - l i t e r  pr0duc.t 

t a n k s  T-402, T-403, and T-404.  

Cubic le  4 L e f t  Rack. - Equipment for the p r e p a r a t i o n  of a c t i n i d e  

o x i d e s  f o r  t a r g e t  f a b r i c a t i o n  w i l l  b e  l o c a t e d  h e r e .  Design i s  not com- 

p l e t e .  

2.4.2 Targe t  F a b r i c a t k i ?  Equipment 

The i n - c e l l  equipment f o r  t a r g e t  f a b r i c a t i o n  i s  l o c a t e d  i.n cubicles 

1, 2 ,  and 3 .  Components arc. ar ranged  so t h a t  t h e  t a r g e t  f a b r i c a t i o n  can 

proceed n e a r l y  a u t o m a t i c a l l y .  The equipment rack-disconnect  concept  

i s  n o t  used here because oE t h e  p r e c i s i o n  w i t h  which equipment must  h e  

l o c a t e d .  However, a l l  equipment can be r e p a i r e d  o r  rep laced  remotely.  

The s y s t : m  i s  designed t o  minimize t h e  spread  of contaminat ion .  

I n  g e n e r a l ,  o p e r a t i o n s  w i t h  loose  powders w i l l  be  performed i n  c e l l  3 ,  

t h o s e  w i t h  p e l l - e t s  open t o  t h e  c u b i c l e  atmosphere i n  c e l l  2 ,  and t h o s e  

w i t h  s e a l e d  t a r g e t  e lements  i n  c e l l  1. 

Equipment l a y o u t s  f o r  c u b i c l e s  3 ,  2 ,  and 1 are shown i n  F i g s .  2 .17,  

2.18, and 2.19,  r e s p e c t i v e l y .  

2 .4 .3  Equipment i n  Tank P i C s  

Tank p i t s  t h a t  c o n t a i n  was te  c o l l e c t i o n  equipment,  p r o c e s s  equip- 

ment, and p r o c e s s  and s t o r a g e  t a n k s  are l o c a t e d  behind and below t h e  

c u b i c l e s  and arc s h i e l d e d  from them by c o n c r e t e  w a l l s .  The t a n k  p i t  

F loors  a r e  covered w i t h  H a s t e l l o y  C pans ,  and t h e  w a l l s  a r e  covered 

w i t h  g l a s s - f i b e r - r e i n f o r c e d  r e s i n .  

The eqiiipment i n  t h e  tank  p i t s  i s  l i s t e d  i n  Table  2.2. The i n - c e l l  

t a n k s  f o r  t h e  p r o c e s s  can b e  c l a s s i f i c d  i n  t h r e e  groups as :  (1) f e e d  

and product  e v a p o r a t o r s ,  (2)  product  s t o r a g e  t a n k s ,  and ( 3 )  waste 

accumulat ion t a n k s ,  The t a n k s  are  about  4-1/2 f t  h i g h  and range  i n  

volume from 20 t o  600 l i ters .  A l l  n o z z l e s  t e r m i n a t e  i n  TRU d i s c o n n e c t s  

l o c a t e d  40 i n .  above t h e  head o f  t h e  tank .  
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Fig .  2 .19 .  Equipment Layout f o r  C u b i c l e  1. 
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Table 2 . 2 .  Tanks and E q u i p e n t  i n  C e l l  Tank P i t s  

. . -. ._ 
Equipment 

No. VOlUn;.- Mater ia l  Descr ipt ion of Process Function loca t ion  ._ .___._.__ 

Waste Tank P i t  

Ce l l  .( Tank P i t  

C e l l  6 Tank P i t  

C e l l  5 Tank P i t  

Ce l l  I+ Tank P i t  

C e l l  3 Tank P i t  

C e l l  2 Tank P i t  

C e l l  1 Tank P i t  

F-111 

F-115 

F-1.26 

L-1.33 
T-71 
T-72 

T-73 
T-77 
T-78 
H-72 

T-63 

r-61 
I'-65 
T-44 

T-67 
T - b l  
T-iS? 

F-61 

H-60  
H-65 

T-50 

T-51 

T-52 

T-53 

T-54 

H-5lh 

T-40 

T-41 
"-42 

T-43 

T-45 

T-47 

T-48 

H-40  
H-43 

T-30 

T-31 
T-32 

T-33 
T-34 

T-20 

T-21 

T-22 

T-23 
T-24 

T-10 

125 gal 

550 g a l  

1200 ga l  

130 l i t e r s  
70 l i t e r s  
83 l i t e r s  

70 l i t e r s  

298 l i t e r s  

157 l i t e r s  

67 l i t e r s  

70 l i t e r s  

21, l i t e r s  

70 l i t e r s  

25 l i t e r s  

70 l i t e r s  

20 l i t e r s  

19 l i t e r s  

25 l i t e r s  

25 l i t e r s  

25 l i t e r s  

25 l i ters  

24 l i t e r s  

67 l i t e r s  

25 l i t e r s  

25 l i t e r s  

24 l i t e r s  

25 l i t e r s  

70 l i t e r s  

25 l i t e r s  

25 l i t e r s  

25 l i t e r s  

70 l i t e r s  

25 l i t e - c s  

158 l i t e r s  

78 l i t e r s  

158 l i t e n  

70 l i ters  
158 l i t e r s  

70 l i t e r s  

634 l i t e r s  

S t a in l e s s  S t e e l  

Hastelloy C 

S t a in l e s s  S t e e l  

Hastel loy and s t a i n l e s s  
I E s S t E l l O y  C 

KC -Ta-Taa 

Zircaloy-2 

Hastelloy C 

Hastelloy C 

Ta - s t a i n l e s s  s t e e l  

HC -Ta-Taa 

Zircaloy-2 

H C - T ~ - T ; ~ ~  

Zircaloy-2 

Zircaloy-2 

Hastelloy C 

Zircaloy-2 

Zircaloy-2 

Ta - s t a i n l e s s  s t e e l  

Ta - s t a i n l e s s  s t e e l  

Zircaloy-2 

Zircaloy-2 

Zircaloy-2 

Zircaloy-2 

b 

b 

H C - T ~ - T ~ ~  

H C - T ~ - T ~ ~  

b 
Ta  - s t a i n l e s s  s t e e l  

HC-Ta-21-2' 

HC-Ta-Zr?' 

XC-Ta-Taa 

Z i  rcaloy -2 

Zircaloy-2 

KC -Ta-Zr2 

Ta - s t a i n l e s s  s t e e l b  

Ta - s t a i n l e s s  bt-clb 

Zircaloy-2 

Zircaloy-2 

Zircaloy-2 

Zircaloy-2 

Hastelloy C 

Hastelloy C 

Hastelloy C 

Hastelloy C 

Xastelloy C 

Hastelloy C 

Hastelloy C 

Waste co l l ec t ion  f r o m  t ransfer-area d r a i n  and conveyor 
housing d r a i n  

Intermediate-level waste co l l ec t ion  fimm bui lding 
ILW d ra ins  o r  from process 

Waste dil .ution and neu t r a l i za t ion  tank 

Vessel off-ges c a u s t i c  scrubber 
Plutonl7lm feed ad3ustin-nt t ank  
Feed adjustmcnt for f i r s t - so lven t  ex t r ac t ion  cycle  

Firs t -cycle  feed tank 

Aqueous re:iork 

Collect ion of waste ion exchange r e s i n  

Off-gas condenser for T-72 

Intercycle  evaporator 

Second-cycle feed tank 

Perkel iuu system feed adjuotirent tank 

Centrifuge overflow co l l ec t ion  tank 

Intercycle  catch tank ( a f t e r  f i r s t  cycle)  

Secom-cycle aqueous waste catch tank 

Centrifuge s o l i d s  feed tank 

Cen t r i fwe  for  removing aluminum precipi . ta te  from 
d i s so lve r  so lu t ions  

Off-BIs condenser f o r  T - b  

Off-gas condenser f o r  ~ - 6 5  

Transuranium product s torage tank 

Transuraniim product s torage tank 

Transuranium product s torage tank 

Trausuranium product s torage t??k 

Product evapurator 

Off-gas condenser for r-5L 

Am-Cm cvnp?rator 

Transuranium product hold tank 

Trmxuranium product hold tank 

P rec ip i t a to r  feed adjustment 

P r e c i p i t a t o r  waste tank 

Californium storage 

Transuranium product hold tank 

off-gas  condenser for T-40 

Off-gas condenser for T-43 

Transuraniwfl product s torage 

Transuranium product s torage  

Transuranium product s torage 

Transuranium product s torage 

Process condensate co l l ec t ion  

F i r s t - cyc le  aqxeous waste 

Firs t -cycle  organic  waste 
Second-eycle organic  waste 

Organl c rework 

Target f ab r i ca t ion  weste co l l ec t ion  

Paericiwn-curium feed storage 
._._. . . . . .. . . . . . ......... .. . . . . . . . . . . 

a!Iastelloy C shell., tanta.lum l i n e r ,  t a n t a l m  head. Mercury between she l l  and l i n e r  for hea t  t r a n s f e r .  

Condensers a r e  tantalum tubes with s t a i n l e s s  s t e e l  jackets .  

Hastelloy C s h e l l ,  tantalum l i n e r ,  Zircaloy-2 head. M.;.rcu;y between s h e l l  and l i n e r  for  heat  t r a n s f e r .  
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The e v a p o r a t o r s  c o n s i s t  o f  t an ta lum-l ined ,  H a s t e l l o y  C vessels 

w i t h  f l a n g e d  heads of 3 /8- in . - th ick  tan ta lum p l a t e .  The e v a p o r a t o r s  

and a s s o c i a t e d  condensers  are des igned  € o r  b o i l u p  rates o f  15 l i ters /  

h r  . 
The product  s t o r a g e  and w a s t e  accumulat ion t a n k s  (F ig .  2.20) are 

of  a l l -welded  c o n s t r u c t i o n  except  f o r  t h e  t u b i n g  p e n e t r a t i o n s  through 

t h e  t a n k  h e a d s ,  where r o l l e d  j o i n t s  are used.  The product  s t o r a g e  

t a n k s  are f a b r i c a t e d  from Zircaloy-2,  which i s  s u f f i c i e n t l y  r e s i s t a n t  

t o  c o r r o s i o n  t o  p r e v e n t  t h e  b u i l d u p  of  u n d e s i r a b l e  amounts of  c o r r o s i o n  

p r o d u c t s  o r  contaminants  i n  t h e  s t o r e d  a c t i n i d e  p r o d u c t s ,  The waste 

accumula t ion  t a n k s  are made of H a s t e l l o y  C ,  which h a s  a c c e p t a b l e  cor- 

r o s i o n  r a t e s  f o r  t h i s  a p p l i c a t i o n .  Nozz le s  f o r  b o t h  t y p e s  of t a n k s  

are of Zircaloy-2.  

I n - C e l l  P i p i n g .  - S e r v i c e  l i n e s  t o  t h e  t a n k s  c r o ! ~ s  t h e  t o p  o f  

t h e  c e l l  bank, drop down t h e  back face of t h e  ce l l s ,  and e n t e r  t h e  

cel ls  through removable service p l u g s  i n  t h e  back w a l l .  P i p i n g  con- 

n e c t i o n s  betweczu equipment components i n  b o t h  c u b i c l e  and p i t  are 

made by ind iv idu , i l  jumper l i n e s  having TRU d i s c o n n e c t s  a t  e i t h e r  end. 

I n t e r c o n n e c t i n g  jumper l i n e s  between c u b i c l e s  and p i t s  are  grouped i n  

bundles .  

P i p i n g  between ce l l s  i s  r o u t e d  through i n t e r c e l l  p i p i n g  p l u g s  

(F ig .  2 .21)  se t  i n t o  1- by 5- f t  openings i n  t h e  ce l l  p a r t i t i o n  w a l l s .  

The p l u g s  are s e a l e d  to  a metal frame permanent ly  mounted i n  t h e  

opening. Jumper l i n e s  r u n  from d i s c o n n e c t s  mounted on t h e s e  p l u g s  

t o  o t h e r  l o c a t i o n s  i n  t h e  p i t s .  T h e  waste header  is i n s t a l l e d  i n  a n  

opening i n  t h e  removable p l u g ,  and t h e  off-gas  header  is i n s t a l l e d  i n  

a similar opening i n  t h e  permanent E r a m e  above t h e  p i p i n g  p lug .  The 

waste h e a d e r  i n  any p i t  c a n  b e  remote ly  r e p l a c e d  w i t h o u t  d i s t u r b i n g  

t h e  p i p i n g  p lugs .  I n d i v i d u a l  s e c t i o n s  o f  t h e  of f -gas  header  can be 

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

Maintenance. - P e r s o n n e l  e n t r y  i n t o  t h e  c e l l  bank w i l l  n o t  b e  

r e q u i r e d  f o r  majntenance.  The p i t s  w i l l  be f looded  approximate ly  

3 f t  above t h e  t o p  o f  t h e  t a n k s , a n d  work will b e  done by long-handled 
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Fig. 2 . 2 0 .  Typical TRU Process Tank. 
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JUMPER LINES-, I J  

DISCONNECT-. 

OFF-GAS 
HEADER 

,_- INTERCELL PIPING PLUG 
FRAME (ANCHORED TO 
CONCRETE 1 

,,DISCONNECT CLAMP 
TYPICAL OF -30 
MOUNTED ON EACH FACE 

CONNECTOR FROM CELL 
- 
cs=. 
P (EQUIPMENT TO HEADER 

JUMPER 
ACROSS CELL 

\ 

‘DISCONNECT 

F i g .  2 .21 .  Intercel l  P i p i n g  P lug .  
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(about  20 f t )  t o o l s  from t h e  top  of t h e  cel l .  bank. A l l  d i s c o n n e c t s  

w i l l  b e  l o c a t e d  above t h e  f l o o d i n g  level  t o  prevent  w a t e r  leakage  i n t o  

t h e  system d u r i n g  maintenance o p e r a t i o n s .  Equipment t o  b e  removed 

from t h e  t a n k  p i t s  w i l l  be  p u l l e d  i n t o  s h i e l d e d  casks  by t h e  b u i l d i n g  

c r a n e ,  and t h e  c a s k s  w i l l  b e  s e a l e d  f o r  d i s p o s a l .  

2.4 .4  Out-of-Cell Equipment 

S o l u t i o n  makeup and p r o c e s s  head t a n k s  are  l o c a t e d  i n  t h e  chemical. 

makeup area,  room 213. These t a n k s  are made of mi ld  s t ee l  coa ted  w i t h  

Penton or a r e  of s t a i n l e s s  s teel .  Process  f u n c t i o n s ,  volumes, and 

materials of c o n s t r u c t i o n  are l i s t e d  i n  Table  2 . 3 .  

The t a n k s  are l o c a t e d  over  sha l low pans t h a t  are c o n t i n u o u s l y  

f l u s h e d  w i t h  water .  Thus, any s o l u t i o n s  t h a t  a re  s p i l l e d  d u r i n g  f i l l i n g  

o r  sampl ing ,or  t h a t  d r i p  froin the t a n k s  w i l l  n o t  accumulate  o r  g e t  on 

t h e  f l o o r  of t h e  room. 

S o l u t i o n s  are t r a n s f e r r e d  from p r o c e s s  head t a n k s  t o  process  

equipment i n  t h e  c u b i c l e s  o r  t o  t a n k s  i n  t h e  t a n k  p i t s  by p r e s s u r i z i n g  

t h e  head t a n k s  t o  5 ,  10 ,  o r  25  p s i g .  Flow t o  t h e  p r o c e s s  t a n k s  i s  

through flow c o n t r o l l e r s  o r  v a l v e s ,  p l u s  check v a l v e s .  Head t a n k  pres-  

s u r e s  a re  l i m i t e d  by r e g u l a t o r s  and p r e s s u r e  r e l i e f  v a l v e s  (pop-off 

type)  t o  prevent  e x c e s s i v e  pressi-ires i n  t h e  t a n k s .  

2 . 4 . 5  T r a n s f e r s  i n t o  o r  o u t  of Cubic les  

Every th ing  t h a t  e n t e r s  a c u b i c l e  from o u t s i d e  t h e  c e l l  bank o r  

t h a t  l e a v e s  a c u b i c l e  t o  b e  removed from t h e  c e l l  bank must b e  handled 

e i t h e r  w i t h  t h e  equipment t r a n s f e r  case o r  w i t h  t h e  i n t e rce l l  conveyor.  

S i z e  i s  t h e  f a c t o r  t h a t  de te rmines  which p a t h  i s  used ,  

Articles t h a t  w i l l  f i t  i n  t h e  8--in.--dianieter by 8-in.-high c a n i s t e r  

are t r a n s f e r r e d  u s i n g  t h e  conveyor.  Both p a t h s  p r o v i d e  f o r  m a i n t a i n i n g  

t h e  c u b i c l e  a l p h a  seal .  

The double-door technique  i s  used ;  t h e  door on t h e  c u b i c l e  i s  

locked t o  t h e  door  on t h e  t r a n s f e r  d e v i c e  when t h e  d e v i c e  i s  s e a l e d  



I n .  

Table 2.3 &nks 2nd Equipment a t  Tnllk Pans i n  Makeup A r e a  
-- 
Mater i a i  Proce s s Z'unct ion E qu ipm nt Volume 

(liters) ,oca% ion 

Cell h pan M 4: 6 S+,ainless steel Resin additLon 

NO, 

1: M 43 6 Pent ona EN03 addition 

4 1.I €10 17  Stainless  sxeel 

Ir H 4& Heater f o r  C&L 
4 H 77 Heater for  C ~ L  

5 M 5 156 Stainless  s tee l  Caustic makeup 
5 
5 
5 
5 
5 

6 14 2 53 Penton :A21 nakeup 
6 i>I 63 75 Pent on Second-cycle organic scrub head tank 
6 M 71 53 Penton LiCl addition 

Fenton Eiutr iant  head tank 6 iui 72 20 
5 ij! 75 53 Penton First-cycle scrub head tank 

Pent& First-cycle s t r i p  head tank 6 Id 77 53 
6 B 66 

Penton Cell 7 pan f c l  3 75 
18 61 53 Penton 7 

7 b l  62 53 Penton 
7 M 73 20 Penton H C l  addition 
7 14 '73 6 Stainless  s t e e l  
7 8: 7': Stainless  s t e e l  Pressurization-surge tank for  T 70 heating-coolLing 
7 M 12 75 
7 
I Heater for first- cycle columns 7 

EI 76 
7 Ii 78 Cooler i n  T-70 jacket heating-cooling loop 
7 H 79 Heater i n  T-70 Jacket heating-coolmg loop 

1 2# Penton Feed ad jus'nent solut  i on add it ion 
f M 5 0  

Addition and head tank f o r  s ta inless  s t e e l  
dissolver 

Cell 5 pan E: 1 75 Penton Second-cycle organic makeup 

Penton Caust i c  ad 5 it ion M 40 50 
M 51 6 Stainless  s t e e l  
:4 so 75 Pen5on 
16 66 5 Penzon 
rt 67 5 Penton 

Cell 6 pan 14 L 53 Penton 

Prociuct dist.ribution f l u s h  tank 
Se con6 -cycle eXbractan'c head tank 
Organic extractant hew? tank 
Scrub and s t r i p  solut ion head tank 
HCl  nikeu:, 

Beater for SeCond-cyCle columns 
First-cycle organic makeup 
Second-cycle scrub head tank 
Secons-cycle strip head tank 

Re s i n  add it ion 

F i r s t  -cycle e A r a c t m t  heaa tar& 

First-cycle organic scrub head tank 

Penton 
ix 76 Sta in less  steeei CTL pressurizat ica  tank 
M 750 75 Penton 

_- ----- - _--__- ---- I--- --____.----..- - 
aCarbon steel. coated xi:h Penton. 
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t o  t h e  c u b i c l e .  Thus, t h e  i n t e r i o r s  of tihe d e v i c e  and c u b i c l e  are 

j o i n e d , w h i l e  each of t h e  doors  p r e v e n t s  t h e  e x t e r i o r  s u r f a c e  of t h e  

o t h e r  door from becoming contaminated.  

Conveyor System f o r  I n t e r c e l l  T r a n s f e r s .  - The f u n c t i o n  of t h e  

i n t e r c e l l  conveyor system f o x  TKU i s  t o  f u r n i s h  communication between 

n i n e  c e l l  c u b i c l e s  i n  t h e  c e l l  bank and a t r a n s f e r  c u b i c l e .  The con- 

veyor  and a c c e s s o r i e s  c o n s i s t  o f  t r a c k s  and cha in  s u p p o r t s ,  d r i v e  

mechanism, c h a i n  a d j u s t e r s ,  c h a i n  i d l e r s ,  do1l.y , c a n i s t e r ,  p o s i t i o n  

i n d i c a t o r  t r a n s m i t t e r  and r e c e i v e r ,  and c o n t r o l  box. 

The conveyor d r i v e  mechanism t r a c k s  and c h a i n  s u p p o r t s  , c h a i n  

a d j u s t e r s ,  c h a i n  i d l e r s ,  d o l l y ,  and c a n i s t e r  a r e  enc losed  i n  an  alpha-  

t i g h t  hous ing  approximately 95-1/2 f t  long.  Openings i n  t h e  t o p  of 

t h e  housing coinc- ide w i t h  t r a n s f e r  p o r t s  i n  the n i n e  c e l l  c u b i c l e s  and 

t h e  t r a n s f e r  c u b i c l e .  The d o l l y  i s  d r i v e n  by two e n d l e s s  c h a i n s  which 

extcend t h e  l e n g t h  of t h e  housing.  The c h a i n s  are  a t t a c h e d  t o  t h e  d o l l y  

mechanism and are  separate1.y powered by two r e v e r s i b l e  a i r  motors  w i t h  

s e a l e d  d r i v e  s h a f t s  p e n e t r a t i n g  t h e  hous ing  wal .1 .  The d i r e c t i o n  of 

r o t a t i o n  of t h e  motor t h a t  i s  energ ized  de termines  t h e  r e s u l t a n t  

d i r e c t i o n  of t h e  dol-ly o r  d o l l y  e l e v a t o r :  r i g h t ,  up o r  down, and l e f t ,  

up o r  down. Sensor  r o l l e r s  l o c a t e d  on t h e  d o l l y  e l e v a t o r  and under- 

n e a t h  t h e  t r a c k s  e n t e r  a c c u r a t e l y  l o c a t e d  v e r t i c a l  s l o t s  i n  t h e  t r a c k s ,  

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

p o r t  o r  p o r t s  can. b e  bypassed by s e l e c t i n g  ei.ther of  t h e  ttdownll modes. 

The c a n i s t e r  i s  e l e v a t e d  by t h e  d o l l y  mechanism and is s e a l e d  t o  t h e  

bottom of t h e  cubic1.e a t  t h e  t r a n s f e r  p o r t .  An a i r - a c t u a t e d  p o r t  

c l o s u r e  mechanism ( l o c a t e d  i n s i d e  t h e  c e l l )  unlocks t h e  c a n i s t e r  cover  

from the  c a n i s t e r  and l o c k s  and seals i t  t o  the  p o r t  c l o s u r e .  Materials 

t o  b e  t r a n s f e r r e d  are  i n s e r t e d  o r  removed from t h e  c a n i s t e r  w i t h  t h e  

c e l l  master-slave m a n i p u l a t o r .  

The p o s i t i o n  i n d i c a t o r  t r a n s m i t t e r  and r e c e i v e r  and c o n t r o l  box 

are  l o c a t e d  i n  t h e  o p e r a t i n g  area. I n t e r l o c k s  p r e v e n t  i n c o r r e c t  

sequencing of t h e  normal o p e r a t i o n s  and r e s u l t a n t  break  of containment .  
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Equipment Transfer  Case f o r  Equipment Removal System. -The  

equipment t r a n s f e r  case func t ions  wi th  a l l  c e l l  cub ic l e s  and o t h e r  

components t h a t  are loca ted  i n  the  l imited-access  area and are 

concerned wi th  t h e  decontamination, maintenance, bagging, o r  b u r i a l  

of t h e  l a r g e  process  equipment which i s  removed from t h e  c e l l  

cub ic l e s .  The doors  of t h e  n ine  cub ic l e s ,  decontamination glove box, 

and b u r i a l  cask are a l l  in te rchangeable .  

Guides are loca ted  on top of the  c e l l  cub ic l e  t o  g ive  i n i t i a l  

al ignment between t h e  t r a n s f e r  case and t h e  cub ic l e  door ( see  F i g e  2 . 9 ) .  

The guide p i n s  loca t ed  i n  t h e  top of t h e  c u b i c l e  door provide f i n a l  

alignment of t h e  t r a n s f e r  case.  When t h e  case is r e s t e d  on top of 

t h i s  door,  i t  compresses t h e  gasket  ‘Located on t h e  bottom of the  

t r a n s f e r  case  and e f f e c t s  a seal  t o  t h e  top of t he  cub ic l e .  A manual 

d r i v e  s imultaneously unlocks the  c u b i c l e  and t r a n s f e r  ca se  doors and 

locks  and seals the  two doors to each o the r .  A mechanical i n d i c a t o r  

ensures  proper  p o s i t i o n  of t h e  door lock  a c t u a t o r  when t h e  door i s  

being rep laced  o r  removed from t h e  p o r t s .  A second manual d r i v e  i s  

used t o  e l e v a t e  t h e  two in t e r locked  doors i n t o  t h e  t r a n s f e r  case  while  

equipment i s  being removed from t h e  cub ic l e .  A 1000-lb-capacity e l e c t r i c  

h o i s t  equipped with l i m i t  s w i t c h e s  and loca ted  i n s i d e  the  case is  used 

t o  ra ise  t h e  equipment from i t s  p o s i t i o n  i n  the  c e l l  cub ic l e .  

I n  case of mechanical f a i l u r e  t h e  doors may be rep laced  by  means 

of a d u p l i c a t e  door combination ( spare)  which is  s to red  i n  t h e  t r a n s f e r  

case  on t h e  oppos i t e  s i d e .  

The i n t e r i o r  of t h e  t r a n s f e r  ca se ,  which i s  of s t a in l e s s  s tee l ,  

may be decontaminated wi th  a c i d  spray nozz les  i n s e r t e d  through the  top 

of t h e  case.  Provis ions  have been made t o  d r a i n  t h e  case  a t  t h e  decon- 

taminat ion glove box which i s  loca ted  i n  room 216 o f f  t h e  l imited-access  

area of t h e  c e l l  bank complex. Clove p o r t s  and viewing windows are 

a l s o  provided i n  t h e  f r o n t  and back of t h e  t r a n s f e r  case  t o  g ive  access  

t o  the  f r o n t  and back of a l l  equipment which w i l l  be l i f t e d  wi th in  t h e  

case.  

In spec t ion  p o r t s  are provided i n  t h e  ends of t h e  t r a n s f e r  case t o  

Under normal ope ra t ing  al low adjustment of t h e  door d r i v e  mechanisms. 
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c o n d i t i o n s ,  no ad jus tment  w i l l  be  n e c e s s a r y ;  however, s i n c e  no 

l u b r i c a t i o n  w i l l  be  used ,  some adjus tment  may b e  r e q u i r e d  t o  compen- 

sa te  f o r  w e a r .  

A one-foot- thick c o n c r e t e  s h i e l d ,  w i t h  a l e a d  g l a s s  window i n  t h e  

t o p ,  can be p u t  around t h e  t r a n s f e r  c a s e  i f  r e q u i r e d .  There are  no 

p e n e t r a t i o n s  i n  t h e  s h i e l d  through which o p e r a t i o n s  can  be performed. 

Decontamination Glgve Box. - A decontaminat ion  g love  box ( F i g .  

2 . 2 2 )  i s  l o c a t e d  i n  room 216.  T h i s  devi.ce can be wheeled onto  t h e  

t o p  of  t h e  ce l l  bank,where l a r g e  equipment i s  i n t r o d u c e d  i n t o  i t  from 

t h e  equipment t r a n s f e r  c a s e .  The t r a n s f e r  i s  made through a door i n  

t h e  t o p  o f  t h e  g l o v e  box t h a t  i s  l i k e  a door i n  t h e  t o p  of a i u b i - c l e .  

There i s  a l s o  a s ide- loading  por t ,  where s m a l l e r  i t e m s  are i n t r o d u c e d  

i n t o  t h e  g love  box f r o m  t h e  carrier from t h e  t r a n s f e r  a r e a .  The 

p r o v i s i o n s  f o r  m a i n t a i n i n g  containment dur ing  t r a n s f e r  are  s imi l a r  

t o  t h e  p r o v i s i o n s  a t  t h e  t r a n s f e r  c u b i c l e  i n  room 118. 

The g love  box w i l l  b e  connected t o  t h e  vessel off-gas  system and 

in te rmediare- leve l -was te  system by f l e x i b l e  h o s e s .  

2 . 5  Bui ld ing  Services 

* 
2 . 5 . 1  Normal and Emergency Power Supply 

Power i s  norriially s u p p l i e d  t o  t h e  TRU f a c i l i t y  from TVA f e e d e r  

No. 2 9 4 .  A l l  emergency power w a s  t o  be provided from t h e  H F I R  normal- 

emergency f e e d e r s  - However, t h e  demands f o r  HFIR eiuergency power 

exceeded che s u p p l y ,  and i t  i s  n e c e s s a r y  f o r  TXU t o  supplement t h a t  

* 
The permanent supply system f o r  normal and emergency power i s  

i n  s e r v i c e ;  i t  was i n s t a l l e d  a f t e r  t h i s  r e p o r t  was w r i t t e n ,  b u t  p r i o r  
t o  pub1 i c a t i o n .  
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supply by instal l - i .ng a new d i e s e l  motor--generator .  U n t i l  t h e  new 

g e n e r a t o r  i s  i n s t a l l e d ,  emergency power w i l l  b e  suppl-ied from HFIR 

power t h a t  i s  r e s e r v e d  f o r  t h e  f u t u r e  needs of experiments  b u t  i s  n o t  

y e t  b e i n g  used.  

When t h e  new g e n e r a t o r  i s  i n  service,  pr imary equipment f o r  the 

ins t rument  a i r  compressor,  r e c i r c u l a t i n g  c o o l i n g  water pimp, vessel 

of f -gas  exhaust  fan ,  c e l l  exhaus t  f a n ,  arid t h e  pump f o r  r e c i r c u l a t i n g  

c a u s t i c  i n  t h e  of f -gas  s c r u b b e r  w i l l  be  connected t o  one of t h e  IIFIR 

normal-emergency f e e d e r s ;  a l l  s p a r e s  wi1.l. b e  connected t o  t h e  o t h e r  

normal-emergency f e e d e r .  Bol:h H F I R  normal-emergency systems p r o v i d e  

power from e i t h e r  of two s e p a r a t e  f e e d e r s  (TVA 294 and TVA 2 3 4 ) ,  and 

each HFIR system i s  backed up by a d i e s e l  g e n e r a t o r .  

Bui ld ing  a i r  supply  f a n s ,  c e l l  c u b i c l e  l i g h t i n g ,  r a d i a t i o n  

d e t e c t i o n  and moni tor ing  i n s  tiruments, p r o c e s s  instrument:s , and t h e  

two pr imary and two spare  b u i l d i n g  exhaus t  f a n s  w i l l  b e  s u p p l i e d  

emergency power from t h e  new d i e s e l  g e n e r a t o r .  

The p r e s e n t  and f u t u r e  normal and emergency power arrangements  

are summarized i n  Table  2 . 4 .  

The p r e s e n t  system i s  a s a f e  system, b u t  under some c i rcumstances  

i t  might b e  n e c e s s a r y  t o  e v a c u a t e  t h e  b u i l d i n g  i f  b o t h  HFTR d i e s e l  

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

E f f e c t s  of Power F a i l u r e  Before Novexber 1966.  - I n  t h e  p a s t  

t h r e e  y e a r s ,  s i inul taneous f a i l u r e  of f e e d e r s  294 and 234 h a s  o c c u r r e d  

f o u r  t i t n e s .  I n  a d d i t i o n ,  i n  t h e  p a s t  f i v e  y e a r s ,  f e e d e r  294 has  f a i l e d  

f i v e  t i m e s  and f e e d e r  234 h a s  f a i l e d  seven  t i m e s .  

F a i l u r e  of 234 o n l y  h a s  no e f f e c t  on o p e r a t i o n s  s i n c e  a l l  power 

i s  normally suppl-ied by f e e d e r  294.  F a i l u r e  of only f e e d e r  294 would 

resu1.t i n  l o s s  of a l l  power t o  TRU except  t h a t  coming from t h e  HFIR 

normal-emergency systems.  I f  e i t h e r  f e e d e r  234 was i n  service o r  b o t h  

HFIR d i e s e l .  g e n e r a t o r s  o p e r a t e d  p r o p e r l y ,  t h e  e f f e c t  would b e  t h e  same. 

C e l l .  containment would b e  m a i n t a i n e d ,  b u i l d i n g  exhaust  f a n s  would 

o p e r a t e ,  r a d i a t i o n  d e t e c t i o n  and moni tor ing  i n s t r u m e n t s  would o p e r a t e ,  

and c u b i c l e  1ight.i.ng would s t a y  on. S i n c e  the b u i l d i n g  supply  f a n s  
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Table 2 . 4  Present and Planned Emergency Power for the TRU Facility 

(Normally all power is supplied from TVA Feeder 294) 

Service Required €or Emergency Power 

Cell Controlled a Description of  Service Equipment Nos. Containment Shutdown Now Future 

Instrument Air Compressor 

Recirculating Cooling Water Pump 

VOG Exhaust Fan 

Cell Exhaust Fan 

Caustic Recirculating Pump 

Cell Cubicle Lighting 

Building Supply Air No. 1 

Building Supply Air No. 2 

Building Supply Air No. 3 

Lab Area Exhaust Fan 

Processing Area Exhaust Fan 

Radiation Detection Instruments 

Process Instruments 

L-133 and L-137 

J-113A and J-113B 

AJ-112 and AJ-113 

AJ-103 and AJ-104 

J-131A and J-131B 

LP-7 

AJ-102 

AJ-111 

AT-124 

AJ-120 and AJ-121 

AJ-122 and AS-123 

X X 

X X 

x X 

X X 

X X 

X 

X 

X 

X 

X 

X 

x 

X 

HFIR No. 1 and No. 2b 

HFIR No. 1 and No. pb 

HFIR No. 1 and No. 2b 

b HFIR No. 1 and No. 2 
b HFIR No. 1 and No. 2 

HFIR No. 2 

Both on HFIR No. 2 

Both on HFIR No. 1 

HFIR No. 1 

b 

b 

b 

b 

b 

HFIR No. 1 and No. 2 

HFIR No. 1 and No. 2 

HFIR No. E and No. 2 

HFIR No, P and No. 2 

HFIR No. 1 and No. 2 

New generator 

New generator 

New generator 

New generator 

New generator 

New generator 

New generator 

New generator 

a Two numbers indicate duplicate equipment items. 
unit is on HFIR No. 1; the other unit is on HFIR No. 2. 
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would b e  wi thout  power, t h e  b u i l d i n g  vacuum would become g r e a t e r  t h a n  

norroal. When t h i s  w a s  t e s t e d  i n  January  1966 by t u r n i n g  o f f  t h e  supp1.y 

f a n s ,  t h e  p r e s s u r e  of t h e  e n t i r e  b u i l d i n g  decreased  t o  - 4 . 7 5  i n .  w a t e r  

(gage) .  The glove-box v e n t  system r e a c t e d  smoothly t o  m a i n t a i n  -33.3 i n .  

w a t e r  (gage) w i t h  r e s p e c t  t o  t h e  b u i l d i n g .  When t h e  supply  f a n s  w e r e  

turned on,  t h e  p r e s s u r e  of t h e  b u i l d i n g  r e t u r n e d  t o  normal,  and t h e  

glove-box v e n t  system fol lowed smoothly.  

I f  f e e d e r  234 should f a i l  and i f  on ly  HFIR d i e s e l  N o .  1 should 

o p e r a t e ,  t h e r e  would b e  no cubi-cle  l i g h t i n g  and no exhaus t  from t h e  

TRU p r o c e s s i n g  area except  i n  t h e  limited-access area. The b u i l d i n g  

would n o t  have t o  be evacuated u n l e s s  one of t h e  autiomatic e v a c u a t i o n  

systems alarmed. 'If on ly  H F I R  d i e s e l  No. 2 came on ,  t h e  b u i l d i n g  

wou1.d have t o  b e  evacuated because t h e r e  would b e  no exhaus t  from t h e  

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

ments would b e  wi thout  power. 

2.5.7. Water 

Water systems f o r  TRU i n c l u d e  p o t a b l e  water ,  p r o c e s s  w a t e r ,  -.-. 
deminera l ized  w a t e r ,  r e c i r c u l a t i n g c o o l i n g  water, c o o l i n g  tower 

water ,  and f i r e  pxateciion w a t g r .  
- --- -~ \ 

- - - -  - - e- ___I_ 

--- .- 

P o t a b l e  Water. - P o t a b l e  w a t e r  from t h e  ORNL system i s  d i s t r i b u t e d  

a t  ambient tempera ture  t o  d r i n k i n g  f o u n t a i n s ,  s a f e t y  showers ,  l a v a t o r i e s ,  

t o i l e t s ,  j a n i t o r s '  c l o s e t s ,  and t h e  change-~-oom s i n k s .  A steam-heated 

water h e a t e r ,  l o c a t e d  i n  No. 2 Mechanical Equipment Room (room 2071,  

h e a t s  t h e  p o t a b l e  w a t e r  f o r  use i n  s i n k s  and l a v a t o r i c s .  

---- P r o c e s s  Water. - P r o c e s s  w a t e r  i s  obta ined  from t h e  p o t a b l e  water 

system v i a  a s u r g e  tank  and p r o c e s s  w a t e r  pump, both  of which are l o c a t e d  

i n  No. 2 Mechanical Equipment Room (room 2 0 7 ) .  The s u r g e  t a n k  provides  

an  a i r  break  t o  prevent  backflow of p r o c e s s  w a t e r  t o  t h e  p o t a b l e  system. 

Hot process  water f o r  t h e  l a b o r a t o r i e s ,  l i m i t e d - a c c e s s  a r e a ,  and t h e  

co1.d checking and r e c e i v i n g  area i s  provided by t h e  p r o c e s s  water 

h e a t e r  (130-gal c a p a c i t y ,  steam h e a t e d  - 1.5 p s i g  - normal tempera ture ,  

140'F). 
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Cold p r o c e s s  water is  s u p p l i e d  t o  t h e  l a b o r a t o r i e s ,  chemical  

makeup area, glove-box s t o r a g e  area, c o l d  checking and r e c e i v i n g  

area, and t r a n s f e r  c u b i c l e  area. Hose b i b s  are  provided i n  t h e  

checking and holdup area,  l a b o r a t o r y  r e a g e n t  and equipment s t o r a g e  

area, l i m i t e d - a c c e s s  area, decontaminat ion  area, conveyor maintenance 

area, o p e r a t i n g  area,  c o l d  checking and r e c e i v i n g  dock, and check-ing 

and holdup l o a d i n g  dock. 

Demineral ized Water. - Demineral ized water i s  o b t a i n e d  from t h e  

HFIR d e m i n e r a l i z e r s  f o r  d i s t r i b u t i o n  t o  t h e  l a b o r a t o r i e s ,  c e l l s  ( v i a  

chemical  makeup a r e a ) ,  decontaminat ion  area, t r a n s f e r  c u b i c l e  area, 

o p e r a t i n g  area, and t h e  l i m i t e d - a c c e s s  area. 

R e c i r c u l a t i n g  Cooling Water. - P r o c e s s  w a t e r  is  r e c i r c u l a t e d  i n  

a c l o s e d  loop  f o r  u s e  i n  c o o l i n g  p r o c e s s  equipment i n  the cel ls ,  f o r  

t he  vacuum system c i r c u l a t i o n  c o o l e r ,  and as makeup t o  t h e  vacuum 

s e p a r a t o r  F-118. The equipment f o r  this system, s u r g e  t a n k  F-113 

(575 g a l l o n s  c a p a c i t y ) ,  r e c y c l e  pumps, and h e a t  exchanger ,  i s  l o c a t e d  

i n  room 215. 

Cool ing Tower Water. - Water from t h e  H P I R  c o o l i n g  tower b a s i n  

is  r e c e i v e d  a t  t h e  TRU f a c i l i t y  a t  85°F and r e t u r n e d  a t  about  95°F.  

A b o o s t e r  pump i s  used t o  i n c r e a s e  t h e  water pressure t o  4 3  p s i  and 

t o  s u p p l y  960 gpm f o r  t h e  TRU f a c i l i t y  and 890 gpm f o r  t h e  TIJKF 

f a c i l i t y .  The water is used i n  TRU t o  c o o l  t h e  r e c i r c u l a t i n g  c o o l i n g  

water h e a t  exchanger ,  t h e  a i r  compressors ,  and the  c h i l l e r  f o r  b u i l d i n g  

a i r  c o n d i t i o n i n g .  

Fire P r o t e c t i o n  Water. - The f i r e  p r o t e c t i o n  system is s u p p l i e d  

from t h e  f i r e  p r o t e c t i o n  l o o p  e n c i r c l - i n g  t h e  b u i l d i n g ,  w i t h  shut-off  

valves l o c a t e d  east of t h e  b u i l d i n g .  
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.k 
2.5.3 Vacuum System 

'The p r e s e n t  vacuum system i s  a d e q u a t e  f o r  o u r  needs.  However, 

t h e r e  i s  no s p a r e  equipment ,  and t h e  p r e s e n t  vacuum pump i.s a mechani- 

c a l l y  s e a l e d  u n i t  t h a t  i s  s u s c e p t i b l e  t o  leakage o f  r a d i o a c t i v e  l i q u i d s ,  

w i t h  r e s u l t a n t  ma in tenance  and o p e r a t i o n a l  problems. T h i s  u n i t  w i l l  be  

r e p l a c e d  w i t h  a w a t e r - j e t  vacuum pump t h a t  i s  designed e s p e c i a l - l y  t o  

h a n d l e  a c i d i c  r a d i o a c t i v e  gases. The new u n i t  i s  a d u a l  u n i t  i n c o r -  

p o r a t i n g  a m u l t i - j e t  v e n t u r i  t h rough  which w a t e r  i s  c i r c u l a t e d  by a 

ve r t i ca l  c e n t r i f u g a l  pump. I t  w i l l  e l i m i n a t e  seal o r  packing l e a k a g e ,  

minimize s h i e l d i n g  problems,  and p r o v i d e  a spare. It i s  f e h  t h a t  the 

p r e s e n t  system w i l l  b e  s a t i s f a c t o r y  i n  t h e  inter:i.m. 

.__ Vacuum D i s t r i b u t i o n .  - Vacuum l ines  from t h e  l a b o r a t o r i - e s  , 
t r a n s f e r  area c u b i c l e ,  chemical. makeup area,  and ce l l s  8 and  9 t i e  

i n t o  a common h e a d e r .  Vacuum i s  m a i n t a i n e d  a t  2 2  i n .  Hg a t  a d e s i g n  

f low ra te  of 40 cfm. The vacuum pump d i s c h a r g e s  i n t o  t h e  vessel  o f f -  

g a s  system. 

2 . 5 . 4  Stearn_ 

Steam i s  suppl i -ed a t  2.50 p s i g  from t h e  X-10 area. The 2.50-psig 

s t e a m  enter:;  t h e  b u i l d i n g  i n  t h e  N o .  1 Mechanical. Equipment Room 

(room 114)  where i t  i s  reduced t o  100-psig and 15-psig supe rhea ted  

steam. 'The 100-psig steam i s  used p r i -mar i ly  f o r  h e a t i n g  p r o c e s s  

equipment and operat:i.ng e d u c t o r s  i n  t h e  c e l l s ,  p i p e  t u n n e l ,  and c e l l  

v e n t i l a t i o n  and vessel o f f - g a s  f i l t e r  p i t s .  The 15-psig s t e a m  i s  used 

i n  t h e  p o t a b l e  water h e a t e r ,  p r o c e s s  w a t e r  h e a t e r ,  and t h e  bui.Iding 

h e a t i n g  system. It i s  a l s o  used f o r  decon tamina t ion  pu rposes  i n  t h e  

decon tamina t ion  room and l i m i t e d - a c c e s s  area. 

* 
The new vacuum system w a s  i n s t a l l e d  a f t e r  t h i s  r e p o r t  was 

w r i t t e n  b u t  p r i o r  t o  p u b l i c a t i o n .  
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Low-pressure condensa te  from t h e  water h e a t e r s  and b u i l d i n g  

h e a t i n g  sys tem,  p l u s  250-psig l i n e  condensa te ,  d i s c h a r g e s  i n t o  a 

d i t c h  l o c a t e d  east of t h e  b u i l d i n g .  

2.5.5 Compressed A i r  

A i r  is  compressed t o  100 p s i g  and d r i e d  t o  a dew p o i n t  of -40°F 

i n  equipment l o c a t e d  i n  t h e  N o .  1 Mechanical Equipment Room (room 114) .  

T h i s  equipment i n c l u d e s  two compressors ,  two a f t e r - c o o l e r s  and a i r  
s e p a r a t o r s ,  an  a i r  receiver,  and a n  a i r  d r y e r .  A f t e r  t h e  d r y e r ,  t h e  

d i s t r i b u t i o n  header  s p l i t s  i n t o  a u t i l i t y  air header  and a n  ins t rument  

a i r  h e a d e r *  C o n t r o l s  are provided  t o  a u t o m a t i c a l l y  s h u t  o f f  t h e  u t i l i t y  

header  when t h e  system p r e s s u r e  d r o p s  t o  75 p s i g .  I n  t h e  e v e n t  of a 

compressor f a i l u r e ,  t h e  n e t  o u t p u t  ( 7 6  scfm) of  a s i n g l e  compressor 

i s  a d e q u a t e  f o r  t h e  o p e r a t i o n  of a l l  i n s t r u m e n t a t i o n  i n  t h e  f a c i l i t y .  

Emergency power i s  provided  for b o t h  compressors.  

The 100-psig i n s t r u m e n t  a i r  h e a d e r  s u p p l i e s  i n s t r u m e n t s  and c o n t r o l s  

i n  t h e  opera t i r ig  area,  chemical  makeup area, conveyor maintenance area, 

t r a n s f e r  c u b i c l e  area, mechanica l  equipment rooms 114 and 107 ,  and all. 

h e a t i n g  and v e n t i l a t i n g  i n s t r u m e n t s  throughout  t h e  b u i l d i n g .  Ins t rument  

a i r  i s  a l s o  used t o  purge  steam supply  l i n e s  t o  a l l  p r o c e s s  e d u c t o r s  

and sump e d u c t o r s  For c u b i c l e  p i t s  and t a n k  p i t s  1 through 7 .  h p r e s s u r e -  

r e d u c i n g  s t a t i o n  l o c a t e d  i n  mechanica l  equipment room 1.14 provides  25-psig 

f i l t e r e d  u t i l i t y  a i r  f o r  o p e r a t i n g  air-vacuum p r o c e s s  pumps, f o r  s p a r g i n g  

tanks, and f o r  u s e  i n  t h e  l a b o r a t o r i e s .  Pressure- reducjng  s t a t i o n s  

locatecl  i n  t h e  chemical  makeup area supply  5-psig and 10-ps ig  a i r  t o  

t h e  chemical  makeup and f e e d  t a n k s .  

The 100-psig u t i l i t y  a i r  i s  used t o  purge  sump e d u c t o r s  i n  ce l l s  

8 and 9 ,  t h e  p i p e  t u n n e l ,  and t h e  f i l t e r  p i t s .  A i r  moni tors  in t h e  conveyor 

maintenance area, t h e  checking and holdup area, t h e  l i m i t e d - a c c e s s  

area, and t h e  decontaminat ion  area are o p e r a t e d  by u s i n g  u t i l i t y  a i r .  
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2 .5 .6  Cyl inder  G a s  

Helium. - Helium i s  s u p p l i e d  t o  c u b i c l e  2 from one c y l i n d e r  i n  

t h e  chemical makeup a r e a .  It is used b o t h  as a cover  gas  f o r  welding 

t a r g e t  e lements  and as a n  i n t e r n a l  gas  w i t h i n  t h e  e lements .  

Argon. - Argon is  s u p p l i e d  from one c y l i n d e r  i n  the  chemica l  

makeup area t o  t h e  a u t o m a t i c  w e l d e r ,  whi-ch i s  i n  t h e  makeup area, as 

cover  gas  f o r  t h e  high-frequency s t a r t e r .  

Ni t rogen .  - N i t r o g e n ,  which i s  used as a b u f f e r  seal  on two 

l e a k - t e s t  chambers i n  c u b i c l e s  1 and 2 and i s  used t o  purge t h e  cham- 

b e r s  and a s s o c i a t e d  p i p i n g ,  i s  s u p p l i e d  from one c y l i n d e r  i n  t h e  

chemical  makeup a r e a .  

Propane. - Propane i s  s u p p l i e d  t o  hoods and benches l o c a t e d  i n  

t h e  "cold" chemical  and a n a l y t i c a l  l a b o r a t o r i e s  from c y l i n d e r s  l o c a t e d  

on t h e  n o r t h e a s t  dock. 

Counter G a s .  - Counter gas (90% argon,  10% methane) i s  s u p p l i e d  

from c y l i n d e r s  I -o ra t ed  on t h e  n o r t h e a s t  dock t o  i n s t r u m e n t s  i n  t h e  

couriting room and i n  t h e  f i r s t - f l o o r  a n a l y t i c a l  l a b o r a t o r y .  

2 . 5 . 7  F i r e  P r o t e c t i o n  

The s p e c i a l  f i r e  h a z a r d s  involved  i n  TKU o p e r a t i o n s  are as f o l l o w s :  

(1) use  of  sol-vents  and o t h e r  flammable chemica ls ,  ( 2 )  u s e  of  n i t r i c  

a c i d ,  (3) e l e c t r i c - f u r n a c e  c a l c i n a t i o n  o f  americium and curium o x i d e  

powder, and ( 4 )  c o n c e n t r a t i o n  of p r o c e s s  l i q u i d s  by s t e a m  e v a p o r a t i o n  

a t  approximately 300°F. Most of t h e  b u i l d i n g  i n t e r i o r  i s  p r o t e c t e d  

by an  au tomat ic  wet-type s p r i n k l e r  system. Except ions t o  t h i s  g e n e r a l  

p l a n  are l a b o r a t o r i e s  108 through 111 and 208 through 2 1 1  and t h e  ce1l.s 

and c u b i c l e s .  These areas are  p r o t e c t e d  by an a u t o m a t i c  p r e - a c t i o n  

system and an  au tomat ic  h e a t - r e s p o n s i v e  system working t o g e t h e r .  

The most l i k e l y  o r i g i n s  o f  f i r e  i n  t h e  l a b o r a t o r i - e s  are t h e  

hoods and g love  boxes; t h e  boxes t h a t  w i l l  be  used t o  h a n d l e  
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q u a n t i t i e s  o f  s o l v e n c s  w i l l  have independent  f i r e - p r o t e c t i o n  systems 

of l imited-volume water s p r a y .  

The c u b i c l e s  are t h e  most l i k e l y  s o u r c e  of f i r e  i n  t h e  c e l l  bank, 

and t h e s e  a r e  provided w i t h  independent  f i r e - p r o t e c t  ion s y s t e m s ,  which 

are backed up by t h e  a u t o m a t i c  p r e - a c t i o n  systems i n  t h e  c e l l  p r o p e r .  

Labora tory  Pre-Action System. - The l a b o r a t o r i e s  are p r o t e c t e d  

by a n  a u t o m a t i c  p r e - a c t i o n  system which opens t h e  main header  valve 

when a t e m p e r a t u r e  r ise of 15  t o  2O0F/min i s  d e t e c t e d .  F u s i b l e  s p r a y  

heads i n i t i a t e  t h e  s p r i n k l e r  when a tempera ture  of 165°F i s  reached .  

C e l l  Pre-Action System. - T h e  d e t e c t i o n  and a c t u a t i o n  system f o r  

each c e l l  c o n s i s t s  of  thermopnctumatic r a t e - o f - r i s e  d e v i c e s  a r r a n g e d  

t o  open t h e  main header  v a l v e ,  d e l i v e r  a f i r e  s i g n a l  a t  t h e  a n n u n c i a t o r  

p a n e l ,  and t r a n s m i t  a f i r e  alarm o v e r  t h e  p l a n t  G a m e w e l l .  Wlieri a 

t empera ture  o f  1 7 5 ° F  i s  exceeded,  d e t e c t i o n  e lements  t r i p  t h e  de luge  

v a l v e  and s p r a y  t h e  c e l l s  through n o z z l e s  l o c a t e d  a t  t h e  top of t h e  

c e l l ,  t h e  10- f t  level, and undernea th  t h e  c u b i c l e .  I n d i v i d u a l  systems 

are provided  for each  c e l l  so  t h a t  a hear release i n  one c e l l  does not  

c a u s e  any o t h e r  c e l l  t o  b e  deluged w i t h  w a t e r .  

Cubic le  Pre-Action Systerii. - Each c e l l  cubic1.e i s  equipped w i t h  

a r a t e - o f - t e m p e r a t u r e - r i s e  d e v i c e  a r ranged  t o  d e l i v e r  a l o c a l  f i r e  

s i g n a l  and open t h e  main header  valve when the  rate of rise exceeds 

15 t o  20°F/min. Each c u b i c l e  is  equipped w i t h  a d e l u g e  v a l v e  a c t u a t e d  

by a pushbut ton  on t h e  c e l l  face i n  t h e  o p e r a t i n g  a r e a .  Each c u b i c l e  

h a s  a s e p a r a t e  system. 

Loca t ion  of S u p p l y  and Main C o n t r o l  Valves.  - The TRU f a c i l i t y  

i s  connected t o  t h e  ORNL f i r e - p r o t e c t i o n  w a t e r  system a t  t h e  n o r t h e a s t  

c o r n e r  of t h e  bui ld i -ng ,  and t h e  supply  l i n e  e n t e r s  t h e  b u i l d i n g  a t  t h e  

n o r t h e a s t  c o r n e r  of t h e  f i r s t - f l o o r  mechanical  equipment room (room 1 1 4 ) .  

The main manual and c o n t r o l  v a l v e s  are l o c a t e d  a t  t h i s  p o i n t .  The f i r e -  

department  S iamese  pumper c o n n e c t i o n  i s  l o c a t e d  on t h e  east  end of t h e  

n o r t h  l o a d i n g  dock. 
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F i r e  A l a r m  System. - The TRU f i r e  alarm system is  connected t o  

t h e  ORNL f i r e  a la rm system through master box 835, l o c a t e d  nor thwes t  

of t h e  b u i l d i n g .  

S i g n a l s  i n t o  t h e  master alarm are fed by t h e  TRU alarm system, 

which i s  d i v i d e d  i n t o  40 l o c a l  zones.  Twenty zones are  f o r  t h e  g e n e r a l  

b u i l d i n g  and l a b o r a t o r y  areas w i t h  Lhe r e d  a n n u n c i a t o r  p a n e l s  l o c a t e d  

on t h e  s o u t h  wall of room 1.04; and twenty are f o r  t h e  ce1l.s and c u b i c l e s ,  

w i t h  t h e  p a n e l  l o c a t e d  on t h e  c o n t r o l  board in room 116. 

F i r e  alarm s i g n a l s  o r i g i n a t e  from t h e  fo l lowing:  (1) water f lows 

i n t o  e i t h e r  t h e  f i r s t -  o r  second-f loor  w e t  s p r i n k l e r  system, (2) t r i p -  

p ing  of p r e a c t i o n  valve f o r  t h e  f i r s t -  o r  second-f loor  l a b o r a t o r i e s  by 

t h e  rat :e-of-r ise  d e v i c e s ,  ( 3 )  t r ipp i -ng  of t h e  p r e a c t i o n  valve o f  t h e  

c e l l  and c u b i c l e  system by t h e  r a t e - o f - r i s e  d e v i c e s  i n  t h e  c e l l s  o r  

c u b i c l e s ,  and ( 4 )  12 manually o p e r a t e d  l o c a l  f i r e  alarm pul.1. s t a t i o n s .  

The f i r e  alarm system i s  equipped with a s tandby 2 4 - - ~ 0 l t ,  heavy- 

duty  wet-cell b a t t e r y  u n i t  and b a t t e r y  c h a r g e r  t o  e n s u r e  o p e r a t i o n  i n  

case of e l ec t r i ca l  power f a i l u r e .  

Local  F i re -FiPht ing  Devices. - A system of s t a n d p i p e s  and hose  

c a b i n e t s  o r  r a c k s  i s  provided throughout  t h e  b u i l d i n g .  Water supply  

i s  from t h e  s p r i n k l e r  system. 

e x t i n g u i s h e r s  a re  a v a i l a b l e  a t  many b u i l d i n g  l o c a t i o n s .  

Squeeze-grip-type, 15-lb C 0 2  f i r e  

2.6 D e s c r i p t i o n  of Labora tory  Rooms 

2.6.1 S i z e  and Layout 

On each f l o o r  t h e r e  a re  t w o  a l p h a  l a b o r a t o r i e s ,  a n  a n a l y t i c a l  

l a b o r a t o r y ,  and a "cold" l a b o r a t o r y  a r ranged  as shown i n  F i g s .  2.3 

and 2 . 4 .  Alpha l a b o r a t o r y  111 c o n t a i n s  a s h i e l d e d  a l p h a  cave f o r  

performing development work i n v o l v i n g  a l p h a  a c t i v i t y  p l u s  gamma o s  

n e u t r o n  a c t i v i t y .  A l l  of  t h e  l a b o r a t o r i e s  are about  23-112 f t  wide 

by 2 3  f t  deep by 10-1/2 E t  h igh .  The c o n c r e t e  b l o c k  w a l l s  a re  b u i l t  

on curbs  t h a t  are  poured i n t o  t h e  f l o o r .  
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:... Each of t h e  l a b o r a t o r i e s  i s  connected t o  a c o r r i d o r  through two 

doors  and t o  t h e  TRU process ing  area through an  emergency exit door 

t h a t  has  a c ra sh  b a r  on t h e  l a b o r a t o r y  s i d e  and no hardware on t h e  

process ing  area s i d e .  

th reshold  t h a t  is b u i l t  i n t o  t h e  f loo r .  Laboratory f l o o r s  are covered 

wi th  v i n y l  s h e e t ,  which i s  curved up t h e  w a l l s  t o  t h e  tops  of t he  

curbs .  Thus, any l i q u i d s  t h a t  are s p i l l e d  on a l abora to ry  f l o o r  w i l l  

n o t  run out  of t h e  room. 

Each of t h e s e  doorways has  a 1/2- in . -high 

The emergency ex i t  doors  are gasketed and w i l l  be  sea l ed  w i t h  

w i r e  seals t h a t  w i l l  break i f  t h e  doors  are opened. The doors  t o  the  

c o r r i d o r s  are s o l i d  doors wi th  g l a s s  pane ls ,  b u t  they  do not have 

gaske ts .  A l l  doors  open ou t  from t h e  l a b o r a t o r i e s .  

The c e i l i n g s  are of gypsum board wi th  cemented, per fora ted- taped  

j o i n t s  on a m e t a l  suspension system and con ta in  sheet-metal  ha tches  

t h a t  are sea l ed  w i t h  t ape .  The space  above t h e  suspended c e i l i n g s  

of t h e  four  l a b o r a t o r i e s  on each f l o o r  i s  connected. Concrete block 

p a r t i t i o n s  between t h e  l a b o r a t o r i e s  extend 4 i n .  above t h e  suspended 

c e i l i n g .  

On each f l o o r  t h e  "cold" l a b o r a t o r y  i s  connected t o  each of  t h e  

two ad jo in ing  a lpha  1abora torZes  by a s m a l l  pass-through door t h a t  i s  

above t h e  level.  o f  t h e  back counter  of t h e  l a b o r a t o r y  benches. 

2 .6 .2  Equipment 

The a lpha  l a b o r a t o r i e s  c o n t a i n  no i x s t a l l e d  l abora to ry  f u r n i t u r e ,  

except. f o r  one 24-in.-wide by M-in.-deep s t a i n l e s s  steel s i n k  i n  each 

l abora to ry .  Normally, on ly  g love  boxes and a u x i l i a r y  equipment, p l u s  

a few t a b l e s  and c h a i r s ,  w i l l  be  i n  t h e  rooms. The sh ie lded  cave is 

d iscussed  below i n  Sec t ion  2 . 7 .  

The co ld  l a b o r a t o r i e s  and t h e  a n a l y t i c a l  l a b o r a t o r i e s  are equipped 

w i t h  t h e  usua l  types  of l abo ra to ry  f u r n i t u r e .  Working s u r f a c e s  i n  t h e  

co ld  l a b o r a t o r i e s  a r e  Johns Mansvi l le  "Colori th"  composition bench t o p s ,  

and s u r f a c e s  i n  t h e  a n a l y t i c a l  l a b o r a t o r i e s  are of 304L s t a i n l e s s  s teel .  
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2.6.3 S e r v i c e s  

S e r v i c e s  t o  t h e  l a b o r a t o r i e s  w i l l  nortual.ly i n c l u d e  vessel of f -gas  

glove-box v e n t i l a t i o n ,  p l a n t  vacuum (22 i n .  H g ) ,  p l a n t  a i r  (25  p s i g ) ,  

p r o c e s s  w a t e r ,  demi-neralized water ,  p r o c e s s  d r a i n s ,  i n t e r m e d i a t e - l e v e l -  

waste d r a i n s ,  and propane. 

Alpha L a b o r a t o r i e s  (109-111, 209, 211).  - Each al.pha l a b o r a t o r y  

has  a s i n k  t o  which h o t  and c o l d  p r o c e s s  w a t e r ,  deminera l ized  w a t e r ,  

and a p r o c e s s  d r a i n  are connected.  There are 14 "glove-box sets" of 

s e r v i c e  connec t ions  ( 4  sets a l o n g  each s i d e  and 6 sets a c r o s s  t h e  

c e n t e r )  t h a t  e n t e r  each l a b o r a t o r y  from t h e  bottom of  sealed s e r v i c e -  

p i p e  r a c k s .  There are  1 0  e x t r a  glove-box v e n t i l a t i o n  connec t ions  i n  

each 1-aboratory,  two on each s i d e  and s i x  i n  the c e n t e r .  Each "glove- 

box set" i s  composed of one 208-volt and t h r e e  120-vol t  e l e c t r i c a l  

power r e c e p t a c l e s , a n d  connec t ions  f o r  glove-box v e n t i l a t i o n ,  vessel 

o f f - g a s ,  p l a n t  vacuum, p l a n t  a i r ,  p r o c e s s  water ,  and deminera l ized  

w a t e r .  Glove-box v e n t i l a t i o n  connec t ions  are  plugged.  I,i.nes f o r  t h e  

o t h e r  s e r v i c e s  a r e  te rmina ted  a t  v a l v e s .  

'There a r e  two capped p r o c e s s  d r a i n s  i n  the f l o o r  of each l a b o r a t o r y  

and one intermedi-ate-level-waste and t h r e e  p r o c e s s  d r a i n  connec t ions  

i n  t h e  form o f  s t a n d p i p e s  t h a t  s t a n d  about  3 i n .  above t h e  f l o o r  and 

are plugged o r  capped. I n  p r e p a r a t i o n  f o r  c o n s t r u c t i o n  of t h e  s h i e l d e d  

cave,  a l l  services i n  l a b o r a t o r y  111 except  t h o s e  on t h e  w e s t  w a l l  have 

been removed. 

Cold L a b o r a t o r i e s  (110 and 210). - Both co ld  l a b o r a t o r i e s  a r e  

equipped w i t h  o r d i n a r y  l a b o r a t o r y  benches and chemical  fume hoods t h a t  

are  s u p p l i e d  w i t h  h o t  and co ld  p r o c e s s  w a t e r ,  deminera l ized  water,  p l a n t  

a i r ,  p l a n t  vacuum, propane,  p r o c e s s  d r a i n s ,  and in te rmedia te - leve l -was te  

cup d r a i n s .  

Hood v e n t i l a t i o n  i s  provided by e x h a u s t i n g  room a i r  through the 

hoods t o  t h e  b u i l d i n g  v e n t i l a t i o n  exhaust  f i l t e r s .  

There are capped p r o c e s s  d r a i n s  i n  t h e  f l O O K S .  
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A n a l y t i c a l  L a b o r a t o r i e s  (108 and 208) .  - The a n a l y t j c a l  l a b o r a t o r i e s  

are  s l i g h t l y  d i f f e r e n t  from each o t h e r .  Both are equipped w i t h  o r d i n a r y  

l a b o r a t o r y  benches t o  which h o t  and c o l d  p r o c e s s  water ,  deminera l ized  

w a t e r ,  p l a n t  a i r ,  p l a n t  vacuum, propane,  and p r o c e s s  and i n t e r m e d i a t e -  

leve l -was te  d r a i n s  are  connected.  Labora tory  208 c o n t a i n s  two chemical  

fume hoods that:  are provided  w i t h  t h e  same s e r v i c e s  as t h e  benches,and 

a p e r c h l o r i c  a c i d  fume hood t h a t  i s  s u p p l i e d  w i t h  p l a n t  a i r ,  propane,  

p r o c e s s  water, and glove-box v e n t i l a t i o n .  The chemical  fume hoods a r e  

v e n t i l a t e d  by drawing room a i r  through them t o  t h e  b u i l d i n g  v e n t i l a t i o n  

exhaus t  f i l t e r s .  There are s i x  "glove-box sets" o f  services from t h e  

c e n t e r  p i p e  r a c k  i n  l a b o r a t o r y  208, and t h e r e  are n i n e  '"glove-box sets" 

o f  s e r v i c e s  from t h e  p i p e  r a c k s  i n  l a b o r a t o r y  108, f o u r  on each s i d e  

of t h e  l a b  and one n e a r  t h e  back w a l l .  There are e i g h t  a d d i t i o n a l  con- 

n e c t i o n s  t o  t h e  glove-box v e n t i l a t i o n  i n  t h i s  l a b o r a t o r y  f o r  open-faced 

g l o v e  boxes.  

There are capped in te rmedia te - leve l -was te  s t a n d p i p e s  and plugged 

p r o c e s s  f l o o r  d r a i n s  i n  each  a n a l y t i c a l  l a b o r a t o r y .  

2 . 7  S h i e l d e d  Cave i n  Room 111 

An arrangement of two s h i e l d e d  caves  h a s  been des igned  f o r  

l a b o r a t o r y  111 t o  p r o v i d e  s p a c e  f o r  l a b o r a t o r y  development work, 

where a s m a l l  amount of s h i e l d i n g  is  r e q u i r e d  and somewhat b e t t e r  

containment  i s  needed t h a n  is  o b t a i n e d  from a g l o v e  box. A t  p r e s e n t  

on ly  one cave i s  under  c o n s t r u c t i o n ;  i t  i s  scheduled  t o  be ready f o r  . 

o p e r a t i o n  i n  t h e  l a t e  summer of 1966. 

i d e n t i c a l  t o  t h o s e  of t h e  cave p r e s e n t l y  i n s t a l l e d  i n  B u i l d i n g  3508. 

* 
The f a c i l i t y  h a s  many f e a t u r e s  

2 a 7 . 1  General Arrangement 

The p l a n  view d e p i c t i n g  t h e  arrangement  of  t h e  two caves  i n  

LaboratDry 111 i s  shotm i n  F ig .  2.23. Cave R i s  under c o n s t r u c t i o n  

* 
The s h i e l d e d  cave i s  i n  service; i t  was f i n i s h e d  a f t e r  t h i s  

r e p o r t  w a s  w r i t t e n  b u t  p r i o r  t o  p u b l i c a t i o n .  
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now. Two f e e t  of normal c o n c r e t e  s h i e l d i n g  sur rounds  a d i s p o s a b l e  

a l p h a  box, 54 60 x 4 2  i n .  h i g h .  The a l p h a  box is  i n s t a l l e d  and 

removed a f t e r  u n s t a c k i n g  t h e  s o u t h  c o n c r e t e  block w a l l  and a t  t h e  

same t i m e  d i s a s s e m b l i n g  t h e  t r a n s f e r  c h u t e .  T h i s  exposes  a seal  p l a t e ,  

which can b e  d i s m a n t l e d ,  exposing t h e  box. A l l  c o n n e c t i o n s  t o  t h e  box 

can t h e n  be  broken and s e a l e d ,  and t h e  box can b e  removcd. Although 

t h i s  o p e r a t i o n  can be done i n  a r a t h e r  s h o r t  t i m e ,  i t  i s  n o t  a n t i c i p a t e d  

t h a t  t h e  box w i l l  b e  r e p l a c e d  more t h a n  once  p e r  y e a r .  A 2 - f t - t h i c k  

z i n c  bromide s h i e l d i n g  window p r o v i d e s  s h i e l d i n g  f o r  viewing through 

t h e  I . /&in.- thick P l e x i g l a s  a pha window. 

mas ter -s lave  m a n i p u l a t o r s .  

Opera t ions  are done w i t h  

T r a n s f e r s  i n  and o u t  of t h e  a l p h a  box can  be  made by the f o l l o w i n g  

t h r e e  methods : 

1. Normal r o u t i n e  t r a n s f e r s  of mater ia ls  r e q u i r i n g  l i t t l e  

s h i e l d i n g  a r e  made through a s t a n d a r d  g love  box a t t a c h e d  

a t  r h e  end of a n  S-shaped l a b y r i n t h  t r a n s f e r  c h u t e .  The 

s o u t h  w a l l  is  3 f t  t h i c k ,  and t h e  s h i e l d i n g  i s  e q u i v a l e n t  

t o  t h e  2 - f t  s h i e l d i n g  on t h e  o t h e r  w a l l s  even i n  t h e  

v i c i n i t y  of the t r a n s f e r  chute .  The g l o v e  box, the 

t r a n s f e r  c h u t e ,  and t h e  a l p h a  box are connected by 

f l a n g e s  a n d / o r  bagged c o n n e c t i o n s ,  making a l l  t h r e e  a 

s i n g l e  containment  volume. T r a n s f e r s  a re  made u s i n g  

a hand-powered, cab le-dr iven  ca r t .  

2 .  O b j e c t s  t o o  long f o r  passage  through t h e  c h u t e  can be 

i n s e r t e d  through an a l t e r n a t e  p o r t  from t h e  g l o v e  box 

t o  t h e  rear s e c t i o n  of t h e  a l p h a  box. 

3 .  H-Lgh-level r a d i o a c t i v e  materials c a n  bz loaded i n t o  

o r  removed from a s e a l e d  p o r t  i n  t h e  f l o o r  of t h e  a l p h a  

box a t  t h e  southwes t  c o r n e r .  T h i s  o p e r a t i o n  is  s imi la r  

t o  t h a t  of removing mater ia l  a t  t h e  t r a n s f e r  c u b i c l e  i n  

room 118. The same carr ier  i s  u s e d ,  and t h e  double-door 

p o r t - c l o s u r e  and h e a t - s e a l  mechanisms work s i m i l a r l y  t o  

t h o s e  i n  t h e  t r a n s f e r  c u b i c l e .  
' 
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2.7.2 V e n t i l - a t i o n  Systems- 

V e n t i l a t i o n  t o  t h e  cave-alpha box system i s  provided from t h e  

b u i l d i n g  vesse l -of f -gas  system, a s o u r c e  norma1l.y main ta ined  a t  -10 i n .  

w a t e r  (gage) .  A f low of 75 cfm is  admi t ted  t o  t h e  cave space  s u r -  

rounding the al-pha box through a b s o l u t e  f i l t e r s  i n  t h e  f r o n t  c o n c r e t e  

wall .  This  f low i s  then. d i r e c t e d  i n t o  t h e  a l p h a  box through one set  

of a b s o l u t e  f i l t e r s  and o u t  through a second set  t o  t h e  vessel off-gas 

system. The p r e s s u r e  i n  t h e  box i s  c o n t r o l l e d  a u t o m a t i c a l l y  a t  -0.9 i n .  

w a t e r  (gage) by a c o n t r o l  vaSve i n  t h e  e x i t  l i n e ,  and t h e  exact f l o w  

r a t e  and t h e  p r e s s u r e  i n  t h e  cave are  set by manual dampers. T h i s  

p r e s s u r e  i s  s e t  a t  - 0 . 6  i n .  water ( g a g e ) ,  about  midway between t h e  

p r e s s u r e  i n  t h e  l a b o r a r o r y  (-0.3 i n .  w a t e r )  and t h a t  i n  t h e  a l p h a  box. 

A vacuum b r e a k e r  c a p a b l e  of h a n d l i n g  t h e  e n t i r e  75 cfm, set  a t  -1.3 i n .  

wafer (gage) ,  i s  provided on t h e  vessel .  o f f -gas  header  t o  e n s u r e  t h a t  

t h e  box does n o t  c o l l a p s e  because of a c o n t r o l  system f a i l u r e .  

An a u x i l i h r y  connec t ion  of t h e  cave v e n t i l a t i o n  system t o  t h e  

room exhaust  p r o v i d e s  500 cfm exhaus t  w h i l e  t h e  a l p h a  box i s  b e i n g  

i n s t a l - l e d  and removed. This  f low i s  f i l t e r e d  through t h e  a b s o l u t e  

f i l t e r s  on t h e  r o o f .  

2 .7 .3  Other  S e r v i c e s  

An autcmat i c a l l y  a c t u a t e d  , l i m i t  ed-wat er -vo lime € i r e - p r o  t ec t  i o n  

system i s  provided f o r  t h e  i n t e r i o r  of t h e  a l p h a  box. A w a t e r  t a n k  

i s  p a r t i a l l y  f i l . l e d  and overpressured  w i t h  a i r .  On r e l e a s e  of t h e  

wa.ter, a f l o a t  valve seals  o f f  , p r e v e n t i n g  t h e  a i r  from b l e e d i n g  i n t o  

t h e  a l p h a  box. This arrangement i s  i d e n t i c a l  t o  t h e  one p r e s e n t l y  

i n s t a l l e d  on t h e  s imi l a r  cave i n  Bui ld ing  3508. The f l o a t  v a l v e  w i l l  

be  thoroughly  checked p r i o r  t o  i n s t a l l a t i o n .  

A d r a i n  connectiop.. .  ~ . ~ ~ ~ . ~  ~ ~ ~ ~ ~ ~ d . . . . t . o . . . t h e  , . i n t _ e ~ B i a ~ ~ - l . ~ ~ ~ ~ - ~ 7 a s  t e  
-......- 

c o l l e c t i o n  tank  v ia  a 2-in.  connec t ion  i n t o  t h e  e x i s t i n g  - below-floor  
\ -/e- -- -, 

r a d i o a c J i v e  -- dra&s~sgZ5ijC-?heAdrain l i n e  i n  t h e  box e x t e n d s  6 i n .  
_ -  _ -  __ - 1 

~ 

above f l o o r  l eve l ,  i s  normally plugged,  and i s  d isconnec ted  b e h w  the 

f l o o r  level  of t h e  box when t h e  box i s  removed. 



Low-pressure air (25 p s i ) ,  d e m i n e r a l i z e d  water, p r o c e s s  water, 

aud 110-volt e lec t r i ca l  service are provided i n  the  a l p h a  box. 
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3. CONTAINMENT 

TKU has  s p e c i a l  containment  p r o v i s i o n s  t o  e n s u r e  a g a i n s t  t h e  

escape  of p r o c e s s  materials t o  t h e  environment.  Containment i n  t h e  

l a b o r a t o r i e s  i s  s imi l a r  t o  t h a t  i n  e x i s t i n g  h igh-a lpha- leve l  l a b o r a -  

t o r i e s .  However, contaiQment .i.n the p r o c e s s i n g  area i s  unusual  

The b u i l d i n g  i s  d i v i d e d  i n t o  s i x  d i s t i n c t  areas: (1) c o l d  areas 

such as t h a t  housing mechanical  equipment,  o f f i -ces  change rooms, and 

t h e  l i k e ;  ( 2 )  l a b o r a t o r i e s ;  (3) o p e r a t i n g  a r e a s ;  ( 4 )  l i m i t e d - a c c e s s  

areas sur rounding  t h e  c e l l  banks;  (5) c e l l s ;  and ( 6 )  t h e  a lpha-sea led  

c u b i c l e s .  The d i s t r i b u t i o n  of t h e  v e n t i l a t i n g  a i r  i s  designed io 

mai1itai.n a p o s i t i v e  fJ-ow of a i r  from cold  areas toward t h o s e  o f  a 

p o t e n t i a l l y  i n c r e a s i n g  contaminat ion  leve l .  The b u i l d i n g  w i l l  be  

matn ta ined  a t  a p r e s s u r e  of -0 .3  i n .  w a t e r  (gag(?) a t  a l l  t i m e s ;  t h i s  

w i l l  p revent  t h e  escape  of a i r b o r n e  contaminants  t o  t h e  environment 

except  via t h e  normal., f i l t e r e d  d i s c h a r g e  system. 

C e l l  p r o c e s s  equipment i s  enc losed  i n  p r o c e s s  c u b i c l e s ,  which, i n  

t u r n ,  a r e  enc losed  i.n t h e  pr imary c e l l .  The pr imary c e l l  i s  enc losed  

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

d i f f e r e n t i a l  p r e s s u r e s ,  main ta ined  a u t o m a t i c a l l y ,  so t h a t  each e n c l o s u r e  

i s  a i  a I . O W ~ K  p r e s s u r e  t h a n  i t s  immediate envelope.  Thus the p r o c e s s  

equipment i s  o p e r a t e d  a t  -10 i n .  water  (gage) ,  t h e  p r o c e s s i n g  c u b i c l e  

a t  -1.7 i n .  water (gage) ,  t h e  c e l l  a t  -1.4 i n .  w a t e r  (gage) ,  t h e  l i m i t e d -  

a c c e s s  area a t  -0.4 i n .  w a t e r  (gage) ,  t h e  l a b o r a t o r y  s e c t i o n s  a t  - 3 . 3 5  i n .  

w a t e r  (gage) ,  and t h e  b u i l d i n g  a t  - 4 . 3  i n .  water (gage) .  A l l  purge  a i r  

flowi.ng from one containment envelope t o  t h e  n e x t  i s  i n t r o d u c e d  through 

f i l t e r s  o r  backflow p r e v e n t e r s .  The purge 'from t h e  o f f i c e s  i n  t h e  pro- 

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

i s  exhausted through a s e t  of roughing and a b s o l u t e  f i l t e r s .  The purge 

a i r  exhausted from t h e  l i m i t e d - a c c e s s  a r e a ,  t h e  c e l l s ,  and t h e  g love  

boxes i s  f i l t e r e d  through one s e t  of roughing f i l t e r s  and two sets o f  

a b s o l u t e  f i l t e r s  b e f o r e  d i s c h a r g e  t o  t h e  environment.  A i r  f rem t h e  

vessel of f -gas  and c u b i c l e  exhaus t  system i s  t r e a t e d  i n  a c a u s t i c  

s c r u b b e r  both  t o  remove noxious chemical  fumes and t o  absorb  f i s s i o n  

product  i o d i n e ;  i t  i s  t h e n  f i l - t e r e d  through t h r e e  sets of f i l t e r s ,  two 
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of  which are a b s o l u t e .  A f t e r  f i l t r a t i o n ,  t h e  exhaus t  a i r  from vessels, 

c u b i c l e s ,  c e l l s ,  and t h e  l i m i t e d - a c c e s s  area is d i s c h a r g e d  t o  t h e  

atmosphere through a 60,000-scfm, 2 5 0 - f t - t a l l  s t a c k .  

Chemical l a b o r a t o r y  work i n v o l v i n g  t h e  a c t i n i d e  e lements  is  
conducted i n  g love  boxes, which a re  main ta ined  a t  - 0 . 3  i n .  w a t e r  (gage) 

w i t h  r e s p e c t  t o  t h e  l a b o r a t o r y  and exhausted t o  t h e  c e l l  v e n t i l a t i o n  

exhaus t  system. Purge a i r  i s  i n t r o d u c e d  t o  t h e  g love  boxes from t h e  

l a b o r a t o r i e s  through a b s o l u t e  f i l t e r s .  

3.1 Primary Containment 

3 .  I. a 1 P r o c e s s i n g  Area 

The containment  envelope  t h a t  meets t h e  ORNL cr i ter ia  f o r  pr imary 

containment  i s  t h e  h e a v i l y  s h i e l d e d  bank of  process cel ls .  A s  an  added 

p r e c a u t i o n  a g a i n s t  t h e  release of any of t h e  t r a n s u r a n i c  a c t i n i d e s ,  

t h o s e  p r o c e s s  o p e r a t i o n s  t h a t  are l i k e l y  t o  r e s u l t  i n  release o f  r a d i o -  

a c t i v i t y  f r o m  p r o c e s s  J i n e s  and vessels are performed i n  a l p h a - t i g h t  

p r o c e s s  c u b i c l e s .  The c u b i c l e s  c o n t a i n  a l l  sampling s t a t i o n s  and a l l  

p r o c e s s  equipment t h a t  might  r e q u i r e  maintenance f r e q u e n t l y  o r  might 

b e  expec ted  t o  r e q u i r e  rep lacement .  Except f o r  t h e  c e n t r i f u g e  f o r  

removing aluminum p r e c i p i t a t e s  from t h e  t a r g e t  d i s s o l v e r  s o l u t i o n  and 

t h e  c a u s t i c  s c r u b b e r ,  t a n k s  and p i p i n g  are t h e  o n l y  p r o c e s s  equipment 

l o c a t e d  i n  t h e  c e l l  bank o u t s i d e  of p r o c e s s  c u b i c l e s .  

Each p r o c e s s  c u b i c l e  i s  l o c a t e d  i n s i d e  a s e p a r a t e  p r o c e s s i n g  ce l l .  

The c u b i c l e s  are i s o l a t e d  from each o t h e r  and from their r e s p e c t i v e  

cel ls ;  t h e  cel ls  are i s o l a t e d  from each o t h e r  except  f o r  i n t e r c o n n e c t i o n  

v i a  t h e  c e l l  v e n t i l a t i o n  d u c t .  

Cubic le  V e n t i l a t i o n .  - I n  each c u b i c l e ,  a i r  i s  c i r c u l a t e d  from 

t h e  c u b i c l e  through a b s o l u t e  f i l t e r s ,  p a s t  c o o l i n g  c o i l s ,  and then 

back i n t o  t h e  c u b i c l e  a t  a r a t e  h i g h  enough t o  remove h e a t  produced 

by t h e  p r o c e s s  o r  by c e l l  l i g h t i n g .  From 5 t o  50 cfm of purge a i r  

from t h e  c e l l  i n  which t h e  c u b i c l e  i s  c o n t a i n e d  e n t e r s  each c u b i c l e  

th rough a n  a b s o l u t e  f i l t e r .  The purge  rate i s  set from i n s i d e  t h e  
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c u b i c l e  by u s i n g  a manipula tor  t o  a d j u s t  a manual damper. Thus t h e  

e n t i r e  exhaust  c a p a c i t y  of 50 cfm i s  always a v a i l a b l e  i n  t h e  event  t h e  

c u b i c l e  p r r s s u r e  s t a r t s  t o  i n c r e a s e .  The purge c a p a c i t y  of 50 cfm i s  

more t h a n  one-tenth of a c u b i c l e  volume p e r  minute .  The ce l l  r u b i c l e  

exhaust  system c o n s i s t s  of s i n g l e  l i n e s  (one from each c u b i c l e )  t i e d  

i n t o  a main header .  A p r e s s u r e  c o n t r o l  s t a t i o n  m a i n t a i n s  a p r e s s u r e  

of -0.3 i n .  w a t e r  (gage) w i t h  r e s p e c t  t o  t h e  c e l l  v e n t i l a t i o n  system. 

Cubicle  v e n t  gases  are  d ischarged  i n t o  t h e  main of f -gas  system header  

l o c a t e d  i n  t h e  p i p e  t u n n e l ,  t r e a t e d  i n  a c a u s t i c  s c r u b b e r ,  and d i s -  

charged through a p i p e  h e a t e r ,  one roughing f i l t e r ,  and two a b s o l u t e  

f i l t e r s  t o  t h e  H F I R  s t a c k .  T h i s  system h a s  d u p l i c a t e  f a n s  which 

r e c e i v e  emergency e l ec t r i ca l  power from d i f f e r e n t  emergency systems.  

C e l l  V e n t i l a t i o n .  - A i r  f o r  vent i . l .a t ing each c e l l  i s  drawn from 

t h e  l imited-access area through a roughing f iS.ter and backflow pre-  

v e n t e r  l o c a t e d  i n  a d u c t  a t  t h e  rear o f  each c e l l .  A manually s e t  

damper and a connec t ion  f o r  measuring ai.r f low ra te  are provided i n  

t h e  i n l e t  duc t  t o  each c e l l  t o  r e g u l a t e  a i r  flow. A i r  f low p a t t e r n s  

are shown s c h e m a t i c a l l y  i n  F ig .  3.1.  A l l  i n l e t  d u c t s  and fi.l.tet-s are 

l a r g e  enough t o  p r o v i d e  each c e l l  w i t h  1000 cfm of v e n t i l a t i n g  a i r ,  

t h e  volume necessary  f o r  removing t h e  6-kw p r o c e s s  h e a t  load  from each 

of c e l l s  4 through 7. The remaining cel ls  are supplied 370 cfm of 

v e n t i l a t i n g  a i r ,  which i s  more t h a n  t h e  r e q u i r e d  one-tenth of a c e l l  

volime p e r  minute .  

The a i r  i s  exhausted t o  t h e  c e l l  v e n t i l a t i o n  € i l t e r  p i t  through a 

header  t h a t  i n t e r c o n n e c t s  a l l  c e l l s  and i s  l o c a t e d  w i t h i n  t h e  c e l l .  

A l t e r n a t e  exhaus t  bl.owets are connected t o  s e p a r a t e  emergency power 

s u p p l i e s .  A i r  i s  passed through one roughing f i l t e r  and two a b s o l u t e  

f i l t e r s  b e f o r e  be ing  d i s c h a r g e d  t o  t h e  HFZR s t a c k .  

T r a n s f e r  Case Seal .  - The t r a n s f e r  case w i l l  b e  used t o  remove 

l a r g e  i t e m s  from a c u b i c l e  o r  t o  i n t r o d u c e  them i n t o  a c u b i c l e  when 

no p r o c e s s i n g  o p e r a t i o n s  are b e i n g  performed i n  t k i e  c u b i c l e .  

weight o f  t h e  t r a n s f e r  c a s e  p r e s s i n g  on a gaske t  seals  t h e  case t o  Lhe 

The 
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Fig.. 3.1. Schematic Diagram o f  the  Flow of  Ventilating A i r  Through 
TRU Cells. 



t o p  of t h e  c u b i c l e  d u r i n g  t r a n s f e r  o p e r a t i o n s .  There i s  no holddown 

d e v i c e  o r  a u t o m a t i c  mechanism f o r  p r e v e n t i n g  removal of t h e  t r a n s f e r  

c a s e  when t h e  doors  t o  t h e  t r a n s f e r  case and t h e  c u b i c l e  are open. 

I n t e r c e l l  Conveyor Sea l .  - The i n t e r c e l l  conveyor w i l l  be  used 

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

p e r i o d s  3s w e l l  as d u r i n g  maintenance p e r i o d s .  A l o c k i n g  d e v i c e  seals  

t h e  conveyor c a n i s t e r  t o  t h e  bottom of t h e  c u b i c l e  a t  t h e  s a m e  t i m e  

t h a t  t h e  c u b i c l e  door  and c a n i s t e r  door  are h c k e d  t o g e t h e r .  The same 

a i r  system t h a t  a c t u a t e s  t h e  c a n i s t e r  d o l l y  l o c k s  and unlocks t h e  seals ,  

and a system o f  i n t e r l o c k s  p r e v e n t s  movement of the conveyor d o l l y  when 

t h e  c u b i c l e  and c a n i s t e r  doors  are  not: p r o p e r l y  c l o s e d .  

Window Sea ls .  - The a l p h a - s e a l  windows are  designed t o  w i t h s t a n d  

a p r e s s u r e  of 900 l b / f t 2  w i t h o u t  l o s i n g  t h e  seal .  

w a s  t e s t e d  by mounting t h e  assembly i n  a c o n t a i n e r  and t e s t i n g  t h e  s e a l  

w i t h  a p r e s s u r e  o f  -10 i n .  water (gage) on t h e  c u b i c l e  s i d e .  The 

vacuum w a s  main ta ined  f o r  2 h r  w i t h  no leakage .  The seal  window w a s  

t h e n  r e p l a c e d , u s i n g  t h e  replacement  equipment. Leakage d i d  n o t  exceed 

5 cfm w i t h  a p r e s s u r e  of -1 i n .  water (gage) on t h c  c u b i c l e  s i d e .  The 

a l p h a  window assembly can b e  r e p l a c e d  from t h e  o p e r a t i n g  area and can 

b e  removed i n t o  t h e  c u b i c l e  so t h a t  t h e  atmosphere of t h e  l a t t e r  i s  

never  i n  communication w i t h  t h a t  of t h e  o p e r a t i n g  a r e a .  

A p r o t o t y p e  window 

3.1.2 Alpha LaboLator ies  

Primary containment f o r  h a n d l i n g  a l p h a - a c t i v e  m a t e r i a l s  i n  t h e  

l a b o r a t o r i e s  i s  provided by m u l t i c u r i e  g l o v e  boxes (Fig. 3 . 2 ) .  These 

boxes are f a b r i c a t e d  of  mi.ld s t ee l  arid p a i n t e d  w i t h  Liquid  T i l e .  The 

windows are  s a f e t y  p l a t e  g l a s s  h e l d  i n  pl-ace w i t h  a neoprene z i p p e r  

g a s k e t .  Each box is  provided w i t h  b o t h  a 6-in.- and a 12-in.-I.D. 

access port:. I n t e r i o r  metal s h i e l d s  cover  t h e s e  p o r t s  when t h e y  are 

n o t  i n  use.  I n  a d d i t i o n ,  e x t e r i o r  m e t a l  access p o r t  covers  are used 

whenever a box i s  l e f t  unat tended f o r  any l e n g t h  o f  t i m e .  
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The g l o v e  boxes a r e  o p e r a t e d  under a 3 . 3 0  i n .  water (gage)  

p r e s s u r e  w i t h  respect  t o  t h e  room v e n t i l a t i o n  system. This  e n s u r e s  

t h a t  any l e a k a g e  w i l l  b e  i n t o  t h e  box and a i d s  i n  p r e v e n t i n g  con- 

tamina t ion  from escaping  from t h e  box. A i r  f low through t h e  g love  

box i s  about  0.5 cfm u n l e s s  l a r g e r  q u a n t i t i e s  a r e  r e q u i r e d  f o r  h e a t  

d i s s i p a t i o n .  A l l  i n f l o w  a i r  i s  p r e f i l t e r e d  i n t o  t h e  box through one 

o r  more a b s o l u t e  f i l t e r s .  A i r  l e a v i n g  t h e  box i s  f i l t e r &  through a 

FG-50 p r e f i l t e r  ( i n s i d e  t h e  box) p l u s  a 12- in . - th ick  99.91% a b s o l u t e  

f i l t e r  a t  t h e  e x i t  from each box. 

T r a n s f e r s  i n t o  and o u t  of g love  boxes a r e  made through t h e  

t r a n s f e r  p o r t s .  The p l a s t i c - b a g  t r a n s f e r  t e c h n i q u e  i s  used.  T h i s  

provides  hea t -sea led  p l a s t i c  containment of a l p h a  material  t r a n s f e r r e d  

o u t  of  t h e  box and r e s u l t s  i n  p o s i t i v e  a l p h a  containment  d u r i n g  a l l  

t r a n s f e r  o p e r a t i o n s .  

Opera t ions  w j t h i n  t h e  g l o v e  box a re  c a r r i e d  o u t  w i t h  neoprene 

g l o v e s ,  which are h e l d  i n  p l a c e  on t h e  g love  p o r t  r i n g  by e i t h e r  

rubber  O-rings o r  m e t a l  c l a m p s .  Tlne procedure  f o r  r e p l a c i n g  g loves  

i s  a s  fo l lows:  

1. S l i p  o l d  g love  t o  f r o n t  p a r t  of g love  r i n g ,  b u t  do n o t  

remove from r i n g .  

2 .  Turn new gl-ove j h s i d e  o u t  and s l i p  over o l d  g love  on 

t h e  g love  r i n g .  

3 .  A f t e r  new gl-ove i s  f i r m l y  i n  p l a c e ,  p u l l  o l d  g love  o f f  

i n t o  t h e  a l p h a  box, making c e r t a i n  t h a t  t h e  new g l o v e  

does n o t  s l i p  o f f  t h e  g love  r i n g .  (Double grooves i n  

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

v i r t u a l l y  e l i m i n a t e  t h e  possibil.i:t:y of a n  uncovered 

p o r t  , assuming normal o p e r a t i o n a l  s k i l l .  ) Treat o l d  

g l o v e  as contaminated s o l i d  w a s t e .  

4 .  Monitor around edgs of g love  r i n g  and decontaminate ,  

i f  n e c e s s a r y .  

S e r v i c e s  t o  t h e  boxes are  provided by t o t a l l y  enc losed  la l3oratory 

r a c k s .  
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S i n c e  r e l a t i v e l y  shor t - te rm o p e r a t i o n s  and programs make i t  

d e s i r a b l e  t o  i n c o r p o r a t e  f l e x i b i l i t y  and m o b i l i t y  as p a r t  of t h e  

o p e r a t i n g  phi losophy,  a l l  service t i e - i n s  t o  t h e  box are  made w i t h  

n o n r i g i d  c o n n e c t o r s .  While t h e  service r a c k s  w i l l  c o n t a t n  vacuum, 

e l e c t r i c i t y ,  a i r ,  gas ,  and w a t e r ,  o n l y  e l e c t r i c i t y  and w a t e r  are 

r e q u i r e d  f o r  normal o p e r a t i o n s .  Water from t h e  s e r v i c e  r a c k  i s  used 

o n l y  as c o o l i n g  water d u r i n g  r e f l u x  and d i s t i l l a t i o n  o p e r a t i o n s .  

Various c y l i n d e r  g a s e s  (Ar, N e t c . )  a re  r o u t i n e l y  r e q u i r e d .  Traps 

are used between gas l i n e s  and r e a c t i o n  vessels t o  p r e v e n t  back- 

s i p h o n i n g  of contaminated s o l u t i o n s  i n t o  e x t e r n a l  l i n e s .  Water and 

gas  box c o n n e c t i o n s  are made through valves t h a t  are opened o n l y  when 

r e q u i r e d .  

2’ 

3 . 1 . 3  S h i e l d e d  Cave 

The pr imary containment  of t h e  s h i e l d e d  cave i n  l a b o r a t o r y  111 i s  

provided  by t h e  i n t e r n a l  a l p h a  box, which h a s  many f e a t u r e s  i d e n t i c a l  

t o  t h e  a l p h a  g love  boxes.  However, it i s  surrounded by a 2 - f t  c o n c r e t e  

s h i e l d ,  and o p e r a t i o n s  are performed w i t h  m a n i p u l a t o r s .  A glove  box 

a t t a c h e d  through a l a b y r i n t h  t r a n s f e r  c h u t e  p r o v i d e s  a means of t r a n s -  

f e r r i n g  materials i n  and o u t  o f  the  a l p h a  box by bagging techniques ;  

and h i g h - l e v e l  a c t i v i t y  can b e  removed v i a  a s e a l e d  c o n t a i n e r  and t h e  

s i d e - l o a d i n g  c a r r i e r , w h i c h  i s  a l s o  used a t  t h e  t r a n s f e r  area. 
V e n t i l a t i o n  f o r  t h i s  pr imary containment  i s  provided by a & i n .  

h e a d e r ,  through s u i t a b l e  p r e s s u r e  c o n t r o l s ,  from t h e  VOG system. 

Approximately 7 5  cfm of  a i r  flaws from t h e  l a b o r a t o r y ,  through a b s o l u t e  

f i l t e r s ,  t o  t h e  cave i n  t h e  s p a c e  around t h e  box,and t h e n  through a 

second se t  of a b s o l u t e  f i l t e r s .  P r e s s u r e  w i t h i n  t h e  a l p h a  box i s  con- 

t r o l l e d  a t  3 . 7  i n .  w a t e r  (gage) (wi th  r e s p e c t  t o  t h e  room) by an 

a u t o m a t i c  c o n t r o l  v a l v e  system i n  t h e  e x i t - a i r  f low l i n e .  The p r e s s u r e  

i n  t h e  cave i t s e l f  w i l l  be  approximate ly  midway between t h a t  of t h e  

a l p h a  box and t h e  l a b o r a t o r y  and w i l l  b e  determined by t h e  s e t t i n g  of 

manual dampers. 
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During t h e  i n f r e q u e n t  replacement  of t h e  a l p h a  box, t h e  e n t  i r c  

s o u t h  w a l l  O F  t h e  cave w i l l  have t o  b e  removed. Exti-a v e n t i l a t i o n  i s  

provided f o r  t h i s  o p e r a t i o n  by a bypass  i n t o  t h e  normal room exhaust  

t o  t h e  a b s o l u t e  f i l t e r - f a n  system on t h e  r o o f .  Up i o  500 cfm can b e  

exhausted d u r i n g  t h i s  o p e r a t i o n .  

3 . 2  Secondary Containment 

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

c o n s t i t u t e s  t h e  secondary c o n t a i n e r  fo r  TRU. The o f f i c e  annex is  

o p e r a t e d  a t  a tmospher ic  p r e s s u r e  and i s  hea ted  and v e n t i l a t e d  by i t s  

own system. Thus, i t  i s  n o t  incl.uded i.n t h i s  d i s c u s s i o n .  

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

number of a i r  c o n d i t i o n i n g ,  h e a t i n g ,  and exhaus t  systems t h a t  are  

combined t o  p r o v i d e  t h e  p r e s s u r e  d i f f e r e n c e s  r e q u i r e d  f o r  secondary 

containment.  The normal v e n t i l a t i o n  f o r  t h i s  a r e a  i s  designed t o  

main ta in  a p r e s s u r e  of - 3 . 3  i n .  water  (gage) w i t h  r e s p e c t  t o  outdoors  - 
t h e  r e q u i r e d  p r e s s u r e  f o r  containment  under emergency c o n d i t i o n s ,  a s  

g iven  i n  t h e  ORNL RadiatiLon S a f e t y  and C o n t r o l  Manual. 

Deta i l s  of t h e  b u i l d i n g  v e n t i l a t i o n  systems are given  i n  t h e  

fo l lowing  s e c t i o n s .  

3 . 2 . 1  A i r  Condi t ion ing  and Heat ing  S y s t e m  

The h e a t i n g ,  v e n t i l - a t i n g ,  and a i r  c o n d i t i o n i n g  system f o r  a l l  

b u i l d i n g  a r e a s ,  except  t h e  l i m i t e d - a c c e s s  area, i s  of t h e  once-through 

type .  The l i m i t e d - a c c e s s  a r e a  i s  provided w i t h  a once-through v e n t i l a -  

t i o n  system, p l u s  a r e c i r c u l a t i o n  system which f u r t h e r  c o n d i t i o n s  t h e  

a i r  w i t h i n  t h e  space .  The c h i l l e d  water from a c e n t r i f u g a l  water 

c h i l l e r  c o o l s  t h e  a i r ,  and h o t  w a t e r  genera ted  w i t h i n  t h e  b u i l d i n g  

i s  used f o r  r e h e a t  c o i l s  and perimeechr r a d i a t i o n .  

The equipment rooms are  provided w i t h  exhaus t  f a n s  € o r  constar i t  

v e n t i l a t i o n .  

The a i r  c o n d i t i o n i n g  and h e a t i n g  systems f i l t e r ,  c o o l  ( o r  h e a t ) ,  

and dehumidify a i r  t a k e n  from o u t s i d e  t h e  b u i l d i n g .  The c o n d i t i o n e d  
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a i r  i s  then  discharged t o  t h e  duc t  systems by c e n t r i f u g a l  fans  f o r  

d i s t r i b u t i o n  t o  the  va r ious  areas. There are a t o t a l  of 27 zones of  

temperature con t ro l .  Each zone has  i t s  ohm hot-water r ehea t  c o i l ,  

thermosta t ,  c o n t r o l  va lve ,  ductwork, and d i f f u s e r s  o r  r e g i s t e r s .  The 

r ehea t  c o i l s  c o n t r o l  t h e  temperature  of t h e  a i r  en te r ing  a zone, as 

r equ i r ed  by t h e  varying condi t ions  i n  t h e  space.  The primary a i r  

condi t ion ing  system (No. 1) d e l i v e r s  condi t ioned a i r  t o  a l l  areas 

i n  t h e  bui ld ing ,  except those  noted below f o r  t h e  o the r  systems. 

A i r  condi t ion ing  system No. 2 d e l i v e r s  condi t ioned a i r  t o  the  

l imited-access  area and l imited-access  change room No. 2. A i r  con- 

d i t i o n i n g  system N o .  3 d e l i v e r s  condi t ioned a i r  t o  t h e  t r a n s f e r  area, 

decontamination room, and checking and holdup a rea .  A i r  condi t ion ing  

system N o .  4 r e c i r c u l a t e s  and f u r t h e r  condi t ions  the  a i r  wi th in  t h e  

l i m i t  ed-access area. 

3.2.2 Heating and A i r  Conditioning Controls  

A pneumatic two-pipe, nonbleed type  of system of automatic  

temperature  c o n t r o l  i s  provided. 

prehea t  c o i l s  are  con t ro l l ed  by an outdoor thermostat .  The steam 

valve  i s  f u l l  open when t h e  o u t s i d e  temperature i s  35°F o r  below. 

Face and bypass dampers are used t o  main ta in  t h e  temperature of t h e  

a i r  leaving  t h e  prehea t  c o i l s  a t  50'F. To prevent  f r eez ing  of t h e  

steam prehea t  c o i l s ,  an alarm i s  sounded at a f a n  d ischarge  tempera- 

t u r e  of  45'F and t h e  fan  i s  shu t  down automat ica l ly  when t h e  tempera- 

t u r e  falls t o  40°F.  The a i r  temperature  of t h e  chi l led-water  c o i l  i s  

con t ro l l ed  by an averaging bulb i n  t h e  airstream and a three-way 

ch i l led-water  mixing va lve  a t  t h e  c o i l .  The i n d i v i d u a l  temperatures  

of t h e  r e s p e c t i v e  spacesa re  maintained by means of a room type  of 

thermostat  and a three-way hot-water mixing va lve  a t  the  rehea t  c o i l s  

s e r v i n g  t h e  r e s p e c t i v e  areas. 

Steam va lves  i n  t h e  l i n e s  t o  t h e  

The r e c i r c u l a t i o n  u n i t  s e rv ing  t h e  l imited-access  area has a 

ch i l led-water  coil .  wi th  a three-way mixing va lve  con t ro l l ed  by a 

remote bulb thermostat  set f o r  80°F and loca ted  i n  t h e  r e t u r n  a i r ,  
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and a steam h e a t i n g  c o i l  w i t h  a s t e a m  v a l v e  con t ro l l . ed  by a remote 

b u l b  t h e r m o s t a t  set  f o r  76'F and l o c a t e d  i n  the r e t u r n  a i r .  

3 . 2 - 3  A i r  Flow P a t t e r n  f o r  t h e  B u i l d - i s  

A schemat i c  diagram of  a i r  f low th rough  t h e  b u i l d i n g  i s  p r e s e n t e d  

i n  F ig .  3 . 3 .  System No. 1 s u p p l i e s  a i r  t o  Lhe l a b o r a t o r y  p o r t i o n  of 

t h e  b u i l d i n g  and t o  most of t h e  rooms i n  t h e  TRU p r o c e s s i n g  area. 

Systems 2 and 3 supp ly  a i r  t o  p a r r s  o f  the TRU p r o c e s s i n g  area, and 

system 4 r e c i r c u l a t e s  a i r  w i t h i n  t h e  l i m i t e d - a c c e s s  area. The a i r  i n  

t h e  l a b o r a t o r y  p o r t i o n  o f  t h e  b u i l d i n g  i s  exhausted through one of  

two I i l t e r e d  exhaus t  sys t ems  t h a t  are  l o c a t e d  on the roo1 ,  and t h e  a i r  

i n  t h e  TRU p r o c e s s i n g  area o u t s i d e  of  t h e  l i m i t e d - a c c e s s  area is  

exhaus ted  through t h e  second system on t h e  r o o f .  

The two systems w i l l  b e  r e f e r r e d  t o  as systems AJ-7-20 and AJ-122. 

These are t h e  equipment numbers f o r  t h e  pr imary blowers  f o r  t h e  l a b o r a -  

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

The a i r  i n  t h e  l i m i t e d - a c c e s s  area i s  exhaus ted  through t h e  pro- 

c e s s i n g  c e l l s  t o  t h e  H F I R  s t a c k .  

The o € f i c e  annex i s  h e a t e d  and v e n t i l a t e d  s e p a r a t e l y  excep t  f o r  

t h e  i n s t r u m e n t  shop (room 18), t h e  a i r  from which i s  exhaus ted  through 

blower AJ-122. 

Mechanical  equipment rooms 114 and 207, w a s t e  room 107 ,  and 

s o l v e n t  s t o r a g e  room 112 are s p e c i a l  cases ( s e e  below).  

Sources  of  a i r  and p a t h s  f o r  exhaus t  a t e  g i v e n  below f o r  v a r i o u s  

rooms o r  groups o f  rooms. 

L a b o r a t o r i e s .  - The l a b o r a t o r i e s  a r e  s u p p l i e d  a i r  p a r t l y  from 

system No. 1 and p a r t l y  from t h e  c o r r i d o r s  through w a l l  l o u v e r s  t h a t  

have backflow r e s t r i c t o r s .  The a i r  i n  a l l  l a b o r a t o r i e s  i s  exhaus ted  

through a f i l t e r e d  exhaus t  system (AJ-120) on t h e  r o o f .  A i r  from 

l a b o r a t o r i e s  109 ,  209,  21.1, I l l ,  and 108 i s  exhaus ted  a t  t.he c e i l i n g s ;  

t h a t  from l a b o r a t o r i e s  210, 110 ,  and 208 i s  exhaus ted  through l abora -  

t o r y  hoods t o  t h e  f i l t e r e d  exhaus t  system on t h e  roof  ( s e e  d e s c r i p t i o n  

of l a b o r a t o r y  208 below). 
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A n a l y t i c a l  Laboratory 208. - There are  t h r e e  l .ahoratory fume 

hoods,  which exhaus t  a t o t a l  of 2100 cfm. An a d d i t i o n a l  1200-cfm 

c a p a c i t y  i s  a v a i l a b l e  f o r  open-face glove-box aiicl/or room v e n t i l a t i o n ,  

Women's Room 1qL. .- A i r  i s  s u p p l i e d  from control .  c o r r i d o r  I O O A  

through a w a l l  l o u v e r  and i s  exhaclsted to  t h e  f i l t e r e d  exhaus t  system 

(AJ-120) l o c a t e d  on t h e  r o o f .  

Heal th  P h y s i c s  O f f i c e  102. - Condit ioned a i r  i s  s u p p l i e d  from 

system N o .  1 and is  exhausted through w a l l  l o u v e r s  t o  c o r r i d o r  100B. 

C a l c u l a t i n g  R o o m - l z .  .- Condit ioned a i r  i s  s u p p l i e d  from system 

No. 1 and i s  exhausted through w a l l  l o u v e r s  t o  c o n t r o l  c o r r i d o r  100A. 

The a i r  in c o n t r o l  c o r r i d o r  lOOA i s  exhausted p a r t l y  through w a l l  

l o u v e r s  t o  t h e  women's room 1 0 1  and p a r t l y  through room 105. 

C o r r i d o r s  l O O C  and 200B. - Condit ioned a i r  i s  s u p p l i e d  t o  t h e  -- 
c o r r i d o r s  by system No. 1 and from rooms a d j o i n i n g  t h e  c o r r i d o r .  'The 

a i r  i s  exhausted t o  t h e  v a r i o u s  l a b o r a t o r i e s ,  j a n i t o r s '  c l o s e t s ,  and 

glove-box s t o r a g e  room. 

Mechanical. Equip-mAnJ Rooms 114  and 207. - A i r  i s  s u p p l i e d  t o  t h e  

equipment rooms from system N o .  1 f o r  v e n t i l a t i o n ,  and t h e  areas are  

h e a t e d  by u n i t  h e a t e r s .  These rooms o p e r a t e  a t  a tmospher ic  p r e s s u r e ,  

and t h e  a i r  i .s  exhaus ted ,  u n f i l t e r e d ,  through w a l l  exhaust  f a n s .  

Labora tory  Waste Room 107-. - V e n t i l a t i o n  a i r  i s  provided  t o  t h e  

l a b o r a t o r y  w a s t e  room through i n l e a k a g e  around t h e  door ,and i s  exhausted 

t o  a f i l t e r e d  exhaus t  system (AJ-122) l o c a t e d  on the r o o f .  

Solvent  S t o r a g e  Room 112. - Outs ide  air i s  s u p p l i e d  through 

l o u v e r s  and i s  exhausted by a s e p a r a t e  sparkproof  exhaus t  f a n  (AJ-109) 

l o c a t e d  on t h e  roof of t h e  room. 
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O f f i c e  115. - Conditioned a i r  i s  suppl ied  t o  t h e  toom from 

system N o .  1 and is exhausted through a soundproof r e t u r n  duc t  i n t o  

t h e  ope ra t ing  area, room 116. 

Operat ing A r e a  116. - Conditioned a i r  i s  suppl ied  p a r t l y  from 

system N o .  1 and p a r t l y  from t h e  louvered exhaust  from room 115. The 

a i r  from t h i s  area i s  exhausted through the  f i l t e r e d  exhaust system 

(AJ-122) l oca t ed  on t h e  roof .  

Conveyor Maintenance Area 1 2 2 .  - Conditioned a i r  is  suppl ied  t o  

t h e  area from system No. 1 and i s  exhausted through a c e i l i n g  r e g i s t e r  

and duetwork. This: exhaus t ,  a long wi th  t h e  exhaus t  from t h e  ope ra t ing  

area (room 116), i s  d ischarged  t o  t h e  f i l t e r e d  exhaust system (AJ-122) 

loca t ed  on t h e  r o o f .  

Chemical Makeup Area 213. - Conditioned a i r  i s  suppl ied  t o  t h e  

area f r o m  s y s t e m  N o ,  1. A i r  i s  a l s o  supp l i ed  through louvers  from 

o f f i c e  214. The a i r  from t h i s  area i s  exhausted t o  t h e  f i l t e r e d  

exhaust system (AJ-122) l o c a t e d  on t h e  roo f .  

Cont ro l  O€fice 104. - Conditioned a i r  i s  suppl ied  t o  t h e  area 

from system No. 1 and i s  exhausted through louvers  t o  change room 

N o .  1. 

Men's Change Room 105 and Men's Room 105%. - A i r  i s  suppl ied  t o  

t h e  men's change room No. 1 (room 105) p a r t l y  from system N o .  I and 

p a r t l y  by louver  supply from c o r r i d o r s  I O O A ,  100B, and 1 O O C ,  and i s  

exhausted through t h e  f i l t e r e d  exhaust  system (AJ-120) loca ted  on t h e  

roof .  

arid p a r t l y  through wal .1  l ouve r s  from c o r r i d o r  10013 and men's change 

room N o .  I, and i s  exhausted t o  t h e  f i l t e r e d  exhaust: system (AJ-120) 

on t h e  roo f .  

A i r  is  suppl ied  t o  t h e  men's room l Q 5 A  p a r t l y  from system N o .  1 
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J a n i t o r s '  C l o s e t  106.  - V e n t i l a t i o n  a i r  i s  s u p p l i e d  t o  t h i s  room 

through a w a l l  l o u v e r  from c o r r i d o r  lOOC,and is  exhausted t o  t h e  f i l -  

t e r e d  exhaus t  system (AJ-120) l o c a t e d  on t he  r o o f .  

-_I Cold Checking and KeceivinP 113. - Condit ioned a i r  i s  s l ippl ied 

t o  t h e  room from system No. 1 and i s  exhausted t o  t h e  f i l t e r e d  exhaust  

system (A.J-120) l o c a t e d  on t h e  r o o f .  

Glove-Box StoraKe 201. - Condi.t:ioned a i r  i s  s u p p l i e d  p a r t l y  from 

system N o .  1 and p a r t l y  through wall l o u v e r s  from l a b o r a t o r y  c o r r i d o r  

200A, It i s  exhausted t o  t h e  f i l t e r e d  exhaust  system (AJ-120) l o c a t e d  

on t h e  r o o f .  

Labora tory  Reagent and Equiprn-ent S t o r a g e  No. 202.  - Condit ioned 

a i r  i s  s u p p l i e d  t o  t h e  a r e a  from system N o .  1 and i s  exhaus ted  through 

wall l o u v e r s  t o  l a b o r a t o r y  c o r r i d o r  200A. 

C a l c u l a t i n p  Rooms 203 and 204 and Counting Rooni 205. - Condit ioned 

ai.r i s  s u p p l i e d  t o  t h e s e  rooms from system N o .  1 and is  exhausted through 

w a l l  l o u v e r s  t o  l a b o r a t o r y  c o r r i d o r  200A. 

J a n i t o r s ' - C l o s e t  206. - V e n t i l a t i o n  a i r  i s  s u p p l i e d  t o  t h i s  room 

through a w a l l  l o u v e r  from l a b o r a t o r y  c o r r i d o r  200A and i s  exhausted 

t o  t h e  f i l t e r e d  exhaus t  system (AJ-120) 1-ocated on t h e  roof .  

Darkroom 217. - Condit ioned a i r  i s  s u p p l i e d  from system No. 1 and 

i s  exhausted through a l i g h c ~ i g h t  l o u v e r  t o  t h e  chemical  makeup a r e a  213. 

___.__- O f f i c e  214.  - Condi.t:ioned a i r  i.s s u p p l i e d  t o  t h e  room from system 

N o .  1 and i s  exhausted through a wall l o u v e r  i n t o  t h e  chemical  makeup 

area 213. 
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R e c i r c u l a t e d  Cool ing  Water Equipment Room 215. - Conditioned a i r  

i s  s u p p l i e d  from sys tem N o .  1 and is  exhausted t o  t h e  f i l t e r e d  exhaus t  

s y s t e m  (AJ-122) l o c a t e d  on the r o o f .  

Chanpe Rooms 3 and 4 .  - Condit ioned a i r  i s  f u r n i s h e d  t o  each of  

t he  change rooms (rooms 117  and 212) by  system No. 1. The a i r  from 

each change room i s  exhaus ted  through t h e  f i l t e r e d  exhaus t  system 

(AJ-122) l o c a t e d  on t h e  r o o f .  

C e l l  T r a n s f e r  Area 118. - The c e l l  t r a n s f e r  area i s  s u p p l i e d  with 

f r e s h  a i r  from sys tem No. 3 .  The a i r  from t h e  area i s  exhaus ted  through 

t h e  f i l t e r e d  roof  exhaus t  system (AJ-122). 

Checkinp and Holdup Area 119 .  - Condit ioned s u p p l y  air is f u r n i s h e d  

by system No. 3 .  The a i r  i s  exhaus ted  through t h e  f i l t e r e d  exhaus t  

system on t h e  roof  (AJ-122). T h i s  room i s  provided  w i t h  ins t rumented  

d o o r s  t o  form a p o s i t i v e  a i r  lock .  

Decontamination Room 216. - Condit ioned a i r  i s  s u p p l i e d  t o  t h e  

room by system No. 3 and i s  exhaus ted  t o  t h e  f i l t e r e d  exhaus t  system 

(AJ-122) l o c a t e d  on t h e  r o o f .  

Q 

Limited-Access-Area Room 120 and Change Room 2 (Room 121.). - A i r  

f l o w  p a t t e r n s  f o r  t h i s  area are shown s c h e m a t i c a l l y  i n  F ig .  3.1. T h i s  

area is s u p p l i e d  from system N o s .  2 and 4 .  System No. 2 p r o v i d e s  out -  

s i d e  a i r  t o  t h e  l i m i t e d - a c c e s s  area, room 120,  and change room N o .  2 

(room 121) .  The a i r  from room 1 2 1  is exhaus ted  through w a l l  louvers 

t o  room 120. System No. 4 p r o v i d e s  r e c i r c u l a t e d ,  c o n d i t i o n e d ,  and 

f i l t e r e d  a i r  i n  t h e  l i m i t e d - a c c e s s  area. 

The a i r  from t h e  l i m i t e d - a c c e s s  area i s  exhausted p a r t l y  v ia  t h e  

ce l l  v e n t i l a t i o n  system? through 90% roughing  f i l t e r s ,  t a  each c e l l  and 

p a r t l y  by two f i l t e r e d  exhaus t  openings to t h e  p i p e  t u n n e l  f o r  p i p e  

t u n n e l  v e n t i l a t i o n .  

rooF p l u g s  of a c e l l  to b e  removed, a d d i t i o n a l  a i r  is  s u p p l i e d  through 

During maintenance o p e r a t i o n s ,  which r e q u i r e  t h e  



78 

system N o .  2 and i s  exhausted through t h e  open c e l l .  A l l  a i r  t h a t  i s  

exhausted from t h e  c e l l s  and p i p e  t u n n e l  w i l l  p a s s  through t h e  c e l l  

v e n t i l a t i o n  f i l t e r s ,  and from t h e r e  w i l l  go t o  t h e  exhaust  f a n s  arid 

s t a c k ,  

3.2 .4  Bui ld ing  P r e s s u r e  c o n t r o l  

The b u i l d i n g  area o u t s i d e  t h e  c e l l s  i s  d i v i d e d  i n t o  s i x  zones 

Lhat are provided w i t h  d i f f e r e n t i a l - p r e s s u r e  c o n t r o l s  and d i f f e r e n t i a l -  

p r e s s u r e  dampers i n  t h e  a i r  streams from t h e  supply  systems.  The 

d i f f e r e n t i a l - p r e s s u r e  c o n t r o l l e r s  ( s t a t i c  pressure-sens ing  pickups)  

a c t  i n  c o n j u n c t i o n  w i t h  t h e  constant-volume f i l t e r e d  exhaust  systems 

t o  m a i n t a i n  t h e  r e q u i r e d  n e g a t i v e  p r e s s u r e .  The s i x  zones t h a t  a r e  

independent ly  c o n t r o l l e d  are: (1) f i r s t - f l o o r  l a b o r a t o r i e s ,  o f f i c e s ,  

and c o r r i d o r s ;  ( 2 )  second-f loor  l . a b o r a t o r i e s ,  o f € i c e s ,  and c o r r i d o r s ;  

( 3 )  TRU o p e r a t i n g  area; ( 4 )  TRU makeup area; (5) TRU decontaminat ion  

and t r a n s f e r  a r e a s ;  and ( 6 )  TRU l i m i t e d - a c c e s s  area. 

3.2.5 Alpha L a b o r a t o r i e s  

The l a b o r a t o r y  p o r t i o n  of  t h e  b u i l d i n g  c o n s t i t u t e s  t h e  secondary 

c o n t a i n e r  f o r  t h e  experiments  done i n  t h e  g love  boxes and t h e  s h i e l d e d  

cave. The normal v e n t i l a t i o n  f o r  t h i s  a r e a  i s  des igned  t o  m a i n t a i n  a 

p r e s s u r e  of - 0 . 3  i n .  of w a t e r  (gage) w i t h  r e s p e c t  t o  outdoors  - t h e  

r e q u i r e d  vacuum f o r  containment under emergency c o n d i t i o n s ,  a s  g iven  

i n  t h e  ORNL R a d i a t i o n  S a f e t y  and C o n t r o l  Manual. 

The l a b o r a t o r y  rooms p r o v i d e  an  e f f e c t i v e  i n t e r m e d i a t e  b a r r i e r  t o  

t h e  release of r a d i o a c t i v e  m a t e r i a l s  t o  t h e  environment even though 

the rooms are n o t  sealed. V e n t i l a t i n g  ai.r f o r  t h e  b u i l d i n g  normally 

f lows i n t o  t h e  l a b o r a t o r i e s  from t h e  c o r r i d o r s  through backflow pre-  

v e n t e r s  and from t h e r e  t o  t h e  b u i l d i n g  exhaus t  system. Thus, r a d i o -  

act ive materials r e l e a s e d  t o  t h e  l a b o r a t o r y  room from a g love  box would 

probably be r e t a i n e d  w i t h i n  t h e  room o r  b e  c o l l e c t e d  on t h e  b u i l d i n g  

exhaust  system f i l t e r s .  
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3.2.6 P o r t a l s  

There are a number of k inds  of p o r t a l s  through which p a r t s  of  t h e  

bu i ld ing  are  connected and through which t h e  bu i ld ing  i s  connected t o  

t h e  outdoors .  These are d iscussed  f u r t h e r  i n  Sec t ion  1 2 ,  which d e a l s  

w i th  r a d i a t i o n  and contaminat ion c o n t r o l s ,  

Normal passage t o  and from t h e  bu i ld ing  i s  through c o r r i d o r  1 0 0 A ,  

which forms a v e s t i b u l e  a i r  lock  connecting t h e  monitored-exit  zone 

checking s t a t i o n  and t h e  one-story o f f i c e  annex. The cold checking 

and r ece iv ing  s t a t i o n ,  room 113, i s  a v e s t i b u l e  a i r  lock through which 

t h e  bu i ld ing  i s  connected t o  t h e  no r theas t  loading  dock. Miscellaneous 

materials w i l l  be  de l ive red  h e r e ,  and var ious  i t e m s  l eav ing  t h e  bu i ld ing  

w i l l  be  he ld  he re  f o r  monitor ing p r i o r  t o  shipment. The t w o  a i r  locks  

i n  t h e  process ing  area, rooms 1 1 7  and 21.2, w i l l  be  used f o r  t r a n s f e r r i n g  

l a r g e  process- re la ted  i t e m s  such as manipulators  o r  drums and carboys 

of chemicals.  The contamination zones t h a t  are loca ted  i n  t h e  t r a n s f e r  

area and decontamination room are i s o l a t e d  from o t h e r  ope ra t ing  areas 

and from outdoors  by these  two a i r  locks  which a l s o  se rve  as monitoring 

and change s t a t i o n s  f o r  t h e  areas. 

The stairwells on t h e  east and w e s t  s i d e s  of t h e  bu i ld ing  s e r v e  as 

v e s t i b u l e  a i r  locks between f l o o r s .  The o u t s i d e  doors  w i l l  b e  sea led  

and used only as emergency e x i t s .  

There a re  doors from t h e  east end of t h e  c o r r i d o r s  on both f l o o r s  

t o  t h e  mechanical equipment rooms, rooms 114 and 207, which con ta in  

doors t o  o u t s i d e  and exhaust fans t h a t  provide u n f i l t e r e d  d ischarge  

of air from t h e  equipment rooms. The doors  from t h e  c o r r i d o r s  w i l l  

be  sea l ed  and are t o  be used only as emergency e x i t s .  The equipment 

rooms w i l l  normally be  en tered  from outdoors .  

i s  loca ted  o u t s i d e  t h e  east: stairwell a i r  lock .  

The maintenance shop 

The doors i n  t h e  instrumented a i r  lock ,  room 119, are equipped 

wi th  i n t e r l o c k s  t h a t  prevent  t h e  o u t s i d e  door from being opened unless 

t h e  door t o  t h e  t r a n s f e r  area and t h e  door and t h e  ha tch  t o  t h e  l imi ted-  

access area are c losed .  S i m i l a r l y ,  t h e s e  t h r e e  openings cannot be 

opened un le s s  t h e  o u t s i d e  door is  c losed .  

as an added p recau t ion  a g a i n s t  opening t h e  contamination zones t o  outdoors .  

This a i r  lock i s  instrumented 
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E a c h  a l p h a  l a b o r a t o r y ,  as w e l l  as each c o l d  l a b o r a t o r y ,  has  a n  

emergency e x i t  door that. opens  i n t o  e i t h e r  t h e  TRU o p e r a t i n g  K O O ~  on 

t h e  f i r s t  f l o o r  O K  t h e  TRU "cold"-sol.uti.on-makellp area on t h e  second 

f l o o r .  'The a n a l y t i c a l  l a b o r a t o r i e s  have emergency e x i t  doors  t h a t  open 

i n t o  the TRU a i r  l o c k s  on each fl .oor.  These emergency e x i t  doors  w i l l  

be  s e a l e d  w i t h  t a p e  and w i l l  b e  used only  i n  emergencies.  This  p r e v e n t s  

t h e  1-aboratory contaminat ion  zones from b e i n g  connected d i r e c t l y  t o  

t h e  process ing-area  r e g u l a t e d  zones.  

A yel low dumpster is  l o c a t e d  i n  room 107 .  The o u t s i d e  door  i s  

normally c l o s e d  and cannot  b e  opened f rom o u t s i d e .  Thus, i t  i s  p e r -  

m i s s i b l e  t o  f r e e l y  use  t h e  door  t h a t  connec ts  t h e  c o r r i d o r  t o  room 107;  

t h i s  i s  t h e  o n l y  way t o  g e t  i n  and o u t  of t h e  instr-ument shop. When 

t h e  dumpster needs t o  b e  moved, t h e  i n s t r u m e n t  shop door  and c o r r i d o r  

door w i l l  bc sealed t e m p o r a r i l y  u n t i l  t h i s  o p e r a t i o n  i s  completed.  
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4 .  CBEMICAL PROCESSES 

4 . 1  Genera l  P r o c e s s  D e s c r i p t i o n  

The p r i n c i p a l  f u n c t i o n  of  t h e  Transuranium Process . ing P l a n t  i s  t o  

I n  g e n e r a l ,  242Pu, .......... 

---.-._ .__..- ~ ...................................... -..-...._-_,__ ................ _II 

~ 

.. 

7 

p r e p a r e  t a r g e t s  f o r  n e u t r o n  i r r a d i a t i o n  i n  t h e  H F I R  and t o  re_process 

i r r a d i a t e d  t a r g ~ ~ . ~ ~ ~ ~ ~ $ v e r  t h e  heavy i s o t o p e s .  .. 

243Am, and..curium ................ i s o t o p e s  w i l l  b e  r e c y c l e d  t o  t h e  HFIR ' a n d  ..... t h e  trans: . 

............. ... .......-.. ........ ----. ...... __ ..................... .-. ....... ....... .................... 

...................... ...... - .....-............. ____I ,.__..IX_....-_-.. _. 

' , ......-..__..._ .-.. .. ........- -u-------xI---- .............. -----.-''----~~-~~~.'- ' 
curium elemenL&-@erkelium, ca l . i forn ium,  e i n s t e i n i u m ,  and fermium) w i l l  

b e  . However, 

small amounts o f  t h e  former group w i l l  be  a v a i l a b l e  f o r  d i s t r i b u t i o n ,  

and o c c a s i o n a l  i r r a d i a t i o n  of t h e  h e a v i e r  e lements  w i l l  be made. The 

equipment a v a i l a b l e  i n  TRU, p l u s  t h e  v e r s a t i l i t y  of the :Elowsheets, 

e n a b l e s  t h i s  f a c i l i t y  t o  h a n d l e  o t h e r  j o b s .  For  example, i t  i s  planned 

t o  p r o c e s s  hectogram amounts of 243Am and 244Cm, which are  a v a i l a b l e  as 

r a f f i n a t e s  from t h e  p r o d u c t i o n  a t  Savannah River of  t h e  o r i g i n a l  242Pu 

charge  € o r  t h e  HFIR. The f a c i l i t y  a lso has t h e  a b i l i t y  t o  p r o c e s s  

241Am t a r g e t s  f o r  recovery  of decagram amounts of h i g h l y  a c t i v e  

i f  f u r t h e r  r e q u i r e m e n t s  f o r  t h i s  i s o t o p e  a r i se .  

.............. - ~ - . - ~ - "  ......-- ______ -,-- __I__ _I __.._-__l^.__ _.-___._____ u _. ... .~ . . .... ........... 
p u r i f i e d  U_ and ...,...-___ h e l d  f o r  d i s t r i b u t i o n  t o  o t h e r  hxeslcligagors., . ...--..-__- *--..---- ._I_. -.--..--.--- ,_,- 

~ 4 2 ~ ~  
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4.2 P l a n t  Feed 

TRU is  des igned  t o  h a n d l e  a v a r i e t y  of feeds. The u s u a l  feed  w i l l  

be HFIR- i r rad ia ted  t a r g e t s  c o n t a i n i n g  v a r y i n g  amounts of t h e  heavy- 

e lement  o x i d e s  d i s p e r s e d  i n  aluminum. T a b l e  4.1 shows t h e  expec ted  

composi t ion of  H F I R  t a r g e t s  a f t e r  each of several c y c l e s  of i r r a d i a t i o n .  

h f i f t h - c y c l e  t a r g e t  h a s  more a l p h a  and n e u t r o n  r a d i o a c t i v i t y  t h a n  any 

of t h e  o t h e r  materials p r o c e s s e d ,  b u t  e a r l y  t a r g e t s  have g r e a t e r  amounts 

of gamma r a d i o a c t i v i t y .  

There i s  a backlog  of a c t i n i d e  mater ia ls  from s e v e r a l  s o u r c e s  

which w i l l  supply  f e e d  t o  TRU u n t i l  t h e  i r r a d i a t i o n s  i n  t h e  H F I K  become 

r o u t i n e .  These s o u r c e s  i n c l u d e  t h e  f o l l o w i n g :  

1. Four "prototype" t a r g e t s  whose ac t ive  r e g i o n s  are t h e  

s a m e  s i z e  as those of H F I R  t a r g e t s  b u t  whose e x t e r n a l  
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Table 4 1, Approximate Composition of HFIR Targets 
at Discharge 

Cycle No. 

1 2 5 

Al, gltarget 

242 Pu, gltarget 

Cm, gltarget 

248~m, gltaxget 

249Bk, mgltarget 

2 5 2 ~ f ,  mgltarget 

254~f, mgltarget 

244 

Mixed fissi~on products, 
g/ target 

2 00 

0.02 

1 

0.3 

0 . 2  

3 

0.015 

8 

200 

- 

1.5 

1 . 5 

2.5 

1.7 

0.08 

3 

200 

- 

0 . 8  

1 3  

23 

2 30 

1 

1.5 
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c o n f i g u r a t i o n  i s  d i f f e r e n t  t o  make i r r a d i a t i o n  i n  one 

of t h e  SRP r e a c t o r s  m o r e  convenient .  

E i g h t  s l u g s  f fabr ica ted  a t  SRP)which conta ined  all. 

a v a i l a b l e  242Pu n o t  a l r e a d y  committed t o  H F I R  t a r g e t s  .. 
3. About 250 g a l l o n s  of n i t r i c  a c i d  s o l u t i o n  c o n t a i n i n g  

about  260 g o f  244Cm and 220 g of . T h i s  m a t e -  

r i a l  was recovered  from t h e  wastes from t h e  242Pu 

p r o c e s s i n g .  

2 .  

243Am 

Table  4 .2  lists t h e  expec ted  heavy-element composi t ions of  t h e s e  s p e c i a l  

f e e d s .  

4 . 3  Flowsheet 

D e t a i l e d  chemical  Elowsheets a re  a v a i l a b l e  as Q&?L drawings ( s e r i e s  

F-12175-CD-002 through -010, p l u s  -016).  These f l o w s h e e t s  r e p r e s e n t  

c u r r e n t  t h i n k i n g  about  t h e  b e s t  means t o  perform t h e  v a r i o u s  o p e r a t i o n s  

b u t  w i l l  undergo e v o l u t i o n  as o p e r a t i n g  e x p e r i e n c e  i s  g a t h e r e d  and t h e  

a v a i l a b i l i t y  of l a r g e r  amounts of t h e  t ransuranium e lements  p e r m i t s  

more e l a b o r a t e  i n v e s t i g a t i o n  of chemical  properties. 

even t h e  o r d e r  oE t h e  o p e r a t i o n s  w i l l  change,  p a r t i c u l a r l y  i f  r a d i c a l l y  

d i f f e r e n t  p r o c e s s e s  are developed.  

showing the i n t e r r e l a t i o n s h i p  of t h e  v a r i o u s  o p e r a t i o n s  t h a t  are 
d i s c u s s e d  below. 

It may b e  t h a t  

F i g u r e  4 . 1  i s  a b l o c k  diagram 

4 . 3 . 1  T a r g e t  D i s s o l u t i o n  

A l l  curium t a r g e t s ,  and t a r g e t s  of 242Pu t h a t  have been i r r a d i a t e d  

t o  g r e a t e r  t h a n  80% b u r n u p w i l l  b e  d i s s o l v e d  i n  a Zircaloy-2 d i s s o l v e r  

u s i n g  h y d r o c h l o r i c  a c i d .  

e v o l u t i o n  and c o n t r o l l e d  by r e g u l a t i n g  t h e  tempera ture  and acid concen- 

t r a t i o n .  Hydrogen produced in t h e  d i s s o l u t i o n  r e a c t i o n  w i l l  b e  d i l u t e d  

immediately t o  2 v o l  % by an a i r  purge.  

The d i s s o l u t i o n  w i l l  b e  monitored by h e a t  

T a r g e t s  t h a t  have less  t h a n  80% burnup of 242P~1 w i l l  b e  d i s s o l v e d  

i n  NaOH-NaNO s o l u t i o n  i n  a s ta inless  steel  d i s s o l v e r .  The o x i d e  3 
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T a b l e  4 . 2 .  Expected Co.nposit ions of S p e c i a l  Feeds t o  'I'KU 

Number and Type  
_ _ _ _ I ~  -.- _....I. 

Four E i g h t  2 5 0  gal of  
TRU-SKP Prototypeg---_SRP S l u g s  NLLLic Acid S o l u t i o n  

1000 2 0 0 0  - A I ,  g 

1 2  9 2  0 242 
pu,  g 

6 3 7 220  243 
Am, g 

1 4  9 3  

0.002 0.05 

2 so 

- 

249Bk, mg 0 . 0 4  0.7 - 
252 

C f ,  mg 

Mixed f i s s i o n  
p r o d u c t s ,  g 

0.2 

8 

1.7 

50 

0 . 2  

5000a 

a Almost a11 y - e m i t t e r s  have decayed o r  been s e p a r a t e d  e x c e p t  

1-54Eu and 144Ce. 
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ORNL-DWG-67- 11612 

C:. Feed Hqh in AI 

To Tor@ Fabricotim 

F i g .  4.1. Block  Diagram of Chemical Operations in TRU. 

c 
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r e s i d u e s  w i l l  then be  d i s s o l v e d  i n  r e f l u x i n g  15 

F l u o r i d e  w i l l  be removed by s u c c e s s i v e  hydroxide p r e c i p i t a t i o n s ,  f o l -  

lowed by r e d i s s o l u t i o n  i n  d i l u t e  n i t r i c  a c i d ,  u n t i l  a f i n a l  c o n c e n t r a t i o n  

of less t h a n  10 ppm i s  reached.  

NNO - 0.1  E €IF. 
3 

4.3.2 Feed P r e c i p i t a t i o n  and C - e s t r i f u g a t i o n  .__.__ 

This  s t e p  i s  used t o  remove alurninum from t h e  p r o c e s s  solution, 

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

f o r  Tramex p r o c e s s i n g .  The Seed s t o c k  i s  p r e c i p i t a t e d  by s low a d d i t i o n  

t o  e x c e s s  N a O H ;  t h e  s o l i d s  a r e  t h e n  c o l l e c t e d  i n  a semicont inuous 

c e n t r i f u g e  and, a f t e r  washing, a re  recovered  by d i - s s o l u t i o n  i n  d i l u t e  

HC1 

4 .3 .3  P1.utonium Removal. 

Plutonium w i l l  be recovered  p r i o r  t o  s o l v e n t  e x t r a c t i o n  because 

of d i f f i c u l t i e s  i n  a d j u s t i n g  i t s  v a l e n c e  and t h e  p o s s i b i l i t y  of 

h y d r o l y s i s  d u r i n g  Tramex p r o c e s s i n g .  The p l a n  i s  t o  s o r b  Pu4" o n t o  

an  an ion  exchange r e s i n  from 6 t o  8 % H C 1 .  Under t h e s e  c o n d i t i o n s ,  

curium and c a l i f o r n i u m ,  t h e  major s o u r c e s  of a - r a d i a t i o n ,  do n o t  s o r b ,  

and t h e  column e f f l u e n t  goes d i r e c t l y  t o  Tramex f e e d  ad jus tment .  The 

plutoni.um w i l l  be elut:ed w i t h  d i l .u te  H C 1  and saved f o r  l a t e r  decontami- 

n a t i o n  from f i s s i o n  p r o d u c t s .  

4.3.4 Tramex ( T e y t i a r y  &ine E x t r a c t i o n )  P r o c e s s  -_._I 

The Tramex p r o c e s s  i s  a s o l v e n t - e x t r a c t i o n  p r o c e s s  t h a t  i s  designed 
I t o  make a complete group s e p a r a t i o n  between a l l  t h e  r a r e - e a r t h  e lements  

( o r  l a n t h a n i d e s ) ,  which i n c l u d e  some o f  t h e  major f i s s i o n  p r o d u c t s ,  

and all t h e  t ransuranium elements  o r  a c t i n i d e s  ( s e e  F i g .  4 . 2 ) .  The 

p r o c e s s  i s  an  adaptation of  well-known anion  exchange p r o c e s s e s  and 

makes use of a " l i q u i d  i o n  exchanger ,"  a t r i a l k y l  aniine d i s s o l v e d  i n  

d i e t h y l b e n z e n e .  The f e e d  i s  a s o l u t i o n  of 11 L i C l  t h a t  i s  
1 
1 0.2 i n  a c i d .  The t ransuranium e lements  are e x t r a c t e d  from t h i s  

, f e e d ,  and s m a l l  amounts of ra re  e a r t h s  which e x t r a c t  o r  have been 
) 
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Fig .  4 . 2 .  Tramex Flowsheet. 
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e n t r a i n e d  are  scrubbed o u t  w i t h  a s imilar  11 E L i C l  s o l u t i o n .  The 

pregnant  o r g a n i c  i s  s t r i p p e d  ( o r  back-ext rac ted)  w i t h  8 HC1.  It 

i s  impor tan t  t h a t  t h e  feed  b e  f r ee  o f  n i t r a t e ,  a s  t h i s  i o n  promotes 

t h e  e x t r a c t i o n  of rare e a r t h s  and d e s t r o y s  t h e  group s e p a r a t i o n .  Most 

o t h e r  f i s s i o n  products  a re  a l s o  removed i n  t h e  Tramex p r o c e s s  t o  some 

e x t e n t ,  e i t h e r  i n  t h e  r a f f i n a t e  o r  i n  t h e  waste o r g a n i c .  The curium 

and/or  americium i n  t h e  product  are s u i t a b l e  f o r  r e c y c l e  t o  t h e  H F I R  

wi-thout f u r t h e r  decontaminat ion from f i s s i o n  p r o d u c t s  because remote 

r e f a b r i c a t i o n  methods w i l l  b e  used.  

4 .3 .5  Pharex ( a o s p h o n i c  Acid Reagent E x t r a c t i o n )  P r o c e s s  .-__ 

The Pharex p r o c e s s  i s  des igned  t o  p r o v i d e  a rough s e p a r a t i o n  of 

t h e  t ransplu tonium elements  i n t o  two groups.  The f i r s t  group c o n t a i n s  

curium and americium, i f  t h e s e  elemenrs  happen t o  be p r e s e n t .  T h i s  

f r a c t i o n  i s  r e f a b r i c a t e d  i n l o  H F I R  t a r g e t s .  The second group c o n t a i n s  

t h e  elements  of  s p e c i a l  i n t e r e s t  t o  t h e  Transuranium Program: berke l ium,  

c a l i f o r n i u m ,  e i n s t e i n i u m ,  and fermium, 

The f lowshee t  f o r  t h i s  p r o c e s s  i s  p r e s e n t e d  i n  F i g .  4 . 3 .  The 

Tramex product  i s  c o n c e n t r a t e d  and t h e n  d i l u t e d  t o  make a f e e d  of  1 

HCI.. The t ranscur ium elements  are e x t r a c t e d  from t h i s  feed  by a so lu-  

t i o n  of 2-ethylhexyl  phenylphosphonic a c i d  i n  kerosene  d i l u e n t .  

Decontamination from curium i s  achieved  w i t h  a 1 . 5  IIC1 s c r u b ,  and 

t h e  product  i s  s t r i p p e d  (back-ext rac ted)  w i t h  6 NNO S t r i p p i n g  

w i t h  n i t r i c  a c i d  i s  a convenient  way o f  p r e p a r i n g  feed  f o r  t h e  n e x t  

s t e p  i n  t h e  p r o c e s s ,  berke l ium e x t r a c t i o n .  

3' 

4 . 3 . 6  Berkex (Berkelium E x t r a c t i o n )  Process  _________ 

The berkel ium e x t r a c t i o n  (F ig .  4 . 4 )  i s  c a r r i e d  o u t  i n  a batch-  

d i f f e r e n t i a l  c o n t a c t o r  s i n c e  t h e  amount o f  material  t o  b e  handled i s  

s m a l l  and t h e  s e p a r a t i o n  f a c t o r  o b t a i n a b l e  i n  t h i s  chemical  system i s  

q u i t e  l a r g e .  The Pharex product  i s  c o n c e n t r a t e d  a t  least 10-fold and 

conver ted  t o  8.5 HNO 0.l K B r 0 3 .  3'  
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Fig.  4 . 3 .  Pharex Flowsheet. 
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Product 

F i g .  4.4. Berkex Plowsheet. 
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The K B r O  i n  t h e  f e e d  o x i d i z e s  t h e  berke l ium t o  t h e  ( I V )  v a l e n c e  3 
s ta te  s o  t h a t  i t  can  b e  q u a n t i t a t i v e l y  e x t r a c t e d  by 0.6 d i ( 2 - e t h y l -  

hexyl )  phosphor ic  a c i d  (HDEHP) i n  decane.  R e s i d u a l  amounts of c a l i f o r n i u m  

and o t h e r  t r i v a l e n t  a c t i n i d e s  are scrubbed o u t  of t h e  system w i t h  more 

8.5 
s t r i p p i n g  w i t h  8.5 HNO c o n t a i n i n g  0 . 1  II 0 t o  reduce  t h e  berke l ium 3 2 2  
back t o  t h e  (111) v a l e n c e  s t a t e .  

HN03 - 0 . 1  - M KRr03. The berke l ium p r o d u c t  is  t h e n  recovered  by 

4 .3 .7  C e f i x  (Cal i forn ium,  Eins te in ium,  Fermium I o n  Exchange) P r o c e s s  

The C e f i x  p r o c e s s  makes a f i r s t  c u t  between t h e  l a s t  t h r e e  e lements  

t o  b e  recovered  from HFLK t a r g e t s  ( s e e  F i g .  4 . 5 ) .  The s o l v e n t  extrac- 

t i o n  product  s o l u t i o n  i s  t r e a t e d  by c a t i o n  exchange and t h e n  a n i o n  

exchange t o  s e p a r a t e  v a r i o u s  s a l t s  arid c o r r o s i o n  p r o d u c t s  from t h e  

a c t i n i d e s .  T h i s  c leanup p r o c e s s i n g  must b e  thorough because  t h e  

volume of  f e e d  t o  t h e  C e f i x  p r o c e s s  r e p r e s e n t s  a c o n s i d e r a b l e  concent rn-  

t i o n  of t h e  s o l v e n t  e x t r a c t i o n  p r o d u c t  s o l u t i o n .  

The f i n a l  f e e d  i s  t a k e n  u p  i n  a small volume of 0.05 M H C l  and 

loaded  i n  a t i g h t  band on t h e  t o p  of t h e  c a t i o n  chromatographic column. 

T h e  bands are s e p a r a t e d  by c a r e f u l  e l u t i o n  w i t h  0.4 3 ammonium a- 

h y d r o x y i s o b u t y r a t e  (hence t h e  name "but" column f o r  t h e  chromatographic  

exchanger ) .  

p roper  t i m e  t o  make c u t s  i n  t h e  e f f l u e n t  stream. S i n c e  t h e  i s o b u t y r a t e  

i s  q u i t e  r a d i a t i o n  s e n s i t i v e ,  t h e  p r o d u c t  i s o t o p e s  must b e  recovered  

from t h e  e f f l u e n t  streams w i t h i n  a few hours .  The t h r e e  s e p a r a t e  

p r o d u c t  f r a c t i o n s  are processed  s u c c e s s i v e l y  through a small c a t i o n  

column f o r  t h i s  purpose.  

I n - l i n e  alpha and n e u t r o n  moni tors  h e l p  detreririine t h e  

4 . 3 . 8  Cleanup and S t o r a g e  

A s  i n  t h e  case of t h e  Cefix p r o c e s s  above, t h e  v a r i o u s  p r o d u c t s  

from t h e  s e p a r a t i o n  s t e p s  w i l l  have t o  b e  c o n c e n t r a t e d  many-fold b e f o r e  

t h e y  can be  s t o r e d  or conver ted  t o  o x i d e s  f o r  r e i r r a d i a t i o n  o r  s h i p -  

ment. It i s  t h e r e f o r e  n e c e s s a r y  t o  remove accumulated salts and 

c o r r o s j o n  p r o d u c t s .  The b a s i c  procedures  f o r  doing  t h i s  are p r e c i -  

p i t a t i o n  i n  caus t i c  t o  remove aluminum and chromium, p r e c i p i t a t i o n  i n  
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c 

ammonia t o  remove n i c k e l  and copper ,  and a n i o n  exchange from 8 HC1 

t o  remove i r o n  and zirconium. TRU h a s  n i n e  t a n k s  f o r  h o l d i n g  v a r i o u s  

t ransuranium element  p r o d u c t s ,  e i t h e r  f o r  decay t o  o t h e r  i s o t o p e s  o r  

f o r  s t o r a g e  u n t i l  r e q u e s t e d  by exper imenters .  Small. amounts of s p e c i a l  

m i x t u r e s  w i l l  b e  s t o r e d  i n  s o l i d  form. 

4 . 3 . 9  Oxide P r e p a r a t i o n  

Transuranium element  o x i d e s ,  whether  f o r  r e i r r a d i a t i o n ,  shipment ,  

o r  s t o r a g e ,  w i l l  b e  prepared  by a s o l - g e l  p r o c e s s  (F ig .  4 . 6 )  from a 

h i g h l y  c o n c e n t r a t e d  s t o c k  s o l u t i o n .  Again, a p r e l i m i n a r y  c leanup 

procedure  w i l l  be  n e c e s s a r y .  

a c t i n i d e  w i l l  b e  made by adding  t h e  element a t  c o n c e n t r a t i o n s  up t o  

10-20 g l l i t e r  i n  d i l u t e  n i t r i c  a c i d  t o  an e x c e s s  of 8 M NH OH, The 

r e s u l t i n g  hydroxide  p r e c i p i t a t e  w i l l  b e  c o l l e c t e d  i n  a l a b o r a t o r y -  

scale cont inuous  c e n t r i f u g e .  A f t e r  f o u r  washes w i t h  deminera l ized  

w a t e r ,  t h e  cake w i l l  b e  compressed t o  i t s  minimum volume and as much 

f r e e  water removed as p o s s i b l e ;  i t  w i l l  t h e n  b e  conver ted  t o  a s o l  by 

g e n t l e  h e a t i n g  and t h e  a d d i t i o n  of a s m a l l  amount of HNO The s o l  

w i l l  b e  d r i e d  t o  a g e l  and s i m u l t a n e o u s l y  formed i n t o  microspheres  by 

s p r a y i n g  i n t o  a d r y i n g  s o l v e n t .  The d r i e d  g e l  microspheres  w i l l  b e  

t r a n s f e r r e d  t o  t h e  t a r g e t  f a b r i c a t i o n  s e c t i o n  of  TRU ~ O K  c a l c i n a t i o n  

and i n c o r p o r a t i o n  i n t o  r e c y c l e  t a r g e t s .  

The f i n a l  p r e c i p i t a t i o n  of  "clean" 

- 4  

3'  

4.3.10 Other  P r o c e s s e s  

The procedures  d e s c r i b e d  above are  "main-line' '  p r o c e s s e s .  From 

t i m e  to t i m e  t h e r e  w i l l  be  s p e c i a l  s e p a r a t i o n  j o b s  t h a t  are performed 

i n  one of  t h e  c e l l s  r e s e r v e d  f o r  t h i s  purpose.  These s p e c i a l  s e p a r a -  

t i o n s ,  such  as m i l k i n g  249Cf  from decaying  249Bk, OK p u r i f y i n g  a 

sample f o r  shipment t o  a n o t h e r  s i t e ,  w i l l  b e  performed i n  l a h o r a t o r y -  

t y p e  equipment e s p e c i a l l y  i n s t a l l e d  i n  t h e  c e l l  f o r  each job .  These 

procedures  w i l l  g e n e r a l l y  i n v o l v e  a small f r a c t i o n  of t h e  amount of  

material handled i n  t h e  main l i n e .  They w i l l  v a r y  g r e a t l y  t o  m e e t  t h e  

s p e c i f i c  r e q u i r e m e n t s  a t  hand,  and no f lowshee t  can be p r e s e n t e d  a t  

t h i s  t i m e .  



CONDENSATE 

CENTRIFUGE 
SPHESE FORMATION 

CAUSTIC PRECIPITATION AMMioNia PRECIPITATION HYDROXIDE FORMATION GEL. S ~ E R E S  

I REMOVES Li,AI,Cr,CI REMOVES Ma, NI,Co, Cu 

METHANOL TO 
REMOVE SOLVEN 

PRODUCT CONTfilNER TO TiFfGET FABR;CkTlDk 

Fig. 4 . 6 .  Sol-Gel Process  f o r  Actinides. 
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4 . 4  Process  F l e x i b l l i t y  

The bas i c  f lowsheet  presented  above w i l l  undoubtedly be modified 

from t i m e  t o  t i m e  as more experience i s  gained wi th  t h e  chemistry of 

t h e  heavy elements.  This i s  e s p e c i a l l y  t r u e  as you move from t h e  f r o n t  

end of t h e  process  toward t h e  t a i l  end. Re la t ive ly  l i t t l e  development 

work has been done t o  d a t e  on t h e  Pharex, Rerkex, Cefix,  and so l -ge l  

processes  f o r  a c t i n i d e  elements ,  p a r t l y  because of l a c k  of adequate 

f a c i l i t i e s  up u n t i l  now f o r  handl ing t h e  t ransplutonium elements and 

p a r t l y  because of a l a c k  of adequate  s u p p l i e s  of t h e s e  elements f o r  

t e s t i n g  equipment and processes  on an engineer ing s c a l e .  In  t h i s  sense ,  

product ion of t h e  t ransplutonium elements w i l l  b e  a boots t rapping  opera- 

t i o n ;  as l a r g e r  amounts are separa ted  i n  TRU, they w i l l  s e rve  as test 

materials f o r  process  development. 

I n  a d d i t i o n  t o  t h e  above cons ide ra t ions ,  t h e r e  w i l l  be  some changes 

made f o r  ope ra t ing  convenience. For example, t h e  d i s s o l u t i o n  of aluminum 

j n  va r ious  media has been thoroughly s tud ied .  However, i t  i s  s t i l l  

necessary t o  t r y  t h e  d i f f e r e n t  p o s s i b l e  procedures t o  see which one 

works most e f f i c i e n t l y  i n  our  equipment and f i t s  i n  most convenient ly  

with subsequent ope ra t ions .  

Examples of p o s s i b l e  modi f ica t ions  which w e  expect to study are 

given i n  t h e  fol lowing s e c t i o n s .  

Tare;et Disso lu t ion .  - Dissolu t ion  i n  c a u s t i c ,  planned €or  242Pu 

t a r g e t s  of low burnup, may prove t o  be u s e f u l  f o r  main-line t a r g e t s  also.  

Feed P r e c i p i t a t i o n  and Cent r i fupa t ion .  - This  s t e p  could be 

e l imina ted  as a means of removing t h e  aluminum from t h e  system e i t h e r  

by a c a u s t i c  d i s s o l u t i o n  o r  by a precyc le  of so lven t  e x t r a c t i o n ,  using 

d i (2-e thylhexyl )  phosphoric a c i d ,  t o  s e p a r a t e  a c t i n i d e s  and r a r e  e a r t h s  

from aluminum and concen t r a t e  them p r i o r  t o  the  Tramex procedure.  

Plutonium Removal. - Plutonium could be  removed by anion exchange 

e i t h e r  from a c h l o r i d e  feed ,  as p r e s e n t l y  planned, o r  from a n i t r a t e  

feed i n  t h e  convent ional  plutonium anion-exchange process .  Plutonium 
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might even b e  removed i n  a s imul taneous  plutonium-berkelium recovery  

e x t r a c t i o n .  A t  t h i s  p o i n t ,  w e  do n o t  know whether  t o  t r y  t o  e f f e c t  

f i s s i o n  product  decontaminat ion w h j l e  r e c o v e r i n g  t h e  plutonium o r  t o  

combi.ne s e v e r a l  plutonium b a t c h e s  and r e c y c l e  f o r  f i s s i o n  product  re- 

moval. 

____.__ Tramex. - T h i s  p r o c e s s  h a s  been s t u d i e d  e x t e n s i v e l y  i n  t h e  C u r i i i m  

Recovery F a c i l i t y  and a t  t h e  Savannah River Labora tory ,  b u t  much op t  i.rtii- 

z a t i o n  remains t o  b e  done b e f o r e  b e s t  coiiibinations o f  recovery  and 

p u r i f i c a t i o n  can b e  achieved .  

as d i i sopropylbenzene  o r  d e c a l i n .  

We may even s t u d y  o t h e r  d i l u e n t s  si.ich 

Pharex.  - This  f lowshee t  d e f i n i t e l y  needs t o  b e  opt imized f o r  b e s t  

c a l i f o r n i u m  (and berkel ium) recovery  w h i l p  s t i l l  m a i n t a i n i n g  e f f e c t i v e  

decontaminat ion f rorn curium. 

Berkelium E x t r a c t i o n .  - F u r t h e r  work on t h i s  procedure  awaits t h e  

a v a i l a b i l i t y  of  m u l t i m i l l i g r a m  amounts o f  berke l ium.  1t may prove t o  

be d e s i r a b l e  t o  move t h e  berkel ium recovery  t o  t h e  head end o f  t h e  

p r o r c s s ,  i n  which case plutonium and cerium w i l l  a l s o  b e  recovered  w i t h  

t h e  berkel ium and an  a d d i t i o n a l  s e p a r a t i o n  s t e p  w i l l  b e  r e q u i r e d .  

C e f i x  P r o c e s s .  - From t h i s  p o i n t  on, p r o c e s s  f l o w s h e e t s  are s o  

dependent on f u t u r e  developments t h a t  i t  would b e  i m p o s s i b l e  t o  l i s t  

p o s s i b l e  p r o c e s s  v a r i a t i o n s .  

4 . 5  Reagents Used i n  P r o c e s s  

'Tables 4 . 3  - 4.11 show t h e  v a r i o u s  r e a g e n t s  used i n  c u r r e n t  TRU 

p r o c e s s e s ,  t h e i r  purposes ,  and t h e  approximate ra te  of  consumption, 

on a monthly b a s i s .  

s t o r e d  i n  t h e  makeup area a t  any t i m e .  

The last  column i n d i c a t e s  t h e  approximate amount 
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Table  4.3  Acid Reagents 

Amount Used Approximate Amount 
Reagent Purpose pe r  Month on Hand 

1 2 . 2  H C l  Target  d i s s o l u t i o n  16  l i t e r s  

Plutonium removal 
(anion-exchange) 

50 l i t e r s  

Tramex s t r i p  100 l i ters  

Pharex scrub  20 1i.ters 

A l l  o t h e r s  

Tota l  

1.4 l i t e r s  

200 l i ters  300 l i t e r s  
(2.3.6 cases )  

15.8 2 HN03 Pharex s t r i p  55 l i t e r s  

Rerkex scrub  and s t r i p  24 l i t e r s  

A l l  o t h e r s  

Tota l  

11 l i te rs  

90 l i ters  50 l i ters  
(%7 cases )  

Table 4 . 4  Basic  Reagents 

Amount IJsed Approximate Amount 
Reagent Purpose per Month on Iiand 

50% NaOH Caus t ic  sc rubber  makeup 1 4 0 0  l i ters  

Neu t ra l i z ing  a c i d  wastes  300 l i t e rs  

Aluminum removal 20 l i t e rs  

Y r0du.c t cleanup 10 l i t e rs  

All o t h e r s  5 l i ters  

T o t a l  1735 l i ters  400 l i t e r s  
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Table  4.5  S a l t s  

Approximate 
Amount 

Reagent Purpose p e r  Month on  Hand 
Aiinoun t U s  ed 

..-̂  .I 

13 LiCl 

Ammon iuin a-hy d roxy- 
i s  o bu t y r a t e 

Tramex f e e d  75  l i t e r s  
ad j us  tment 

Tramex r e d u c t a n t  40 l i t e r s  

Tramex s c r u b  120 t i ters  
_I_ 

T o t a l  235 l i ters  500 Liters 

C e f  i x  1 lh 6 l b s  

Pentasodium d i e t h y l e n e -  Decontamination 1 0  I b s  30 l b s  
t r i a m i n e  p e n t a a c e t a t e  so  l u  t i o n  

._I-- _s___l_l_ 

Table  4.6 Sorbents  
~- ....-.- 

Amount Used Approximate Amount 
Reagent P u r p o s e  p e r  Month on Wand 

S i l i c a  G e l  P u r i f y i n g  DER and Amsco 10  l b s  20 l h s  

Alum. L i n a  P u r i f y i n g  DEB aiid h s c o  10 lbs 20 l b s  

L)owex 1. Plutonium recovery  20 l.bs 

Product  c leanup 4 l b s  
_ _ _ . . ~  

T o t a l  24 l b s  1 5  lbs 

Dowes 50 Cef i x  4 l b s  5 l b s  
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Table  4.7 Reductants  

Reagent Purpose 
Amount Used Approximate Amount 

p e r  Month on Hand 

SnCl * H2 0 Tramex;  h o l d i n g  reduc- 3 l b s  
tant f o r  C e  

30% H202 Berkex; r e d u c t a n t  f o r  <1 l b  
Bk e x t r a c t i o n  

20 l b s  

10 l b s  

M e  thano  1 Tramex f e e d ;  h o l d s  a c i d  5 l i t e rs  Limited t o  
5 l i t e r s  

Table  4.8 Oxidant 

Amount Used Approximate Amount 
Reagent Purpose p e r  Month on Hand 

K R r 0 3  Rerkex; Bk o x i d a t i o n  2 l b s  
i n  f e e d  and s c r u b  

2 1bs  

Table  4.9 Organic  E x t r a c t i v e  Reagents  
I__ -- 

Ap p r o x i m a  t e 
Amount Used Amount 

Reagent Purpose p e r  Month on Hand 

Tert--amine (2 E) Tramex e x t r a c t a n t  100 l i t e rs  200 l i t e rs  

. 
1 

2-e thylhexyl  pheny I- Pharex e x t r a c t a n t  50 l i t e r s  200 l i ters  
phosphonic a c i d  

d i  (2-e thylhexyl )  Berkex e x t r a c t a n t  1 Liter  100 liters 
phosphor ic  ac id  
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Table 4.10 Organic D i l u e n t s  

Reagent 
Amount Used Approximate Amount 

Purpose p e r  Month on Hand 

D i e t 11 y 1 b en z en e Tramex diluent:  200 l i t e r s  200 l i t e r s  

~UI~SCCO 125-82 Pharex d i l u e n t  150 l i t e r s  200 liters 

Decane Berkex diluent 4 l i t e r s  5 l i t e r s  

Table  4 . 1 1  Organic  Cleaning Agents (Degreasers)  

Amount Used Approximate Amount 
Reagent Purpose p e r  Month on Handa 

_.-̂  .-........_ P 

Alcohol Cleanout  of Tramex 40 l i t e rs  Limited t o  
(formula 3A) equipment 5 g a l  

Acetone CLeanout of Phasex 40 l i t e r s  Limited t o  
and Berkex q u i - p -  5 g a l  
ment 

"See a l s o  methanol ,  Table  4 . 7 .  

4 . 6  Dangerous Chemi-cal Reac t ions  

Most chemi CRI r e a c t i o n s  i n  the Transuranium P r o c e s s i n g  Flowsheet 

do n o t  involve  s i g n i C i c a n t  amounts of energy ,  e i t h e r  because t h e  n.ctml,er 

of moles of r e a c t a n t s  i s  v a n i s h i n g l y  small, o r  because  t h e  energy re- 

leased p e r  mole i s  q u i t e  s m a l l .  Examples of t h i s  t y p e  o f  reaction are 

t h e  coinplexing of curium t o  make i t  e x t r a c t a b l e  i n  the Tramex p r o c e s s :  
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c 

* 

and t h e  ox ida t ion  of berkel ium, a l s o  t o  make i t  e x t r a c t a b l e , i n  the  

Berkex process  : 

+ - s  
6 Bk3+ 4- 6 B + B r 0 3  f 6 Bk4+ + B r -  + 3 W20 . 

(The l a t t e r  r e a c t i o n  involves  a l a r g e  amount of energy p e r  mole but  

few moles.)  

T h e  few r e a c t i o n s  which do involve  r e l e a s e  of s i g n i f i c a n t  amounts 

of energy are  d iscussed  below. 

4.6.1 Aluminum Dis so lu t ion  i n  H C 1  

D i s so lu t ion  Q E  aluminum occurs  q u i t e  r e a d i l y  i n  hydrochlor ic  a c i d  

of almost any s t r e n g t h .  I n  f a c t ,  t h e  r a t e  i s  so r ap id  t h a t  means f o r  

i t s  c o n t r o l  must be provided t o  avoid overhea t ing  o r  gene ra t ing  of 

exp los ive  mixtures  i n  t h e  equipment. The aluminum d i s s o l u t i o n  r a t e  

has  been def ined by t h e  fo l lowing  equat ion:  

2 . 4 2  (16.74 - S,260/T) k = M  e Y 

where 
2 k = d i s s o l u t i o n  r a t e ,  mg/(cm ) (min), 

M = H C l  concen t r a t ion ,  Pi, 

T = temperature  of m e t a l  s u r f a c e ,  O K ,  g ene ra l ly  2 t o  5 degrees  

h ighe r  than  t h e  s o l u t i o n .  

I n  t h e  r eg ion  of i n t e r e s t ,  a temperature  r i s e  of 1 2 ° C  o r  an  

i n c r e a s e  i n  a c i d  concen t r a t ion  of 33X w i l l  double t h e  r e a c t i o n  ra te .  

S ince  t h e  r e a c t i o n  releases 125 kca l lmole ,  t h i s  h e a t ,  un le s s  removed, 

w i l l  r a t h e r  qu ick ly  i n c r e a s e  t h e  temperature  of t h e  system and accel- 

erate t h e  r e a c t i o n .  Fo r tuna te ly ,  as t h e  metal s u r f a c e  g e t s  s t i l l  

h o t t e r ,  a b lanket  of s t e a m  and hydrogen forms, which d r a s t i c a l l y  

l i m i t s  t h e  actual.  con tac t  between a c i d  and metal and thereby  prevents  
2 t h e  d i s s o l u t i o n  ra te  from r i s i n g  much above 50 mp;/(cm )(min). I n  t h e  

TRU d i s s o l u t i o n  t h e  r a t e  i s  c o n t r o l l e d  by adding the  proper amounts 

of a c i d  and adjust: ing t h e  temperature  t o  achieve  a d i s s o l u t i o n  ra te  

of 1 g/min. The d i s s o l u t i o n  rate i s  monitored by measuring t h e  
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t empera ture  rise o f  t h e  c o o l i n g  water.  I f  t h e  tempera ture  i n  t h e  

d i s s o l v e r  becomes e x c e s s i v e  a l l  h e a t  is removed from t h e  r e c . i r c u l a t i n g  

c o o l i n g  water, t h u s  caus ing  t h e  d i s s o l v e r  t o  c o o l .  The hydrogen evolved 

d u r i n g  t h e  d i s s o l u t i o n  s t e p  i s  immedialely d i l u t c x l  t o  2% by a purge  of 

2 cfm o f  a i r .  

3 4 . 6 . 2  Aluminum D i s s o l u t i o n  i n  NaOH-NaMO 

T h i s  d i s s o l u t i o n  procedure  w i l l  b e  a p p l i e d  t o  plutonium t a r g e t s  i n  

I f  i t  performs s a t i s f a c t o r i l y  which t h e  242Pu burnup i s  1.ess t h a n  80%. 

f o r  t h e s e  t a r g e t s ,  i t  may b e  used f o r  t h e  high-burnup ta rge ts  a l s o .  

The b a s i c  r e a c t i o n ,  A I  -t. N a O H  + 3 H 0 --> NaAl(0H) f 3 / 2 H 2 ,  produces 

hydrogen and h e a t  s i m i l a r  t o  t h a t  produced i n  an aci.d d i s s o l u t i o n .  

However, the  p r e s e n c e  of  NO c a u s e s  most of t h e  hydrogen t o  be con- 

v e r t e d  t o  ammonia by an  approximate o v e r a l l  r e a c t i o n :  

2 4 

- 
3 

A 1  + 2 H20 + 0.85 NaOH $. 1 . 0 5  N a N 0 3  + NaAl(0H) + 0 .9  NaNO, 
4 - 

+ 0.15 NH + 0.2 H 0 C 0.008 H2 3 2 

T h i s  reduced amount of hydrogen w i l l  permi t  a f a s t e r  d i s s o l u t i o n  r a t e  

and s t i l l  m a i n t a i n  t h e  same p e r c e n t a g e  hydrogen i n  t h e  o f f - g a s .  The 

d i s s o l u t i o n  r a t e  w i l l  b e  c o n t r o l l e d  by r e s t r i c t i n g  t h e  amount of 

aluminum added. T h i s  i s  done v e r y  s imply by p u t t i n g  t h e  t a r g e t  i n t o  

a t a l l ,  t h i n  vessel. The bottom 6 i n .  is f i l l e d  w i t h  t h e  c a u s t i c  

s o l u t i o n ,  and t h e  vessel i s  heated t o  s ta r t  t h e  r e a c t i o n .  A s  t h e  d i s -  

s o l u t i . o n  proceeds ,  t h e  bottom of t h e  t a r g e t  c o r r o d e s  away and t h e  rod 

b e g i n s  t o  s l i d e  dobm i n t o  t h e  b r o t h ,  exposing f r e s h  s u r f a c e .  The 

tempera ture  w i 1 . l  r ise t o  t h e  b o i l i n g  p o i n t  and remain t h e r e  as t h e  

h e a t  of r e a c t i o n  i s  removed by r e f l u x i n g .  The off-gas  w i l l  p a s s  

through a d i l u t e  a c i d  s c r u b b e r  t o  remove t h e  ammonia. 

4 . 6 . 3  P r e p a r a t i o n  of Highly Oxid iz inp  Berkex Feed 

The feed  (and s c r u b )  f o r  Berkex (8.5 G H N O  - 0 . 1  M K B r O  ) i s  a 
3 3 

h i g h l y  o x i d i z i n g  medium which reacts v i g o r o u s l y  w i t h  reducing  a g e n t s .  



1 0 3  

The e x t r a c t i o n  equipment i s  p e r i o d i c a l l y  c leaned  o u t  w i t h  a c e t o n e  t o  

remove organic. f i l m s .  Great care i s  e x e r c i s e d  t o  make s u r e  t h a t  t h e  

a c e t o n e  i s  comple te ly  f l u s h e d  o u t  o f  t h e  column and t h e  c a t c h  t a n k  

b e f o r e  t h e  h i g h l y  o x i d i z i n g  feed  i s  added. 

4.7 Forbidden Reagents 

Most of t h e  main p r o c e s s i n g  equipment i n  TRU i s  made of Zircaloy-2.  

This  a l l o y  i s  h i g h l y  r e s i s t a n t  t o  n e a r l y  every  c o n c e i v a b l e  combinat ion 

of a c i d s  and b a s e s  except  t h o s e  c o n t a i n i n g  f l u o r i d e .  Even s m a l l  

(10-25 ppm) c o n c e n t r a t i o n s  i n c r e a s e  t h e  c o r r o s i o n  ra te  d e t e c t a b l y .  

F l u o r i d e  contaminat ion  i s  b e l i e v e d  t o  account  f o r  t h e  marked c o r r o s i o n  

observed i n  Zircaloy-2 mixer-sett lers used by t h e  Savannah River Labora- 

t o r y  and by t h e  Curium Recovery F a c i l i t y .  An upper l i m i t :  of 5 ppm h a s  

been p l a c e d  on t h e  f l u o r i d e  c o n t e n t  of a l l  r e a g e n t s  o r d e r e d  i n  b u l k  

f o r  TRU. 

In s p i t e  of t h e  importance of b a r r i n g  f l u o r i d e  from t h e  s y s t e m ,  

i t  h a s  been found n e c e s s a r y  t o  i n c l u d e  HF as a r e a g e n t  f o r  t h e  d i s -  

s o l u t i o n  of  h i g h - f i r e d ,  low-burnup plutonium. T h e r e f o r e ,  a s m a l l  

subsystem b u i l t  e n t i r e l y  of s ta in less  s teel  h a s  been added t o  one of 

t h e  c u b i c l e s  t o  perform t h i s  d i s s o l u t i o n .  A l l  streams l e a v i n g  t h i s  

subsystem w i l l  e i t h e r  b e  n e u t r a l i z e d  by c a u s t i c  o r  b e  decontaminated 

from f l u o r i d e .  Hydrochlor ic  a c i d  must b e  b a r r e d  from t h i s  subsystem 

because  i t  c o r r o d e s  s t a i n l e s s  s tee l  e x c e s s i v e l y .  

A few p a r t s  of t h e  system are f a b r i c a t e d  of tan ta lum.  C a u s t i c  

s o l u t i o n s  must b e  b a r r e d  from t h e s e  tan ta lum l i n e s  and vessels. 
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5. TARGET FABRICATION 

Cel.1 c u b i c l e s  1, 2 ,  and 3 c o n t a i n  equipment t h a t  i.s used t o  p r o c e s s  

t h e  s o l - g e l  p r o d u c t s  from t h e  chemical. p r o c e s s i n g  s t e p s  and f a b r i c a t e  

them i n t o  t a r g e t  e lements  f o r  i r r a d i a t i o n  i n  thtr. I IPIK.  The d e m e n t s  

may c o n t a i n  any combinat ion of t h e  t ransuranium i s o t o p e s ,  depending on 

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

5 .1  P r o c e s s  D e s c r i p t i o n  

T a r g e t s  are f a b r i c a t e d  by a se r ies  of  s imple  o p e r a t i o n s .  The system 

i s  designed t o  minimize t h e  s p r e a d  of contaminat ion  and t o  f a c i l i t a t e  

r e p a i r  o r  replacement  of components. T r a n s f e r  arms and o t h e r  special  

devices, o p e r a t e d  s e m i a u t o m a t i c a l l y ,  a r e  used t o  move t a r g e t  element 

components between s t e p s  i n  t h e  p r o c e s s .  Master-s;l.ave m a n i p u l a t o r s  a re  

used p r i n c i p a l l y  f o r  maintenance and f o r  t r a n s f e r  of  m a t e r i a l s  t o  and 

from t h e  i n t e r c e l l  conveyor. A u x i l i a r y  e n c l o s u r e s  are  used w i t h i n  t h e  

c u b i c l e s  t o  minimize t h e  s p r e a d  of contarninat ion.  Whenever i t  w a s  pos- 

s i b l e ,  s e n s i t i v e  p a r t s  w e r e  made s m a l l  enough t o  f i t  i n t o  t h e  i n t e r c e l l  

conveyor.  A l l  equipiaent may b e  demounted, u s i n g  a manipulator-held 

impact wrench and a n  i n - c u b i c l e  overhead c r a n e ,  and may b e  removed and 

r e p l a c e d  by means of t h e  equipment t r a n s f e r  case. 

The p r o c e s s  s t e p s  have been grouped i n  t h e  t h r e e  c u b i c l e s ,  accord ing  

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

c u b i c l e .  G e n e r a l l y ,  o p e r a t i o n s  w i t h  l o o s e  powders w i l l  b e  performed 

i n  c u b i c l e  3 ,  t h o s e  w i t h  p e l l e t s  i n  unsealed t u b e s  i n  cubi.c.1.e 2 ,  and 

t h o s e  w i t h  s e a l e d  t a r g e t  e lements  i n  c u b i c l e  1. 

5 . 1 . 1  P e l l e t  Forminp and Cleaning  

F i g u r e  5 .1  i s  a schemat ic  f lowshee t  f o r  t h e  p e l l e t  forming and 

c l e a n i n g  s t e p s  t h a t  a r e  performed i.n c u b i c l e  3 .  

A c t i n i d e  hydroxide powder i n  a s p e c i a l  c o n t a i n e r  i s  moved from 

c u b i c l e  4 t o  c u b i c l e  3 via t h e  i n t e r c e l . 1  conveyor and i s  moved t o  t h e  

calciner by means of the m a n i p u l a t o r .  The c o n t a i n e r  w i t h  c a l c i n e d  



105 

Pellet Transfer 

ORNL DWG 67-1 1616 

- " 

Act in ide Hydroxide 
From Cubicle 4 Calcination 

Waste or Transfer 
(Off-gas, hot drain 

or Intercell conveyer) 
Actinide Oxide 

I 
rn I Container to Cubicle 4 Weighing 

I 
AI Powder AB Powder Container 
Container 

Containe: Bearing Actinide 
Oxide + AI Powder 

L 

Actinide Oxide 

r 

Contaminated 
Vacuum Exhaust 

4 

I 

+ 

1 
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o x i d e  i s  t r a n s f e r r e d  by manipulator- t o  t h e  b a t c h  s c a l e ,  where t h e  o x i d e  

i s  weighed t o  de te rmine  t h e  amount o f  aluminum powder t o  b e  added. The 

proper  q u a n t i t y  of  aluminum powder (weighed outsi.de the c e l l  bank) i s  

put  i n t o  t h e  c u b i c l e  vi.a l:he i n t e r c e l l  conveyor and added t o  t h e  a c t i n i d e  

oxide  a t  t h e  powder add s t a t i o n .  The m i x t u r e  oE powders i s  blended and 

d ispensed  t o  d i e s .  Each of t h e  d i e s ,  which are prepared  o u t s i d e ,  con- 

t a i n s  an aluminum t u b e  and a bottom powder cap. One d i e  a t  3 t i m e  i s  

p laced  on a s c a l e  t h a t  i s  i n t e r l o c k e d  w i t h  t h e  blender-disp,  nn.ser t o  

a u t o m a t i c a l l y  s t o p  di .spensing when t h e  d e s i r e d  wei.ght i s  reached .  The 

loaded d i e  i s  t r a n s f e r r e d  by t h e  t r a n s f e r  a r m  t o  t h e  c a p  powder s t a t i o n ,  

where a t o p  punch i s  loaded and t h e  p e l l e t  i s  p r e s s e d  a t  about  22 t s i .  

The pe l l . e t  is e j e c t e d  from t h e  d i e ,  and t h e  d i e  components are  d i s c a r d e d .  

The l e n g t h  of t h e  p e l l e t s  i s  checked, and each p e l l e t  i s  weighed 

t o  b e  s u r e  t h a t  t h e  a c t - i n i d e  oxide:aluminum r a t i o  i s  c o r r e c t .  R e j e c t e d  

p e l l e t s  are  s t o r e d  € o r  chemical  r e p r o c e s s i n g ,  and a c c e p t a b l e  p e l l e t s  

are loaded  :i.nto a magazine f o r  subsequent  f a b r i c a t i o n  s t e p s .  

The magazine containi-ng t h e  p e l l e t s  i s  t r a n s f e r r e d  by manipula tor  

t o  t h e  ul . trasonic c l e a n e r ,  where the p e l l e t s  a re  c leaned  and rrinsed. 

I t  i s  t h e n  t r a n s f e r r e d  t o  t h e  p e l l e t  d r i e r ,  where t h e  p e l l e t s  are  d r i e d  

a t  500°C i n  a r e s i s t a n c e - h e a t e d  vacuum f u r n a c e  u n t i l  o u t g a s s i n g  ceases 

and f u r n a c e  'p ressure  i s  reduced t o  100 microns.  'The vacuum pump in t h e  

chemical. makeup a r e a  induces  a vacuiim through a n  a b s o l u t e  : f i l t e r  i.n t h e  

c e l l  and d i s c h a r g e s  i n t o  t h e  VOG l i n e  i n  t h e  makeup area. The d r y  

p e l l e t s  a r e  f e d  through t h e  wall t o  t h e  p e l l e t  checking and l o a d i n g  

s t a t i o n  i n  c u b i c l e  2 .  

5.1.2 Tarpet Tube Assembly 

F i g u r e  5 .2  i s  a schemat ic  f lowshee t  f o r  o p e r a t i o n s  i n  c u b i c l e  2. 

P e l l e t  d i a m e t e r s  are checked a u t o m a t i c a l l y  by p a s s i n g  t h e  p e l l e t s  

through a d iameter  gage. Overs ize  p e l l e t s  are r e j e c t e d  and h e l d  f o r  

chemical  r e p r o c e s s i n g .  Acceptable  p e l l e t s  are  s t a c k e d  i n  a t rough 

u n t i l  t h e  number r e q u i r e d  f o r  one t a r g e t  have been s t a c k e d .  'Total. 

l e n g t h  is checked t o  s a t i s f y  t h e  s p e c i f i c a t i o n  t h a t  t h e  a c t i v e  t a r g e t  

l e n g t h  i s  20 2 0 . 5  i n .  This  l e n g t h  may r e q u i r e  3 4 ,  35, o r  36 p e l l e t s .  
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A t a r g e t  t u b e  w i t h  one c l o s u r e  weld completed and c o n t a i n i n g  a 

bottom suppor t  sleeve i s  h e l d  in l o a d i n g  p o s i t i o n  by t h e  tube  h o l d e r  

and l o a d i n g  s t a t i o n .  P e l l e t s  are loaded  i n t o  t h e  t a r g e t  t u b e  one a t  a 

t i m e ,  u s i n g  a s t u f f i n g  r o d ,  and t h e n  t h e  loaded t a r g e t  t u b e  i s  r o t a t e d  

v e r t i c a l l y  45". The top  s u p p o r t  l i n e r  i s  measured and i n s e r t e d ;  t h e n  

t h e  rod i s  r a i s e d  u p r i g h t .  

The t r a n s f e r  a r m  moves t h e  t a r g e t  t u b e  t o  t h e  assembly machine,  

t h e  end cap is  i n s e r t e d  i n t o  the chamber, and the welding chamber i s  

evacuated aiid b a c k f i l l e d  w i t h  hel ium. The end cap i s  pushed i n t o  t h e  

t a r g e t  t u b e  t o  form a mechanical  j o i n t ,  and t h e  c l o s u r e  weld i s  made. 

The t r a n s f e r  arm moves t h e  cl-osed t u b e  (now t h e  t a r g e t  rod)  t o  t h e  

hel.ium l e a k  chamber, which i s  evacuated t o  t h e  hel.i.uni l e a k  d e t e c t o r  i n  

t h e  chemical  makeup area. A vacuum i s  induced through two a b s o l u t e  

f i l t e r s  i n  t h e  c e l l  and i s  d ischarged  t o  t h e  v e s s e l  o f f -gas  l i n e  i n  

t h e  makeup area. The t a r g e t  rod i s  moved by t h e  t r a n s f e r  a r m  t o  t h e  

t:arget rod t r a n s f e r  s t a t i o n ,  where i t  i s  c leaned  and r i n s e d  i n  an  

u l t r a s o n i c  c l e a n e r  and t h e n  i n s e r t e d  i n t o  c u b i c l e  1. 

5 .1 .3  Targe t  Rod Assembly and T e s t i n g  

The t a r g e t  rod i s  t r a n s f e r r e d  by t h e  t r a n s f e r  arm € o r  a l l  o p e r a t i o n s  

i n  c u b i c l e  1 (Fig .  5 .3) .  The rod i s  d r i e d  w i t h  a stream of h e a t e d  a i r  

and i s  smeared f o r  contaminat ion .  The smear pad h o l d e r  c o n t a i n s  two 

pads,  of which o n l y  one i s  used t o  smear t h e  tube .  8 0 t h  pads a r e  re- 

moved from t h e  c u b i c l e  and counted;  t h e  d i f f e r e n c e  i n  count ing  rates 

i s  a t t r i b u t e d  t o  contaminat ion  on t l ie t a r g e t  rod.  

The t r a n s f e r  arm moves t h e  rod t o  t h e  x-ray s t a t i o n  where s i x  

x-ray exposures  are made (two a t  t h e  end t h a t  wa.s welded i n  t h e  c u b i c l e  

and one a t  each of f o u r  o t h e r  e l e v a t i o n s )  t o  cover  t h e  e n t i r e  p e l l e t  

area of  t h e  rod .  

The dimensions of t h e  rod a r e  checked, and tlie rod i s  moved t o  

t h e  h y d r o s t a t i c  p r e s s u r e  chamber where t h e  t u b e  i s  c o l l a p s e d  onto  t h e  

p e l l e t s .  'The rod i s  a g a i n  hel ium l e a k  t e s t e d ,  and t h e  dimensions are 

remeasured. I f  n e c e s s a r y ,  t h e  rod i s  s t r a i g h t e n e d  and a n o t h e r  check 

i s  made of t h e  dimensions.  
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The hexagonal can i s  p o s i t i o n e d  over  t h e  r o d ,  and s t a k i n g  p i n s  are  

d r i v e n  i n t o  t h e  can  t o  f a s t e n  i t  t o  the rod .  

The t a r g e t  assembly i s  checked f o r  c o r r e c t  d imens ions ,  u l t r a s o n i c a l l y  

c l e a n e d ,  and moved t o  t h e  d i s c h a r g e  e l e v a t o r ,  which r a i s e s  t h e  assembly 

t o  t h e  car r ie r  on top  of t h e  c e l l  bank. 

5.1.4 D i s p o s i t i o n  of Reject Rods 

Rods may be r e j e c t e d  a t  several p l a c e s .  T h e i r  d i s p o s i t i o n  w i l l .  b e  

determined by whether  t h e  re jec t  occurred  b e f o r e  o r  a f t e r  t h e  h y d r o s t a t i c  

c o l l a p s e  s t e p .  T f  a rod i s  r e j e c t e d  b e f o r e  c o l l a p s e ,  i t  is  opened and 

t h e  p e l l e t s  a r e  removed and r e c y c l e d  through c u b i c l e  3 .  I f  t h e  rod is  

r e j e c t e d  a f t e r  c o l l a p s e ,  i t  w i l l  b e  moved t o  c u b i c l e  7 f o r  d i s s o I u t i o n  

and r e p r o c e s s i n g .  

5 .2  I n s p e c t i o n  of 18 HFIR T a r g e t s  

About 100 t o  200 ug of c a l i f o r n i u m  i s  conta ined  i n  18 t a r g e t  r o d s  

t h a t  were i r r a d i a t e d  a t  t h e  Savannah River P l a n t  and then  s t o r e d  i n  t h e  

HFIR pool .  There i s  no i n c e n t i v e  t o  p r o c e s s  t h e s e  t a r g e t s  t o  recover  

t h e  t r a n s u r a n i c  a c t i n i d e s .  However t h e  r o d s  have the e q u i v a l e n t  of 

t h r e e  months of ful l -power i r r a d i a t i o n  i n  t h e  HFIR and w i l . 1  b e  inc luded  

i n  t h e  f i r s t  HFIR t a r g e t  l o a d i n g  i f  t h e i r  i n t e g r i t y  can  b e  ensured .  

The t a r g e t s  w i l l .  b e  brought  from t h e  HFIR pool  t o  t h e  TRU f a c i l i t y  

i.n t h e  CAST c a s k ,  lowered i n t o  c u b i c l e  I., i n s p e c t e d ,  and r e t u r n e d  t o  

t h e  HFIR i n  t h e  CAST cask.  Movement of t h e  ta rge ts  i n  and o u t  of c u b i c l e  1 

i s  achieved  by f o l l o w i n g  a w r i t t e n  procedure  t h a t  h a s  been t e s t e d , u s i n g  

a dummy t a r g e t  rod.  Ten s e p a r a t e  i n s p e c t i o n s  o r  o p e r a t i o n s  w i l l  b e  

performed on each rod fo l lowing  a d e t a i l e d  check s h e e t .  The e n t i r e  

i n s p e c t i o n  i n v o l v e s  42  separate s t e p s .  

5.3 Chemical Reagents  

The o n l y  r e a g e n t  used i n  t h e  f a b r i c a t i o n  c u b i c l e s  i s  a n  aqueous 

s o l u t i o n  of d e t e r g e n t .  Acetone, used f o r  c l e a n i n g  rod components 
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o u t s i d e  the cub ic l e s ,  will be included in the total inventory of 
Class ,4 chemicals permitted i n  t h e  chemical makeup area. 



1. I2 

6 .  C R I T I C A J ~ I ' J Y  IN PROCESSING AREA 

The  amount of t r a n s p l u t o n i c  f iss i le  nuclides planned f o r  product ion  

is  about 2 o r d e r s  of magnitude less t h a n  a minimiim c r i t i c a l  m a s s ;  t h u s ,  

no c r i t i c a l i t y  hazard  e x i s t s .  
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7. OPERATING SAFEGUARDS I N  PROCESSING AREA 

7 . 1  Opera t ing  O r g a n i z a t i o n  

One of t h e  pr imary f a c t o r s  i n  t h e  s a f e  o p e r a t i o n  of  any f a c i l i t y  

such as TRU i s  a n  a d e q u a t e l y  s t a f f e d  and h i g h l y  t r a i n e d  o p e r a t i n g  group. 

The r e s p o n s i b i l i t y  f o r  t h e  s a f e  o p e r a t i o n  of t h e  e n t l r e  f a c i l i t y  rests 

w i t h  t h e  p i l o t - p l a n t  group,  which a l s o  o p e r a t e s  t h e  c e l l  bank and a l l  

r e l a t e d  equipment.  B u i l d i n g  service equipment,  i n c l u d i n g  a l l  v e n t i l a -  

t i o n  sys tems,  is  o p e r a t e d  and r o u t i n e l y  checked by t h e  p i l o t - p l a n t  

group. It is t h e i r  r e s p o n s i b i l i t y  t o  see t h a t  t h e  r e q u i r e d  services 

are  o p e r a t i n g  normally f o r  t h e  s u p p o r t i n g  groups i n  t h e  l a b o r a t o r i e s  

and o t h e r  areas of t h e  b u i l d i n g .  

The s t a f f  c o n s i s t s  of 11 e n g i n e e r s  and 2 1  t e c h n i c i a n s ,  as shown i n  

T a b l e  7 . 1 .  The o p e r a t i o n  c o n t i n u e s  on a 7-day week, 24-hour day s c h e d u l e  

w i t h  a s h i f t  organizat ion,composed of a n  e n g i n e e r i n g  s u p e r v i s o r  and f o u r  

t e c h n i c i a n s  on each s h i f t , t h a t  i s  suppor ted  by t e c h n i c a l  and e n g i n e e r i n g  

groups ( i n c l u d i n g  a b u i l d i n g  s a f e t y  o f f i c e r ) .  

7 . 1 . 1  . R e s p o n s i b i l i t i e s  

C h i e f  of Opera t ions .  - The s h i f t  o p e r a t i n g  group r e p o r t s  t o  t h e  

Chief of  O p e r a t i o n s .  I n  a d d i t i o n  t o  s u p e r v i s i n g  t h e  s h i f t  g roups ,  h e  

h a s  t h e  pr imary r e s p o n s i b i l i t y  f o r  a d m i n i s t r a t i v e  cont ro l .  and super-  

v i s i o n ,  w i t h  t h e  a s s i s t a n c e  of  a Maintenance Engineer ,  of a l l  maintenance 

a c t i v i t i e s  i n  t h e  b u i l d i n g .  

S h i f t  S u p e r v i s o r .  - The s h i f t  s u p e r v i s o r  on duty  i s  r e s p o n s i b l e  

f o r  a l l  c u r r e n t  o p e r a t i o n s  i n  t h e  p r o c e s s  area, i n c l u d i n g  t h e  d e t e r -  

m i n a t i o n  t h a t  any maintenance t o  b e  s t a r t e d  can b e  done s a f e l y  and w i l l  

n o t  i n t e r f e r e  w i t h  any o p e r a t i o n  i n  p r o g r e s s .  

c e l l  bank and b u i l d i n g  service equipment o p e r a t i o n s  t h a t  are under way, 

and h e  h a s  t h e  a u t h o r i t y  and r e s p o n s i b i l i t y  t o  s t o p  o r  change any of 

t:hese o p e r a t i o n s .  

H e  must be aware of all 
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a 
M.  K .  P r e s t o n ,  Targe t  Fabr ica-  

t i o n  Engi  n e e r  
a 

1.J. Eve 

b 
E .  M. Shiiford, F i e l d  Engineer  

a J .  E. Van Cleve,.-D-Shift Supervisor  

J .  11. Groover 

c 
H. E. Cochran, Instrument 

En P i 11 e er 

-_- D .  B. Owsley 

C .  L. Shephern 

J .  T. E a s a  

C .  H. Jones  

a 

b 

Assigned from Metals and Ceramics 

Assigned from P l a n t  and Equipment 

Assigned from I n s t r u m e n t a t i o n  and 

D l v i  s ion.  

Div is ion .  

C o n t r o l s  D i v i s i o n .  
d B u i I d i n g  S a f e t y  O f f i c e r ,  

C 
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B u i l d i n g  S a f e t y  O f f i c e r .  - The B u i l d i n g  S a f e t y  O f f i c e r  -is r e s p o n s i b l e  

f o r  a l l  s a f e t y  matters i n  t h e  b u i l d i n g ,  i n c l u d i n g  zoning r e g u l a t i o n s ,  

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

f u n c t i o n s .  I n  a d d i t i o n ,  h e  i s  r e s p o n s i b l e  f o r  reviewing and approving 

a l l  non-rout ine  maintenance r e q u e s t s  and procedures ,  and r a d i o a c t i v e  

material  t r a n s f e r  procedures .  

T e c h n i c a l  and Engineer ing  Groups. - These groups review and a n a l y z e  

a l l  d a t a  g e n e r a t e d  i n  t h e  p r o c e s s  o p e r a t i o n s  and de termine  p r o c e s s  con- 

d i t i o n s  f o r  a l l  r u n s .  

T a r g e t  F a b r i c a t i o n  Engineer .  - All t a r g e t  f a b r i c a t i o n  work i s  

planned under  t h e  d i r e c t i o n  of a n  e n g i n e e r  who i s  fully a c q u a i n t e d  w i t h  

t h i s  equipment. H e  i s  r e s p o n s i b l e  f o r  p r e p a r i n g  t h e  procedures  f o r  

e x e c u t i n g  t h e  work, s e e i n g  t h a t  t h e  a s s i g n e d  p e r s o n n e l  are  a d e q u a t e l y  

t r a i n e d ,  and p r o v i d i n g  day-to-day i n s t r u c t i o n s  f o r  t h e  o p e r a t i o n .  H e  

w i l l  a l s o  a n a l y z e  t h e  r e s u l t s  of t h e s e  o p e r a t i o n s .  

BuPldinR S u p e r v i s o r .  - The above groups r e p o r t  t o  t h e  Bui ld ing  

S u p e r v i s o r ,  who h a s  o v e r a l l  r e s p o n s i b i l i t y  f o r  t he  o p e r a t i o n  of  t h e  

e n t i r e  f a c i l i t y .  

7 . 1 . 2  T r a i n i n g  Programs 

C 

A f u l l - t i m e  three-week t r a i n i n g  session w a s  h e l d  a t  t h e  beginning  

of  t h e  o p e r a t i o n s  t o  f u l l y  a c q u a i n t  a l l  p e r s o n n e l  w i t h  t h e  f a c i l i t y ,  

s t a n d a r d  p r o c e d u r e s ,  p r o c e s s e s ,  and s a f e t y  matters. T h i s  w a s  fo l lowed 

by a six-month p e r i o d  of  check-out o p e r a t i o n s  i n  which a l l  personnel  

w e r e  t r a i n e d  i n  t h e i r  r e s p o n s i b i l i t i e s .  F u t u r e  t r a i n i n g  i s  t h e  

r e s p o n s i b i l i t y  of each s h i f t  s u p e r v i s o r ,  w i t h  p r o c e s s  matters b e i n g  

c o o r d i n a t e d  by t h e  Chief of  O p e r a t i o n s  and s a f e t y  t r a i n i n g  be ing  

o r g a n i z e d  by t h e  B u i l d i n g  S a f e t y  O f f i c e r .  



7 . 2  Standard Opera t ing  Procedures  

Although a l l  p e r s o n n e l  have been t r a i n e d  s o  t h a t  t h e y  are completely 

f a m i l i a r  w i t h  t h e  o p e r a t i o n s  t h e y  w i l l  be  per forming ,  a l l  o p e r a t i o n s  w i l l  

be done by fo l lowing  a d e t a i l e d  procedure and check l i s t .  

7 .2 .1  Opera t ing  Manual., Check L i s t s ,  and Run S h e e t s  

An o p e r a t i n g  manual h a s  been prepared  which d e s c r i b e s  i n  d e t a i l  a l l  

bui 1 d i n g  and p r o c e s s  equipment and t h e  g e n e r a l  o p e r a t i n g  procedures  t o  

b e  fol lowed,and p r o v i d e s  a l l  o t h e r  i n f o r m a t i o n  r e q u i r e d  f o r  t h e  s a f e  

o p e r a t i o n  o f  t h e  b u i l d i n g ,  such as p r o c e s s  chemical  i n f o r m a t i o n ,  

maintenance procedures ,  r a d i a t i o n  s a f e t y  i n f o r m a t i o n ,  and g e n e r a l  

b u i l d i n g  s a f e t y  r u l e s .  It i s  supplemented by a n  Emergency Manual which 

is  devoted t o  t h e  procedures  f o r  h a n d l i n g  abnormal c o n d i t i o n s  and 

emergencies.  

D e t a i l e d  s tep-by-step check l i s t s  are  provided which l i s t  every  

o p e r a t i o n  (such as each valve t o  b e  o p e r a t e d )  i n  sequence,  and p r o v i d e  

some supplementary i n f o r m a t i o n .  

D e t a i l e d  r u n  s h e e t s  a r e  a l s o  provided which s p e c i f y  t h e  e x a c t  

c o n d i t i o n s ,  f l o w s ,  chemical  composi t ions ,  e t c .  t o  b e  fol lowed i n  a 

s p e c i f i c  run .  

7 . 2 . 2  KuildinR L o q  

A l l  b u i l d i n g  service equipment,  i n c l u d i n g  a l l  v e n t i l a t i o n  sys tems,  

a i r  compressors ,  w a t e r  sys tems,  t h e  c a u s t i c  s c r u b b e r ,  e tc . ,  are r o u t i n e l y  

i n s p e c t e d  a t  t h e  beginning  of each s h i f t  I Opera t ing  c o n d i t i o n s  are  

logged and compared w i t h  t h e  normal. This  l o g  i s  checked by t h e  s h i f t  

s u p e r v i s o r ,  and any abnormal condi.t::ion i s  immediately i n v e s t i g a t e d .  

7 .2 .3  T r a n s f e r  ofJnLormation Between S h i f t s  

The s h i f t  s u p e r v i s o r  i s  r e s p o n s i b l e  f o r  m a i n t a i n i n g  an a c c u r a t e  and 

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

l o g  i s  t h e  pr imary means o f  t r a n s m i t t i n g  i n f o r m a t i o n  between 
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s h i f t s .  An ove r l ap  per iod  of 12 minutes by t h e  non-technical  people  
provides  an oppor tuni ty  f o r  smooth switch-over even f o r  a cont inuous 

ope ra t ion .  

The supe rv i so r s  normally d i s c u s s  t h e  ope ra t ion  f o r  about 30 minutes at 

t h e  s h i f t  switch-overs.  

Operat ions are no t  normally shu t  down a t  t h e  end of a s h i f t .  

7 . 2 . 4  Procedure Changes- 

A s  t h e  processes  change, procedures  must be  cons t an t ly  r ev i sed  t o  

b r i n g  them up t o  d a t e ,  t o  r e f i n e  t h e  ope ra t ions  and t o  c o r r e c t  e r r o r s  

as they are noted. The Chief o€ Operat ions i s  r e spons ib l e ,  wi th  t h e  

concurrence of t h e  Bui ld ing  Superv isor ,  f o r  a l l  changes i n  t h e  ope ra t ing  

manual and check l ists .  C e r t a i n  changes are a p p r o p r i a t e l y  reviewed by 

t h e  Sa fe ty  O f f i c e r  and t h e  area Heal th  Phys ics  r e p r e s e n t a t i v e .  

7.3 Maintenance Procedures 

A l l  maintenance procedures  throughout t h e  b u i l d i n g  are done under 

a system designed t o  ensure  complete s a f e t y  a t  a l l  t i m e s .  Appropriate  

people  must approve each s t e p  and c l o s e l y  supe rv i se  t h e  a c t u a l  mainte- 

nance ope ra t ions .  

7.3.1 Work Request System 

A work r eques t  form ( see  Fig.  7.1) has been devised  t o  provide  

(1) a means of r eques t ing  maintenance t o  b e  done; (2)  spaces  f o r  t h e  

a p p r o p r i a t e  people  t o  approve t h e  work, a long  w i t h  a l l  procedures  re- 

qu i r ed ;  (3) assurance  of t h e  proper  s a f e t y  reviews; and ( 4 )  a permanent 

record of t h e  work performed. 

many people  i n  t h e  bu i ld ing .  

t h e  Maintenance Engineer ,  who reviews t h e  r eques t  and prepares  t h e  

pre l iminary  informat ion  on t h e  work r eques t  form f o r  t h e  P l a n t  and 

Equipment Div is ion  craft f o r c e s ,  who do t h e  work. A t  t h i s  s t a g e  t h e  

j o b  i s  reviewed by the Chief of Opera t ions ,  who determines whether t h e  

j o b  should be  done, and, i f  so ,  what p r i o r i t y  i t  should have, what 

Maintenance work may b e  reques ted  by 

These r e q u e s t s  are f i r s t  ac t ed  upon by 
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_ _ ~  .................. ... 

~ -- ......................... ~~~ 

WORK REQUEST NO. 

................... 
P R I O R I T Y  

....................... __ 

........... ................... 1 ............................... ... __ - ___ ................... 
WORK O R D E R  t 4 0  

.......... . ..................... 
W O R K  R E Q U E S T  N O  I T O  

-. 
F R O M  

] C * + I E F  O F  O P E R A T I O N S  A P P R O V A L  I D A T E  

T R U  S A F E T Y  O F F I C E R  A P P R O V A L  D A T E  

HAZARDS WORK PERMIT,  FORM UCN 326, REQUIRED YES NO 
- _- - - _ _ ~  

RADIATION WORK PERMI 1 (RWP) FORM UCN-2779, REQUIRED n YES n No 

STARTING TIME 
...................... .- ..... 

BUILDING SAFETY OFFICER APPROVAL REQUIRED = Y E S  u NO 
- - _  - - 
E Q U I P M E N T  O R  W O R K  L O C A T I O N  

TIME APPROVAL ENDS SIGNED D A T E  
.................... 

I 

................ ~~ 

R E F E R E N C E  P R l N T S  O R  O T H E R  

............................ ~~~~ ... 
8 Y  D A T E  JOB C O M P L E T E D  

................................... 

... _- ......... ~ ....... ~~~ 

P R E C A U T I O N S  T O  B E  T A K E N  

A C T U A L  TIME C H A R G E D  

................. 

........................... --7 I I I I _ _ _  - -  
R E  9 U E S  T E D C O M  0 I. E T  I O  P I  D A T E  

~ _ _  - _~ 
WORK DESCRIPTION AND OTHER 

- -- 
REMARKS 

Fig.  7.1. Work Reques t  Form. 
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s a f e t y  reviews, i f  any, are r equ i r ed ,  and when t h e  job  should appro- 

p r i a t e l y  b e  s t a r t e d .  The approved r eques t  i s  then  t r ansmi t t ed  t o  t h e  

P l an t  and Equipment Divi-sion f i e l d  engineer ing  f o r c e s ,  who complete 

p repa ra t ions  t o  do t h e  job. When t h e  p repa ra t ions  are f i n i s h e d ,  t h e  

foremen review t h e  job  wi th  t h e  s h i f t  supe rv i so r  on duty ,  who ascertains 
t h a t  t h e  j o b  can b e  done s a f e l y  a t  t h a t  t i m e .  H e  makes s u r e  t h a t  valves 

and e l e c t r i c a l  b reakers  are appropr i a t e ly  tagged o u t  and t h a t  any o the r  

p repa ra t ions  are completed, such as Heal th  Physics  survey,  be fo re  s ign ing  

t h e  form, thus  g iv ing  approval  f o r  t he  job  t o  proceed. S imi la r  approval  

is  made a t  t h e  beginning of each new s h i f t  i n  t h e  event  t h a t  a j o b  carries 

over t o  t h e  next  s h i f t .  

When t h e  work has  been completed, t h e  foreman s igns  t h e  form, r e t u r n s  

i t  t o  t h e  s h i f t  supe rv i so r ,  and informs him of anything i n c i d e n t a l  t o  t h e  

work r eques t  which might a f f e c t  t h e  opera t ions .  The forms are then f i l e d  

permanently. 

While some minor v a r i a t i o n  of t h e  above descr ibed sequence may occur ,  

t h e  key steps--review and approval  by t h e  Chief of Operat ions and f i n a l  

endorsement by t h e  s h i f t  supervisor--are  mandatory. 

7 .3 .2  De ta i l ed  Procedures 

The ma jo r i ty  of maintenance j o b s  are done from i n s t r u c t i o n s  w r i t t e n  

on t h e  work reques t  form, p l u s  a u x i l i a r y  ske tches  and drawings. However, 

more d e t a i l e d  procedures  are requi red  f o r  i n - c e l l  maintenance work. 

Maintenance work performed wi th  manipulators  i n  t h e  cub ic l e s  by t h e  

t echn ic i ans  i s  no t  done by work reques t  form s i n c e  t h e  l a t te r  i s  

designed only €or  suppor t  work by t h e  P l a n t  and Equipment Divis ion.  

A s e p a r a t e  form is  used f o r  i n - c e l l  work. 

according t o  gene ra l  i n s t r u c t i o n s  i n  t h e  Operat ions Manual; however, 

each s p e c i f i c  j o b  must be  reviewed and approved e i t h e r  by t h e  Chief of 

Operations o r  by t h e  Bujlding Supervisor  p r i o r  t o  s t a r t i n g  t h e  job.  

This  work w i l l  be done 

Maintenance involv ing  removal of equipment from t h e  c e l l  bank, and 

o t h e r  i n - c e l l  maintenance where t h e  c e l l  i s  t o  be opened, will be done 

according t o  d e t a i l e d  step-by-step procedures.  For semirout ine  ope ra t ions ,  
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t h e s e  i n s t r u c t i o n s  will h e  p r e p a r e d  as part  of t h e  9 e r a t i o n s  Manual.. 

For  n o n r o u t i n e  j o b s ,  a s p e c i a l .  p r o c e d u r e  w i l l  b e  p r e p a r e d  a t  t h e  t i m e  

t h e  j o b  i s  t o  be performed. 
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8. PERSONNEL EXPOSURE I N  PROCESSING AREA 

8.1 Cur ie  Load 

The l a r g e s t  source  of  6-y r a d i a t i o n  is  t h e  144Ce - 144Pr f i s s i o n  

product a s s o c i a t e d  wi th  t h e  f i s s i o n i n g  of t h e  i n i t i a l  LO kg of 239Pu 

used t o  produce t h e  242Pu t a r g e t  material .  The c e l l  des ign  w a s  based 

on process ing  200,000 c u r i e s  of t h i s  material ,  bu t  most of i t  has  now 

decayed; less than  1.0,000 c u r i e s  rema5-n. 

The m a x i m u m  amount of a a c t i v i t y  s t o r e d  i n  any c e l l  a t  one t i m e  

w i l l  b e  t h e  260 g of 244Cm from Savannah River ,  equ iva len t  t o  21,000 

c u r i e s .  

The c u b i c l e  des ign  i s  based on t h e  s h i e l d i n g  requirements  f o r  a 

f i f t h - c y c l e  HFIR t a r g e t ,  which i s  expected t o  con ta in  305 m a  of C f  and 

spontaneously e m i t  3 x loL2 f i s s i o n  neut rons  p e r  second from all heavy 

i so topes .  This  i s  t h e  equ iva len t  of 80 "cur ies"  of neutron a c t i v i t y .  

Maximum inventory  i n  t h e  e n t i r e  c e l l  bank i s  expected t o  be  less than 

5 g of Cf o r  about 300 "cur ies"  of neutrons.  

8 . 2  Personnel  Exposure 

The TRU s h i e l d i n g  des ign  w i l l  a t t e n u a t e  t h e  sources  l i s t e d  above 

t o  a p e n e t r a t i n g  r a d i a t i o n  dose r a t e  of <0.75 mrem/hr i n  normally 

occupied a reas ,wi th  "hot" s p o t s  of r a d i a t i o n  no g r e a t e r  than  2.5 mrem/hr 

oppos i t e  w a l l  p e n e t r a t i o n s .  The dose rates i n  normally unoccupied areas 

w i l l  be  no g r e a t e r  than 10  t i m e s  t h e s e  va lues .  

8 .3  Exposure i n  Radia t ion  Zones 

A5 i nd ica t ed  above, exposure i n  t h e  normal ope ra t ing  area w i l l  be  

<0.75 mrem/hr o r  <30 m r e m  pe r  40-hr week. However, t h e r e  w i l l  be  a 

number of ope ra t ions  such as t a r g e t  charg ing ,  s a m p l e  removal, waste 

removal., o r  equipment removal and decontaminat ion t h a t  w i l l  en t a i l  p a r t -  

t i m e  exposure t o  h ighe r  l e v e l s  o f  r a d i a t i o n .  

performed wi th  t h e  knowledge of Heal th  Phys ics  personnel ,  and t h e  

These ope ra t ions  w i l l  b e  
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working t i m e s  w i l l  b e  c a r e f u l l y  checked t o  make sure: no i n d i v i d u a l  

r e c e i v e s  an exposure i n  excess  of that. provided f o r  i n  t h e  H e a l t h  P h y s i c s  

Manual, S e c t i o n  3 .2 .  Records of accumulated exposures  w i l l  b e  k e p t  f o r  

p i l o t - p l a n t  p e r s o n n e l  and f o r  c r a f t  personnel  t h a t  are r e g u l a r l y  a s s i g n e d  

t o  t h e  b u i l d i n g  e 

8 . 4  Exposure P o s s i b i l i t i e s  

The t a b l e  below l i s t s  t h e  approximate number o f  people  t h a t  normally 

work i n  t h e  TKU b u i l d i n g .  V i s i t o r s  who may b e  p r e s e n t  from t i m e  t o  t i m e  

w i l l  b e  e s c o r t e d  through Che b u i l d i n g .  They w i l l .  w e a r  f i l m  badges and 

e i t h e r  e l e c t r o s c o p e  d o s i m e t e r s  o r  pocket  m, nters.  

Table  8.1 Number of Personnel  Working i n  the TRU F a c i l i t y  

Working Days Nights  and Weekends 
--- -. 

Main P r o c e s s i n g  Area 15 5 

LaboraLory Area 12 3 

O f f i c e  Area 12 0 
. _ . ~ I  
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9.  ANALYTICAL CHEMISTRY DIVISION 

The work b e i n g  done by t h e  A n a l y t i c a l  Chemistry D i v i s i o n  w i l l  b e  

s u p e r v i s e d  by John Cooper,  a member o f  t h a t  d i v i s i o n .  

C u b i c l e s  8 and 9 w i l l  b e  used t o  c o l l e c t  and s t o r e  samples from 

t h e  c e l l  bank, t o  perform a n a l y s e s  t h a t  must b e  made w i t h o u t  d i l u t i o n  

on h i g h l y  r a d i o a c t i v e  samples ,  and t o  make d i l u t i o n s  f o r  a n a l y s e s  t h a t  

will b e  made i n  l a b o r a t o r i e s  108 and 208.  A l l  o p e r a t i o n s  i n  the c e l l  

bank area must b e  c o o r d i n a t e d  w i t h  and approved by t h e  TRU S h i f t  

S u p e r v i s o r .  

O p e r a t i o n s  i n  l a b o r a t o r i e s  108 and 208 w i l l  b e  t h o s e  t h a t  have 

p r e v i o u s l y  been reviewed and approved f o r  s imilar  f a c i l i t i e s .  New 

procedures  w i l l  b e  p r e s e n t e d  f o r  review i f  t h e y  appear  t o  r e p r e s e n t  

a s i g n i f i c a n t  d e p a r t u r e  from approved p r a c t i c e .  
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10. LARORA'I'ORY GLOVE-BOX OPERATIONS 

'The l a b o r a t o r y  f a c i l i t i e s  wi.J.1 b e  used For fundamental  s t u d i e s  and 

p r o c e s s  development of a l p h a - a c t i v e  materials.  Much of the work w i l l  

be  concerned w i t h  t h e  development of s o l - g e l  p r o c e s s e s  and w i t h  p r o c e s s  

development f o r  the i s o l a t i o n  and p u r i f i c a t i o n  of v a r i o u s  a l p h a - a c t i v e  

materials.  For t h i s ,  emphasis i.s placed  on s o l v e n t  e x t r a c t i o n  and i o n  

exchange t e c h n i q u e s .  However, any o p e r a t i o n  normally conduct:ed i n  a n  

i n o r g a n i c  chemis t ry  l a b o r a t o r y  might be adapted f o r  use.  Work w i l l  b e  

car r ied  o u t  i n  unshie lded  g l o v e  boxes when o n l y  a l p h a  containment  i s  

e s s e n t i a l ;  when p r o t e c t i o n  from beta-gamma o r  n e u t r o n  r a d i a t i o n  i s  

n e c e s s a r y ,  t h e  work w i l l  b e  done i n  g love  boxes s h i e l d e d  by l e a d  o r  

o t h e r  material and i n  t h e  l a r g e  shj-elded cave. The amount o f  material 

handled w i l l  v a r y  Eroin t r a c e  q u a n t i t i e s  up t o  1.00 c u r i e s .  Various 

i s o t o p e s  of a l l  e lements  from thorium through fermium, p l u s  t h e i r  

d a u g h t e r s ,  wi l l .  b e  handled .  On o c c a s i o n ,  a f t e r  a s p e c i a l  hazards  

review, a product ion- type  program may be carried o u t .  

The work w i l l  b e  done by experienced p e r s o n n e l  under  t h e  super -  

v i s i o n  o f  M. H .  Lloyd and R.  E .  Leuze. Ne~cr p e r s o n n e l  b7il.l. p robably  

become involved e v e n t u a l l y .  People  who a re  n o t  experienced i n  h a n d l i n g  

h i g h l y  r a d i o a c t i v e  materials i n  glove-box o p e r a t i o n s  woul-d, o:E c o u r s e ,  

b e  ful.1.y t r a i n e d  b e f o r e  b e i n g  al lowed t o  work w i t h o u t  c l o s e  s u p e r v i s i o n .  

1 0 . 1  Radi-ation Hazards 

Alpha r a d i a t i o n  i s  t h e  predominant r a d i a t i o n  t h a t  will b e  encountered ,  

and a l p h a  Contamination w i l l  b e  conta ined  by use  of glove-box t e c h n i q u e s .  

When ganma and n e u t r o n  r a d i a t i o n  i s  a s s o c i a t e d  w i t h  t h e  a l p h a  r a d i a t i o n ,  

t h e  work w i l l  b e  performed i n  t h e  s h i e l d e d  glove boxes.  These boxes 

might have l e a d  shadow s h i e l d i n g ,  o r  b e  f u l l y  lead-l ined,  and might be 

equipped w i t h  lead-impregnated g l o v e s .  The t o t a l  d o s e  r e c e i v e d  by 

p e r s o n n e l  w i l l  be  l i m i t e d  t o  t h a t  allowed by c u r r e n t  ORNL s t a n d a r d s .  

The q u a n t i t y  of a l p h a  emit ters  t h a t  can be handled i n  t h e  l a b o r a t o r y  

f a c i l i t y  wi thout  a formal  R a d i a t i o n  S a f e t y  anal .ysis  (except  f o r  f i s s i o n -  

a b l e  material - see below) i s  e i t h e r  100 c u r i e s  i n  a g love  box o r  500 
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c u r i e s  i n  a sh i e lded  

242Cm, 6 g of Cm, 244 
cave. F ive  hundred c u r i e s  i s  about 150 mg o f  

o r  150 g of 241h 

10.2 C r i t i c a l i t y  Hazard 

Laboratory s t u d i e s  may b e  concerned wi th  programs o t h e r  than  t h e  

transuranium-element product ion  program. Therefore ,  a l though a 

c r i t i c a l  mass w i l l  no t  b e  assembled dur ing  t h e  transuranium-element 

program, a p o t e n t i a l  c r i t i c a l i t y  hazard w i l l  e x i s t  i n  t h e  l a b o r a t o r i e s  

i n  t h e  Transuranium Process ing  P lan t .  

The assembly of a c r i t i c a l  mass of f i s s i o n a b l e  i s o t o p e s  i s  prevented 

by l i m i t i n g  t h e  t o t a l  inventory  of t hose  i so topes  t o  350 g ,  

To ensure  t h a t  t h e  maximum l i m i t  of 350 g of f i s s i o n a b l e  i so topes  

i s  no t  exceeded i n  t h e  f a c i l i t y ,  an inventory  w i l l  b e  posted on each 

l abora to ry .  T rans fe r  of q u a n t i t i e s  i n  excess  of 5 g i n t o  o r  ou t  of a 
l abora to ry  must have t h e  p r i o r  approval  of t he  l a b o r a t o r y  group super- 

visors ,who w i l l  b e  requi red  t o  keep an a c c u r a t e  inventory  of f i s s i o n a b l e  

material  w i t h i n  t h e  l abo ra to ry  complex. 

A s p e c i a l  review w i l l  be requested f o r  programs t h a t  r e q u i r e  t h e  

bu i ld ing  inventory  of f i s s i o n a b l e  i so topes  t o  be more than  350 g. 

10.3 Chemical Hazards 

The types  of chemicals and t h e  q u a n t i t i e s  consumed vary from 

program t o  program; however, wi th  c e r t a i n  except ions ,  most of t h e  

common chemicals w i l l  be  i n  general. use. Low f lash-poin t  s o l v e n t s  

such as e t h e r  o r  ace tone  are n o t  normally used,  and chemicals o r  

chemical combinations which could r e s u l t  i n  v i o l e n t  o r  exp los ive  

r e a c t i o n s  are avoided. It i s  ou r  genera l  p r a c t i c e  t o  i n v e s t i g a t e  any 

r e a c t i o n  which is  suspec t  p r i o r  t o  experiments wi th  r a d i o a c t i v e  mate- 

r i a l  i n  a glove box. High-flash-point s o l v e n t s  (>100"F) are requi red  

i n  s o l v e n t  ex t r ac t io r l  p rocesses ;  however, l a r g e  q u a n t i t i e s  of such 

chemicals are used only  i n  s p e c i a l l y  p ro tec t ed  boxes {see below). 

Corros ive  chemicals such as a c i d s  are r equ i r ed  r o u t i n e l y .  The 

glove boxes,  as designed,  are not  adve r se ly  a f f e c t e d  by such r eagen t s .  
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Most of t h e  c o r r o s i v e  fumes which might a d v e r s e l y  a f f e c t  glove-box 

of f -gas  f i l t e r s  a re  approximately scrubbed w i t h i n  t h e  box p r i o r  t o  

r e l e a s e  t o  t h e  box of f -gas .  

10.4 F i r e  and Explosion Hazards 

A s  i n  any chemical  l a b o r a t o r y ,  t h e  danger  of an  a c c i d e n t a l  f i r e  

and/or  e x p l o s i o n  always e x i s t s ;  however, extreme care i s  t a k e n  t o  

minimize t h e  1ikel.ihood of  such e v e n t s .  

A l l  flammable sol .vents ,  except  s m a l l  amounts s u f f i c i e n t  f o r  dai1.y 

o p e r a t i o n s ,  are  s t o r e d  o u t s i d e  t h e  bui- lding i n  a n  approved metal  s t o r a g e  

c a b i n e t  o r  i n  m e t a l  drums, and p o r t a b l e  C 0 2  e x t i n g u i s h e r s  are  a v a i l a b l e  

i n  each l a b o r a t o r y .  

The p r o b a b i l i t y  of  a f i r e  i s  low s i n c e  open f lames  and low-flash- 

p o i n t  o r g a n i c  s o l v e n t s  are  norma1.l.y p r o h i b i t e d  i n  glove-box o p e r a t i o n s .  

When more t h a n  500 m l  of h igh- f lash-poin t  s o l v e n t s  are r e q u i r e d ,  special  

equi.pinent i s  i n s t a l l e d  on t h e  box. Such boxes are equipped w i t h  a water 

s p r a y  t h a t  i s  a c t i v a t e d  by a t e m p e r a t u r e - s e n s i t i v e  s p r i n k l e r  head. The 

shiel-ded-cave a l p h a  box is  equipped w i t h  a s p e c i a l  f i r e  p r o t e c t i o n  system 

( s e e  S e c t i o n  2 . 7 . 3 ) .  

The  p o s s i b i l i t y  of a n  e x p l o s i o n  i n s i d e  a g love  box i s  minimized by 

c a r e f u l  s e l e c t i o n  of  r e a g e n t s  and proper  d e s i g n  of experiments .  I n  

o p e r a t i o n s  where combust ib le  gases o r  vapors  are g e n e r a t e d ,  a p p r o p r i a t e  

purge  rates are used t o  keep the c o n c e n t r a t i o n  i n  t h e  off-gas  below t h e  

expI .osive l i m i t .  When Large quant:i . t ies of  h e a t  a re  g e n e r a t e d ,  such as 

i n  a f u r n a c e  o p e r a t i o n ,  l o c a l i z e d  cooling of t h e  equipment i s  provided 

t o  p r e v e n t  h e a t  b u i l d u p  and temperakure rise i n  t h e  box. 

10.5 MaxLmum Credib1.e Accident  

T h e  maximum c r e d i b l e  a c c i d e n t  i n  a l a b o r a t o r y  i s  conceived t o  b e  

a r e l a t i v e l y  l a r g e  release of a c t i v i t y  from an a l p h a  g l o v e  box; however, 

such  a release would n o t  b e  expected t o  i n v o l v e  more t h a n  a f r a c t i o n  o f  

t h e  t o t a l  a c t i v i t y  w i t h i n  t h e  box. S i n c e  t h e  k ind  of chemical. opera-  

t i o n s  performed i n  g l o v e  boxes ( p r i m a r i l y  wet-chemistry o p e r a t i o n s )  
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are not  conducive t o  formation o f  a i r b o r n e  a c t i v i t y ,  v i r t u a l l y  all 

e s c a p i n g  a c t i v i t y  would se t t le  w i t h i n  a short  d i s t a n c e  of the glove 

box and would be a d e q u a t e l y  contained w i t h i n  t h e  a lpha  l a b o r a t o r y .  

The p o s s i b l e  consequences of t h i s  kind of release of a c t i v i t y  

are d i s c u s s e d  i n  Section 17.5. 



1 2 8  

11. OPERATING SAFEGUARDS IN ALPHA LABORATORIES 

11.1 Standard Labora tory  Procedures  

I n  o r d e r  t o  p r o p e r l y  c o n t a i n  a l p h a - a c t i v e  matr.ria1.s and t o  

e l i m i n a t e  a c c i d e n t a l  contaminat ion  of l a r g e  areas, t h e  a l p h a  labora-  

t o r i e s  are d e s i g n a t e d  a s  contaminat ion  zones;  and s p e c i a l  r u l e s  and 

procedures  are r e q u i r e d .  

S i n c e  t h e s e  a r e a s  may a c c i d e n t a l l y  become contaminated,  contamina- 

t i o n  c l o t h i n g  i s  r e q u i r e d ;  and s p e c i a l  requi rements  are pos ted  at 

e n t r a n c e s .  Mi-nimum c l o t h i n g  requi rements  a r e :  

a .  contaminat ion  c o v e r a l l s  or contaminat ion  lab c o a t  (bu t toned)  

b. shoe  c o v e r s  

For p e r s o n n e l  working i n  o r  on a l p h a  g l o v e  boxes,  t h e  minimum cl.othing 

requirements  are  : 

a .  contaminat ion  c o v e r a l l s  w i t h  sleeves taped 

b. rubber  g loves  

c .  ye l low shoes  p l u s  shoe  c o v e r s  o r  personal shoes p l u s  

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

d.  s a f e t y  g l a s s e s  

Upon l e a v i n g  t h e  contaminat ion  zone, p e r s o n n e l  must do the fo l lowing:  

a. remove shoe c o v e r s  o r  p l a s t i c  b o o t s  

b .  moni tor  c l o t h i n g ,  hands,  and shoes  f o r  contaminat ion  

c .  remove rubber  g loves  

Entrancc! t o  each l a b o r a t o r y  i s  provided by two d o o r s  from t h e  

access c o r r i d o r .  E i t h e r  door may b e  used t o  e n t e r  t h e  l a b o r a t o r y ;  

however, o n l y  one o f  t h e s e  d o o r s  w i l l  be  used as a l a b o r a t o r y  e x i t ,  

and t h i s  door w i l l  b e  provided w i t h  a n  a l p h a  moni tor .  

All material  l e a v i n g  the contaminat ion  zone must b e  monitored f o r  

s u r f a c e  contaminat ion ,  and such material  must b e  a p p r o p r i a t e l y  tagged 

by a Heal th  P h y s i c s  r e p r e s e n t a t i v e  b e f o r e  i t  i s  removed from t h e  

a d j a c e n t  r e g u l a t e d  zone. The t a g  must show the approximate amount of 
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n u c l i d e ( s )  i n  t h e  package and must s t a t e  t h a t  t h e  package i s  f r e e  from 

e x t e r n a l  contaminat ion.  Contaminated materials may be removed only i f  

they are  proper ly  packaged and t h e r e  i s  no smearable a c t i v i t y  an ex te rna l  

s u r f  aces .  

Each a lpha  l abora to ry  con ta ins  a pass-through door which connects  

t o  a n  ad jo in ing  ffcold' '  l abo ra to ry .  Before material  can be  passed 

through t h i s  door  from t h e  a lpha  l a b o r a t o r y  t o  t h e  "cold" l a b o r a t o r y ,  

it must be a p p r o p r i a t e l y  monitored. The a lpha  monitor is  convenient ly  

loca t ed  near  bo th  t h e  pass-through door and t h e  l abora to ry  ex i t .  

Standard l abora to ry  procedure r e q u i r e s  f requent  equipment and 

personnel  ( e s p e c i a l l y  gloves and shoe covers)  monitor ing du r ing  opera- 

t i o n s .  The exac t  frequency depends on t h e  n a t u r e  of t h e  work and i s  

l e f t  t o  t h e  d i s c r e t i o n  of t h e  ope ra to r .  

A l l  d e t e c t a b l e  a lpha  a c t i v i t y  outsride of glove boxes o r  s ea l ed  

con ta ine r s  i s  contaminat ion and must be cleaned up immediately. 

Two o r  more pefsons are requi red  f o r  any l abora to ry  ope ra t ions  

except t hose  du r ing  the normal day s h i f t .  Glove-box equipment i s  n o t  

allowed t o  o p e r a t e  unat tended.  
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1 2  RADIATION SAFETY 

Only a u t h o r i z e d  ORNL personnel  and o f f i c i a l  v i s i t o r s  w i l l  be  

permit:ted i n  t h e  1-aboratory and p r o c e s s i n g  p o r t i o n s  of t h e  b u i l d i n g .  

The TRU o p e r a t i o n s  s h i f t  s u p e r v i s o r  i s  i n  charge  o f  t h e  p r o c e s s i n g  

a r e a s ,  and t h e  l a b o r a t o r y  group s u p e r v i s o r s  a r e  i n  charge  i n  t h e i r  

a r e a s .  A s i g n  on t h e  door  t o  room 104 i n d i c a t e s  t h i s  and i n c l u d e s  

i n s t r u c t i o n s  on how t o  c o n t a c t  t h e  s u p e r v i s o r s  by u s i n g  the. bu i - ld ing  

in te rcom phone t h a t  i s  l o c a t e d  o u t s i d e  the. door .  

There  are  no doors  t o  t h e  p r o c e s s i n g  cel1.s. T h e  c e l l s  can be 

e n t e r e d  only  w h i l e  t h e  roof plugs a r e  removed and, even t h e n ,  p e r s o n n e l  

e n t r y  i s  n o t  ant: i .cipated.  Personnel  e n t r y  i s  n o t  r e q u i r e d  f o r  opera-  

t i o n s  o r  maintenance. There shou1.d b e  no l i k e l i h o o d  t h a t  anyone could  

g e t  confused and e n t e r  a c e l l  "by mis take  I 'I 

1 2 . 1  Zoning 

The b u i l d i n g  c o n t a i n s  t h r e e  k i n d s  of Regulated Zones, as shown i n  

F i g s .  2 . 3  and 2 . 4 .  These a r e a s  have been marked w i t h  a p p r o p r i a t e  s i g n s ,  

and a l l  personnel w i l l  observe  and obey t h e s e  s i g n s .  There a re  no 

unzoned areas except  t h e  o f f i c e  annex and rooms 101 and 103. Contamina- 

t i o n  c l o t h i n g  i s  p r o h i b i t e d  i n  t h o s e  areas. 

1 2 . 1 . 1  Contamination Zones 

A n a l y t i c a l  l a b o r a t o r i e s  108 and 208, a l p h a  l a b o r a t o r i e s  109, 111, 

209, and 2 1 1 ,  t h e  t r a n s f e r  a r e a  (118) ,  the decontaminat ion room (216), 

the l i m i t e d - a c c e s s  a r e a  (120), and t h e  pipe.  t u n n e l  are Contaminat ion 

Zones. -.- 

12.1.2 Monitored-Exir Regulated Zone 

The rest o f  t h e  b u i l d i n g ,  except  the l o a d i n g  p l a t f o r m s  and 

mechanical  equipment rooms, i s  a Monitored-Exit. Zone. This  i s  

i d e n t i c a l  t o  a n  o r d i n a r y  Regulated Zone except t h a t  p e r s o n n e l  and 

materials l e a v i n g  t h e  zone must b e  monitored f o r  r a d i o a c t i v e  contamina- 

t i o n .  
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12.1.3 Regulated Zones 

* 

The l o a d i n g  p l a t f o r m s  and mechanical  equipment rooms are o r d i n a r y  

Regulated Zones. 

12 .1 .4  Genera l  R e g u l a t i o n s  

The f o l l o w t n g  g e n e r a l  r e g u l a t i o n s  apply  t o  t h e  v a r i o u s  zones: 

1. E n t r y  t o  and e x i t  from t h e  TRU f a c i l i t y  w i l l  b e  only through 

room N o .  104.  The o t h e r  passage  ways are  eo b e  used by 

p e r s o n n e l  o n l y  f o r  emergency exi t .  O p e r a t i o n a l  u s e  under  

c o n t r o l l e d  c o n d i t i o n s  w i l l  be  p e r m i t t e d .  

2.  A l l  p e r s o n n e l  l e a v i n g  t h e  f a c i l i t y  w i l l  check themselves  

f o r  contaminat ion  w i t h  i n s t r u m e n t s  provided  i n  room No. 1 0 4 ,  

3 .  No contaminat ion  c l o t h i n g  i s  t o  b e  worn i n  t h e  unzoned areas. 

4 .  Film badges and p e n c i l  meters must b e  worn by a l l  OKNL 

p e r s o n n e l  i n  r e g u l a t e d  zones.  Pocket  dos imeters  may b e  

worn by v i s i t o r s .  

5 .  E i t h e r  street o r  Contaminat ion Zone c l o t h i n g  t h a t  i s  n o t  

contaminated may be worn i n  t h e  Regulated Zone.. 

6 .  No e a t i n g  or  d r i n k i n g ,  e x c e p t  from approved f o u n t a i n s ,  i s  

p e r m i t t e d  i n  t h e  Regulated Zone. Smoking is  p e r m i t t e d  i n  

t h e  Regulated Zone except  i n  the chemical  makeup area 

(room 21.3), t h e  t tco ld"  chemical  l a b o r a t o r i e s  (rooms 110 

and 210) ,  t h e  l a b o r a t o r y  equipment s t o r a g e  room (room 2021, 

and t h e  s o l v e n t  s t o r a g e  room (room 112) .  

7 .  No e a t i n g ,  smoking, o r  d r i n k i n g  i s  p e r m i t t e d  i n  the 

Contaminat ion Zones. 

8., The minimum c l o t h i n g  requirement  i n  t h e  Contarnination Zone 

c o n s i s t s  of  one p a i r  of shoe  c o v e r s  and a but toned  Contami- 

n a t i o n  Zone l a b  c o a t .  The n a t u r e  of  t h e  p a r t i c u l a r  j ob  

b e i n g  done w i l l  de te rmine  t h e  d e g r e e  of a d d i t i o n a l  c l o t h i n g  

p r o t e c t i o n  r e q u i r e d .  
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9 .  

10. 

11. 

All. personnel  e n t e r i n g  t h e  Monitored-Exit  Regulated Zone 

from a Contamination Zone must survey  themselves  f o r  a l p h a  

and beta-gamma r a d i o a c t i v i t y .  

A l l  a r t i c l e s  taken  from a s t t a m i n a t i o n  Zone must b e  checked 

f o r  a l p h a  and beta-gamma rad ioac t%vi . ty .  I f  t h e  a r t i c l e  i s  

found t o  be contalniriated, i t  should  be e i t h e r  c leaned  o r  

p r o p e r l y  bagged and tagged t o  p e r m i t  i t s  subsequent  s a f e  

h a n d l i n g  o u t s i d e  of t h e  Contamination Zone. 

Personnel  e n t e r i n g  t h e  l o a d i n g  p l a t f o r m  from t h e  l ' co ld l l  

checki.ng and r e c e i v i n g  room (room 113) must survey  themselves  

€ o r  a l p h a  and beta-gamma r a d i o a c t i v i t y .  

1 2 . 2  R a d i a t i o n  I n s t r u m e n t s  

Constant  a i r  moni tors  and f i x e d  and porl:able r a d i a t i o n  d e t e c t i o n  

equipment are l o c a t e d  throughout  t h e  b u i l d i n g  as shown i n  F i g s .  2 . 3  and 

2 . 4 .  These i n s t r u m e n t s  and t h e i r  normal l o c a t i o n s  are l i s t e d  i n  Table  

1 2 . 1 .  C e r t a i n  a l p h a  a i r  moni tors  and bet-a-gamma a i r  moni tors  ( t h o s e  

marked w i t h  an a s t e r i s k  i n  t h e  t a b l e )  comprise  t h e  F a c i l i t y  Contamina- 

t i o n  A l a r m  System. A group of f o u r  beta-gamma a i r  m o n i t o r s ,  a group 

o f  s i x  a l p h a  a i r  moni tors ,  and a group of  f o u r  a l p h a  a i r  monitors 

comprise t h r e e  subsystems of the F a c i l . i t y  Contamination A l a r m  System. 

Coinc ident  h i g h - l e v e l  a la rms  from two monitors  t h a t  are. connected t o  

t h e  s a m e  subsystem a c t u a t e  t h e  b u i l d i n g  e v a c u a t i o n  horn  and t r a n s m i t  

a s i g n a l  t o  t h e  ORNL Emergency Cont ro l  Center .  

I n s t a l l e d  p r o c e s s  and s e r v i c e  l i n e  moni tors  prevent  t h e  i n a d v e r t e n t  

d i s c h a r g e  of  r a d i o a c t i v e  materials Erom t h e  b u i l d i n g .  Other  i i i s t ruments  

prevent  t h e  i n a d v e r t e n t  release of r a d i o a c t i v e  m a t e r i a l s  from t h e  pro- 

c e s s i n g  ce l l s  t o  o p e r a t i n g  areas. 

12.2.1 Personnel  Monitor:i.ng Ins t ruments  

A l l  t h e  t y p e s  of instrument:..; l i s t e d  i n  Table  1 2 . 1  and shown i n  

F i g s .  2 .3  and 2.4 have been reviewed by the  ORNL R a d i a t i o n  Cont ro l  
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.. 

- -  Table 12.1 Non-Process Radiation Detection Devices in the 

Transuranium Pro c e s s ing P 1 ant 

Room No. Area Description Instruments 

104 Portal to Regulated Areas 1 Alpha Contamination Monitor 

1 Seta-Gamma Contamination Monitor 

1 Hand and Foot  Counter 

102 Health Physics O f f  ice 1. Alpha Contamination Monitor 

(includes all spares) 1 Beta-Gamma Contamination Monitor 

1 Smear Alpha Counter 

1 Smear Keta-Gamma Counter 

7 Alpha Survey Meters 

5 G-M Survey Meters 
6 Cutie Pies 

2 Thermal-Neutron Detectors 

2 Fast-Neutron Survey Meters 

1 High-Range Cutie Pie 
(1000 r/hr) 

113 "Cold" Receiving Area 

107 Yellow Dumpster Room 

108 Analytical Laboratory 

109 Alpha Laboratory 

L Alpha Survey Meter 
1 G-M Survey Meter 

1 Gamma Moaitron 

1 Alpha Air Monitor* 

1 Alpha Contamination Monitor 

1 Beta-Gamma Contamination Monitor 

1 Alpha Survey Meter 

1 Cutie Pie 

1 Alpha Air Monitor* 

1 Alpha Contamination Monitor 

1 Beta-Gamma Contamination Monitor 

1 Alpha Survey Meter 

1 Cutie Pie 

These instruments comprise the Facility Contamination A l a r m  System. 
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111 Shielded-Cave Area 

117 Air Lock 

116 TKU Control Room 

118 Transfer Area 

119 Instrumented Air Lock 

120 Limited-Access Area 

(Lower Level.) 

121 Change Room 

12 2 

1 Alpha Air Monitor* 

1 Alpha Contamination Monitor 

1. Beta-Gamma Contamiaati-on Monitor 

1 Alpha Survey Meter 

1 Cutie Pie 

1 Alpha Contamination Monitor 

1 Beta-Gamma Contamination M0nj.to-t- 

1 Alpha Air Monitor* 

1 Alpha Air Monitor 

1 Beta-Gamma A i r  Monitor* 

1 Alpha Survey Meter 

1 G-M Survey Meter 

1 Alpha Air Monitor* 

1 Beta-Gamma Air Monitor* 

1 Ganma-Neutron Monitor 

1. Alpha Survey Meter 

1 G-M Survey  Meter 

1 Cutie Pie 

1 Alpha Survey Meter 

1 G-M Survey Meter 

I Alpha Air Monitor* 

1 Beta-Gama Air Monitor* 

1 Alpha Survey Meter 

1 G-M Survey Meter 

1 Cutie P i e  

1 Alpha Contamination Monitor 

1 Beta-Gamma Contamination Monitor 

Conveyor Maintenance Room 1 Alpha Survey Meter 

Maintenance Shop 1 Alpha Survey Meter 

1 G-M Survey Meter 
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209 Alpha Labora tory  

208 A n a l y t i c a l  Laboratory 

211 Alpha Labora tory  

21 2 A i r  Lock 

213 S o l u t i o n  Makeup Area 

216 Decontaminat ion Room 

120 Limited-Access Area 

(Upper Level )  

1 Alpha A i r  Monitor* 

1 Alpha Contamination Monitor 

1 B e t a - G a m m a  Contaminat ion Monitor 

1 Alpha Survey Meter 

1 C u t i e  P i e  

1 Alpha A i r  Monitor* 

1 Alpha Contamination Monitor 

1 Beta-Gamma Contaminat ion Monitor 

1 Alpha Survey Meter 

1 C u t i e  P i e  

1 Alpha A i r  Monitor* 

1 Alpha Contamination Monitor 

1. Bet a-G amma Contaminat ion Monitor 

1 Alpha Survey Meter 

1. C u t i e  P i e  

1 Alpha Contaminat ion Noni t o r  

1 Beta-Gama Contamination Monitor 

1 Alpha A i r  PZonitor* 

1 Alpha A i r  Monitor  

1 Beta-Gama A i r  Monitor* 

1 Alpha Survey Meter 

1 G-M Survey Meter 

1 C u t i e  P i e  

1 Alpha A i r  Monitor 

1 Beta-Gamma Air Monitor 

1 Alpha Survey Meter 

1 G-M Survey Meter 

1 Alpha A i r  Monitor 

1 Beta-Gamma A i r  Monitor 

1 Alpha Survey Meter 

1 G-M Survey Meter 

1 C u t i e  P i e  
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Instruments Advisory Group as required according to Section 2.2 of the 

ORNL Health Physics Manual. Brief descriptions are given below. 

Constant Air Monitor (CAM)  Model 02118-1. - CAM monitors the 

quantity of particulate beta-gamma radiation in the surrounding air. 

A vacuum pump draws air through a filter over a G-M tube mounted i n  

a stainless steel shield. The tube is connected to a count-rate meter, 

which is, in turn, connected to a strip-chart recorder which con- 

tinuously records the radiation level. An associated relay-alarm 

system permits visible and audible alarms to be activated at pre- 

determined levels. Alarm signals can be transmitted to distant 

locations. 

Constant Alpha Air Monitor (CAAM)  Model 2218. - T h i s  instrument 

is similar to the CAM. The only difference i s  that an alpha detector 

is used in the CAAM. 

Monitron (Model 01154B-1). - The monitron employs a Large 

ionization chamber which is coated on the inside with enriched boron 

if it is iised €or  the detection of gamma plus thermal-neutron radiation 

and is left uncoated if detection of only gamma radiation is required. 

The ionization chamber is connected with an amplifier circuit and a 

count-rate meter which reads directly i n  milliroentgens per hour. A 

relay circuit may be set t o  actuate an alarm at any predetermined 

gamma-radiation level. Alarm signals may be transmitted to distant 

lo cat ions. 

Stationary Contamination Monitor (Model 0 2 2 7 7 - a .  - This monitor 

consists of a versatile counting-rate meter, ac powered, and either a 

z i n c  sulfide scintillation probe for detection of alpha radiation o r  

a 6-M counter probe for detection of beta-gamma radiation. An associated 

alarm circuit permits a local alarm to be actuated at predetermined 

levels. 
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Hand and Foot Counter (Model Q1939E-1). - This  i s  a semiautomatic  

d e v i c e  f o r  d e t e c t i n g  beta-gamma r a d i o a c t i v i t y  on shoes  and hands simul- 

t a n e o u s l y .  Counts o b t a i n e d  by G-M t u b e s  during an  a u t o m a t i c a l l y  timed 

i n t e r v a l  are i n d i c a t e d  by l i g h t s  and r e g i s t e r s .  There i s  a n  a u x i l i a r y  

probe f o r  moni tor ing  o t h e r  areas of t h e  body OT c l o t h i n g ,  

Al-Dha S u r v e y e t e r  (Model Q197518-1). - This  p o r t a b l e  s c i n t i l l a t i o n  

c o u n t e r  is  a bat tery-powered,  t r a n s i s t o r i z e d ,  a m p l i f i e r  w i t h  a high- 

vol-tagp supply  e s p e c i a l l y  des igned  f o r  u s e  w i t h  a n  a l p h a  s c i n t i l l a t i o n  

probe. The d e v i c e  r e g i s t e r s  accumulated c o u n t s ,  thus  o b v i a t i n g  t h e  

d i f f i c u l t y  o f  r e a d i n g  low count ing  rates on a meter. An o u t p u t  f o r  

earphone o p e r a t i o n  i s  a l s o  provided .  The power i s  suppli-ed by n i c k e l -  

cadmium ce l l s  which are k e p t  charged by a p lug- in  t r i c k l e  c h a r g e r  

o p e r a t e d  from lIO-v, 60-cps c u r r e n t .  The probe  employs a 2- in .  photo- 

m u l t i p l i e r ,  a z i n c  s u l f i d e  phosphor ,  and a l i g h t t i g h t  window. I t  i s  

r e l a t i v e l y  f r e e  of microphonics  and is  r e l a t i v e l y  i n s e n s i t i v e  t o  b e t a  

and gaEma r a d i a t i o n .  

G-M Survey Meter (Model Q2092B-1). - This  survey  meter is  a 

medium-weight, p o r t a b l e ,  beta-gamma-radiat ion-indicat ing survey  i n s t r u -  

ment. It was des igned  t o  work i n  gamma-ray i n t e n s i t i e s  up t o  500 nir/hr.  

Audible  o r  v i s i b l e  i n d i c a t i o n  of r a d i a t i o n  i s  a f f o r d e d  by means of 

earphones and a c o u n t - r a t e  meter. 

S tandard  C u t i e  P i e  (Model 02299-2). - This  i s  a r e l a t i v e l y  s m a l l ,  

l i g h t w e i g h t ,  p o r t a b l e  survey  i n s t r u m e n t  used f o r  t h e  measurement o f  

gamma-radiation d o s e  rates up t o  1 0  r / h r a  I t  i s  used a l s o  t o  i n d i c a t e  

b e t a  ra .diat ion.  

Hi-Range C u t i e  P i e  (Model 02299-2) ,  - The Hi-Range C u t i e  P i e  i s  

s imi l a r  t o  t h e  Standard C u t i e  P i e  except  t h a t  t h e  chamber volume and 

t h e  e l e c t r o m e t e r  i n p u t  r e s i s t o r s  are a d j u s t e d  t o  p r o v i d e  ful l -scale  

ranges  of 1.0, 100, and 1000 r a d s / h r .  
f 
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Fast-Neutron Survey Meter (Model 0204=---. - T h i s  s u r v e y  meter 

i s  a n  a l l - t r a n s i s t o r i z e d  c o u n t - r a t e  meter c a l i b r a t e d  i n  terms of m i l l i -  

rems p e r  hour .  The d e t e c t o r  i s  a t - i s s u e - e q u i v a l e n t  p r o p o r t i o n a l  c o u n t e r .  

A r e g i s t e r  i s  p rov ided  f o r  v e r y  low d o s e - r a t e  measurements.  S p e c i a l  

c i r c u i t r y  p r o v i d e s  e x c e l l e n t  d i s c r i m i n a t i o n  a g a i n s t  gamma r a d i a t i o n .  

Thermal-Neutron Counter (Model 02004A-11. - The p o r t a b l e  thermal-  

n e u t r o n  c o u n t e r  i s  a l i g h t w e i g h t  i n s t r u m e n t  f o r  measuring the rma l -neu t ron  

f l u x  ra tes .  A l l  c i r c u i t r y  i s  t r a n s i s t o r i z e d ,  and power i s  p rov ided  by 

r e c h a r g e a b l e  nickel-cadmium c e l l s .  The d e t e c t o r  i s  r e l a t i v e l y  i n s e n s i -  

t i v e  t o  gamma r a d i a t i o n .  

1 2 . 2 , 2  R a d i a t i o n  Warninp and C o n t r o l  System 

The r a d i a t i o n  warning and c o n t r o l  p a n e l  (F ig .  1 2 . 1 )  i s  t h e  c o l l e c -  

c i o n  c e n t e r  f o r  r a d i a t i o n  mon i to r ing  i n f o r m a t i o n  ( i n c l u d i n g  h i g h - l e v e l  

a l a r m s )  from v a r i o u s  p a r t s  of t h e  b u i l d i n g .  A f i r e  l o c a t o r  panel  and 

a l l  of  t h e  i n s t r u m e n t s  and alarms f o r  mon i to r ing  b u i l d i n g  s e r v i c e s  are 

l o c a t e d  on a d j a c e n t  pane lboa rds .  Thus, a l l  i n s t r u m e n t a t i o n  f o r  monitor-  

i n g  b u i l d i n g  s a f e t y  ( r a d i a t i o n ,  f i r e  and con ta inmen t )  and l o c a t i n g  

abnormal c o n d i t i o n s  i s  c e n t r a l l y  l o c a t e d .  

The major components o f  t h e  r a d i a t i o n  warnirig system are :  (1) a 

beta-gamma con tamina t ion  alarm system, ( 2 )  a n  a l p h a  con tamina t ion  

alarm system, and (3) a p r o c e s s  r a d i a t i o n  mon i to r  alarm system. 

B e t a - G a m m a  Contaminat ion A l a r m  System. S i x  c o n s t a n t  a i r  m o n i t o r s  

p r o v i d e  r a d i a t i o n  d e t e c t i o n  f o r  t h i s  system. I n  a d d i t i o n  t o  t h e  alarms 

t h a t  sound a t  e a c h  i n s t r u m e n t ,  " c a u t i o n , "  " h i g h - l e v e l , "  o r  " in s t rumen t  

i n o p e r a t i v e "  warnings f o r  each  i n s t r u m e n t  are  r e l a y e d  t o  t h e  control .  

p a n e l  i n  t h e  o p e r a t i n g  room where alarms are a c t u a t e d .  F u r t h e r ,  i f  

two of tlit? f o u r  i n s t r u m e n t s  t h a t  are l o c a t e d  i n  t h e  l i m i t e d - a c c e s s  

area,  t h e  t r a n s f e r  area,  the chemical  makeup area,  and t h e  o p e r a t i n g  area 

t ransmit  "h igh - l eve l "  s i g n a l s  s i m u l t a n e o u s l y ,  a beta-gamma Contaminat ion 

e v a c u a t i o n  alarm o c c u r s  a t  t h e  p a n e l b o a r d ,  bu i - ld ing  e v a c u a t i o n  
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horns  are a c t u a t e d ,  and a. s i g n a l  i s  t r a n s m i t t e d  t o  a c t u a t e  an alarm 

a t  t h e  ORNL Emergency C o n t r o l  Center .  A CAM l o c a t e d  on t o p  of t h e  

ce l l s  and one i n  t h e  decontaminat ion  room are n o t  inc luded  i n  t h e  

e v a c u a t i o n  system b u t  do t r a n s m i t  s i g n a l s  t o  t h e  c o n t r o l  p a n e l .  

Alpha Contamination A l a r m  S y s t e m .  - Four teen  c o n s t a n t  a l p h a  a i r  

moni tors  ( C A A M )  are  i n c l u d e d  i n  t h i s  system. A l l  t r a n s m i t  "caut ion ,"  

"h igh- leve l  , ' I  and " ins t rument  i n o p e r a t i v e "  s i g n a l s  t o  t h e  c o n t r o l  

p a n e l  i n  a d d i t i o n  t o  d i s p l a y i n g  t h e s e  c o n d i t i o n s  a t  each ins t rument .  

S i x  of t h e s e  i n s t r u m e n t s  form t h e  f i r s t - f l o o r  a l p h a  contaminat ion  

evacuat ion  a l a r m  system, and f o u r  of  them form t h e  second-f loor  system. 

Both systems a c t u a t e  b u i l d i n g  e v a c u a t i o n  h o r n s ,  a la rm a t  t h e  panel.- 

board ,  and t r a n s m i t  s i g n a l s  t o  t h e  ORNL :Emergency Cont ro l  Center  i f  

any two i n s t r u m e n t s  i n  e i t h e r  system ( t h a t  i s ,  two i n s t r u m e n t s  i n  t h e  

same system) s i m u l t a n e o u s l y  t r a n s m i t  "high-level"  s i g n a l s .  

The f i r s t - f l o o r  e v a c u a t i o n  system i s  made up of  CAAM's i n  t h e  

l i m i t e d - a c c e s s  area,  t h e  t r a n s f e r  area,  t h e  w e s t  end of t h e  o p e r a t i n g  

area, a n a l y t i c a l  l a b o r a t o r y  108 and alpha l a b o r a t o r i e s  109 and 1.L.1.. 

The second-f loor  e v a c u a t i o n  system i n c l u d e s  CAAM's  i n  t h e  w e s t  end of  

t h e  makeup area,  a n a l y t i c a l  l a b o r a t o r y  208, and a l p h a  l a b o r a t o r i - e s  209 

and 2 1 1 .  Four  CAAM's t h a t  are moni.tored a t  t h e  control .  p a n e l  b u t  are 

n o t  inc luded  i n  one of t h e  e v a c u a t i o n  alarm systems are l o c a t e d  a t  t h e  

t o p  of t h e  p r o c e s s i n g  c e l l s ,  i n  t h e  east ends of t h e  o p e r a t i n g  a r e a  

and chemical  makeup area, and i n  t h e  decontaminat ion  room. 

- Monitrons.  - A beta-gamma remote monitron i n  t h e  ye l low dumpster 

room ( 1 0 7 ) ,  and a beta-gamma-thermal-neutron remote monitron i n  t h e  

t r a n s f e r  area, t r a n s m i t  ' ' caut ion ' '  signa1.s t o  t h e  r a d i a t i o n  c o n t r o l  

pane l  and c a u s e  t h e  r a d i a t i o n  warning alarm t o  sound at. the p a n e l .  

P r o c e s s  R a d i a t i o n  System. - S i g n a l s  t h a t  i n d i c a t e  abnormal 

c o n d i t i o n s  a t  r a d i a t i o n  d e t e c t o r s  t h a t  moni tor  v a r i o u s  p r o c e s s  and 

service p i p i n g  systems are  t r a n s m i t t e d  t o  t h e  r a d i a t i o n  warning p a n e l .  

The f u n c t i o n  of t h e  p r o c e s s  r a d i a t i o n  s e c t i o n  i s  d e s c r i b e d  i n  S e c t i o n  13. 
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Evacuat ion  A l a r m .  - A manual pushbut ton  i s  l o c a t e d  on t h e  r a d i a t i o n  

warning p a n e l  f o r  a c t u a t i n g  t h e  b u i l d i n g  e v a c u a t i o n  h o r n s ,  which are 

powered by compressed n i t r o g e n .  Warning beacons on t h e  f o u r  c o r n e r s  

of t h e  b u i l d i n g  f l a s h ,  and a s i g n a l  i s  t r a n s m i t t e d  to t h e  ORNL Emergency 

Cont ro l  Center  when t h e  e v a c u a t i o n  alarms sound, whether  t h e  e v a c u a t i o n  

i s  e f f e c t e d  by t h e  c o i n c i d e n c e  a i r  monitor  systems o r  by t h e  manual 

pushbut ton.  

1 2 . 3  Connection t o  t h e  ORNL Emergency C o n t r o l  Center  

S i g n a l s  from t h e  b u i l d i n g  e v a c u a t i o n  alarm, t h e  Ei.re alarm system, 

and t h e  w a s t e  t a n k  F-126 l iqu id- leve l .  t r a n s m i t t e r  are a u t o m a t i c a l l y  

t r a n s m i t t e d  t o  t h e  DRNL Emergency C o n t r o l  Center .  

1 2 . 4  R a d i a t i o n  Surveys 

R a d i a t i o n  s u r v e y s  w i l l  b e  made a t  t h e  d i s c r e t i o n  of t h e  b u i l d i n g  

H e a l t h  P h y s i c s  surveyor .  A s  a minimum, t h e  e n t i r e  f a c i l i t y  w i l l  b e  

smeared once every  four weeks, and t h e  e n t i r e  b u i l d i n g  w i l l  b e  "spot- 

smeared" e v e r y  week. 

The b u i l d i n g  w i l l  b e  d i v i d e d  i n t o  e i g h t  areas as follows: 

1. O p e r a t i n g  area 

2 .  F i r s t  f l o o r  of l a b o r a t o r y  p a r t  of b u i l d i n g  

3 .  Limited-access  area 

4 .  Second f l o o r  o f  l a b o r a t o r y  p a r t  of b u i l d i n g  

5. Chemical makeup area 

6. Decontamination room 

7. O f f i c e  annex 

8. Equipment rooms 

A check l i s t  w i l l  b e  used ,  and a r e c o r d  w i l l  b e  main ta ined .  Each 

week two of  t h e  areas w i l l  b e  checked thoroughly  and t h e  o t h e r  s i x  w i l l  

b e  "spot-checked." I f  r e q u i r e d ,  supplementary H e a l t h  P h y s i c s  p e r s o n n e l  

w i l l  be  used t o  e n s u r e  the minimum check of all areas. H i g h - t r a f f i c  

areas such  as t h e  main p o r t a l  i n  room 104 w i l l  b e  checked a t  l ea s t  once 
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d a i l y .  Whenever some o p e r a t i o n  i s  performed t h a t  has a h i g h  p r o b a b i l i t y  

of s p r e a d i n g  contaminat ion  - such as t r a n s f e r r i n g  w a s t e  t o  t h e  s o l i d s  

w a s t e  s t a t i o n ,  o r  t r a n s f e r r i n g  carriers w i t h i n  t h e  b u i l d i n g  o r  t o  and 

from t h e  b u i l d i n g  - t h e  a r e a  involved  w i  7 1. be monitored, u s i n g  survey  

i n s t r u m e n t s  and smears. Any area t h a t  i s  s u s p e c t e d  of b e i n g  contaminated 

w i l l  b e  inrmedi-a t e l y  i s o l a t e d  and checked. The d e t e c t i o n  of contaminated 

a r t i c l e s  ( i n c l u d i n g  g loves  and shoe  covers )  a t  a moni tor ing  s t a t i o n  will 

r e q u i r e  a thorough survey  t o  de te rmine  t h e  s o u r c e  o f  the r a d i o a c t i v i t y  

and t h e  e x t e n t  t o  which contaminat ion  h a s  been s p r e a d .  
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13. PROCESS SAFEGUARDS 

While careful operation and good administrative controls are 

important in the operation of a facility such as TRU, inherent process 

safeguards built into the system, including adequate instrumentation, 

greatly enhance the probability of achieving a completely safe opera- 

t ion. 

13.1 Instrumentation System 

Although the TRU process equipment is in cells equipped with master- 

slave manipulators, the equipment is operated primarily from panelboards 

by completely remote means. 

solutions are transferred by jets or pumps operated from the panelboard. 

Remote target fabrication equipment is highly automated, with many 

operations automatically sequenced from panel controls. 

Valves are air operated by panel switches; 

Every effort has been made to prevent the process solutions from 

getting to the panelboard 

mitters located in the chemical makeup area, which transmit signals to 

the panelboard. No process lines connect directly from the cell to 

the operating area, and the transmitter rack i s  at least e i g h t  feet 

above a l l  process lines. 

in the operating area by use of remote trans- 

Chemical process instrumentation is of the conventional type used 

Tank levels are sensed by elsewhere in radioactive processing plants. 

bubbler arrangements, transfers are made by steam jet o r  remote-head 

diaphragm pump, and valves are remotely operated by air pressure. 

Alarms are provided to warn of abnormal operating conditions, and 

safety interlocks are provided to automatically correct an unsafe 

condition. 

13.2 Transfer of Process Solutions 

13.2.1 Steam Jets 

Solution transfers to the intermediate-level-waste collection 

system are made by steam jet. Steam supplies to the jets are actuated 
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e i t h e r  by a manual v a l v e  o r  by a panel-mounted s w i t c h  which opens the 

v a l v e  on t h e  steam l i n e .  These v a l v e s  a r e  l o c a t e d  i n  t h e  chemical  

makeup area. P r o t e c t i o n  i s  provided a g a i n s t  backup of t h e  s o l u t i o n  

i n t o  t h e  s t e a m  l i n e  by  u s i n g  a cont inuous  a i r  purge a t  about  250 cclmin.  

This  a i r  i s  s u p p l i e d  from t h e  b u i l d i n g  100-psig a i r  header  and i s  r o u t e d  

through a r o t a m e t e r ,  a s m a l l  holdup t a n k  (500 c c ) ,  and a check valve 

i n t o  t h e  steam l i n e .  The a i r  p r e s s u r e  and flow are  maintained even 

d u r i n g  j e t t i n g  o p e r a t i o n s .  A i r  i s  accumulated i n  t h e  holdup t a n k  u n t i l  

t h e  p r e s s u r e  r e a c h e s  60 p s i ;  t h e  a i r  a t  t h e  steam header  t.hen b l e e d s  

i n t o  t h e  j e t  supply l i n e  downstream of t h e  steam v a l v e .  When t h e  v a l v e  

i s  s h u t  o f f ,  t h e  accumulated a i r  b l e e d s  r a p i d l y  i n t o  t h e  l i n e ,  purg ing  

a l l  steam and e n s u r i n g  t h a t  condensa t ion  cannot  p u l l  a c t i v e  s o l u t i o n s  

back up t h e  l i n e .  T e s t s  showed t h e  system t o  b e  completely e f f e c t i v e .  

13.2.2. Diaphragm Pumps 

Most p r o c e s s  s o l u t i o n s  are  t r a n s f e r r e d  by means of  remote-head 

diaphragm pumps. 

e n s u r e  t h a t  t h e r e  i s  no leakage  o f  p r o c e s s  f l u i d s ,  and t h e  pump heads 

are l o c a t e d  i n  t h e  c e l l  t o  e n s u r e  containment .  Since t h e  p r o c e s s  ves- 

sels are several f e e t  below them, t h e s e  pumps must b e  a b l e  t o  induce  a 

vacuum. This  r e q u i r e s  t h e  pump t o  b e  d r i v e n  by an  a l t e r n a t i n g  a i r -  

vacuum s o u r c e  i n s t e a d  o f  t h e  c o n v e n t i o n a l  h y d r a u l i c  d r i v e  system,which 

i n t e n s i f i e s  t h e  problem of e n s u r i n g  t h a t  110 p r o c e s s  s o l u t i o n s  leave 

t h e  c e l l  via  t h e  d r i v e  l i n e  i n  t h e  evenl: t h a t  a diaphragm should f a i l .  

However, s p e c i a l  p r o c e s s  r a d i a t i o n  moni tors  on t h e  d r i v e  l i n e s  j u s t  

o u t s i d e  t h e  c e l l  w i l l  d e t e c t  any r a d i o a c t i v i t y  i n  t h e  l i n e s  and au to-  

m a t i c a l l y  s w i t c h  t h e  pump d r i v e  system t o  t h e  p r e s s u r e  s t r o k e  t o  f o r c e  

any s o l u t i o n  back down t h e  l i n e .  

The s e a l e d  c o n s t r u c t i o n  of t h e  diaphragm pumps h e l p s  

1 3 . 3  P r o c e s s  Vessel C o n t r o l s  

The e n t i r e  p r o c e s s  system i s  o p e r a t e d  e s s e n t i a l l y  a t  a tmospher ic  

p r e s s u r e  s o  t h a t  problems of a p p l y i n g  p r e s s u r e  i o  t h e  s o l u t i o n s  o u t s i d e  

t h e  c e l 1 , v i a  ins t rument  o r  o t h e r  l i n e s f a r e  n o t  s e v e r e .  To f u r t h e r  
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.- 
minimize t h i s  r i s k ,  a l l  i n s t r u m e n t  l i n e s  are c o n t i n u o u s l y  purged and 

a l l  l i n e s  f o r  adding  s o l u t i o n  are equipped w i t h  spr ing-loaded check 

v a l v e s  j u s t  o u t s i d e  t h e  s h i e l d i n g  w a l l s .  

13.3.1 D i s s o l v e r  C o n t r o l  System - Method of L i m i t i n p  t h e  Hydrogen 

C o n c e n t r a t i o n  i n  t h e  Off-Gas 

The d i s s o l v e r  i s  t h e  o n l y  vessel  i n  t h e  f a c i l i t y  equipped w i t h  a 

tempera ture  c o n t r o l  system. T h i s  system i s  used i n  connec t ion  w i t h  a n  

a i r  purge  t o  l i m i t  t h e  hydrogen c o n c e n t r a t i o n  i n  t h e  o f f - g a s  t o  accept -  

a b l e  l e v e l s .  

of 40 t o  6OoC, t h e  d i s s o l v e r  i s  h e a t e d  o r  cooled  by p r e s s u r i z e d  h o t  

w a t e r  t h a t  is c i r c u l a t e d  through t h e  j a c k e t .  The c i r c u l a t i n g  w a t e r  i s  

cooled a t  a c o n s t a n t  ra te  by a water-cooled h e a t  exchanger and h e a t e d  

a t  a v a r i a b l e  r a t e  by an  e lec t r ic  h e a t e r .  Both t h e  h e a t  exchanger and 

e l ec t r i c  h e a t e r  are e x t e r n a l  t o  t h e  j a c k e t .  The ra te  a t  which h e a t  is  

added is  v a r i e d  by a pneumat ica l ly  o p e r a t e d  r h e o s t a t  which i s  c o n t r o l l e d  

by t h e  d i s s o l v e r  tempera ture  (sensed by a thermocouple i n s i d e  t h e  

d i s s o l v e r )  and t h e  c o n t r o l l e r  set  p o i n t .  

S i n c e  t h e  d i s s o l u t i o n  i s  done i n  t h e  tempera ture  range  

D i s s o l u t i o n  rates and t h e  a i r  purge rates are se t  so t h a t  hydrogen 

i s  l i m i t e d  t o  2 * 1% i n  t h e  d i s s o l v e r  o f f - g a s .  The d e s i g n  d i s s o l u t i o n  

ra te  of one gram of  aluminum p e r  minute  i s  achieved  by e s t a b l i s h i n g  

t h e  proper  a c i d  c o n c e n t r a t i o n  and d i s s o l v e r  tempera ture .  The a c t u a l  

ra te  i s  c a l c u l a t e d  d u r i n g  d i s s o l u t i o n  by a h e a t  b a l a n c e  on t h e  water 

l o o p ,  and r e c e n t  tes ts  have shown t h a t  t h i s  method i s  a c c u r a t e  t o  

b e t t e r  t h a n  * 50% a t  t h e  d e s i g n  d i s s o l u t i o n  ra te .  Thus, t h e  hydrogen 

c o n c e n t r a t i o n  can be determined and main ta ined  w e l l  below t h e  e x p l o s i v e  

l i m i t .  During t h e  d i s s o l u t i o n ,  t e m p e r a t u r e s  are i n c r e a s e d  i n  10°C 

increments ;  t h e  actual  d i s s o l u t i o n  rate i s  determined a t  each tempera- 

t u r e  b e f o r e  t h e  tempera ture  i s  r a i s e d  t o  t h e  n e x t  l eve l ,  

As added p r e c a u t i o n s ,  t h e  i n s t r u m e n t  l i n e s  are equipped w i t h  

a u t o m a t i c  b l o c k  v a l v e s  ( j u s t  o u t s i d e  t h e  c e l l )  t h a t  c l o s e  on d e t e c t i o n  

of  r a d i a t i o n  and w i t h  a high-temperature  i n t e r l o c k  ( s e t  a t  10' above 

t h e  d i s s o l v e r  c o n t r o l  p o i n t )  t h a t  s w i t c h e s  t h e  h e a t  o f f ,  and s w i t c h e s  

t h e  c o o l i n g  w a t e r  o n t o ,  t h e  d i s s o l v e r .  
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13 .3 .2  Evapora tors  

S t e a m  t o  t h e  s i x  p r o c e s s  e v a p o r a t o r  j a c k e t s  i s  c o n t r o l l e d  

a u t o m a t i c a l l y  a t  p r e s s u r e s  e s t a b l i s h e d  by a panelboard s e t t i n g .  N o  

o t h e r  c o n t r o l s  have been i n c o r p o r a t e d  i n t o  t h e  systems because t h e  

steam i s  condensed wi thout  any p r e s s u r i - z a t i o n ,  even w i t h  f u l l  steam 

on t h e  j a c k e t .  

1 3 . 3 . 3  Ion  Exchange Column 

R a d i o a c t i v e  s o l u t i o n s  are  pumped t o  t h e  i o n  exchange column C - 7 1  

by a pump which i s  c a p a b l e  of deve loping  25 p s i g .  P r o t e c t i o n  h a s  been 

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

back up t h e  w a s h - e l u t r i a n t  l i n e  t o  t h e  chemical  makeup a r e a .  An i n t e r -  

l o c k  p r e v e n t s  t h e  pump from be ing  o p e r a t e d  u n l e s s  a n  i n - c e l l  v a l v e  i n  

t h e  w a s h - e l u t r i a n t  l i n e  i s  c l o s e d  and a p r e s s u r e  of 40 p s i  h a s  been 

a p p l i e d  t o  t h i s  l i n e  above t h e  valve. 

1.3.4 P r o t e c t i o n  of U t i l i t i e s  from Process  S o l u t i o n s  

Adequate p r o t e c t i o n  h a s  been i n c o r p o r a t e d  i n t o  t h e  equipment: t o  

e n s u r e  t h a t  p r o c e s s  s o l u t i o n s  do n o t  a c c i d e n t a l l y  back up i n t o  t h e  

v a r i o u s  u t i l i t y  systems.  I n  many cases, t h i s  p r o t e c t i o n  i s  achieved  

by means of p r o c e s s  r a d i a t i o n  d e t e c t o r s ,  which c o n t r o l  s a f e t y  i n t e r -  

l o c k s  as d e s c r i b e d  below i n  S e c t i o n  13.5.  Other  methods are  employed 

as d e s c r i b e d  h e r e .  

13.4.1 Vacuum Sys tem 

The vacuum system f o r  t h e  b u i l d i n g  i s  des igned  t o  handle  s m a l l  

amounts of r a d i o a c t i v e  s o l u t i o n  and i s  l o c a t e d  reiiiotely i n  t h e  p i p e  

t u n n e l .  Any contamihated s o l u t i o n s  which might g e t  i n t o  t h i s  system 

from t h e  glove-box l a b o r a t o r i e s  could be handled wi thout  d i f f i c u l t y .  

The primary p l a c e  where t h i s  might o c c u r  i s  i n  t h e  air-vacuum d r i v e  

system f o r  p r o c e s s  pumps, i n  t h e  event  of  pump diaphragm f a i l u r e s .  
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P r o t e c t i o n  i s  provided  by a u t o m a t i c  i n t e r l o c k s  o f f  p r o c e s s  r a d i a t i o n  

d e t e c t o r s  as d e s c r i b e d  i n  S e c t i o n  13.5 below, 

13.4.2 Water and Steam Sys tems  

A l l  c o o l i n g  w a t e r  w i t h i n  t h e  c e l l  bank is  s u p p l i e d  by a s p e c i a l  

c l o s e d  c i r c u l a t i n g  w a t e r  loop  which, i n  t u r n ,  i s  cooled by H F I R  c o o l i n g  

tower w a t e r  i n  a secondary h e a t  exchanger.  The s u r g e  t a n k  and pump are 

l o c a t e d  above t h e  c e l l  bank so t h a t  a l l  l i n e s  i n s i d e  t h e  c e l l  are  p r e s -  

s u r i z e d  a t  a l l  t i m e s .  

S t e a m  j a c k e t s  always c o n s t i t u t e  a p o s s i b l e  means of  g e t t i n g  

r a d i o a c t i v e  material  i n t o  steam and condensa te  h e a d e r s  and any i n t e r -  

connec t ing  w a t e r  sys tems,  i f  c o r r o s i o n  of a v e s s e l  should  release t h i s  

m a t e r i a l  i n t o  t h e  j a c k e t  immediately a f t e r  steam p r e s s u r e  i s  turned  

o f f .  P r o c e s s  moni tors  on t h e  r e c i r c u l a t i n g  c o o l i n g  water system and 

steam condensa te  c o l l e c t i o n  t a n k  act  t o  minimize t h e  e f f e c t s  of such 

an  i n c i d e n t ,  as d e s c r i b e d  below i n  Sec t ion  13.5.  

The TRU f a c i l i t y  i s  equipped w i t h  a p r o c e s s  water system w i t h  a 

complete  a i r  b r e a k ,  a c c o r d i n g  t o  ORNL s t a n d a r d s .  The i n - c e l l  f i r e  

p r o t e c t i o n  l i n e s  are equipped w i t h  t h e  s p e c i a l  backflow p r e v e n t e r  

r e q u i r e d  by ORNL s t a n d a r d  procedures .  

1 3 . 4 . 3  Off-Gas System 

Off-gas from a l l  p r o c e s s  vessels and from t h e  cub:icl.e v e n t  system 

i s  scrubbed i n  a c a u s t i c  s c rubbe r  t o  remove chemical  fumes and r a d i o -  

act ive i o d i n e  b e f o r e  i t  i s  passed  through a b s o l u t e  f i l t e r s  and on up 

t h e  s t a c k .  

13.4.4 Elec t r ica l  and Ins t rument  Conduits  

A l l  i n - c e l l  c a n d u i t s  are  i s o l a t e d  from c o n d u i t s  o u t s i d e  t h e  c e l l  

by e i t h e r  s e a l e d  bulkhead f i t t i n g s  o r  by p o t t e d  s e c t i o n s ,  t o  e n s u r e  

t h a t  t h e  c o n d u i t  does  n o t  p r o v i d e  a p a t h  by which r a d i o a c t i v e  material  

can g e t  o u t s i d e  t h e  ce3.1. 
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13.4.5 Compressed A i r  

Compressed a i r  i s  used i n s i d e  t h e  c e l l  t o  o p e r a t e  valves; i t  i s  

a l s o  used i n  i n s t r u m e n t - l i n e  purge  systems.  I n  a l l  i n s t a n c e s ,  t h e  a i s  

header  i s  a t  h i g h e r  p r e s s u r e s  t h a n  t h e i n - c e l l  p r o c e s s  l i n e ,  t h u s  

e n s u r i n g  t h a t  no act ive sol. i i t ions can g e t  back i n t o  t h e  a i r  headers .  

13.5 P r o c e s s  R a d i a t i o n  Monitors  and C o n t r o l  Funct ions  

Process  r a d i a t i o n  moni tors ,  equipped w i t h  alarms and,  i n  some 

c a s e s ,  a u t o m a t i c  i n t e r l o c k s ,  act  t o  p r o v i d e  p r o t e c t i o n  a g a i n s t  t h e  

release o f  r a d i o a c t i v e  mater ia l s  from t h e  c e l l  bank. While t h e s e  

moni tors  a c t ,  p r i m a r i l y ,  t o  warn of  and c o r r e c t  equipment problems, 

t h e y  a l s o  c o n s t i t u t e  an  impor tan t  supplement t o  t h e  o v e r - a l l  p e r s o n n e l  

r a d i a t i o n  moni tor ing  system. These d e t e c t o r s  serve i n  t h e  f o l l o w i n g  

ways : 

1. The vessel o f f - g a s  duc t  and c e l l  v e n t i l a t i o n  d u c t  are 

sampled a t  t h e  s t a c k  pad by a u t o m a t i c  gas  s a m p l e r s ,  

and count ing  rates are  recorded  on s t r i p  c h a r t s  a t  t h e  

r a d i a t i o n  p a n e l .  "High-level" a la rms  are t r a n s m i t t e d  

t o  t h e  r a d i a t i o n  c o n t r o l  p a n e l  and ORNL Emergency 

Center .  S i g n a l s  al.so warn of  o p e r a t i n g  d i f f i c u l t y  

w i t h  t h e  f i l t e r  t a p e  d r i v e  u n i t  i n  t h e  samplers .  No 

au tomat ic  p r o c e s s  changes are e f f e c t e d .  

2 .  A beta-gamma r a d i a t i o n  d e t e c t o r  s t r a p p e d  t o  t h e  p r o c e s s  

waste l i n e  i n  t h e  p i p e  t u n n e l  t r a n s m i t s  a "h igh- leve l"  

alarm t o  t h e  c o n t r o l  p a n e l .  A s t r i p - c h a r t  r e c o r d e r ,  an 

a u d i b l e  c o u n t - r a t e  moni tor ,  and an  i n d i c a t o r  w i t h  pro- 

v i s i o n s  f o r  s e t t i n g  t h e  alarm set  p o i n t  are  l o c a t e d  on 

t h e  c o n t r o l  p a n e l .  N o  au tomat ic  p r o c e s s  changes a r e  

e f f e c t e d .  

3 .  An a l p h a  r a d i a t i o n  d e t e c t o r  and a beta-gamma r a d i a t i o n  

d e t e c t o r  a r e  l o c a t e d  i n  t h e  process w a s t e  d r a i n  manhole. 

Data a r e  recorded  on s t r i p - c h a r t  r e c o r d e r s  on t h e  c o n t r o l  
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p a n e l .  

board  and c a u s e  valves i n  t h e  waste system t o  b e  a c t u a t e d  

t o  d i v e r t  p r o c e s s  waste t o  t h e  500,000-gal. h o l d i n g  b a s i n .  

Valves reset a u t o m a t i c a l l y  when %he alarm c o n d i t i o n  clears.  

Ins t rument  f a i l u r e  c a u s e s  t h e  f l o w  to b e  d i v e r t e d .  

"High-level" s i g n a l s  a c t u a t e  alarms on t h e  p a n e l  

4 .  A probe i s  s t r a p p e d  on t h e  l i n e s  f o r  a i r  and vacuum t h a t  

d r i v e  t h e  pumps i n  each of cells 4 through 7 .  Count 

rate is  d i s p l a y e d  on i n d i c a t o r s  on t h e  pane lboard .  I n  

t h e  event  t h a t  a h i g h  count  rare  i s  d e t e c t e d ,  a n  alarm 

i s  sounded a t  t h e  c o n t r o l  p a n e l  and 25-psig air i s  auto- 

m a t i c a l l y  impressed on t h e  d r i v e  l i n e s  by s imply removing 

e l e c t r i c a l  power from t h e  s o l e n o i d  valves that :  c o n t r o l  

a i r  and vacuum. 

5 .  The l i n e s  from o u t s i d e  t h e  c e l l  t o  d i s s o l v e r  T-70 are 

monitored and are provided  w i t h  r a d i a t i o n  b l o c k  v a l v e s .  

I f  r a d i a t i o n  i s  d e t e c t e d ,  t h e  b lock  valves c l o s e  t o  

p r e v e n t  r a d i o a c t i v i t y  from l e a v i n g  t h e  c e l l  and an  alarm 

on t h e  c o n t r o l  p a n e l  is  a c t u a t e d .  R a d i a t i o n  count r a t e  

is  displayed on a n  i n d i c a t o r  on t h e  c o n t r o l  p a n e l .  

6 .  The r e t u r n  Line  f o r  the r e c i r c u l a t i n g  c o o l i n g  w a t e r  i s  

monitored f o r  beta-gamma r a d i o a c t i v i t y .  Count r a t e  is 

i n d i c a t e d  on t h e  p a n e l ,  and t h e  alarm i s  a c t u a t e d  on 

"h igh- leve l .  A t  "h igh- leve l ,  'l t h e  c i r c u l a t i n g  pump i s  

a u t o m a t i c a l l y  s topped .  

7 .  Steam condensa te  from t h e  ce l l s  i s  monitored a t  a c o l -  

l e c t i o n  t a n k  i n  t h e  l i m i t e d - a c c e s s  area. Count r a t e  i s  

i n d i c a t e d  on t h e  p a n e l ,  and an  alarm i s  a c t u a t e d  on "high- 

level," which s i m u l t a n e o u s l y  de-energ izes  the condensa te  

pump, p r e v e n t i n g  a c t i v i t y  from b e i n g  pumped t o  t h e  r e t e n t i o n  

b a s i n .  



150 

8. A moni tor  i s  l o c a t e d  on t h e  s u c t i o n  l i n e  t o  t h e  pump 

t h a t  r e c i r c u l a t e s  c a u s t i c  through t h e  vesse l  of f -gas  

s c r u b b e r .  Count r a t e  i s  recorded  on t h e  p a n e l ,  and 

an alarm i s  sounded by a "h igh- leve l"  s i g n a l .  No 

au tomat ic  a c t i o n  o c c u r s .  
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14. L I Q U I D  WASTE 

Liquid  wastes, i n c l u d i n g  r a i n  r u n o f f ,  s a n i t a r y  wastes, p r o c e s s  _.__ I C  .._ _- I..._^ --,A- 

waste, and i n t e r m e d i a t e - l e v e l  r a d i o a c t i v e  w a s t e s  t h a t  are genera ted  

i n  t h e  TRU f a c i l i t y  are  d i s c h a r g e d  i n t o  i n s t a l l e d  waste-handl ing 
,-'a \-.- ~ - . ~ ~ ~ ~ , ~ . . - ~ ~ . . ~ ~ ~ ~ ~ ~ " - . ~ ~  

systems.  High-level  r a d i o a c t i v e  wastes are n o t  u s u a l l y  g e n e r a t e  "..-.- *i,J -....- 
L i q u i d s  t h a t  c o n t a i n  enough r a d i o a c t i v e  n u c l i d e s  t o  be cons idered  

h i g h - l e v e l  w a s t e s  p robably  c o n t a i n  v a l u a b l e  material t h a t  would re- 

q u i r e  r e c o v e r y  and r e p r o c e s s i n g .  Highly r a d i o a c t i v e  Liquids  t h a t  need 

t o  b e  d i s c a r d e d  w i l l  b e  d i l u t e d  t o  i n t e r m e d i a t e - l e v e l  w a s t e  and handled 

i n  t h a t  system. 

-- - .-----"--_._ ..-.-----. I"----.x. -* 

2 LIII-.-".-I .... __I_ ..__ ~ __-_ ____, --------.-._I____ .__-.... . 

.... ......-I_ ._,.__I__Y_ ~I_------~----.--.*' -- ....-_. _. .. 

----%...--.,.-cl* .- -- -- ..-.-.. _l__, . 
~ 

---, , 
Î --*__ -__.----I*. 

. .-,. -----.----.I___ -.-.,. -__ ___.____-, yI_ 

1 4 . 1  Storm Sewer and Foundat ion Dra ins  

P e r f o r a t e d  v i t r i f i e d  c l a y  p i p e  is ............. used f o r  s u b s u r f a c e  d r a i n a g e  
............. ..... ............... 

around t h e  c e l l  f o u n d a t i o n ,  and d i s c h a r g e  i s  by f r e e  o u t l e t  t o  a d i t c h  

a c r o s s  ............. t h e . . . d a ~ ~ e a s t - ~ . o f  . . - l t h e _ ~ d i n g .  Thus, ground w a t e r  w i l l  n o t  g e t  

i n t o  t h e  ~ e l & ~ .  

-_.__._ ^ _ _ l _ _ ^ . ~ ~ _ _ i . _ _ _ _ _ _ _ _  ..... ....-___ ....... I .........__-.. ............................. _1 __..-- .............................. - __ ..... 
I ....... .....--- ..... .,. --...__ 

c___ ...... 
A s torm sewer sys tem w i t h  .... f r e e  ouLl.ets t o  ................................. d i t c h e s  across t&!-~ads - d.------- -I-- 

n o r t h  .......... and . east of t h e  b u i l d i n g  carries away w a t e r  c d l o c t e d  b y e r o o f  - _. .. ........ -- .. ... ..-.- -.-- 

d r a i n a g e  .. ... system, g u t t e r  i n l e t s ,  and c a t c h  b a s i n .  A number of i t e m s  o f  

i n  i n t o  t h e  s t o r m  s e w e r .  These are  b u i l d i n g  ser- s eryiie- 

vice steam t r m +  a i r  c o n d i t i o 2 x i n t a k e  plenums, water h e a t e r s ,  

chilled-water...-e.x.p. ... ;jns.i.o.n.-_tank-,-etc. -- e s s e n t i a l l y  a l l  t h e  equipment i n  

t h e  two m e c h q n i c a L q u s p m e n t  rooms. 

c o o l i n g  w a t e r  pump and t h e  e l e v a t o r  p i t  d r a i n  t o  t h e  s torm sewer. 

--.II.._ I -___ _ly..--- 
I_ ___.. ---.. .... 

__-__.__ .... I-. _1 

... - ..-____ ............. -- _~__.L____-.----- .. 

--__I ...................... _____ ll___.l_. _ ......I 

Both-ghe_pi t  f o r  t h e  HFIR tower- 
-? -------"..-.-.* -.----v --- 

.............. .... ____r_.X .... _I..-- ~ - --- .-... _.__I____ .... ----..-- -----I.._ _--,_ -_ -. .....-...+. .__-_ __._.. - 

1 4 . 2  S a n i t a r y  Waste System 

The s a n i t a r y  waste system c o l l e c t s  b i o l o T i c a 1  wastes from t h e  

e n t i r e  p r o c e s s i n g  f a c i l i t y  and o f f i c e  annex,  a l l  l i q u i d  waste from 

t h e  O f f i c e - E e L E n : .  t h e  shower 5 n L L E r y - w a s t e s  from t h e  main 

change room. il.-n&t&e women'_s__room (101).  

d r a i n  t o  t h i s  system. 

.... II___ _- __ 
. -___. . . 

A l l  w a t e r  f o u n t a i n s  
_____4 

The waste f lows  t o  a s e p t i c  t a n k  t h a t  i s  used 

j o i n t l y  by TRU and H F I R .  



152 

14.3 Process  Waste System 

Liquid  wastes t h a t  are  suscepl  i b l e  t o  s l i g h t  contaiuinat ion a r e  - -, _ _  
c o l l e c t e d  cont inuous ly  i n  two 50,000-gal lon c a p a c i t y  e a r t h  r e t e n t i o n  

b a s i n s .  The b a s i n s  are p e r i o d i c a l l y  sampled and, depending on a n a l y t i c a l  

r e s u l t s ,  are released t o  Melton Creek o r  pumped t o  t h e  main ORNL waste 

t r e a t m e n t  f a c i l i t y  i n  B e t h e l  Val ley  f o r  d i s p o s a l .  One b a s i n  c o l l e c t s  

w a s t e  w h i l e  t h e  second i s  b e i n g  sampled and emptied.  

~ _ 1  
-_ - - - -- - * _ _ _ - - -  - -- - -  - 

- ,. - e 

- 1 - -- - __ _ -  - - - -  

- -__ - -  _- - > -  

Thr fo l lowing  wastes _ a r e  c o l l e t e d  i n  e common b e a d e r  - _and monitored '. __ 

f o r  beta-gamnta r a d i o a c t i v i t y :  - p r o c e s s  wastcbs from t h q l a b o r a t o r i e s ,  

decor-tamination a r e a ,  chemical Gakeup area,  glove;b>x- s t o r a g e  area, 

t ransfer -a rea ,  l i m i t e d - a c c e s s - a r e a ,  o p e r a t i n g  area, r e c i r c u l a t e d  c o o l i n g  

wa%>r sys<em, p r o c e s s  condensa te  r e c e i v e r ,  t h e  f l o o r  d r a i n s  of l i m i t e d -  

a c c e s s  change room N o .  2 ,  p i p e - h e a t e r  C-114-in t h e  g f f - g a s  system, 

checking a a c h o l d u p  a r e a ,  t h e  c l $ o r  drains-of change rooms Nos. 3 and 

4 ,  c o r r i d o r  f l o o r  d-rains ,  s i n k d r a i n s  i n  t h e  j a n i t o r ' s  c l o s e t ,  co ld  
1 - -  

checkieg  and r e c e i v i n g  area,  and t h e  men's change room N o .  1. A c t i v i t y  

1 _- .- \ - - - -  -. 'L - 

_ _  - . - . -  i, - __ - '\--- - - 

-- __- - ------ %\ - - -- _ -  - - -  - ,,- 1 /-- -- _ >  

- - -  - 
/ 

.4 
- -_- - _- - -- ~ _- __ , \ -'-. - 

- _ -  -- - - -. - - - -  - -  
/ - -  

- - -_ - - - _  1 - -  _ -  
--,- - - 

z - - - - _  _ -  - -  - 'z - 

,_/ - - ~ - _ -  - ~- - ---- - 

above a predetermined v a l u e  a c t i v a t e s  a n  a la rm on t h e  r a d i a t i o n  panel 

board.  

P r o c e s s  was te  from t h e  shower and s i n k  d r a i n s  i n  change rooms Nos. - - _ - - -  - -  
2 ,  3 ,  and 4 e n t e r s  t h q s a m e  w a s t e  d r a i n  header  downstream of t h e  f i r s t  - - - -~ - - 

~ 

moni tor ,  and t h e  combined .-.._.._.. ......... f l o w  -.-.- i s ~ ~ i t . o . r e ~ . a . - . s e r _ o n d  t i m e .  
t o r i n g  i s  f o r  b o t h  . a l p h a  . and beta-gamma r a d i o a c t i v i t y  and is--Jone i n  

This moni- 
..- ___ ........ -.- 

.............. ............... ...... -. ......... ........... -- __- - ....- __ ___. ......... _-- 

t h e  p r o c e s s  waste d r a i n  manhole. I n  t h e  event  t h a t  s i g n i f i c a n t  r a d i o -  ~- - _ _ _  __ -- - - -_-_ I -- - __ - - -- \ 

a c t i v i t y  i s  d e t e c t e d ,  th_e f low w i l l  b e  a u t o m a t i c a l l y  d i v e r t e d  5-0 t h e  

500,000-gallon HFIR s u r g e  ba_si-n; o t h e r w i s e ,  i t  w i l l  b e  d i s c h a r g e d  as 
-- _ _ -  - _- -_- ---- - _ -  - 

- -- r - - - - .  - --. 
u s u a l  t o  one of t h e  50,000-gallon TRU b a s i n s .  -- - -  - ---- 

Opera t ion  of  the r e t e n t i o n  b a s i n s  i s  t h e  r e s p o n s i b i l i t y  of  t h e  

Opera t ions  D i v i s i o n .  

The l o c a t i o n s  o f  p r o c e s s  and i n t e r m e d i a t e - l e v e l  waste d r a i n s  a re  

shown i n  F i g s .  14.1 and 14.2.  F i g u r e  1 4 . 3  p r e s e n t s  a schemat ic  

diagram of t h e s e  systems.  
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F i g .  1 4 . 3 .  Intermediate-Level and P r o c e s s  Waste Systems, B u i l d l n g  7920 .  
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1 4 - 4  System f o r  In t e rmed ia t e -Leve l  Radiochemical Waste 

I n t e r m e d i a t e - l e v e l  r ad iochemica l  w a s  t :e  (ILW) from t h e  l a b o r a t o r i e s ,  
..... . . . .  ._ - - - - ........ _~____ ..__. -.- -- 

...... 
decon tamina t ion  area,  o f f - g a s  heade r  d r a i n ,  vacuum system s e p a r a t o r  

....................... . ... .. _.... - -- . __ __ j - -  ~- 
~ 

/ 

-. F-118, c a u s t i c  s c r u b b e r  -L-131 ,  p i p e  t u n n e l  sump, v e s s e l  o f f -gas  f i l t e r  

pi,t-..tsump, c e l l - v e n t i l a t i o n  f i l t e r  p i t  sump, c e l l  and t a n k  p i t  sumps, 

and t h e  c e l l  process waste dra.ijnhwder i s  d i s c h a r g e d  d i r e c t . l y t o  co l -  

l e c t i o n  t a n k  F-115, which i s  S a m  l e d  and d i s c h a r g e d  t o  t h e  p r o c e s s  

waste n e u t r a l i z a t i - o n  t ank  F-1.26 o r  t o  t h e  rework t a n k  i n  c e l l  p i t  7 .  

Fol lowing n e u t r a l i z a t i o n  i n  F-126, t h e  was te  i.s t r a n s f e r r e d  t o  e i t h e r  

t h e  rework t a n k  i n  c e l l  7 o r  Lo t h e  Melton V a l l e y  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  system. N e u t r a l i z e d  w a s t e  from F-126 c a n  a l s o  b e  

r e c y c l e d  back t o  t ank  F-115. 

.. .. _._.__ . .... .-.-.- - ~ .-- -- 
. ........ . . . .  - ......_ -. ...... -. ................... . .  

......... ..... ~- .. - -. 
~ . . -. . ... .... 

..... ... ..... . ..................I_ ._I.- ~- L.. - -. .. _.__ - - _ . . ~  

.- * __ ............. - . ......._^ --... ........................................... 

L i q u i d  w a s t e  from t h e  c e l l  t r a n s f e r  area and t h e  c e l l  conveyor 

hous ing  i s  c o l l e c t e d  i n  t a n k  F-111. 

i s  t r a n s f e r r e d  t o  t a n k  F-115. 

A f t e r  b e i n g  sampled, t h i s  waste 

‘I’he radiochemi.ca1 waste t a n k s  a re  i n  t h e  waste t ank  p i t  t h a t  i s  

l o c a t e d  behind ce l l s  8 and 9 .  Tank F-111 is  a 125-ga l - capac i ty  s t a i n -  

less s t ee l  t a n k  t h a c  co l - lec ts  1.iqui.d waste from t h e  t r a n s f e r  c u b i c l e  

d r a i n  and t h e  conveyor hous ing  ove r f low.  F-115 is  a 550-ga l - capac i ty  

H a s t e l l o y  C t a n k  t h a t  i s  used t o  c o l l e c t  a l l  o t h e r  l i q u i d  w a s t e  t h a t  

i s  l i k e l y  t o  b e  r a d i o a c t i v e .  T h i s  i n c l u d e s  a11. i n t e r m e d i a t e - l e v e l  

was t e  from b u i l d i n g  d r a i n s  and a l l  p r o c e s s  wastes. Hastelloy C w a s  

used because  o f  i t s  r e s i s t a n c e  t o  c o r r o s i o n  by c h l o r i d e s .  F-126 i s  a 

1200-gal s ta inless  s t e e l  t a n k  i n  which waste i s  n e u t r a l i z e d  a n d / o r  

d i l u t e d  t o  5 c u r i e s / g a k  b e f o r e  i.t .is j e t t e d  t o  t h e  Melton V a l l e y  i n t e r -  

m e d i a t ~ - l e v e l - w a s t e  c o l l e c t i . o n  s t a t i o n .  A h e e l  o f  c a u s t i c  w i . 1 1  b e  kept: 

i n  t h e  t a n k .  

A l l  t h r e e  of t h e s e  t a n k s  are  equipped w i t h  cool ing-water  j a c k e t s ,  

l i q u i d - l e v e l  r e c o r d e r s ,  a i r  spa rge r s  and sampli.ng l i n e s .  
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14.5  D i s p o s a l  o f  Organic  Chemicals 

Organic  w a s t e  materials are added t o  a p p r o p r i a t e  w a s t e  sys tems,  
- XI-- _I_yI -- -- 

depending on t h e i r  r a d i o a c t i v i t y  I_._- levels .  

300 g a l  of o r g a n i c  w a s t e  w i l l  b E . g e n e r a @ e e r  month, speLi.aL 

S i n c e  an  average  of o n l y  ...... 
F 

-""---y______ ~ " . ~  ____^.-. -..- . . , ._--. 

..................... ............ l_A..--------- -. __cc^ 

arrangements  w i l l  n o t  be r e q u i r e d .  
__PI 

.- 

* 
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15. SOLID WASTE 

P r o v i s i o n s  have been made f o r  r o u t i n e l y  h a n d l i n g  a l a r g e  v a r i e t y  

of  contaminated waste s o l i d s ,  i n c l u d i n g  wastes genera ted  i n  g love  

boxes,  s m a l l  i t e m s  from t h e  c e l l  bank such a s  sample b o t t l e s ,  and 

e n t i r e  equipment r a c k s .  

1 5 . 1  S o l i d  High-Level R a d i o a c t i v e  Waste 

A l l  s o l i d  w a s t e  t h a t  i s  taken  from t h e  c e l l  cubic]-es w i l l  b e  h e a t  

s e a l e d ,  e i t h e r  i n  a 1.0-inch p l a s t i c  c a n i s t e r  o r  i n  a l a r g e  p l a s t i c  bag,  

and t h e n  put  i n t o  a 4- in . - thick r e i n f o r c e d - c o n c r e t e  c o n t a i n e r .  A 

4- in . - th ick  c o n c r e t e  cover  w i l l .  b e  p u t  on t h e  c o n t a i n e r ,  t h e  cover  j o i n t  

w i l l  b e  caulked ,  and t h e  c o n t a i n e r  w i l l  be  t r a n s p o r t e d  t o  t h e  b u r i a l  

ground f o r  d i s p o s a l .  

F i g u r e  1 5 . 1  i s  a s k e t c h  of t h e  s o l i d - w a s t e  d i s p o s a l  s t a t i o n  as it 

w i l l  b e  when t h e  s m a l l  p l a s t i c  c a n i s t e r s  of  so1i.d waste are  b e i n g  

loaded .  The p l a s t i c  c a n i s t e r s  a r e  f i l l e d  a t  t h e  t r a n s f e r  c u b i c l e ,  

s e a l e d ,  and loaded i n t o  a s h i e l d e d  car r ie r  f o r  t r a n s p o r t  t o  t h e  s o l i d -  

was te  d isposa l .  s t a t i o n .  An a l t e r n a t e  t o p  p l u g ,  equipped wi.th a door  

i d e n t i c a l  t o  t h e  c u b i c l e  d o o r s ,  p e r m i t s  t h e  d i s p o s a l  of  an  equipment 

rack,  w i t h  complete containment b e i n g  a s s u r e d  i.n a l l  s t e p s  by use of 

t h e  t r a n s f e r  case, 

The waste d i s p o s a l  s t a t i o n  provides  an  a d d i t i o n a l  8 i n c h e s  of 

c o n c r e t e  s h i e l d i n g  and e n c l o s e s  t h e  4- in . - th ick  c o n c r e t e  d i s p o s a l  

c o n t a i n e r  t h a t  i s  r e s t i n g  on a motor-driven t u r n t a b l e .  A p l a s t i c  bag 

i s  i n s e r t e d  i n  t h e  d i s p o s a l  c o n t a i n e r  and connected t o  a l a r g e  bag r i n g  

on t h e  bottom of  t h e  s t a t i o n  cover .  One o f  t h e  p lugs  i n  t h e  cover  i s  

removed, and t h e  s h i e l d e d  carr ier  w i t h  t h e  p l a s t i c  c a n i s t e r  i n  i t  i s  

p laced  on t o p  o f  t h e  s t a t i o n .  By removing t h e  p r o p e r  cover  p lug  and 

by r o t a t i n g  t h e  t u r n t a b l e  t o  t h e  a p p r o p r i a t e  indexing  p o i n t  f o r  each 

t r a n s f e r ,  i t  i s  p o s s i b l e  t o  s t a c k  about  40 of  t h e  p l a s t i c  c o n t a i n e r s  

i n  t h e  d i s p o s a l  c o n t a i n e r .  A f t e r  a l o a d i n g  o p e r a t i o n  i s  completed,  

t h e  c a r r i e r  i s  removed and t h e  p lug  i s  rep]-aced. 
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When a c o n c r e t e  d i s p o s a l  c o n t a i n e r  becomes f u l l ,  o r  when a n  empty 

c o n t a i n e r  i s  r e q u i r e d  f o r  t h e  d i s p o s a l  of a l a r g e  p i e c e  of equipment 

(an equipment r a c k  w i l l  completely f i l l  a c o n c r e t e  c o n t a i n e r ) ,  t h e  

p l a s t i c  bag i s  s e i d e d ,  a c o n c r e t e  cover  i s  i n s t a l l e d ,  and t h e  cover  

j o i n t  i s  caulked.  The c o n t a i n e r  i s  t h e n  removed from t h e  s t a t i o n ,  

us ing  metal-web s l i n g s ,  checked f o r  contaminat  i.on, and t r a n s p o r t e d  t o  

t h e  b u r i a l  ground. 

T h e  p1ast i .c  bag i s  s e a l e d  by r o t a t i n g  t h e  turntab1.e t:o t w i s t  t h e  

bag i n t o  a shape t h a t  can be h e a t - s e a l e d  by i n j e c t i o n  molding of a 

p l a s t i c  p lug  a t  t h e  s m a l l  p o i n t  of  t h e  t w i s t e d  bag. The bag i s  s e v e r e d  

a t  t h i s  p o i n t  and t h e  upper p o r t i o n  of t h e  bag seals t h e  bottom of t h e  

top  plug.  A f t e r  a new bag i s  i n s t a l l e d ,  t h i s  upper p o r t i o n  of  t h e  o l d  

bag i s  dropped i n t o  i t .  

Both t h e  i n t e r i o r  o f  t h e  s t a t i o n ,  o u t s i d e  t h e  c o n c r e t e  c o n t a i n e r ,  

and t h e  i n t e r i o r  of  t h e  p l a s t i c  bag are c o n t i n u o u s l y  vented  t o  t h e  

c e l l  v e n t i l a t i o n  system. Proper  ad jus tment  o f  'vacuum on both  s i d e s  of 

t h e  p l a s t i c  bag by means of hand t : i i ro t t l ing  v a l v e s  w i l l  assist i n  t h e  

manipula t ion  of  t h e  bag and,  a t  t h e  same time, e n s u r e  t h a t  p r o p e r  con- 

ta inment  i s  main ta ined .  

The a l t e r n a t e  d i s p o s a l  s t a t i o n  c o v e r ,  used f o r  l o a d i n g  waste from 

t h e  t r a n s f e r  c a s e ,  i s  al.so c o n c r e t e ;  however, i n s t e a d  of removable 

p l u g s ,  it h a s  a h a t c h  s i m i l a r  t o  t h a t  o f  a c e l l  c u b i c l e .  The method 

of  l o a d i n g  an  equipment rack  i n t o  t h e  di-sposal  s t a t i o n  i s  t h e  saine as 

t h a t  of l o a d i n g  a r a c k  i n t o  a p r o c e s s  c u b i c l e .  

Loading and s e a l i n g  a p l a s t i c  c a n i s t e r  are accomplished by p u t t i n g  

t h e  c a n i s t e r  (with cover) i n t o  t h e  s h i e l d e d  t r a n s f e r - a r e a  c a r r i e r .  A 

r o d  t h a t  p e n e t r a t e s  t h e  carrier s h i e l d  i s  used t o  p o s i t i o n  t h e  c a n i s t e r  

( i n  a pan connected t o  t h e  rod)  under t h e  d i s p o s a l  p o r t  i n  t h e  t r a n s f e r  

area. This  p o r t  i s  s imilar  t o  t h e  c u b i c l e - i n t e r c e l l  conveyor a c c e s s  

door .  The p l a s t i c  c a n i s t e r  i s  p r e s s e d  a g a i n s t  the bottom of  t h e  t r a n s f e r -  

area d i s p o s a l  p o r t ,  t h e  c a n i s t e r  cover  and d i s p o s a l  p o r t  door a r e  lock-ed 

t o g e t h e r ,  and t h e  door  i s  opened. A f t e r  w a s t e  o r  o t h e r  m a t e r i a l  i s  put  

i n t o  t h e  c a n i s t e r ,  t h e  door  i s  c l o s e d ,  t h e  c a n i s t e r  cover  i s  unlocked 

from t h e  d o o r ,  and t h e  c a n i s t e r  i s  dropped away from t h e  bottom of t h e  
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t r a n s f e r  area. The h e a t  sealer is  i n s e r t e d  between t h e  t r a n s f e r  area 

and t h e  c a n i s t e r ,  and t h e  c a n i s t e r  i s  pressed  a g a i n s t  t h e  hea t  sealer.  

Heat is  app l i ed  t o  the  p l a s t i c  c a n i s t e r  and cover  u n t i l  t h e  p l a s t i c  is  

melted enough t o  a l low t h e  c a n i s t e r  e l e v a t o r  t o  move up about an  inch ,  

a t  which po in t  t h e  s ea l  i s  complete. The c a n i s t e r  i s  then  withdrawn 

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

For t r a n s f e r r i n g  i t e m s  between t h e  t r a n s f e r  area, sh i e lded  cave,  

or decontamination glove box, t h e  s e a l i n g  s t e p  may be omit ted.  

1 5 . 2  Sol id  Low-Level Radioac t ive  Waste 

A yellow dumpster i s  provided i n  room 107 f o r  d i s p o s a l  of s o l i d  

low-level r a d i o a c t i v e  waste. The dumpster w i l l  be used,  p r imar i ly ,  

f o r  w a s t e  from t h e  l a b o r a t o r i e s  and from t h e  a n a l y t i c a l  chemistry cel ls  

FJaste from t h e  process ing  cel ls  w i l l  normally be  handled as h igh- leve l  

waste. 

A Heal th  Phys ics  survey i s  requi red  b e f o r e  any material  i s  placed 

i n  t h e  dumpster. 

t h e  r a d i a t i o n  level becomes excess ive .  

An area monitron i n  t h e  dumpster room will alarm i f  

E 
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1 6 .  GASEOUS WASTE 

A v e s s e l  of f -gas  system d i s c h a r g e s  gaseous waste from process  

v e s s e l s ,  c e l l  c u b i c l e s ,  and the p l a n t  vacuum system through a c a u s t i c  

s c r u b b e r  and f i l t e r s  t o  t h e  WFIR s t a c k .  C e l l  v e n t i l a t i o n  and glove- 

box v e n t i l a t i o n  s y s t m s  d i s c h a r g e  gaseous waste irom a l p h a  g love  boxes 

and purge a i r  from t h e  p r o c e s s i n g  c e l l s  through f i l t e r s  t o  t h e  liFIR 

s t a c k .  These systems are  shown s c h e m a t i c a l l y  i n  F i g .  1 6 . 1 .  The 250- 

f t - t a l l  HFTK s t a c k  h a s  a c a p a c i t y  of 60,000 cfm of a i r .  

1 6 . 1  Vessel Off-Gas and Cubic le  V e n t i l a t i o n  

1 6 . 1 . 1  Vessel Off-Gas 

Vessels i n  t h e  c e l l  and waste tank  p i t s  are  connected t o  a 1-112- 

in.-diam Zircaloy-:! header  t h a t  r u n s  through t h e  c e l l  bank t o  t h e  c a u s t i c  

s c r u b b e r .  An off-gas  header  from t h e  l a b o r a t o r i e s  (2-in.-diarn f i b e r -  

g l a s s  r e i n f o r c e d  epoxy r e s i n )  and t h e  recirculated-cooling-water s u r g e  

tank  header  have s e p a r a t e  p r e s s u r e  c o n t r o l  s t a t i o n s  'io permi t  m a i n t a i n i n g  

t h e s e  a r e a s  a t  d i f f e r e n t  p r e s s u r e s  from t h e  rest of t h e  systeiii. Off-gas 

h e a d e r s  i n  t h e  chemical  makeup a r e a  and decontaminat ion  room (both  2-in.- 

diam epoxy r e s i n )  t i e  d i r e c t l y  t o  a IO-in.-diam H a s t e l l o y  C l i n e  t o  t h e  

s c r u b b e r .  'She c u b i c l e  v e n t i l a t i o n  header  a l s o  t i e s  t o  t h e  10-in.-diam 

H a s t e l l o y  l i n e .  P r e s s u r e  a t  t h e  s c r u b b e r  i n l e t  i s  automatical.1.y con- 

t r o l l e d  a t  -10 i n .  w a t e r  (gage) by ad jus tment  of a valve i n  t h e  s u c t i o n  

l i n e  t o  t h e  of f -gas  f a n s .  The v a l v e  fai1.s open t o  cause  a vacuum of 

about -14 i n .  w a t e r  (gage) i n  t h e  system. The r e c i r c u l a t i n g  c o o l i n g  

w a t e r  s u r g e  tank  i s  c o n t r o l l e d  a t  -2 i n .  water (gage) w i t h  r e s p e c t  t o  

t h e  o p e r a t i n g  a r e a ,  and t h e  p r e s s u r e  i n  t h e  header  t o  t h e  l a b o r a t o r i e s  

i s  kept  a t  about  -9 .7  i n .  w a t e r  (gage) w i t h  respect t o  t h e  l a b o r a t o r i e s .  

The c o n t r o l  v a l v e s  f o r  both of t h e s e  systems wi.1.l f a i l  open t o  a l low a 

f u l l  vacuum t o  be a p p l i e d  t o  t h e  systems.  
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1 6 . 1 . 2  Cell. Cub ic l e  V e n t i l a t i o n  

Each c u b i c l e  h a s  a system (F ig .  2 . 7 )  t h a t  c i rcu1al :es  a i r  a t  350 cfm 

from t h e  c u b i c l e ,  through a b s o l u t e  f i l t e r s ,  p a s t  c o o l i n g  c o i l s  (cool-ed 

by r e c i r c u l a t i n g  c o o l i n g  w a t e r ) ,  and back i n t o  t h e  c u b i c l e  t h rough  a 

backflow p r e v e n t e r .  T h i s  sys t em removes c u b i c l e  h e a t  (:hat i s  g e n e r a t e d  

by p r o c e s s  equipment and c u b i c l e  l i g h t s .  Each c u b i c l e  i s  purged w i t h  

from 5 t o  50 cfm of a i r  f r o m  t h e  c e l l  i n  which t h e  c u b i c l e  i s  l o c a t e d .  

T h i s  a i r  e n t e r s  t h e  r e c i r c u l a t . i o n  d u c t  through a n  a b s o l u t e  E- i l t e r .  The 

pn rge  ra te  i s  a d j u s t e d , u s i n g  a manual damper i n  t h e  i n t a k e  d u c t  

t h u s ,  t h e  pu rge  c a p a c i t y  o f  50 cfm i s  c o n s t a n t l y  a v a i l a b l e  i n  case i t  

i s  needed t o  p r e v e n t  a p r e s s u r e  r i s e  i n  t h e  c u h i c l e .  A s i n g l e  exhaust: 

l i n e  from each c u b i c l e  i s  t i e d  i n t o  an 8-in.-diam f i b e r - g l a s s - r e i n f o r c e d  

epoxy r e s i n  heade r  t h a t  r u n s  th rough  t h e  c e l l s  t o  t h e  c a u s t i c  s c r u b b e r .  

A p r e s s u r e  c o n t r o l l e r  a c t u a t e s  a valve i n  t h e  c e l l  c u b i c l e  v e n t i l a t i o n  

heade r  t o  m a i n t a i n  t h e  heade r  a t  a pressi.ire of  -0.3 in. water (gage) 

w i t h  r e s p e c t  t o  t h e  c e l l  v e n t i l a t i o n  system. The v a l v e  w i l l  f a i l  open 

t o  c a u s e  a vacuum o f  more t h a n  0 .3  in  water (gage) i n  t h e  c u b i c l e s .  

The c u b i c l e s  have been evacua ted  t o  l o i n .  water (gage) w i t h o u t  

darnage. 

16 .1 .3  C a u s t i c  Scrubber  

The s c r u b b e r ,  l o c a t e d  i n  c e l l  p i t  N o .  7 ,  i s  a packed tower 2 f t  i n  

i n s i d e  d i ame te r  and about  10 f L  h igh .  The packed s e c t i o n ,  5 f t  h i g h ,  

i s  f i l l e d  w i t h  1- inch s t a i n l e s s  s t ee l  P a l l  r i n g s .  Above t h e  l i q u i d  

d i s t r i b u t o r  i s  a 4 - i n . - t h i c k  Yorkmesh d e m i s t e r ,  a l s o  of s t a i n l e s s  s tee l .  

'rhe upper  p o r t i o n  of  t h e  tower i s  s t a i n l e s s  s t ee l ,  w h i l e  t h e  lowei- 

p o r t i o n ,  i n c l u d i n g  t h e  s u p p o r t  p l a t e ,  i s  H a s t e l l o y  C. The bot tom 

p o r t i o n  of  t h e  tower i s  a r e s e r v o i r  f o r  t h e  c a u s t i c ,  which i s  recir-  

c u l a t e d  t o  t h e  tower by e i t h e r  of  two r e c i r c u l a t i n g  pumps. Makeup 

c a u s t i c  and w a t e r  are added th rough  n o z z l e s  e i t h e r  above o r  below t h e  

d e m i s t e r .  
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A r ecen t  s tudy  of t h e  scrubber ,  made t o  determine optimum 

ope ra t ing  cond i t ions ,  i nd ica t ed  t h a t  i od ine  and H C 1  w i l l  be  removed 

from up t o  650 cfm of a i r  wi th  a decontamination f a c t o r  of from 150 

t o  500. Normal flow rate i s  500 cfm. 

16.1.4 F i l t e r s  

The f i l t e r s  i n  t h e  exhaust of the v e s s e l  off-gas  system are  loca ted  

i n  two removable f i l t e r  enc losures  i n  a f i l t e r  p i t  under t h e  f l o o r  of 

t h e  l imited-access  area. Each of t h e  steel  enc losures  holds  one 
roughing and two a b s o l u t e  f i l t e r s  arranged i n  series. One of t h e  
enc losures  w i l l  be  i n  s e r v i c e ,  and the  o t h e r  w i l l  be  an i n s t a l l e d  

spare .  

P res su re  drop ac ross  t h e  roughing f i l t e r s  and ac ross  the  abso lu te  

f i l t e r s  is  i n d i c a t e d  on magnehelic gages i n  the  l imited-access  area. 

Taps for making tests of f i l t e r  e f f i c i e n c y  us ing  d i o c t y l p h t h a l a t e  (DOP) 

are loca ted  i n  the duc t s  upstream and downstream of t h e  f i l t e r  p i t .  

The enc losures  a re  a i r t i g h t  and are provided a t  t h e  en t rance  

f l ange  wi th  meta l  s l j d i n g  p l a t e s  t o  con ta in  contaminated material when 

t h e  enc losures  are removed. Used enc losures  are withdrawn i n t o  a 

sh ie lded  carrier f o r  t r a n s p o r t a t i o n  t o  t h e  b u r i a l  ground, where the  

e n t i r e  enc losu re  i s  d iscarded .  

16.1.5 P res su re  Control  Instruments  

The p res su re  a t  t h e  scrubber  i n l e t  i s  maintained a t - 1 0  i n .  w a t e r  

(gage) by a normally-open a i r -opera ted  c o n t r o l  va lve  loca ted  on t h e  

s t a c k  pad. 

flow and ene rg izes  t h e  motor on t h e  a l t e r n a t e  fan .  

A flow switch i n  t h e  f a n  d ischarge  l i n e  senses  loss of 
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16 .1 .6  Off-Gas F s z  

Each of  two f a n s  h a s  a c a p a c i t y  of  750 cfni a t  a suct i -on p r e s s u r e  

o f  34 i n .  water (gage ) .  They are  t o  be  used a l t e r n a t e l y  and are 

connected t o  s e p a r a t e  emergency power supp l - i e s  ( H F I R  normal-emergency 

No. 1 and No. 2 ) .  

16.2 C e l l  and Glove-Box V e n t i l a t i o n  

16 .2 .1  Glove-Box V e n t i l a t i - o n  

Purge a i r  i s  i n t r o d u c e d  i n f o  t h e  g love  boxes i n  t h e  a l p h a  

l a b o r a t o r i e s  t h rough  a b s o l u t e  f i l t e r s .  An exhaus t  d u c t  system i n  

1abora t :o r i e s  108, 109, 111, 208, 209, and 2 1 1 ,  and i n  t h e  glove-box 

s t o r a g e  area 201, i s  d i s c h a r g e d  i n t o  t h e  c e l l  v e n t i l a t i o n  f i l t e r  

f a c i l i t y  upstream of  t h e  f i l t e r s .  The p r e s s u r e  i n  t h e  d u c t  i s  main- 

t a i n e d  a t  -0 .3  i n .  water (gage) wi.th r e s p e c t  t o  t h e  stat:i.c: p r e s s u r e  

i n  t h e  f i r s t - f l o o r  l a b o r a t o r y  c o r r i d o r  by a n  a u t o m a t i c  c o n t r o l  v a l v e  

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

v a l v e  and an a i r - o p e r a t e d  v a l v e  l i m i t s  glove-box p r e s s u r e  t o  -2 i n .  

water (gage) t o  p r e v e n t  glove-box c o l l a p s e .  The r e l i e f  valve w i l l  

open f u l l  i f  t h e r e  i s  an a i r  f a i l u r e .  The s o l e n o i d  v a l v e  receives i t s  

power from t h e  power supp ly  f o r  t h e  r a d i a t i o n  d e t e c t i o n  system, which 

i s  connected t o  t h e  HFLR No. 1 normal-emergency power system. 

16.2.2 C e l l  V e n t i l a t i o n  S y s - e  

Normal Opera t ion .  - Purge  a i r  i s  drawn through a rough ing  f i l t e r  

and backflow p r e v e n t e r  i n t o  each c e l l  and t h e  p i p e  t u n n e l  from t h e  

l i m i t e d - a c c e s s  area. The i n l e t  d u c t  w i l l  h a n d l e  100 cfm a t  t h e  ex- 

pected o p e r a t i n g  p r e s s u r e s ;  however, manual dampers and f l o w  measuring 

d e v i c e s  a re  provided a t  each c e l l  t o r  s e t t i n g  t h e  pu rge  r a t e  t o  a 

lower v a l u e .  A i r  i s  s u p p l i e d  t o  t h e  l i m i t e d - a c c e s s  area a t  a maximum 

rate  of 6750 cfm by b u i l d i n g  supp ly  system No. 2.  
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.-  Maintenance Operat ions.  - During maintenance ope ra t ions ,  wi th  a 

c e l l  roof plug (maximum opening,7 x 9 f t )  removed, a d d i t i o n a l  a i r  i s  

made a v a i l a b l e  t o  main ta in  a minimum f a c e  v e l o c i t y  of  100 Epm across  

t h e  roof plug opening. 

16 .2 .3  C e l l  V e n t i l a t i o n  F i l t e r s  

C e l l  v e n t i l a t i o n  f i l t e r s  are enclosed i n  four  s t ee l  enc losures  

t h a t  are s i m i l a r  t o  t h e  off-gas  f i l t e r  enclosures .  I n  each enc losure ,  

t h e r e  are t h r e e  roughing and s i x  abso lu te  f i l t e r s  t h a t  are arranged 

t o  g ive  t h r e e  paral le l  pa ths  through one roughing and two abso lu te  

f i l t e r s .  However, two enc losures  are requi red  t o  handle  normal 

v e n t i l a t i o n  flows, and a l l  f o u r  must be  onstream when a c e l l  roof 

plug i s  o f f .  The same c a r r i e r  w i l l  be  used t o  handle  these  enc losures ,  

and t h e  duc t s  and enc losures  have t h e  same kind of s e a l i n g  p l a t e s  as 

t h e  VOG enclosures .  The e n t i r e  enc losure  w i l l  be discarded wi th  t h e  

used f i l t e r s .  P re s su re  t aps  and DOP test t a p s  are provided, and 

p res su re  drops are ind ica t ed  by magnehelic gages i n  t h e  l imited-access  

area. 

16 .2 .4  Process  Drain Vent 

All vent  s t a c k s  i n  t h e  process  d r a i n  system discharge  i n t o  t h e  

v e n t i l a t i o n  f i l t e r  plenum. 

16 .2 .5  C e l l  V e n t i l a t i o n  Fans 

There are two 13,750-cfm-capacity v e n t i l a t i o n  fans .  E i t h e r  f a n  

w i l l  p rovide  t h e  requi red  v e n t i l a t i o n .  

emergency power s u p p l i e s  (HFIR normal-emergency No.  1 and N o .  2 ) .  

Both are connected t o  s e p a r a t e  

16.2.6 P r e s s u r e  Control  Instruments  

The p res su re  i n  t h e  v e n t i l a t i o n  duct  i s  maintained by an automatic  

damper. 

f l o w  and energ izes  t h e  motor on t h e  a l t e r n a t e  blower. 

A flow swi tch  i n  t h e  blower d ischarge  l i n e  senses  loss of 
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1 7 .  PROCESS HAZARDS 

1 7 . 1  Containment and S h i e l d i n g  

The Transuranium P r o c e s s i n g  P l a n t  w a s  designed and e v a l u a t e d  f o r  

s a f e t y  w i t h  t h e  u s e  of  containment c r i t e r i a  and c a l c u l a t i o n a l  methods 

that have become s t a n d a r d  a t  ORNL. 

s t i t u t e  pr imary and secondary containment ,  r e s p e c t i v e l y ,  f o r  r a d i o a c t i v e  

m a t e r i a l s  i n  vessels and c u b i c l e s  w i t h i n  t h e  ce l l s .  The glove boxes 

and t h e  b u i l d i n g  c o n s t i t u t e  pr imary and secondary containment ,  respec-  

t i v e l y ,  f o r  a - a c t i v e  m a t e r i a l s  i n  g love  boxes.  The l a b o r a t o r y  rooms 

provide  an a d d i t i o n a l  containment b a r r i e r  w i t h i n  t h e  bui- lding.  F i l . t e r e d  

a i r  flow i s  from normally n o n r a d i o a c t i v e  areas t o  p r o g r e s s i v e l y  more 

r a d i o a c t i v e  a r e a s .  A i r  from t h e  g love  boxes,  c e l l  c u b i c l e s ,  c e l l  ves-  

sels,  and the b u i l d i n g  a r e a  around t h e  ce l l s  i s  d i s c h a r g e d  through 

separa te  v e n t i l a t i o n  systems,  which c o n t a i n  double  "abs01.ute'' f i l t e r s ,  

t o  a 250-ft s t a c k .  The a i r  from t h e  l a b o r a t o r i e s  and t h e  b u i l d i n g  a r e a  

around t h e  l a b o r a t o r i e s  e x h a u s t s  through a b s o l u t e  f i l t e r s  t o  t h e  roof  

of t h e  b u i l d i n g .  

The cel-1s and t h e  b u i l d i n g  con- 

A more complete  d i s c u s s i o n  of t h e  s h i e l d i - n g  of p e n e t r a t i n g  r a d i a t i o n  

and of containment and v e n t i l a t i o n  f e a t u r e s  w i l l  b e  found e l sewhere  i n  

t1ii.s r e p o r t .  

7.7.2 O p e r a t i o n a l  Release  o f  R a d i o a c t i v i t y  

1 7 . 2 , l  Airborne Activi-tJ- 

Rare gases  and halogens (from d i s s o l - u t  ion  of i r r a d i - n t e d  t a r g e t s  

and spontaneous f i s s i o n  of c a l i f o r n i u m )  and misce l laneous  a e r o s o l s  con- 

t a i n i n g  a c t i n i d e  elements  and f i s s i o n  products  w i l l  b e  r e l e a s e d  i n  

sma1.l q u a n t i t i e s  through t h e  v e s s e l  , c u b i c l e ,  and glove-box v e n t i l . a t i o n  

systems t o  t h e  250-ft s t a c k  d u r i n g  r o u t i n e  o p e r a t i o n ,  The e f f e c t s  of 

t h e  maximum a n t i c i p a t e d  rates of release o f  t h e s e  materia1.s (Table  17.3.)  

w e r e  c a l c u l a t e d , u s i n g  s t a n d a r d  t e c h n i q u e s  and a d e p o s i t i o n  v e l o c i t y  o f  
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Table 1 7 . 1  E f f e c t s  uf  Opera t iona l  Release  o f  Radioac t ive  Gases and Aerosols from TRU 

Ground Dose Kate o r  Ground Depos i t ion  
(dis/rnin * 100 cm2) A c t i v i t y  Release  Rates  Concent ra t ion  Downwind 

Average 
Maximum Annual 

Max. Avg.' Max. ~ v g . '  
Annual Maximum Annual 

Release Rate Release  Rate  
Source and Type o f  Release  Type of A c t i v i t y  ( c u r i e s / s e c )  (cur ies /da j r )  ??ax. Avg.a Peak 

Batch d i s s o l u t i o n  of HFIR t a r g e t  
(averages  once every week) 
r e l e a s e s  40 c u r i e s  of 1 3 3 X e  
and 1 c u r i e  o f  l 3 I I  over 
s e v e r a l  minutes .  

Continuous r e l e a s e  o f  ra re-gas  
f i s s i o n  products  by 100 watts 
of spontaneous f i s s i o n  i n  Cf 
(removal r a t e  b e f o r e  r i l t r a -  
t i on ,  1 . 6 7  x 10-4sec--1). 

Continuous product ion  of ac- 
t i n i d e  and f i s s i o n  product  
a e r o s o l s  by handl ing  opera- 
t ions .  

133x3, 0 . 1  
i311 0.0025 

X e  and K r  0.0025 

Alpha-emitt ing 
a c t i n i d e s .  
Traced wi th  

o r  252cf. 

Nonvo la t i l e  
FP's, 1Od < 

242yu, 2qLicm 

< 1 y r  2 

10-1O 

220 0.05 mr /hr  5 mr/hr 0.001 mr /hr  5000 8 
Predomi- 73% 1 3 7 ~ s  

n a n t l y  20% 8 9 ~ r  
1 3 8 ~ s  1.1% 9 0 ~ r  

2.0% 91Y 
3.6% 41 C e  

4 . 9  0.005% (MPC), -- 0.2% (MPCla -- 

0.004 -- 4 
mr/hr  mr/hr 

270 80 

%laximum va lue  over s e v e r a l  minutes t o  s e v e r a l  hours o f  unchanging weather cond i t ions .  

bMaximum va lue  of very s h o r t  d u r a t i o n  peaks of s t a t i s t i c a l  f l u c t u a t i o n s .  

%axinurn v a l u e  averaged over y e a r l y  weather cond i t ions .  
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0.02 m/sec f o r  p a r t i c l e s  s u f r i c i e n t l y  small  t o  p a s s  through a b s o l u t e  

f i l l - e r s .  The c a l c u l a t e d  c o n c e n t r a t i o n s  and d e p o s i t i o n s  a re  cons ide red  

t o  be  w i t h i n  t h e  p r e s e n t  p e r m i s s i b l e  l e v e l s  f o r  t h e  c o n f i n e s  of ORNL. 

1 7 . 2 . 2  A c t i v i t y  Discha-rAqed i n  L i q u i d s  

The l i q u i d  w a s t e  system i s  d i s c u s s e d  i n  a n o t h e r  s e c t i o n  of  this 

r e p o r t .  

1 7 . 3  A c c i d e n t a l  Release of R a d i o a c t i v e  
Materials 

There are  t h r e e  prominent t y p e s  of a c c i d e n t s  t h a t  could conce ivab ly  

o c c u r  i n  t h e  Transuranium f a c i l i t y  and t h a t  would r e s u l t  i n  t h e  release 

of r a d i c a c t i v e  materials t o  t h e  environment o r  s u b j e c t  o p e r a t i n g  pe r -  

s o n n e l  t o  e x c e s s i v e  r a d i a t i o n  exposure.  The n u c l e a r  e x c u r s i o n  i s  n o t  

a p o s s i b l e  haza rd  because  t h e  t o t a l  q u a n t i t i e s  of fissi.1.e mater ia l  

t h a t  are  p r o c e s s e d ,  o r  w i l l  b e  accumulated,  cannot  approach a c r i t i c a l  

mass. 

Loss of  containment  by f i r e  o r  expl-osion i s  d i s c u s s e d  i n  t h e  

s e c t i o n s  d e a l i n g  ~87i.th glove-box o p e r a t i o n s .  

1 7 . 3 . 2  F i r e s  

T h e  en t i re  b u i l d i n g  and a l l  t h e  l a b o r a t o r i e s  are  equi.pped w i t h  

s p r i n k l e r  systems i n  keep ing  w i t h  t h e  Atomic Energy Commission's 

e x i s t i n g  p o l i c y .  I n  a d d i t i o n ,  t h e  c e l l s  and c e l l  c u b i c l e s  are pro- 

v ided  w i t h  s p r i n k l e r s  designed t o  s e r v e  a l s o  as decon tamina t ion  s p r a y s .  

A l l  v e n t i l a t i o n  exhaus t  d u c t s  and f i l t e r s  a r e  o f  t h e  accep ted  f i r e -  

r e s i s t a n t  h igh - t empera tu re  t y p e .  
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The s t r u c t u r e  i s  designed and cons t ruc ted  t o  conform wi th  NFPA 

Code requirements  i n s o f a r  as i t  conforms w i t h  s p e c i f i c  requirements  

t o  provide r a d i o l o g i c a l  sa feguards  i n  accordance with ORNL r a d i a t i o n  

amd s a f e t y  c r i t e r i a .  

F i r e s  w i t h i n  t h e  c e l l  bank provide  t h e  p o t e n t i a l  f o r  d i s p e r s i n g  

l a r g e  amounts of 01- and neut ron-ac t ive  mater ia ls .  The o rgan ic  d i l u e n t s  

used f o r  process ing  active materials were s e l e c t e d  f o r  t h e i r  r e l a t i v e l y  

high f l a s h  p o i n t ,  and t h e  equipment and c u b i c l e s  w i l l  b e  operated at a 

temperature  below t h i s  f l a s h  p o i n t .  The p o s s i b i l i t y  o f  vapors accumu- 

l a t i n g  t o  form an  explos ive  mixture  i s  e l imina ted  by t h e  l a r g e  c u b i c l e  

and c e l l  v e n t i l a t i o n  exhaust  system, which w i l l  d i l u t e  o rgan ic  vapors 

and hydrogen w e l l  below t h e  exp los ive  l i m i t s .  

From t i m e  t o  t i m e  i t  w i l l  b e  necessary  t o  c l ean  accumulated s o l i d s  

and f i lms  ou t  of t h e  so lven t  e x t r a c t i o n  equipment. For t h i s  purpose 

i t  is  necessary t o  use  e thano l  i n  t h e  Tramex equipment, and ace tone  i n  

t h e  Pharex and Berkex equipment. The equipment, i nc lud ing  ca tch  t anks ,  

w i l l  be w e l l  f lushed  of a c t i v e  material and cooled t o  c u b i c l e  tempera- 

t u r e  be fo re  beginning t h e  c l eanou t ,  and aga in  w e l l  f lushed  of t h e s e  

v o l a t i l e  so lven t s  b e f o r e  r e t u r n i n g  i t  t o  normal s e r v i c e .  There i s  no 

hazard t o  t h e  waste  system, as t h e s e  s o l v e n t s  w i l l  be  d i l u t e d  many-fold 

wi th  va r ious  aqueous s o l u t i o n s  b e f o r e  they a r r i v e  a t  t h e  t ank  farm. 

17.3.3 Chemical Explosions 

The c r e d i b l e  types  of chemical explos ions  are r a d i o l y t i c  gas and 

n i t r a t e d  o rgan ic  explos ions  i n s i d e  a process  v e s s e l  w i t h i n  a c e l l .  It 

i s  no t  c r e d i b l e  t h a t  an exp los ive  mixture  could occur  i n  t h e  c e l l  a i r  

s i n c e  t h e  v e n t i l a t i o n  r a t e  is s u f f i c i e n t  t o  d i l u t e  t h e  organic  vapor 

conten t  below t h e  exp los ive  l i m i t .  Fu r the r ,  t h e  c e l l  a i r  temperature  

w i l l  b e  c o n t r o l l e d  below t h e  f l a s h  po in t  of t h e  o rgan ic  m a t e r i d s  

used i n  process ing .  

Gas Formation by Rad io ly t i c  Decomposition. - Radio lys is  of s o l u t i o n s  

conta in ing  H C 1  causes  a d e s t r u c t i o n  of a c i d  and a r e l e a s e  of hydrogen 

gas .  The volume of gas  thus  r e l e a s e d  i s  always very s m a l l  and i s  of no 
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concern i n  i t s e 1 . f .  The d i f f i c u l t y  l i e s  i n  t h e  p o s s i b i l i t y  of  i t s  

forming an e x p l o s i v e  m i ~ x t u r e  ( s e e  below). R a d i o l y s i s  of  t h e  BC1. h a s  

been repented1.y determined t o  b e  about 0.00067 eq/whr (G v a l u e  = 

1 . 9 ) .  I f  t h e  m i s s i n g  ii i o n s  a r e  a l l  conver ted  t o  gaseous W (and 

t h i s  i s  b e l i e v e d  t o  be t h e  c a s e ) ,  t h e  release ra te  would correspond 

t o  0.35 m l  of H p e r  minute  p e r  gram of Cm ( o r  an e q u i v a l e n t  amount 

of a n o t h e r  a - e m i t t e r ) .  S i n c e  every  s t o r a g e  v e s s e l  i s  equipped w.i . th a t  

].east t h r e e  ins t rument  line!; t h a t  are purged a t  a r a t e  of 0.2  c € h  each ,  

such a v e s s e l  can contai-n up t o  32 g of 244Cm o r  2 . 3  g of 252Cf w i t h o u t  

t h e  of f -gas  composi t ion exceeding 4% hydrogen. I n  t h e  event  t h a t  i t  i s  

necessary  t o  s t o r e  l a r g e r  amounts i n  one vessel ,  t h e  purge ra tes  will .  

he  i n c r e a s e d  p r o p o r t i o n a t e l y  . 

H C 1  
I -+ 

2 

244 
2 

Decomposition of IINO s o l u t i o n s  follows a completely d i f f e r e n t :  
3 

mechanism. In t h i s  s o l u t i o n ,  l o s s  of a c i d  i s  almost  u n d e t e c t a b l e  and 

hydrogen e v o l u t i o n  i s  reduced about  sevenfo ld  t o  0.05 m l  p e r  minute  

p e r  gram of 244Cm. 

i n  n i t r i c  a c i d  s o l u t i o n  w i t h o u t  t h e  vapor s p a c e  exceeding 4% I-I a t  

r e g u l a r  i n s t r u m e n t  purge rates. 

Thus, 224  g of 244Cm can b e  s t o r e d  i n  one vessel 

2 

G a s  Formation Du~)u&~~g Aluminum D i s s o l u t i o n .  - D i s s o l u t i o n  of 

aluminum i n  e i t h e r  b a s e  o r  a c i d  produces hydrogen. 

t i o n  i n  HCI i s  c o n t r o l l e d  a t  a r a t e  of 1 g/min, and t h e  r e s u l t i n g  

hydrogen i s  d i l u t e d  t o  2% by a s p e c i a l  2.0-cfm a i r  purge ,  i n  a d d i ~ t i o n  

t o  ins t rument  purges .  The e s t a b l i s h m e n t  of  t h i s  air purge depends 

upon a d m i n i - s t r a t i v e  c o n t r o l ,  t h a t  i s  i t  i s  inc luded  on t h e  d i s s o l u t i o n  

checkshee t .  I f  f o r  some reason  t h e  purge i s  o m i t t e d ,  t h e  normal i n s t r u -  

ment purges would mix w i t h  t h e  evolved H and g e n e r a t e  a m i x t u r e  of 

8.1% H - -42  02---15% N2. A l s o ,  by m a l o p e r a t i o n ,  an e x c e s s i v e l y  h i g h  a c i d  

c o n c e n t r a t i o n  could b e  added t o  t h e  d i s s o l v e r ,  o r  a runaway tempera ture  

could b e  caused by a f a i l u r e  o f  t h e  r e c i r c u l . a t i n g  w a t e r  pump. I n  e i t h e r  

case t h e  maximum d i s s o l u t i o n  ra te  expected i s  about 50 rng/cm -min, a s  

i n d i c a t e d  i.n S e c t i o n  4.6.1. WFIK target::; have a s u r f a c e  area of  about  

1000 c m  , s o  t h a t  t h e  maximum d i s s o l u t i o n  ra te  would b e  about  50 g/min. 

The normal. d i s s o l u -  

2 

2 

2 

2 
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" 
Hydrogen evo lu t ion  would be  about 1 . 5  cfm (not  enough t o  p r e s s u r i z e  

t h e  d i s s o l v e r ,  bu t  i t  could form a mixture  o f  50% N with  t h e  purge 

a i r  (see below f o r  a d i s c u s s i o n  of explos ion) .  
2 

Disso lu t ion  i n  NaOH--NaNO a l s o  produces hydrogen, bu t  a t  a much 3 
lower rate ( see  Sec t ion  4 . 6 . 2 ) .  The des ign  cond i t ions  should r e s u l t  

i n  a d i s s o l u t i o n  r a t e  of about 7 g/min. A t  t h i s  r a t e  t h e  hydrogen 

evo lu t ion  w i l l  match t h a t  i n  t h e  normal H C 1  d i s s o l u t i o n  and w i l l  be 

d i l u t e d  t o  3% H by a 1.5-cfm a i r  flow. 
2 

Abnormally h igh  d i s s o l u t i o n  rates could r e s u l t  from adding s t r o n g e r  

c a u s t i c  than c a l l e d  f o r  (5 .2  PI) o r  adding a l a r g e r  volume and hence 

immersing t h e  target more than  t h e  intended s i x  inches.  These poss i -  

b i l i t i e s  w i l l  be  guarded a g a i n s t  by t h e  usua l  check s h e e t s .  I f  t h i s  

precaut ion  f a i l s ,  t h e  gas  release w i l l  s t i l l  not  b e  g r e a t  enough t o  

p r e s s u r i z e  t h e  vesse1,but  w i l l  i n c r e a s e  t h e  explosion hazard.  

Hydrogen Explosions.  - Severa l  sources  of  hydrogen were d iscussed  

aboves and t h e  s ta tement  w a s  made t h a t  under normal ope ra t ing  condi- 

t i o n s  t h e  hydrogen produced would be  d i l u t e d  t o  l e s s  than  4 % ,  t h e  lower 

explos ive  l i m i t ,  However, abnormal cond i t ions  t ha t  r e s u l t  i n  concen- 

t r a t i o n s  g r e a t e r  than  4% would n o t  n e c e s s a r i l y  r e s u l t  i n  an  explosion.  

A spa rk  o r  an  open flame i s  necessary  t o  set o f f  t h e  mixture,and 

n e i t h e r  of t h e s e  w i l l  normally b e  p re sen t  i n  t h e  p ip ing .  The exp los ive  

mixture  could cause r u p t u r e  of only t h e  d i s s o l v e r  and t h e  condensate  

r e c e i v e r .  

I n  e i t h e r  of t h e  above v e s s e l s ,  t h e  r e a c t i o n  of t h e  s t o i c h i o m e t r i c  

mixture  of a i r  and hydrogen w i l l  r e s u l t  i n  a constant-volume p r e s s u r e  

r ise  t o  150 ps ig .  I f  t h e  d i s s o l v e r  should r u p t u r e ,  t h e  escaping gas  

w i l l  raise t h e  p r e s s u r e  i n  t h e  c u b i c l e  by 1 2  i n .  H 0 ,  o r  t o  10.6 i n .  

H 0 g r e a t e r  than  t h a t  of t h e  ope ra t ing  area. I f  t h e  condensate  re- 

c e i v e r  (which is loca ted  i n  t h e  ce l l  p i t )  should r u p t u r e ,  t h e  c e l l  w i l l  

b e  p re s su r i zed  by 14 i n .  H20.  Nei ther  of  t h e s e  occurrences  w i l l  r e s u l t  

in a breach  of containment,  a l though cons ide rab le  damage t o  equipment 

w i l l  r e s u l t .  

2 

2 
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I n  any o t h e r  v e s s e l s  i.t i s  v e r y  u n l i k e l y  t h a t  enough hydrogen can 

c o l l e c t  t o  cause  an  e x p l o s i o n .  The of f -gas  mani fo ld  i n  t h e  ce l l s  i s  

a 1.75-in.-diam Zircaloy-2 t u b e  which h a s  a b u r s t i n g  p r e s s u r e  i n  excess  

of  9000 p s i .  The gases  a r e  d i l u t e d  by 50-500 cfm of a i r  i n  thc c a u s t i c  

s c r u b b e r .  This  w i l l  r educe  t h e  hydrogen c o n c e n t r a t i o n  t o  below t h e  

e x p l o s i v e  l i m i t .  

N i t r a t i o n  Explosions.  - I n  t h e  p r o c e s s  of a d j u s t i n g  f e e d  f o r  t h e  

Berkex and Cef ix  p r o c e s s e s ,  t h e  f e e d  i.s evapora ted  t o  a very  small. 

volume. The n i t r i c  a c i d  c o n c e n t r a t i o n  i n c r e a s e s  t o  t h a t  of t h e  con- 

s t a n t  b o i l i n g  m i x t u r e ,  which is  a v e r y  powerful. n i t r a t i n g  and o x i d i z i n g  

a g e n t .  Organic  materials are i n e v i t a b l y  e n t r a i n e d  i n  t h e s e  s o l u t i o n s ,  

and t h e  p o s s i b i l i t y  of  n i t r a t e  e x p l o s i o n s  i s  v e r y  r e a l .  The d i l u e n t  

(Amsco 1.25-82) t e n d s  t o  s t e a m  d i s t i l l  i n  t h e  ea r l i e r  p a r t  of t h e  

e v a p o r a t i o n ,  l e a v i n g  t h e  e x t r a c t a n t  r e s i d u e s  behind I The s i t u a t  i.on 

i s  n o t  u n l i k e  t h a t  i n  t h e  product  e v a p o r a t o r  i n  t h e  uranium r e p r o c e s s i n g  

c y c l e .  However, t h e r e  a r e  s e v e r a l  a m e l i o r a t i n g  f a c t o r s .  No amine:; o r  

phenol. w i l l  b e  p r e s e n t ,  as w a s  t h e  case w i t h  t h e  decontaminat ing a g e n t  

t h a t  caused t h e  v i o l e n t  r e a c t i o n  i n  B u i l d i n g  3019. The steam p r e s s u r e  

w i l l  be  reduced t o  t h e  minimum necessary  t o  accomplish t h e  e v a p o r a t i o n  

(about  20 p s i g ) .  And f i n a l l y ,  i f  t h e r e  i s  a n i t r a t i o n  r e a c t i o n  of t h e  

d i  (2-ethyl-hexyl) ph0sphor:i.c a c i d  o r  2-e thylhexyl  phenylphosphonic 

r e s i d u e s ,  t h e  s e v e r i t y  w i l l  b e  c o n s i d e r a b l y  moderated by t h e  l o n g e r  

c h a i n  l e n g t h  of t h e  alkyl .  groups ( a s  compared w i t h  TBP). It i s  t o  b e  

noted  t h a t  an  e x p l o s i o n  of 0 .22  l b  of  n i t r o e t h a n e  wou1.d b e  the eq1~i.v- 

a l e n t  of t h e  hydrogen expl-osion d e s c r i b e d  on t h e  preceding  page ,  

and s i g n i f i - c a n t l y  l a r g e r  amounts of n i t r o o c t a n e  would b e  r e q u i r e d  f o r  

t h e  same energy release. The v e s s e l s  used h e r e  are  q u i t e  s m a l l ,  and 

i t  i s  very  u n l i k e l y  t h a t  enough n i t r a t e d  r e s i d u e  could accumulate  t o  

cause  t r o u b l e .  

The product  of t h e  Tramex c y c l e ,  whi.ch might c o n t a i n  r e s i d u e s  of 

amines and a r o m a t i c  d i l u e n t s ,  w i l l .  b e  b o i l e d  only  w i t h  H C 1 ,  a procedure  

t h a t  has  been r e p e a t e d l y  demonstrated t o  b e  s a f e .  

I 
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17.4 Decontamination Hazards 

Experience in the Curium Recovery Facility has shown that small 

equipment of the size used there and in TRU can usually be flushed 

sufficiently free of activity to permit extracting the equipment into 

a contained but unshielded transfer case. Within the transfer case, 

Eurther decontamination and/or repair can be accomplished by standard 

glove-box techniques. 

both beta-gamma radiation and neutron radiation. 

T h e  access time will be based on surveys of 

In the event of  accidental release of alpha contamination into 

an operating area, the cleanup squad will wear assault masks and 

double coveralls, with taped gloves ard boots,until the area can be 

adequately surveyed and the actual extent of contamination ascertained 

Each cleanup will be carried out under the supervision of skilled, 

experienced personnel. 

17.5 Maximum Credible Accident 

The worst accidents that may credibly occur in TRU would result 

from dispersal of the maximum quantity of radioactive material in a 

cell or glove box by a fire or explosion. 

Our studies have shown that, in the event of credible (contained) 

accidents, the activity released from successive leaks through the 

primary and secondary containment walls is insignificant as compared 

to the credible release through the ventilation filters. In a credible 

accident, the blast effects of an explosion are confined to the region 

of primary containment (glove box, laboratory, o r  cell). Although a 

radioactive aerosol may l e a k  through the primary containment wall and 
become mixed with the air in the secondary containment zone (building) 

during the period when the primary containment zone is pressurized, 

the leaked air is ordinarily not sufficient to raise the secondary 

containment pressure above atmospheric. 

The so-called "AEC absolute" filters that are widely used in 

radiochemical plants are the weakest link in the containment of 

credible accidents. The susceptibility of the filters to both physical 
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and chemical  d e g r a d a t i o n  n e c e s s i t a t e : ;  t h a t  t h e i r  i - n t e g r i t y  and 

e f f i c i e n c y  be a s s u r e d  by r o u t i n e  i n - - s i t u  t e s t i n g  o r  by preplacement  

t e s t i n g  p l u s  c a r e f u l  i n s t a l l a t i o n  and o p e r a t i o n .  The f i l t e r s  must: 

be p r o t e c t e d  from e x c e s s i v e  c o r r o s i o n  and e x c e s s i v e  l o a d i n g s  of  d u s t  

o r  wa te r  and must be l o c a t e d  s o  t h a t  t h e y  can w i t h s t a n d  t h e  b l a s t  wave 

f r o m  c r e d i b l e  e x p l o s i o n s  wi-thout r u p t u r e .  I n  t y p i c a l  f a c i l i t i e s  t h e  

t o r t u o u s  p a t h  arid expans ions  and c o n t r a c t i o n s  of  t h e  v e n t i l a t i - o n  d u c t  

are s u f f i c i e n l l  t o  r educe  t h e  b l a s t  wave from c r e d i b l e  e x p l o s i o n s  t o  

a t o l e r a b l - e  l e v e l  a t  t h e  f i l t e r s .  

I n  t h e  e v a l u a t i o n  o f  t h e  c r e d i b l e  acc i -den t s  i n  TRU, i t  i s  assumed 

t h a t  no more than  20% of t h e  r a d i o a c t i v e  a e r o s o l  t h a t  i s  d i s p e r s e d  i n  

t h e  pr imary containment  zone p a s s e s  t o  t h e  f i l t e r s  and t ha t  t h e  

remainder  i s  d e p o s i t e d  on t h e  w a l l s  and v e n t i l a t i o n  d u c t s .  The f r a c t i o n  

of  a e r o s o l  p e n e t r a t i n g  t h e  f i l t e r s  i s  e s t i m a t e d  from t h e  assumed p a r t i c l e  

s i z e  d i s t r i b u t i o n  i n  t h e  a e r o s o l  and t h e  e f f i c i e n c y  of t h e  f i l t e r s  a s  

a f u n c t i o n  of p a r t i c l e  s i z e .  

Experience w i t h  AEC a b s o l u t e  f i l t e r s  o p e r a t i n g  a t  t h e  r a t e d  fl.ow 

i n d i c a t e s  t h a t  t hey  have g r e a t e r  t h a n  99.95% e f f i c i e n c y  f o r  removing 

p a r t i c l e s  of s i z e  g r e a t e r  t han  0.3 micron,  t h a t  t h e  e f f i c i e n c y  d e c r e a s e s  

t o  a miiiimum of approx ima te ly  87% f o r  p a r t i c l e s  of 0.05 t o  0.1-p s i z e ,  

and t h a t  t h e  e f f i c i e n c y  i s  g r e a t e r  t h a n  87% f o r  p a r i i i c l e s  of smaller 

s i z e .  These f i l t e r s  are approx ima te ly  99.5% e f f i c i e n t  i n  removing 

smoke from a plutonium metal. f i r e ,  v a r y i n g  i n  s i z e  from 0.004 t o  0.03 1-1, 

and t h e  a d d i t i o n  of  one t o  s i x  backup ELlters i n  series does  n o t  

s i g n i f i c a n t l y  improve t h e  e f f i c i e n c y .  

I n  t h e s e  s t u d i e s  i t  i s  assumed that: f i l t e r s  have removal 

e f f i c i e n c i e s  of 99% f o r  p a r c i c l e s  s m a l l e r  t h a n  0.05 p ,  8 7 %  f o r  

p a r t i c l e s  0.05 t o  0 . 1  1-1, 95% f o r  p a r t i c l e s  0 . 1  t o  0 .3  u, 99.95% 

f o r  p a r t i c l e s  0 . 3  t o  5 p ,  and 100% f o r  p a r t i c l e s  l a r g e r  t h a n  5 1 1 .  

Smokes from f i r e s  of metral, s o l i d  carbonaceous n a t e r i a l s ,  o r  o r g a n i c  

l i q u i d s  which would be predominant ly  0 .01  t o  0 .1  i.n s i z e  are  assumed 

t o  be 99% removed i n  f i l t e r s .  T h i s  s l i g h t l y  enhanced e f f i c i e n c y ,  as 

compared t o  8 7 % ,  p a r t i a l l y  compensates f o r  t h e  e f f e c t s  of agg lomera t ion  
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i n  t h e  d u c t  and improved e f f i c i e n c y  because of f i l t e r  l o a d i n g  i n  

moderately l a r g e  f i r e s  i n v o l v i n g  carbonaceous s o l i d s  o r  o r g a n i c  l i q u i d s .  

The maximum c r e d i b l e  a c c i d e n t  i n  t h e  glove-box l a b o r a t o r i e s  of  

TRU would r e s u l t  from a n  e x p l o s i o n  and f i r e  i n  a g love  box t h a t  con- 

t a in s  1 g of 2 4 4 C m , t b e  maximum q u a n t i t y  a n t i c i p a t e d  t o  be used i n  

g love  boxes.  

i n t o  t h e  l a b o r a t o r y ,  r e q u i r i n g  t h a t  glove-box o p e r a t o r s  e v a c u a t e  immedi- 

a t e l y  t o  p r e v e n t  i n g e s t i o n  of a l e t h a l  dose .  

of t h e  smoke i n  t h e  g love  box and l a b o r a t o r y ,  and assuming t h a t  t h e  

f i l t e r s  are o n l y  99% e f f i c i e n t  i n  removing t h e  smoke, approximate ly  

2 mg of 

t h e  f i l t e r e d  v e n t i l a t i o n  systems.  T h i s  release could  c a u s e  maximum 

downwind i n g e s t i o n  d o s e s  (accumulated o v e r  a l i f e t i m e )  of approximately 

2 r e m  and contaminat ion  of approximately 8 .5  s q u a r e  m i l e s  downwind t o  
-2 l e v e l s  g r e a t e r  t h a n  30 d i s  min-ldm 

Such an a c c i d e n t  could r e s u l t  i n  t h e  d i s p e r s a l  of cl g 244Cm 

Allowing f o r  80% d e p o s i t i o n  

244 Cm would b e  r e l e a s e d  from t h e  roof  of  t h e  b u i l d i n g  through 

of a l p h a .  

While a b s o l u t e  p r e v e n t i o n  of such  g love  box r u p t u r e s  i s  i m p r a c t i c a l ,  

t h e  p r o b a b i l i t y  of such  a c c i d e n t s  w i l l  be  main ta ined  a t  an a c c e p t a b l y  

low v a l u e  by i n c l u s i o n  of t h e  m u l t i p l e  s a f e g u a r d s  which were d e s c r i b e d  

i n  S e c t i o n s  10.3 and 10.4.  

The maximum c r e d i b l e  a c c i d e n t  i n  t h e  c e l l  area would b e  an  e x p l o s i o n  

(of A l - a i r ,  H 2 - a i r ,  o r  o r g a n i c - a i r )  i n  a c e l l  c u b i c l e  c o n t a i n i n g  1 g o f  

c a l i f o r n i u m  as f i n e  powder. The e x p l o s i o n  could  have s u f f i c i e n t  v i o l e n c e  

t o  s h a t t e r  t h e  vessel. o r  c u b i c l e  and sca t te r  i t s  c o n t e n t s  w i t h i n  t h e  

c e l l  b u t  would n o t  r u p t u r e  t h e  c e l l  w a l l  o r  v e n t i l a t i o n  f i l t e r s .  

c a l i f o r n i u m  r e l e a s e d  through broken "alpha" seals i n  t h e  c e l l  w a l l  i n t o  

The 

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

approximate ly  1 r e m .  

t i o n  (98.8% = 0 . 3  u ,  1.1% between 0 . 1  and 0 .3  p, and 0.1% less t h a n  

0 . 1  2) and assuming 80% removal by d e p o s i t i o n  b e f o r e  t h e  f i l t e r s ,  0.2 mg 

o f  Cf could  b e  r e l e a s e d  through t h e  c e l l  v e n t i l a t i o n  s y s t e m  t o  t h e  

250-f t  s t a c k .  T h i s  c o u l d  c a u s e  maximum downwind doses  (accumulated 

o v e r  a l i f e t i m e )  of approximate ly  0 . 2  r e m  and contaminat ion  of approxi -  

Assuming a c o n s e r v a t i v e  p a r t i c l e  s i z e  d i s t r i b u -  

-2 inately 6.5 s q u a r e  m i l e s  downwind t o  levels g r e a t e r  t h a n  30 d i s  min-ldm 

of a l p h a .  
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The p o s s i b i l i t y  of such d i s p e r s i v e  a c c i d e n t s  i s  minimized through 

i n c l u s i o n  of m u l t i p l e  s a f e g u a r d s .  Organic  vapor exp1osion.s i n  vessels 

w i l l  b e  p reven ted  p r a c t i c a l l y  by m a i n t a i n i n g  t h e  o r g a n i c  mater ia l  below 

i t s  f l a s h  p o i n t  and o m i t t i n g  p o s s i b l e  s o u r c e s  of i g n i t i o n .  Hydrogen 

g e n e r a t e d  i n  radio1yt i .c  gas and d i s s o l u t i o n  o p e r a t i o n s  w i l l  be  d i l u t e d  

w i t h  a i r  t o  e n s u r e  t h a t  t h e  c o n c e n t r a t i o n  i s  n o t  i n  t h e  e x p l o s i v e  r ange .  

It is n o t  credi.13l.e t h a t  a n  e x p l o s i v e  m i x t u r e  cou ld  o c c u r  in a 

s i g n i f i c a n t  p o r t i o n  of  a n  e n t i r e  cell.  s i n c e  t h e  v e n t i l a t i o n  ra te  i s  

s u f f i c i e n t  t o  e f f e c t i v e l y  d i l u t e ,  below the e x p l o s i v e  l i m i t ,  any 

o r g a n i c  vapor  o r  hydrogen t h a t  i s  produced a t  t h e  maximum credi-ble 

fo rma t ion  rates.  
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